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Abstract 

Accurate recognition of emotions from vocal expressions is associated with emotion regulation 

and social competence in children and adolescents (Lemerise & Arsenio, 2000; Crick & Dodge, 

1994). Emotion dysregulation is highly prevalent in individuals with ADHD (Shaw et al., 2014), 

who also display vocal emotion recognition (VER) difficulties (Sells et al., 2023). However, it is 

debated whether VER difficulties in ADHD reflect generic attention deficits, in favour of cognitive-

behavioral theories (Barkley, 1997, 2012) or specific perceptual processing atypicalities in favour 

of motivational-dysregulation (Sonuga-Barke, 2012) and socio-cognitive models (Lemerise & 

Arsenio, 2000). This thesis aimed to contribute to this theoretical debate within the literature. 

Chapter One introduces the vocal emotion processing literature and the theoretical debates in 

ADHD. Chapter Two presents a systematic review of the VER literature and provides meta-

analytic evidence for the presence of generic VER deficits in ADHD. However, a gap in the 

literature was identified to more robustly examine the potential presence of specific perceptual 

processing atypicalities in ADHD using preattentive paradigms and neuroimaging measures. 

Therefore, the present thesis aimed to disentangle a) the preattentive processing of vocal 

emotion from b) the capture of attention by vocal emotion in ADHD using a novel emotional 

spatial cueing (ESC) paradigm. Chapter Three presents a study which successfully validated a set 

of vocal emotional stimuli in adults and adolescents. Chapter Four presents four experiments 

which validated the ESC paradigm using reaction times, and event-related potential (ERP) 

measures in adults. This study isolated the Cue-P2 component as a neural marker of preattentive 

vocal emotion processing in adults. Finally, Chapter Five provides evidence for a positive 

association between the neural marker of preattentive vocal emotion processing and traits of 

ADHD (inattention and hyperactivity) in a community sample of 60 adolescents. This is the first 

study to provide evidence for a preattentive hypersensitivity to vocal emotion in ADHD, in favour 

of motivational-dysfunction theories (Sonuga-Barke, 2012).
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1 INTRODUCTION 

1.1 Vocal Emotion Processing and Socio-Emotional Functioning 

Emotions, including happiness, anger, fear, sadness, surprise and disgust, are constantly 

changing in ourselves, and others (Ekman, 1993; Scherer, 1995). They are expressed as a 

response to events in our environment and can be influenced by intrinsic factors, such as 

temperament and arousal, and extrinsic factors, such as social norms and context (Johnstone & 

Scherer, 2000; Fox & Calkins, 2003). Emotions are expressed outwardly via a number of non-

verbal cues, such as the face or voice. The tone of voice (i.e., prosody) is particularly good at 

communicating emotions over long distances, and for conveying subtleties in the speaker’s 

emotion which may otherwise not be expressed via other emotion cues (i.e., facial expressions; 

Johnstone & Scherer, 2000). Specifically, prosody refers to changes in the intonation and rhythm 

evident in everyday speech, rather than the more primitive short form of vocal emotion (i.e., 

laughs, screams, sighs), named affective bursts (Scherer, 1995). Emotion types portrayed via 

prosody are characterised by distinct acoustic profiles in speech, such as changes in fundamental 

frequency (i.e., pitch; F0), amplitude (i.e., intensity; dB), duration and unfolding (e.g., the pattern 

in which fundamental frequency and amplitude change; Scherer, 1995). For example, anger is 

characterised by an increase in mean fundamental frequency and mean amplitude, whereas 

sadness is characterised by a decrease in mean amplitude and fundamental frequency (Scherer, 

1995).  
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Perceiving and correctly interpreting emotions (i.e., anger, happiness) from non-verbal 

cues, such as prosody, are theorised to be the first steps to competent socio-emotional 

functioning, as outlined in the Social Information Processing Model (See Figure 1.1; Lemerise & 

Arsenio, 2000; Crick & Dodge, 1994). Socio-emotional functioning involves correctly interpreting 

another’s emotional state, and regulating one’s own emotional state (i.e., emotion regulation), 

to respond appropriately in social situations, and build meaningful relationships with others 

(Lemerise and Arsenio, 2000; Crick & Dodge, 1994). Crick and Dodges (1994) Social Information 

Processing model originally outlined how a) encoding cues from one’s own expressions, and b) 

correctly interpreting the emotion can lead to successful behavioural responses in social 

interactions. Lemerise and Arsenio (2000) revised the model by adding that the interpretation of 

others emotional cues also contribute to social responses. For example, correctly inferring 

sadness in a peer’s vocal expression may correspond to appropriate responses of warmth and 

comfort as opposed to incorrectly inferring anger, which may lead to more hostile responses. 

Lemerise and Arsenio (2000) additionally integrated into the model other emotional processes, 

such as the intensity with which an emotion is felt and emotion regulation abilities. For example, 

a child who is good at regulating their emotions may notice a friend appearing angry in a social 

situation, and rather than assuming the anger is aimed at them and reacting immediately with 

hostility, they may approach the friend calmly and ask them if they want to talk about it. This 

ability to consider a situation from multiple perspectives, and regulate one’s own emotional 

response, can help facilitate more supportive responses (Lemerise & Arsenio, 2000). In turn, 

supportive responses can lead to positive peer evaluation and can help build relationships among 

peers (Neves et al., 2021). The rest of this section reviews the research which explores 
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associations between vocal emotion recognition, emotion regulation and socio-emotional 

functioning, in support of the Social Information Processing Model (Lemerise & Arsenio; Crick & 

Dodge, 1994).  
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Proc Figure 1.1 

The Revised Social Information Processing Model (Lemerise & Arsenio, 2000). The model outlines the 

integrated emotion and cognitive processes towards behaving with competence in social situations. 

Bullet pointed items were originally formulated by Crick and Dodge (1994) in the Social Information 

Processing model. Reprinted from “An integrated model of emotion processes and cognition in social 

information processing” E.A Lemerise & W.F. Arsenio, Child Development, 71, pages 107-118. 

Copyright 2000 with permission from John Wiley and Sons. Copyright notice included in the original 

article: From “A review and reformulation of social-information-processing mechanisms of children’s 

social adjustment,” N. R. Crick & K. A.Dodge, Psychological Bulletin, 115, p. 74. Copyright 1994 by the 

American Psychological Association. Adapted with permission by Lemerise & Arsenio (2000). 

 

 

. 
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There has been a wealth of research which supports the association between emotion 

recognition, emotion regulation and social competence in children (Philippot & Feldman, 1990; 

Della Longa et al., 2022) and adults (Suslow et al., 2023). Emotion recognition tasks are employed 

in research which explores associations with social competence. In an emotion recognition task, 

participants are presented with facial and/or vocal expressions, and instructed to label each 

expression, typically with one of six basic emotions (i.e., happiness, anger, sadness, fear, disgust, 

surprise), or neutrality. However, most of the previous research which has explored links 

between emotion processing and social competence in recognition tasks have primarily only 

included facial expressions (Philippot & Feldman, 1990; Della Longa et al.,2022; Suslow et al., 

2023; Schultz et al., 2001). For example, Philippot and Feldman (1990) presented children with 

videotaped scenarios and instructed children to only label the emotional expression (i.e., 

happiness, sadness and fear) displayed in the actor’s facial expression, rather than the vocal 

expression. The authors found that facial emotion recognition accuracy was positively associated 

with social competence, assessed via a questionnaire completed by parents (Philippot & 

Feldman, 1990). Similarly, a recent emotion recognition study, which included six facial 

expressions (happiness, surprise, anger, disgust, sadness and fear) reported significant negative 

associations between accuracy and self-reported interpersonal problems, such as social 

dominance and intrusiveness, in adults (Suslow et al., 2023). There has been significantly less 

research conducted to support these associations within the vocal modality.  

The predominance of research on facial emotion processing in the socio-emotional 

literature is somewhat surprising, given that facial and vocal cues are not always perceived 

simultaneously, and vocal cues can be recognised independently from facial cues (Scherer, 1995). 
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Moreover, despite evidence of similarities between the perception of facial and vocal cues, there 

are notable differences in their nature and transmission (Young et al., 2020). For example, vocal 

cues are the only form of emotional communication which do not need to be visible to be 

recognised (Young et al., 2020) and can be conveyed over long distances (or via the telephone) 

allowing for more efficient signalling of danger, represented by angry and fearful emotions 

(Johnstone & Scherer, 2000). This also allows for vocal emotions to be more effective at 

conveying emotions in group settings, when individuals are less able to focus on just one face in 

a group. Moreover, vocal emotions are transmitted dynamically in a stimulus which changes in 

intensity, pitch and loudness over time, whereas facial expressions are perceived as static stimuli 

(Schirmer & Adolphs, 2017). This dynamic nature of vocal expressions adds a layer of complexity 

when perceiving the emotion and allows more subtleties in emotion changes to be perceived. 

These substantial differences in both the nature and perception of vocal emotions warrants the 

exploration of vocal emotion recognition and socio-emotional functioning, independently from 

facial emotion recognition. 

Existing research incorporating vocal, as well as facial expressions, in emotion recognition 

tasks have reported similar associations with indices of socio-emotional functioning within the 

two modalities in children (Leppanen & Hietanen, 2001; Nowicki & Duke., 1992; Nowicki & 

Mitchell, 1998) and adults (Carton et al., 1999). For example, Leppanen & Hietanen (2001) 

indicated that both vocal and facial emotion recognition accuracy scores in school-aged children 

(aged 7 to 10 years) were positively associated with social competence, as reported by teachers. 

Moreover, researchers employing alternative indicators of socio-emotional functioning, such as 

peer popularity measured through class voting systems, have similarly revealed positive 
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associations between both facial and vocal emotion recognition abilities and social competence 

in school-aged children (Nowicki & Mitchell, 1998; Nowicki & Duke, 1992). In adult populations, 

a poorer ability to recognise emotions from both facial and vocal cues correlated with lower 

relationship wellbeing and greater depressive symptoms; dimensions commonly associated with 

socio-emotional functioning in adulthood (Carton et al., 1999). Overall, these findings from 

studies incorporating vocal and facial emotional expressions collectively align with research in 

the facial modality only, and support theories which suggest vocal and facial emotion recognition 

is necessary for social competence (Lemerise & Arsenio, 2000; Crick & Dodge, 1994).  

There have been few studies which have reported more specific associations between 

vocal emotion recognition accuracy and certain social behaviours, including adverse behaviours, 

such as social avoidance (McClure & Nowicki, 2001) and prosocial behaviours, such as 

cooperation, sharing and helping (Neves et al., 2021) in children. For example, in a study which 

recruited 62 children aged eight to ten years and asked them to complete an emotion recognition 

task including both vocal and facial expressions (happy, sad, angry and fearful) and self-report 

measures of socio-emotional functioning, McClure and Nowicki (2001) identified a negative 

association between social avoidance and distress, and the ability to recognise vocal emotions.  

Interestingly, the study did not report similar results for facial emotions, indicating that 

recognising emotions from voices may be particularly important for children’s confidence to 

engage in social situations (McClure & Nowicki, 2001). Positive associations between social 

engagement and vocal emotion recognition are supported in a study by Neves et al (2021) who 

asked six- to eight-year-olds to complete an emotion recognition task, with vocal prosody, 

affective bursts (i.e., laughs, screams) and facial expressions and asked their parents to complete 



8 
 

a questionnaire measuring the child’s socio-emotional adjustment. Neves et al (2021) reported 

parent-rated pro-social behaviours (e.g., cooperation, sharing, helping) were specifically 

associated with vocal emotion recognition accuracy in six-to-eight-year-olds, and not with 

affective bursts or facial expressions. Taken together, findings that vocal emotion recognition is 

specifically associated with increased social engagement (i.e., increased pro-social behaviours 

and reduced social avoidance) in children may stem from the prominence of vocal 

communication in group social settings, common in the playground or classroom, and the nature 

of vocal emotions conveying more subtle changes of emotion (Young et al., 2020; Johnson & 

Scherer, 2000). For example, recognising subtleties in voices may allow children to better 

decipher implicit expectations or instructions, such as helping or sharing with others (Neves et 

al., 2021) and may lead to increased confidence in engaging socially with peers (i.e., less social 

avoidance; McClure & Nowicki, 2001).   

The link between vocal emotion recognition and emotion regulation abilities was also 

supported in the study by Neves et al (2021), who reported higher vocal emotion recognition 

accuracy was positively associated with greater abilities for young children to self-regulate, as 

measured by parent-ratings. This supports social information processing models which suggest 

recognition and regulation abilities are highly linked (Lemerise & Arsenio, 2000). However, as 

there has not yet been any research exploring direct links between vocal emotion recognition 

and emotion regulation, it is not known if emotion recognition abilities contribute to the 

development of better regulation abilities, or vice versa.   

Finally, research has shown links between processing specifically negative vocal emotions, 

poorer social adjustment and the development of externalising behaviour problems. For 
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example, Maxim and Nowicki (2003) reported that errors to recognise specifically negative vocal 

emotions (angry and sad voices) in children (aged 4-6 years) were associated with lower social 

competence, defined as the quality of the relationship children had with adults. Furthermore, 

the ability to accurately recognise fearful voices in five-year-old boys was positively associated 

with teacher-rated social competence and the ability to positively interact with peers (Maxim & 

Nowicki, 1998). Additionally, Davis and colleagues (2020) revealed adolescents (aged 11 to 18 

years) who scored higher in socio-emotional abilities were less likely to incorrectly label vocal 

expressions as angry. The link between a bias in perceiving negative emotions and lower socio-

emotional functioning is supported by a study which reported poor regulation capabilities in 

adolescents (11-14 years) were associated with the self-reported experience of more negative 

emotions (i.e., anger, frustration, anxiety) towards schoolwork (Gumora and Arsenio, 2002). The 

limited evidence suggesting an association between atypicalities in processing specifically 

negative emotions and poorer socio-emotional functioning in childhood and adolescence could 

be due to the more adverse social consequences of incorrectly perceiving negative emotions, 

such as more hostile externalising reactions towards others (Lemerise & Arsenio, 2000). The link 

between vocal emotion recognition abilities and externalising behaviour problems is supported 

in a study which found that higher hyperactivity and conduct problem scores in children aged 3–

6 years were negatively associated with the ability to accurately recognise angry, happy and sad 

vocal expressions (Chronaki, Garner et al., 2015). Additionally, children aged 8 who recognised 

fewer vocal expressions were reported by teachers to display more externalising behavioural 

difficulties at age 10 (Nowicki, Bliwise & Joinson., 2019).   
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In summary, it is clear from the literature that vocal emotion recognition abilities are 

associated with socio-emotional functioning, in support of Social Information Processing Theory 

(Lemerise & Arsenio, 2000; Crick & Dodge, 1994). These associations are evident in children as 

young as four years (Maxim & Nowicki, 2003), and persist in childhood (Neves et al., 2021), and 

adulthood (Carton et al., 1999). Specifically, vocal emotion recognition has been shown to be 

positively associated with pro-social behaviour and emotion regulation (Neves et al., 2021) and 

negatively associated with social avoidance (McClure & Nowicki, 2001) and externalising 

behavioural difficulties (Chronaki, Gardner., 2015; Nowicki, Bliwise & Johnson., 2019) in children. 

This indicates the importance of children developing effective vocal emotion recognition abilities 

to build and maintain relationships with peers from childhood. The research exploring 

associations between vocal emotion processing and socio-emotional functioning in adolescents 

is less clear, however there is some limited evidence which suggests the experiencing more 

negative vocal emotions may be specifically linked with poorer emotion regulation abilities 

(Gumuro and Arsenio, 2002). Taken together, findings relating to vocal emotion processing and 

specific dimensions of socio-emotional functioning reinforces the importance of independently 

exploring vocal emotion processing, separately from facial emotion processing in children and 

adolescents. 
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1.2 The Development of Vocal Emotion Processing  

 It is argued that the perception of vocal emotions is influenced by both inherent and 

environmental factors in development (Banziger et al., 2015; Laukka et al., 2016). The innate 

nature of vocal emotion perception is evidenced by studies which demonstrate that basic 

emotions (happy, anger, fearful, sadness, disgust, and surprise) can be recognised from the voice 

universally, across cultures in adults (Sauter et al., 2010), as well as in children and adolescents 

(Chronaki et al., 2018). However, it is now widely accepted that in addition to inherent factors, 

environmental factors (e.g., experience, culture, and social influence) play a substantial role in 

the development of vocal emotion processing from infancy to adolescence (Mesquita & Frijda, 

1992; Chronaki et al., 2018; Elfenbein & Ambady, 2002). For example, Chronaki et al (2018) 

demonstrated that native English-speaking children and adolescents aged between 8 and 13 

years were significantly more accurate to recognise emotions in their own native language 

compared to other foreign languages, supporting the role of socio-cultural factors influencing 

vocal emotion recognition. In support, studies employing vocal emotion recognition tasks have 

demonstrated that the ability to recognise vocal emotions does not reach maturity until mid to 

late adolescence (Chronaki, Hadwin et al., 2015; Grosbras et al., 2018), a trajectory which is 

longer than that found for other non-verbal cues such as vocal bursts (Sauter et al., 2013) or facial 

expressions which reach maturity in childhood (Chronaki, Hadwin et al., 2015). This section aims 

to review the research in the development of vocal emotion processing from infancy to 

adolescence and explore inherent and social-cultural factors which contribute to its 

development. 
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When fully developed in adulthood, accuracy to recognise vocal emotions is high, with 

rates ranging from 55% to 93%. For example, Banse & Scherer (1996) found that adults could 

accurately recognise 14 different emotions from meaningless pseudo-utterances (e.g., ‘Hat 

sundig pron you venzy’) at above chance levels (55% accuracy). When limited to basic vocal 

emotions (happiness, anger, sadness, fear and disgust), adult recognition accuracy increased to 

between 66% (Scherer et al., 2001) and 93% (Chronaki et al., 2018). Studies employing other 

types of prosodic linguistic stimuli in vocal emotion recognition tasks, such as meaningless 

interjections (‘ah’; Maurage et al., 2007) or semantically neutral sentences (‘I felt this feeling 

before; it was just a few days ago’; Nelson & Russell., 2011) similarly reported high accuracy rates 

(70%-90%) for emotions (anger, happiness, fear, sadness) in adults. Interestingly, vocal emotion 

recognition studies consistently demonstrate that adults are more accurate at recognising vocal 

emotions conveying anger across languages, compared to positive emotions (i.e., happiness; Pell 

et al., 2009; Chronaki et al., 2018; Liu & Pell, 2012; Zupan, 2015). It is possible that vocal anger is 

easier to identify due to more distinct changes in acoustic properties, such as pitch or intensity 

(Gobl & Chasaide, 2003; Zupan, 2015). Moreover, the higher accuracy rates reported for negative 

vocal emotions may be linked to evolutionary pressures favouring the recognition of emotions 

which signal threat or danger when the speaker is not in visual sight, such as over long distances 

(Liu & Pell, 2012; Vuilleumier, 2005). However, there have also been reports that positive vocal 

emotions are also identified more efficiently than other emotions. For example, Burra et al (2019) 

reported faster responses to happy compared to both negative and neutral voices in a task which 

presented emotional and neutral vocal cues to participants and asked them to identify if an 

emotion was present in the signal. The faster perception of positive emotions has also been 

https://journals.sagepub.com/doi/pdf/10.1177/0022022101032001009?casa_token=NrDvOoS5SDEAAAAA:xSS_di403EK9-RwLKg6KqatS2I_1siFYaKhCrmszYQK4Aqc4eLqVZwIEGXRo9VczVioFZd2cf9keCA
https://www.ledonline.it/NeuropsychologicalTrends/allegati/NeuropsychologicalTrends_2_Maurage.pdf
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linked to adaptive behaviours, such as approaching positive stimuli within the environment, 

including potential mates and food sources (Anderson, 2016; Schultz, 2004; Wang et al., 2022). 

Higher recognition of certain emotion types, such as positive vocal emotions, has been related 

with individual differences. For example, adolescents who self-reported higher levels of 

loneliness were better at recognising friendliness from the voice and poorer at recognising fearful 

voices (Morningstar et al., 2020). 

There is debate in the literature as to whether infants and young children can accurately 

perceive and recognise emotions in voices (Grossman, 2010). In line with evolutionary accounts 

(Liu & Pell, 2012; Vuilleumier, 2005), it is thought inferring vocal emotions, specifically emotions 

which signal threatening or dangerous situations, is adaptive for young infants who are learning 

to navigate the world. For example, if an infant is reaching for a dangerous object, such as pan of 

boiling water, a parent’s voice conveying negative affect (such as anger or fear), will deter the 

infant from doing so more efficiently than a negative facial expression (Mumme et al., 1996). This 

early sensitivity to vocal emotions is supported by Mumme et al (1996) who reported that 12-

month-old infants changed their behaviour towards a novel toy based on their mother’s vocal 

expression. When the mothers produced a negative vocal emotion, infants were less likely to 

engage with the toy and expressed more negative emotion themselves, suggesting that infants 

change their behaviour based on vocal emotion perception early in development, which can have 

adaptive benefits (Mumme et al., 1996). In further support, Flom and Bahrick (2007) presented 

vocal emotional expressions, consisting of female infant-directed speech, to 3-, 5- and 7-month-

old infants, and demonstrated that the 5- and 7-month-old infants, but not the 3-month-old 

infants displayed longer visual fixations and looking time towards the location of the voice. This 
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indicates that infants as young as 5 months can discriminate changes in vocal emotion (Flom & 

Bahrick, 2007; Grossman, 2010). However, it is possible these reactions may be due to 

sensitivities to the changes in the acoustic properties which characterise vocal emotions (i.e., 

frequency, intensity, unfolding), rather than infants processing the emotion itself. In dispute of 

this, Mastropieri and Turkewitz (1999) demonstrated that newborn infants (aged 12-72 hours) 

showed an increase in eye opening responses to only vocal emotions expressed in their native 

language, and not non-native language. This implies cultural influences contribute to vocal 

emotion perception from birth. Overall, evidence from infant studies suggest that from birth, 

infants rapidly develop the ability to implicitly perceive basic changes in emotional valence within 

voices for adaptive benefits, as measured by eye opening response and behaviours. However, 

the ability to explicitly recognise emotion types from voices, as measured by vocal emotion 

recognition tasks, develops more gradually during childhood (Chronaki et al., 2015; Zupan, 2015). 

Research employing recognition tasks indicate that although pre-school children can label 

emotions from voices at above chance accuracy, the ability to recognise vocal emotions at adult-

levels develops at a much slower pace than the recognition of emotion from other cues, such as 

vocal bursts, facial expressions (Zupan, 2015; Chronaki et al., 2015; Nelson & Russell, 2011) and 

semantics (Aguert et al., 2013; Morton & Trehub, 2001). For example, Nelson and Russell (2011) 

demonstrated that pre-school children (aged 3-5 years) could accurately infer emotions 

(happiness, sadness, anger and fear) from facial and body posture stimuli with over 65% accuracy, 

while recognition rates for vocal emotions were only between 35-50%; significantly lower than 

those observed in adults (80%). Similarly, other research showed that children aged between 4 

and 12 years were consistently more accurate when recognising facial compared to vocal 
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emotions (Chronaki et al., 2015; Zupan, 2015). However, consistent with adult patterns, children 

displayed higher accuracy rates when recognising negative vocal emotions (particularly angry 

voices), compared to positive vocal emotions and neutral voices (Nelson & Russell, 2011; 

Chronaki et al., 2015; Zupan, 2015). This favours evolutionary accounts which argue that 

developing the ability to recognise vocal emotions which signal danger (i.e., anger) has adaptive 

benefits (Liu & Pell, 2012; Vuilleumier, 2005). Further research suggests children under the age 

of 10 are more likely to rely on semantic or contextual information to understand emotions in 

others, rather than prosody. For example, in an auditory Stroop task which presented children 

aged 4-10 years with vocal cues, in which prosody and semantics were incongruent in terms of 

emotion, the children were more likely to infer the emotion from the semantic cues as opposed 

to prosody (Aguert et al., 2013; Morton & Trehub, 2001). This differs from adults who more 

rapidly identified emotion from prosody compared to semantics in an auditory Stroop task (Filippi 

et al., 2017). In addition, 6-11-year-old children are more accurate to recognise vocal emotional 

cues when the prosody and semantic content are congruent (e.g., as in the sentence ‘it’s my 

birthday today’ with a happy tone of voice) compared to when these cues are incongruent (e.g. 

as in the sentence ‘it’s my birthday today’ with a sad tone of voice (Cartwright., 2024). Taken 

together, research employing Stroop-like paradigms suggests that relying solely on prosody 

versus semantic context (Aguert et al., 2013; Morton & Trehub, 2001) or facial expressions 

(Chronaki et al., 2015) develops with age. 

Additional findings from studies employing vocal emotion recognition tasks have 

demonstrated that vocal emotion processing develops gradually throughout childhood and 

continues to develop after 11 years (Chronaki et al., 2015; McClanahan, 1996, Mitchell, 1995; 
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Zupan et al., 2015). Specifically, Chronaki et al (2015) reported that vocal emotion recognition 

was significantly higher for all emotion types (angry, happy and sad) in older children (6-11years) 

compared to pre-school children (aged 4-5 years). This is consistent with other studies which 

reported that recognition abilities for angry, happy and sad voices were higher in older children 

(9-10 year olds) compared to younger children (4-5 years olds; McClanahan, 1996; 

Mitchell, 1995). Additionally, recognition for vocal emotions were higher in 11–12-year-olds 

compared to 8–10-year-olds (Zupan, 2015). Importantly, studies have further demonstrated that 

11-year-olds are still less accurate to recognise vocal emotions, specifically sad and neutral vocal 

emotions, compared to adults (Chronaki et al., 2015; Zupan, 2015). Interestingly, the slower 

developmental rate for the recognition of sad vocal emotions was further highlighted by findings 

which reported sad vocal emotions spoken with low intensity were recognised with the least 

accuracy compared to other positive and negative vocal emotions throughout childhood 

(Chronaki et al., 2015). This finding aligns with accounts which argue that sadness is a more 

ambiguously expressed emotion (Stifter & Fox, 1986) and evidenced to be influenced more by 

context and social norms (Gray & Heatherington, 2003). This suggests that vocal emotion 

recognition, at least for more subtle or ambiguous vocal emotions, continues to develop into 

adolescence, and may be influenced to a greater extent by experience and learning during this 

developmental period. 

It is now widely accepted that vocal emotion recognition accuracy gradually continues to 

improve until mid to late adolescence (aged 15-17 years; Filippa et al., 2022; Grosbras et al., 2018; 

Morningstar, Ly et al., 2018). For example, a study which compared vocal emotion recognition 

accuracy in 13 to 15-year-olds relative to adults, showed that adolescents’ performance was less 

https://bpspsychub.onlinelibrary.wiley.com/doi/full/10.1111/bjdp.12075?saml_referrer#bjdp12075-bib-0026
https://bpspsychub.onlinelibrary.wiley.com/doi/full/10.1111/bjdp.12075?saml_referrer#bjdp12075-bib-0028
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accurate than adults’ only when hearing vocal stimuli produced by other adolescents, but not by 

adults (Morningstar, Ly, et al., 2018). This could be because adolescent expressions of emotions 

are less distinct in terms of changes in pitch compared to adult expressions of emotions, resulting 

in more subtle changes in emotion, which are more difficult to identify (Morningstar, Ly, et al., 

2018). In further support of the gradual improvement of vocal emotion recognition in 

adolescence, Grosbras et al (2018) instructed participants aged 5-17 years to recognise emotions 

from interjections sounds (‘ah’) and reported that although vocal emotion recognition improved 

quickly in childhood, it continued to slowly improve throughout early adolescence and didn’t 

reach adult-like levels until 15 years. Interestingly, Grosbras et al (2018) additionally reported 

that happiness was recognised with the most accuracy in children and adolescents, which 

differed from previous reports consistently suggesting negative vocal emotions are recognised 

with the highest accuracy in adults and children (Pell et al., 2009; Chronaki et al., 2018; Liu & Pell, 

2012; Zupan, 2015; Chronaki et al., 2015). However, a higher recognition of happy voices in 

adolescence may be due to a greater sensitivity to more rewarding stimuli during this period 

(Galvan, 2013).  

Fillipa et al (2022) similarly revealed that the developmental trajectory for vocal emotions 

improved in adolescence up until 17 years, with vocal anger being recognised with the highest 

accuracy across development. Within this study a non-forced emotion recognition task was 

employed, in which children and adolescents (aged 6 to 17 years) judged the emotion and 

intensity of the vocal expression (i.e., pseudo-utterances) on continuous scales, depicting 

happiness, fear, sadness, anger, surprise, and neutrality. Using this method, participants could 

perceive and label the expression as multiple emotion types of varying intensity. For example, 
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participants could label a vocal expression as 75% anger and 25% fear. Using this method, Fillipa 

et al (2022) reported that older children and adolescents (up to around 14 years) improved in 

their ability to infer multiple emotions in one vocal stimulus. This novel finding suggests that vocal 

emotion perception becomes more complex during adolescence and may be linked to other 

maturations of socio-emotional functioning, such as mentalising (Morningstar et al., 2022), which 

involves the ability to understand that others can experience multiple, and possibly contradictory 

emotions, simultaneously (Filippa et al., 2022). This ability is particularly useful in adolescence; a 

period when individuals are more sensitive to social experiences (Blakemore & Mills, 2014) and 

tend to spend more time with peers, whom they share more emotional experiences, and build 

more fulfilling interpersonal relationships with (Trentacosta & Fine, 2010).  The link between the 

development of vocal emotion recognition and socio-emotional functioning in adolescence is 

supported by evidence from a neuroimaging study which measured changes in the neural 

activation to emotional voices in adolescents who took part in a vocal emotion recognition task 

one year apart (Morningstar et al., 2022). The results revealed that significant changes in 

activation of brain regions (the inferior frontal gyrus, dorsomedial prefrontal cortex and 

temporo-parietal junction), involved in emotion interpretation and mentalising abilities, were 

associated with an increase in vocal emotion recognition accuracy across the two time points. 

In summary, the developmental literature converges to suggest that although vocal 

emotion recognition improves significantly in late childhood, the ability to recognise subtleties 

(i.e., ambiguous, low intensity emotions) and more complexities (i.e., recognising multiple 

emotions) in vocal expressions gradually improves during mid to late adolescence (Chronaki et 

al., 2015; Filippa et al., 2022; Grosbras et al., 2018; Morningstar, Nelson, et al., 2018). This 
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suggests that adolescence is an important period for the developmental of vocal emotion 

processing, which aligns with the development of other forms of social cognition (i.e., 

mentalising), and may be crucially influenced by changes in the social environment during this 

time (Blakemore & Mills, 2014). The extended developmental trajectory of vocal emotion 

recognition in childhood and adolescence support theories which suggests learning and 

experience influence vocal emotion processing, in addition to inherent factors. This aligns with 

findings from cross-cultural studies in children and adolescence (Chronaki et al., 2018), which 

highlight the influence of socio-cultural factors on vocal emotion recognition.  
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1.3 Vocal Emotion Processing and Attention-Deficit/Hyperactivity Disorder 

As evidenced in Section 1.1, the ability to recognise vocal emotions, throughout childhood 

and adolescence is positively associated with emotion regulation, behavioural adjustment and 

healthy social-emotional functioning (Neves et al., 2021). Similarly, difficulties recognising vocal 

emotions are associated with emotion dysregulation (ED) and psychopathology in children and 

adolescents (Uekermann et al., 2010). ED is defined as impairments in effectively controlling 

one’s own emotions (D'Agostino et al., 2017; Thompson, 1994) and is often conveyed through 

temper outbursts, reactive anger, and irritability (Bunford et al., 2015; Drechsler et al., 2020; 

Shaw et al., 2014). ED has been implicated in a wide range of psychopathological conditions, such 

as anxiety, depression and conduct problems in children and adolescents (Compas et al., 2017; 

McLaughlin et al., 2011; Moehler et al., 2022). Notably, evidence suggests ED is present in 40-

50% of children and 70% of adults diagnosed with Attention-Deficit/Hyperactivity Disorder 

(ADHD; Faraone et al., 2019; Shaw et al., 2014). This rate is higher compared to the presence of 

ED in children and adolescents admitted to mental health facilities (26-30%; Moehler et al., 2022) 

and significantly higher compared to healthy adult controls (Barkley & Fischer, 2010). Given the 

high prevalence of ED in ADHD, this section first outlines different perspectives of ED in ADHD, 

and the importance of investigating its underlying causes. Next, the underlying causes and 

theoretical debates to ED in ADHD are discussed, drawing on the evidence from the vocal 

emotion processing literature. 

Categorical and dimensional perspectives have been proposed to conceptualise ADHD 

and the presence of ED within it. The categorical perspective defines ADHD as a neuro-

developmental disorder outlined by criteria, such as those within the Diagnostic and Statistical 
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Manual of Mental Disorders (5th edition; DSM-IV, APA, 2013). These criteria specify the high 

frequency of core symptoms (inattention and hyperactivity/impulsivity) and emphasise that 

these symptoms must negatively impact both academic and social functioning, in home and 

school settings, for an individual to reach the threshold for a diagnosis (APA, 2013). When 

categorically defining ADHD by these criteria, the disorder is prevalent in 5-8% of children and 

adolescents (Polanczyk et al., 2014; Thomas et al., 2015), and 2.8% of adults (Faraone & 

Biederman, 2005; Fayyad et al., 2017). Although ED is not explicitly stated within the diagnostic 

criteria, the presence of ED in ADHD is argued to be clinically significant due to its association 

with more severe ADHD symptomatology and an increased likelihood of comorbidities with 

anxiety and depression, and poorer academic and socio-emotional outcomes (Barkley & Fischer, 

2010; Bunford et al., 2018; Faraone et al., 2019; McKay et al., 2023). For example, the presence 

of ED in ADHD has been found to exacerbate social problems, such as difficulties with friendship 

and social rejection, in adolescents (McKay et al., 2023; Bunford et al., 2018). Alternatively, the 

dimensional approach defines ADHD not as a disorder, but as a form of neuro-divergence, in 

which core symptoms (i.e., inattention and hyperactivity/impulsivity) are presented at an 

extreme end of a continuous scale (Sonuga-Barke et al., 2023; Astle et al., 2022). In this 

perspective, inattention and hyperactivity/impulsivity, and ED are all separate but highly 

correlated traits within the population.  

Although historically ADHD has been defined as a categorical entity, recent perspectives 

are evolving to favour the dimensional approach to ADHD  (Astle et al., 2022; Cuthbert & Insel, 

2013; Sonuga-Barke et al., 2023). Research in support of the dimensional approach provides 

evidence that symptoms of inattention and hyperactivity/impulsivity are present at varying levels 
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in individuals with, and without, a diagnosis of ADHD, and within other neurodevelopmental 

disorders, such as learning-related difficulties and autism spectrum disorders (Astle et al., 2022; 

Sokolova et al., 2017). Furthermore, studies find sub-threshold levels of ADHD are prevalent in 

up to 23% of children and adolescents (Balázs & Keresztény, 2014), who display impairments, 

and neurobiological correlates (i.e., cortical thinning; Shaw et al., 2011) similar to those seen in 

individuals with a clinical diagnosis of ADHD (McLennan, 2016; Sonuga-Barke et al., 2023). 

Similarly, behavioural interventions have been proven to be effective at reducing behaviour 

problems in children with ADHD and without a diagnosis of ADHD, who display similar (albeit 

milder) difficulties (McLennan, 2016). Crucially, in further support of a dimensional approach, 

longitudinal studies which recruited community samples, in which the full range of ADHD 

symptom severity was represented from no symptoms to high symptoms, have reported strong 

associations between inattention, hyperactivity/ impulsivity, ED and social impairments, from 

pre-school to adolescence (Brocki et al., 2019; Sjowall et al., 2017; Taylor et al., 1996). 

Interestingly, further evidence from community samples suggests conduct and emotional 

problems (i.e., depressive symptoms) are positively associated with inattention and 

hyperactivity/impulsivity symptoms, particularly in adolescence (Park & Chang, 2022; Bird et al., 

1993). For example, a longitudinal study reported that inattentive symptoms in children 

predicted later depressive symptoms in adolescents (Park & Chang, 2022). Moreover, 

longitudinal studies have reported that hyperactivity symptoms are a significant predictor of 

conduct problems in later childhood (Gustafsson et al., 2018) and adolescence (Taylor et al., 

1996). This is in accordance with categorical studies which report that adolescents with a 

diagnosis of ADHD also meet the criteria for Conduct Disorder (CD) or Oppositional Defiant 

https://www.cfp.ca/content/cfp/62/12/979.full.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0890856709652266
https://www.sciencedirect.com/science/article/abs/pii/S0890856709652266
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Disorder in 25 to 75% of cases (Barkley, 1998) and have an increased risk of developing 

depression (Fischer et al., 2002). Moreover, a recent review suggested that children with a 

diagnosis of ADHD present with at least one comorbidity, such as CD or depression, in 44% of 

cases (Steinberg & Drabick, 2015). Importantly, it is suggested that the combination of ED and 

ADHD symptomatology is a risk factor for developing these comorbidities (Steinberg & Drabick, 

2015; Seymour et al., 2014), further highlighting the need to understand the cause of ED in ADHD. 

Given the high prevalence of ED in ADHD (Shaw et al., 2014), and its association with 

adverse academic and socio-emotional outcomes (Barkley & Fischer, 2010; Bunford et al., 2015; 

Faraone et al., 2019; Stringaris et al., 2012), as well as the increased risk of comorbidities in 

children and adolescents (Steinberg & Drabick, 2015; Barkley, 1998; Fischer et al., 2002), it is 

important to consider the underlying causes of ED in ADHD. Most theories converge to suggest 

that difficulties in recognising and/or allocating attention to emotional expressions, such as the 

face or voice, contribute to the development of ED in ADHD (Shaw et al., 2014; Uekermann et al., 

2010). For example, there has been evidence from studies employing emotion recognition tasks, 

which consistently suggest individuals with ADHD present with difficulties to recognise emotions 

from faces (Bora & Pantelis, 2016; Borhani & Nekati, 2018; Collin et al., 2013; Cooper et al., 2020). 

Moreover, in a meta-analysis presented in Chapter Four, the present thesis provides robust 

evidence for the presence of vocal emotion recognition difficulties in children, adolescents and 

adults with ADHD (Sells et al., 2023). However, theoretical perspectives diverge in their 

explanations of the neurodevelopmental pathways which underlie facial and vocal emotion 

recognition difficulties in ADHD. Cognitive-behavioural theories suggest difficulties in recognising 

emotional expressions are secondary symptoms of ADHD, caused from atypicalities in higher-



24 
 

level cognitive processing pathways necessary to allocate attention towards emotional 

expressions (Barkley, 1997; Nigg et al., 2005). Alternatively, Perceptual Processing theories, 

including Socio-Cognitive (Crick & Dodge, 1994; Lemerise & Arsenio, 2000) and Motivational 

Dysfunction (Sonuga-Barke, 2005, 2012) models argue that emotion recognition difficulties are 

primary symptoms in individuals with ADHD. These models argue that emotion recognition 

difficulties are caused by specific atypicalities in the lower-level perceptual processing pathways 

during the encoding of emotional or motivational stimuli, which interact with and contribute to 

variations in the allocation of attention towards such stimuli (Sonuga-Barke, 2005).  

The next section aims to review each theoretical perspective (Cognitive-Behavioural and 

Perceptual Processing) for the presence of ED in ADHD, with a focus on discussing evidence from 

the vocal emotion processing literature. As research is evolving towards a more dimensional 

approach to ADHD pathophysiology (Astle et al., 2022; Cuthbert & Insel, 2013; Sonuga-Barke et 

al., 2023), evidence from research which conceptualises ADHD as both a categorical and 

dimensional variable is discussed. First, research which supports the presence of atypicalities in 

the higher-level cognitive pathways during vocal emotion processing is discussed, in support of 

cognitive-behavioural theories (Barkley et al., 1997, 2015). This section highlights the limitations 

with the view that ED in ADHD is only derived from atypicalities in the higher-level cognitive 

pathways. Next (on page 29), as an alternative, perceptual processing models are discussed, 

alongside the behavioural and neuroimaging evidence which supports these theories. It is 

highlighted here that there is not sufficient evidence from the behavioural vocal emotion 

recognition literature to support these theories. On page 35, the Event-Related Potential (ERP) 

technique is introduced and the ERP literature, which supports cognitive-behavioural and 
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perceptual processing theories of ADHD, is discussed in detail. This leads to outlining the gaps in 

the ERP evidence from the vocal emotion processing literature and the theoretical questions the 

present thesis aims to address to test hypotheses deriving from the existing theoretical models.  

  



26 
 

Theoretical Perspectives to Vocal Emotion Processing in ADHD 

The Cognitive-Behavioural Model. The first model which attempted to explain the 

presence of ED in ADHD was Barkley’s (1997) unifying cognitive-behavioural model. Barkley 

(1997) suggested that deficiencies in behavioural inhibition (i.e., the ability to inhibit responses 

in favour of a more goal-oriented response) was the essential impairment in children who display 

inattentive and hyperactive/impulsive traits. The model stated that inhibition is a prerequisite 

for other higher-level executive functions (EF), such as problem-solving, goal-directed thinking 

and self-regulation (e.g., of emotions; Barkley, 1997). Therefore, Barkley (1997) argued that ED 

is a secondary impairment of ADHD, resulting primarily from atypicalities in higher-level 

executive functions, initially stemming from deficiencies in inhibition. Specifically, the cognitive-

behavioural model states that emotional and social difficulties in ADHD result from processes 

such as: a) lacking the cognitive control to inhibit emotional responses or anticipate emotional 

reactions to future events, resulting in greater reactivity in social situations, b) a decreased ability 

to pause and think about how emotional reactions may impact others in social situations, 

resulting in inappropriate social responses and, c) a reduced ability to induce an emotional or 

motivational state in ones-self in order to achieve a certain goal (Barkley, 1997). To support 

Barkley’s (1997) theory, individuals with injuries to the prefrontal cortex, a brain region 

responsible for inhibition and higher-level cognitive abilities, exhibited ED impairments similar to 

those observed in individuals with high levels of hyperactivity/impulsivity and inattention (Rolls 

et al., 1994; Stuss et al., 1992). These findings are consistent with research suggesting that ADHD 

is a dysfunction of the fronto-striatal structures of the brain, associated with cognitive processing 

(Brennan & Arnsten, 2008; Bush et al., 2005).  



27 
 

In support for the cognitive-behavioural theory of ED in ADHD (Barkley, 1997), studies 

employing vocal emotion recognition tasks (as outlined in Section 1.1) have reported a generic 

pattern of errors (i.e., lower performance overall) in adults diagnosed with ADHD compared to 

healthy controls (Bisch et al., 2016; Zuberer et al., 2020). The finding that adults with ADHD made 

generic errors during vocal emotion recognition tasks suggests that errors occurred randomly, 

implying difficulties to sustain attention throughout the task (Bisch et al., 2016; Zuberer et al., 

2020). This contrasts with emotion-specific errors, which would indicate difficulties with 

perceiving certain emotions. To investigate the pattern of vocal emotion recognition more 

comprehensively in ADHD, a recent meta-analysis (presented in Chapter Two of the present 

thesis) synthesised results from 21 vocal emotion recognition studies in children, adolescents, 

and adults, and similarly reported the presence of generic vocal emotion recognition difficulties 

in ADHD (Sells et al., 2023). Consequently, results from behavioural vocal emotion recognition 

tasks support the view that ED in ADHD may be a secondary problem, underpinned by core 

attention deficits (Barkley, 1997, 2015). This is supported by research indicating that facial 

emotion recognition errors are associated with attention and inhibition deficits in children with 

ADHD (Sinzig et al., 2008). 

Although evidence from vocal emotion recognition tasks support the presence of generic 

vocal emotion recognition difficulties in ADHD (Sells et al., 2023), there are limitations to 

interpreting these difficulties as solely arising from attention deficits. Firstly, the pattern of errors 

reported from facial emotion recognition tasks differs compared to that reported within the vocal 

emotion recognition literature. Facial emotion recognition studies consistently show individuals 

with ADHD present with specific deficits to recognise negative facial emotions, such as anger and 
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fear (Bora & Pantelis, 2016; Borhani & Nejati, 2018; Collin et al., 2013; Cooper et al., 2020). As a 

consistent pattern of error towards a specific emotion type cannot be due to inattention alone, 

findings from the facial emotion recognition literature challenge the view that ED in ADHD is only 

underpinned by attention/inhibition difficulties. Moreover, within the vocal emotion recognition 

literature, a similar emotion-specific pattern of error was not found in our recent meta-analysis 

due to insufficient and inconsistent emotion-specific data reported within individual studies (Sells 

et al., 2023). For example, many vocal emotion recognition studies only included generic accuracy 

scores or only consistently included happy and angry vocal emotion types, making it difficult to 

reliably synthesise patterns of emotion-specific recognition atypicalities in ADHD (Sells et al., 

2023). 

In further support of the argument that the neural underpinnings of ED in ADHD are not 

limited to atypicalities in higher-level executive functions, a longitudinal study which recruited a 

community sample of children found that deficits in executive function (e.g., inhibition, selective 

attention and working memory) at age 5 predicted inattention symptoms at age 6, but not 

hyperactive-impulsive symptoms (Brocki et al., 2010). Therefore, while cognitive-behavioural 

models might well explain ED as a secondary symptom in individuals with high levels of 

inattention, challenges arise when accounting for ED in individuals with high levels of 

hyperactivity/impulsivity, who do not always present with cognitive difficulties. This is reinforced 

by a study which found specific ED symptoms relating to the processing of negative emotions, 

such as anger reactivity, were associated with higher levels of hyperactive/impulsive traits, and 

not inattentive traits in community samples (Sjowall et al., 2017). Specific difficulties relating to 

the processing of negative expressions in individuals with hyperactive/impulsive traits gives rise 
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to the question as to whether ED in ADHD may not be exclusively linked to deficiencies in the 

attentional pathways of the brain but additionally explained by atypicalities in other pathways of 

the brain, such as those that are implicated in socio-emotion processing, considered to be 

essential for the correct interpretation of emotions.  

Perceptual Processing Models. Alternative models of explaining ED in ADHD, such as 

Social-Cognitive (Crick & Dodge, 1994; Lemerise & Arsenio, 2000) and Motivational Dysfunction 

(Sonuga-Barke, 2005) models, state that emotional and social difficulties in ADHD arise from 

atypicalities in the perceptual processing of emotional and motivational stimuli. Social-Cognitive 

theories state that inappropriate reactions in social situations may stem from difficulties 

encoding sensory cues (e.g., vocal emotions), as outlined in the first step of the Social 

Information-Processing Model (See Figure 1.1, section 1.1; Lemerise & Arsenio, 2000). For 

example, if an individual misinterprets a sad vocal emotional expression as anger, this may lead 

to inappropriate behaviours in social situations, such as aggressive or hostile behaviours (i.e., 

temper tantrums, anger reactivity; Bunford et al., 2015). Moreover, socio-cognitive theories 

additionally state that hyperactive/impulsive behaviours, such as being too noisy, talking too 

much or interrupting conversations, might stem from initially misinterpreting emotional cues in 

social situations (Lavigne-Cervan et al., 2022). For example, if a child misinterprets a teacher’s 

frustrated tone of voice as enthusiasm, the child may understand this as a cue of encouragement 

to share more thoughts or ideas. As a result, the child may inappropriately talk too much and 

potentially disrupt the class, rather than modulating their behaviour appropriately in response 

to frustration.   
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Motivational dysfunction models of ADHD similarly suggest ED in ADHD may result from 

atypicalities within motivational or affective pathways of the brain when processing vocal 

emotion (Sonuga-Barke, 2005; Chronaki, Benikos et al., 2015). However, motivational theories 

specifically argue that atypicalities in regions of the brain involved in emotion and reward 

processing (e.g., amygdala, ventral striatum, thalamus, nucleus acumbens), independently 

contribute to the allocation of attention in individuals with ADHD (Sonuga-Barke, 2005). For 

example, the delay-aversion theory states that individuals with ADHD present with a 

hypersensitivity to negative affective states associated with waiting for a delayed reward which 

contributes to inattentive and hyperactive/impulsive behaviours (Sonuga-Barke, 2005). More 

specifically, the delay-aversion theory states that to avoid the negative affect associated with 

delay, individuals with ADHD are more likely to seek out immediate and smaller rewards within 

their environment, rather than wait for the delayed outcome (Sonuga-Barke, 2005). For example, 

an adolescent with ADHD may have difficulty completing schoolwork due to perceiving negative 

emotions, such as frustration or boredom, associated with waiting for a delayed outcome (e.g., 

meeting up with their friends). Thus, an adolescent with ADHD may be more likely to allocate 

attention instead to more immediate salient positive stimuli, such as messages on their phone 

(i.e., a smaller immediate reward), to avoid negative emotions associate with waiting, and this is 

argued to give rise to symptoms of inattention (e.g., being distracted). Similarly, a child in a 

restaurant waiting for a delayed reward (an ice cream) will experience delay as aversive which 

may give rise to hyperactivity (e.g. fidgeting in their seat). Behavioural research which supports 

the delay-aversion theory has consistently demonstrated that children with ADHD have difficulty 
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waiting for larger delayed rewards compared to smaller immediate rewards (Marco et al., 2009; 

Schweitzer & Sulzer-Azaroff, 1995; Tripp & Alsop, 2001). 

In further support of the delay-aversion hypothesis, neuro-imaging research has reported 

the presence of atypicalities in the amygdala, a region primarily thought to be involved in the 

perceptual processing of negative emotions, in children and adolescents with ADHD when 

processing the negative affect associated with delay (Van Dessel et al., 2020). For example, Van 

Dessel et al (2020) employed an Escape Delay Incentive (EDI) task to explore the neural 

processing of avoidable compared to unavoidable delay in 10-18-year-olds with ADHD and age-

matched controls. Within the EDI task, participants were instructed to respond as quickly as 

possible to a target, which was previously signaled by one of three symbols indicating different 

outcomes. The outcomes consisted of 1) an ‘avoidable delay’ condition, in which a delay between 

the next trial could be escaped by responding faster to the target; 2) a ‘certain delay’ condition, 

in which a delay was imposed regardless of speed of response and 3) a ‘no delay’ condition in 

which there was not a delay, regardless of speed of response (Van Dessel et al., 2020). In ‘certain 

delay’ conditions, findings from structural MRI scans demonstrated that adolescents with ADHD 

presented with reductions in the volume of the amygdala, and other subcortical structures 

responsible for processing the salience of negative emotional stimuli (Van Dessel et al., 2020). 

This provides support for the argument that ADHD is associated with atypicalities in the regions 

of the brain which are involved in processing the motivational significance of cues, such as the 

negative affect associated with delay (Sonuga-Barke, 1994).  

Importantly, both social-cognitive theories and motivational dysfunction models do not 

dismiss the role of cognitive mechanisms which may also contribute to the perception and/or 
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allocation of attention towards emotional or motivationally significant cues (Lemerise & Arsenio, 

2000; Nigg et al., 2004). However, unlike cognitive-behavioural theories (Barkley, 1997, 2015), it 

is acknowledged that atypicalities in both lower-level perceptual and higher-level cognitive 

pathways may be involved in difficulties recognising and orienting attention to emotional 

expressions in ADHD (Crick & Dodge, 1994; Lemerise & Arsenio, 2000; Nigg et al., 2004). 

However, notably, perceptual processing theories suggest that atypicalities in social perception 

processes independently contribute to the symptoms of ADHD (Sonuga-Barke, 2005; Nigg et al., 

2004) 

There is not sufficient behavioral evidence from the vocal emotion recognition literature 

for emotion-specific atypicalities in ADHD (see meta-analysis by Sells et al. 2023), in support of 

perceptual processing theories. However, neuro-imaging studies, such as those employing 

functional Magnetic Resonance Imaging (fMRI; Zuberer et al., 2022; Kochel et al., 2015) and 

Event-Related Potential (ERP; Chronaki et al., 2015) techniques, have provided evidence to 

support this theory. For example, Zuberer et al (2022) employed a vocal emotion recognition task 

to explore differences in the brain regions activated in adults with ADHD and controls. Findings 

showed that adults with ADHD presented with reduced activation in the posterior superior 

temporal gyrus (STG), and the thalamus, regions both thought to be involved in the early 

perceptual stages of vocal emotion processing (Schirmer & Kotz, 2006; Zuberer et al., 2022). 

Additionally, Kochel et al (2015) employed a near-infrared spectroscopy study to investigate the 

patterns of brain activation during a vocal emotion recognition task in 10-year-old boys with and 

without ADHD. Similarly to Zuberer et al (2022), findings demonstrated a reduced activation of 

the right STG during the processing of vocal anger. This supports the argument that there are 
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atypicalities in the brain regions associated with the perceptual processing of vocal emotions, 

specifically anger in children with ADHD (Sonuga-Barke, 2005).  

It is, however, difficult to conclude from fMRI research that atypicalities in the perceptual 

processing pathways independently contribute to emotion processing difficulties. For instance, 

fMRI research takes snapshots of the brain every few seconds (Matthews & Jezzard., 2004). As 

neuro-cognitive processes occur within the space of a second, including the early perceptual 

processing and later higher-order cognitive evaluation of a stimulus, it is possible that reduced 

activation of the amygdala, thalamus and STG are attributed to either or both perceptual and 

cognitive mechanisms (Pessoa, 2008; Zuberer et al., 2020). This argument is in accordance with 

interactive theories of amygdala functioning, such as the multiple-waves model, which suggest 

the amygdala’s role is to integrate inputs from both lower-level perceptual and higher-level 

attentional signals (Pessoa, 2008; Schaefer & Gray, 2007). Therefore, it is difficult to disentangle 

from fMRI research as to whether reduced amygdala function in ADHD reflects dysfunctions in 

executive functions in support of cognitive-behavioural theories, or atypicalities in the perceptual 

processing of vocal emotions in support of socio-cognitive (Lemerise & Arsenio, 2000) and 

motivational dysfunction (Sonuga-Barke, 2005) models.  

To test the hypothesis that atypicalities in perceptual pathways independently contribute 

to vocal emotion processing difficulties in ADHD, it is necessary to explore the time course of 

vocal emotion processing. Preattentive processing refers to the perceptual processes which 

occur prior to the attentional capture of irrelevant auditory stimuli (Jääskeläinen et al., 2004; 

Chronaki & Marsh, 2024), and thus are independent from attentional mechanisms. 

Electrophysiological techniques allow us to elucidate between preattentive perceptual and 
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cognitive processes, as they measure changes in brain activity millisecond by millisecond in 

response to a stimulus or event (Luck, 2014). The next section aims to give a more detailed 

overview of electroencephalography (EEG), and how Event-Related Potentials (ERPs) can be 

extracted to isolate atypicalities relating to attentional and preattentive vocal emotion 

processing in ADHD.  
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Event-Related Potential (ERP) Evidence of Attention and Preattentive Vocal Emotion Processing 

Difficulties in ADHD. 

Electroencephalography (EEG) uses electrodes placed on the scalp to measure electrical 

activity within the brain (Luck, 2014). The continuous EEG waveform represents hundreds of 

overlapping neuro-cognitive processes occurring in quick procession (Luck, 2014). However, 

certain signals within the EEG waveform reflect sensory, perceptual, or cognitive processes 

triggered by a particular stimulus or event (Luck, 2014). When signals after a specific stimulus or 

event are averaged over several trials and participants, an Event-Related Potential (ERP) is 

extracted. An ERP component is a temporal window of neural activity occurring in specific scalp 

regions, which represent perceptual or cognitive processes related to the event (Luck, 2014). 

Therefore, compared to fMRI techniques which extracts brain activity every few seconds 

(Matthews & Jezzard., 2004), the ERP technique has higher temporal resolution and can elucidate 

between early perceptual (possibly preattentive) and attentional processes, such as those which 

occur during vocal emotion processing.  

Typically, early components occurring between 50 to 250ms are thought to reflect more 

preattentive processes (e.g., the P2 component; Schirmer & Kotz, 2006), and components 

occurring later between 300-600ms are thought to reflect later higher-level attentional processes 

(e.g., the P3 component; Polich, 2007). However, this is not always the case, as demonstrated by 

early components (at 100ms) to visual (i.e., the P1; Luck et al., 2000; Mangun et al., 1998; Mangun 

& Hillyard, 1991) or auditory (i.e., the N1; Woldorff et al., 1993; Alho et al., 1994) stimuli, which 

are enhanced by attentional mechanisms when stimuli are explicitly attended too compared to 

ignored (See page 37). In this respect, the most effective way to measure the preattentive 
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processing of events (i.e., vocal emotions) using ERP techniques is to include tasks in which vocal 

emotions are ignored, rather than attended to. Therefore, to explore the preattentive processing 

of vocal emotions prior to the influence of attentional demands, tasks should measure the 

processing of task-irrelevant vocal emotions, where the participant is not instructed to attend to 

the emotion in the voice (Mauchand & Zhang, 2022). For example, participants might attend to 

another aspect of the vocal stimuli (i.e., the speaker’s gender) or neutral targets when a task-

irrelevant vocal cue is ignored.  

In terms of testing perceptual processing theories of ADHD, as of yet, no research has 

isolated the ERP components reflecting the preattentive processing of vocal emotions in ADHD 

when they are ignored, rather than attended to. However, there has been a rich ERP literature 

which has identified atypicalities in the ERP components reflecting attentional processing in 

ADHD. Moreover, models of vocal emotion processing have identified ERP components thought 

to reflect early preattentive, and later cognitive stages of vocal emotion processing in healthy 

adults (Schirmer & Kotz, 2006). The following sections give an overview of the ERP components 

reflecting attentional, and vocal emotion, processing in healthy adults, adolescents and 

individuals with ADHD. 

ERP Components of Attentional Processing. ERP components of attentional processing can 

include early components, reflecting a rapid allocation of attention (i.e., the P1) or later 

components, reflecting more controlled executive functioning (i.e. the P3).  

The Visual P1 Component. In healthy adults, the P1 component emerges between 90-

190ms in the parietal occipital electrodes in response to visual stimuli and is thought to be 

generated in the visual cortex (Hillyard et al., 1998; Vogel & Luck, 2000; Luck, 2014). The P1 has 
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not been found to change significantly with age. For example, a similar time window (80-180ms) 

and topography for the P1 has been evidenced in children, 6-11 years (Perchet et al., 2007). 

However, there have been some reports that the P1 decreases in amplitude and latency from 

childhood (age 10) across adolescence until age 18 (Mahajan & McArthur, 2012). The P1 is 

primarily modulated by perceptual and physical features of a visual stimulus but has additionally 

been found to be enhanced by top-down goal-related attention (Hillyard et al., 1998; Vogel & 

Luck, 2000; Luck, 2005). For example, Hillyard and Colleagues (1998) demonstrated that when 

adult participants were asked to attend to a visual stimulus in the left hemifield, the P1 was larger 

compared to when participants were asked to ignore the stimulus (Hillyard et al., 1998). 

Moreover, the P1 has been found to be enhanced when a visual stimulus appears in an already 

attended location in healthy adults (Luck et al., 2000; Mangun et al., 1998; Mangun & Hillyard, 

1991). This attentional effect on the P1 has been demonstrated in studies which employed spatial 

cueing paradigms in healthy adults (Mangun & Hillyard, 1991; Störmer et al., 2009) and children 

(Perchet et al., 2007). For example, in a spatial cueing paradigm (See Figure 1.2) when a visual 

cue (e.g., a rectangle on the left or right hemifield) correctly indicated the location of a visual 

target, the P1 amplitude is larger in trials correctly cued compared to trials incorrectly cued, or 

un-cued (Perchet et al., 2007). Chapter Four (page 129) details variations of spatial cueing 

paradigms which find similar attentional effects on the P1 in adults. In this respect, the P1 is 

thought to reflect top-down attentional mechanisms which amplify early sensory signals to a 

visual stimulus appearing in the attended spatial location (Bruin et al 1998, Harter et al 1982, Luck 
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et al 1990). Thus, the P1 can be measured as an indicator of the rapid allocation of visual spatial 

attention, after the onset of a visual target in spatial cueing paradigms (Mangun & Hillyard, 1991).  

 

The P3 Component. The P3 is a centro-parietal component observed between 300-600ms, 

associated with attentional processing to a task-relevant stimulus (Polich, 2007). In adolescence, 

the Target-P3 has been reported to have a similar midline centro-parietal topography, occurring 

with a latency slightly later (~25ms) than their adult counterparts within the same study (Broyd 

Figure 1.2 

Graphical representation of a spatial cueing paradigm (the Posner paradigm) Designed and 

Implemented by Perchet et al (2007). The paradigm explores how spatial information from a cue 

affects visual spatial attention, via the P1 component. Reprinted from Biological Psychiatry, Vol 

50 /Issue 1, Perchet and colleagues, “Attention shifts and anticipatory mechanisms in hyperactive 

children: an ERP study using the Posner paradigm”, Pages 44-57, Copyright (2001), with 

permission from Elsevier. 
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et al., 2012). The P3 represents evaluation, categorisation, and attentional resource allocation, 

observed to a task-relevant stimulus in target detection paradigms (Polich, 2007). For example, 

in spatial cueing paradigms, the P3 has been found to be larger in incongruent compared to 

congruent trials in 6-11-year-old children (Perchet et al., 2007). This is thought to reflect the 

recruitment of higher-level executive functioning processes, necessary to engage spatial 

attention towards the task-relevant stimulus, in line with task demands (Perchet et al., 2007).  

The CNV Component. The Contingent Negative Variation (CNV) component is a slow 

negative brain potential which occurs in the frontocentral sites in the 100ms interval before a 

particular target event, which has been cued via the presentation of a prior cueing stimulus 

(Walter et al., 1964; Wild-Wall & Falkenstein, 2010). In adolescents, the CNV has been evidenced 

to emerge at a latency 50ms later than adults (Broyd et al., 2012). The CNV is thought to reflect 

the anticipation of a target stimulus, and the preparation of a motor response to that stimulus 

(Walter et al., 1964; Brunia et al., 2011). In addition, the CNV is thought to reflect motivation to 

respond to a particular stimulus (Irwin et al., 1966). For example, in healthy adults, the CNV 

amplitude has been found to increase when a target stimulus is associated with monetary 

incentives (Novak & Foti, 2015). 

ERP Atypicalities in Attentional Processing in ADHD. ERP components reflecting attentional 

processing have consistently been reported to be reduced in individuals with ADHD compared to 

healthy controls. For example, the P1 component as indicator of visual spatial attention, has been 

found to be attenuated in children with ADHD, compared to controls when employing a spatial 

cueing paradigm (See Figure 1.2; Perchet et al., 2007). Similarly, attenuated P1 amplitudes have 

been reported in 7-10-year-old children (Nazari et al., 2010) and adults (Papp et al., 2020) with 
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ADHD in other studies employing paradigms which include a visual target preceded by cueing 

stimuli. This suggests children and adults with ADHD do not effectively use information from 

cueing stimuli to orientate their attention to a target (Perchet et al., 2007). Similarly, the P3b and 

CNV components have consistently been reported to be attenuated in ADHD in studies involving 

target stimulus evaluation or categorisation, such as go/no-go tasks (Barry et al., 2003; Rodriguez 

& Baylis., 2007; Szuromi et al., 2011; Johnstone, Barry & Clarke, 2013). Overall, an attenuated P3 

amplitude to a task-relevant target stimulus is thought to reflect difficulties in attention 

allocation in children (Barry et al., 2003) and adolescents (Chronaki et al., 2017) with ADHD. An 

attenuated CNV in children and adolescents with ADHD is thought to reflect difficulties with 

anticipatory attention, necessary to prepare for a target stimulus, or response (Johnstone, Barry 

& Clarke, 2013). However, interestingly, the CNV has been reported to be larger in ADHD in 

conditions of avoidable delay and motivational significance in EDI tasks (Chronaki et al., 2019; 

Chronaki et al., 2017), similar to those employed by Van Dessel et al (2019; See page 31). This 

provides partial evidence in support of motivational theories which suggest atypicalities in the 

processing of motivationally significant stimuli interact with the allocation of attention in ADHD 

(Sonuga-Barke, 2005). However, robust evidence for atypicalities in the preattentive processing 

of motivationally or emotionally significant stimuli in ADHD is lacking. This leads onto a discussion 

of the ERP components involved in vocal emotion processing, both prior (i.e., preattentive) and 

after the attentional capture of the vocal emotion, in healthy individuals.  

ERP Components of Vocal Emotion Processing. In healthy adults and children, vocal 

emotional expressions have been found to modulate ERPs in both early and later processing 

stages (Schirmer & Kotz, 2006; Chronaki et al., 2012). Schirmer and Kotz (2006) present a model 
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of vocal emotion processing in healthy adults (See Figure 1.3), in which the emotional significance 

of a voice is processed preattentively in the early perceptual regions (i.e., the STS) via amygdala 

activation prior to capturing attention. The N1 and P2 components are thought to reflect these 

early perceptual processes. Subsequently, vocal emotions are processed via higher-level 

cognitive regions (i.e., the inferior frontal gyrus, and orbitofrontal cortex), during the evaluation 

and interpretation of vocal cues (Grandjean, 2020; Schirmer & Kotz, 2006), thought to be 

reflected by later P3 and N400 components. These early and late ERP components are presented 

in more detail below, followed by discussion on atypicalities in these components in individuals 

with ADHD. 

  

Figure 1.3 

The Model Of Vocal Emotion Processing Proposed by Schirmer and Kotz (2006). a) shows a 

representation of the three stages of processing (sensory processing, integration of emotionally 

significant acoustic cues, and cognition) (b) shows the areas of the brain implicated in each stage 

of processing including the auditory cortex in light blue, the STS in dark blue and the IFG and 

orbitofrontal cortex in green. Reprinted from Trends in Cognitive Sciences, Vol 10 / Issue 1, 

Schirmer & Kotz, “Beyond the right hemisphere: brain mechanisms mediating vocal emotion 

processing, Pages 24-30., Copyright (2006), with permission from Elsevier. 
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The N1 Component. The first sensory stage of vocal emotion processing (See Figure 1.3; 

Schirmer & Kotz, 2006) is reflected by the N1 component occurring between 90-110ms in fronto-

central scalp regions in healthy adults (Alho et al., 1994; Näätänen & Picton, 1987), and parietal-

occipital regions between 80 and 150ms in children (Pang & Taylor, 2000; Chronaki et al., 2012). 

The N1 first emerges in the frontal central sites from around 9 years, increasing in size throughout 

adolescence until stabalising in adulthood (Mahajan & McArthur, 2012). It is thought the N1 

reflects the processing of low-level acoustic features of stimuli within the bilateral auditory 

cortex. Moreover, the early N1 to auditory stimuli has been evidence to be enhanced by early 

selective attentional processes relating to task demands (Woldorff et al., 1993; Alho et al., 1994). 

When low-level acoustic properties of voices are standardized, the N1 to voices is not modulated 

by emotions in adults (Jessen & Kotz, 2011; Gädeke et al., 2013) or children (Chronaki et al., 

2012), suggesting that the preattentive processing of emotional significance in the voice occurs 

after 100ms in typical adults and children, in support of the model by Schirmer & Kotz (2006).  

The P2 Component. The second stage of the model is reflected by the P2 component, 

observed between 120-260ms within the frontocentral electrode sites in adults and adolescents 

(Mahajan & McArthur, 2012); a shift from appearing in the parietal sites in children (Oades et al., 

1997; Ponton et al., 2000). The P2 is thought to reflect the preattentive integration of emotionally 

significant acoustic cues, via the activation of the amygdala feeding into the Superior Temporal 

Cortex (STC; including the Bilateral STG and Anterior Superior Temporal Sulcus; Schirmer & Kotz., 

2007). In support, the P2 has been found to be heightened for emotional (i.e., angry and happy) 

compared to neutral voices in vocal emotion recognition tasks (Gädeke et al., 2013; Iredale et al., 

2013; Jessen & Kotz, 2011). Importantly, the P2 has also been found to be modulated by emotion 
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when vocal cues are presented as irrelevant to task goals in adults (Deng et al., 2022; Gädeke et 

al., 2013; Kao & Zhang, 2023; Lin et al., 2022). For example, Gadeke et al (2013) instructed adults 

to detect deviant stimuli depending on the syllables in pseudowords, and not the prosody, and 

reported enhanced frontocentral P2 amplitudes to irrelevant happy and threatening voices 

compared to neutral voices. Similarly, enhanced P2 amplitudes have also been found for happy 

compared to neutral stimuli in both explicit (emotion identification) and implicit (gender 

identification) tasks (Lin et al., 2022). These findings support the idea that the P2 component 

reflects the preattentive processing of vocal emotions within the second stage of Schirmer & Kotz 

(2006) model, independent from attentional mechanisms. However, to date, no ERP studies have 

isolated the P2 as a marker of preattentive vocal emotion processing in adolescents in similar 

preattentive tasks with irrelevant vocal emotions. 

The P3 and N400 Components. Later ERP components such as the auditory P3 observed 

in parietal sites between 260-380ms in children (Chronaki et al., 2015) and the N400 observed in 

frontocentral and parietal scalp regions between 300-550ms in adults (Kutas & Hillyard, 1980), 

are thought to reflect the cognitive processes, such as attentional engagement, and the 

evaluation of emotional voices and integration with context (Schirmer & Kotz, 2006; Bostanov 

and Kotchoubey, 2004; Paulmann and Kotz, 2008). For example, the effect of emotional context 

on the N400 has been demonstrated in a study in healthy adults by Schirmer et al (2005) who 

presented sentences such as ‘she had her exam’ in either happy or sad voices, which were 

followed by either a congruous or incongruous emotional word (i.e., success or failure). 

Participants were asked whether the word matched the emotional prosody. Schirmer and 

colleagues (2005) reported an attenuated N400 in congruent compared to incongruent 

https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2016.00564/full#B15
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2016.00564/full#B15
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conditions, suggesting the N400 is modulated by the context of the vocal emotion. Moreover, 

the N400 has been found to be attenuated to negative (e.g. angry) vocal emotions in 6-11-year-

old children (Chronaki et al., 2012) and adults (De Pascalis et al., 2009; Gootjes et al., 2011; 

Kanske & Kotz, 2007; Stewart et al., 2010). This finding has been interpreted as reflecting more 

controlled cognitive processing when facilitating attention towards negative stimuli (Kanske & 

Kotz, 2007; Stewart et al., 2010). 

 ERP Atypicalities in Vocal Emotion Processing in ADHD. Research in the ERPs implicated in 

emotion processing in ADHD is more limited compared to ERP research implicated in attention 

processing in ADHD. The first study to examine the electrophysiological correlates of vocal 

emotion in ADHD was that by Chronaki et al (2015) who employed an explicit vocal emotion 

recognition task in children aged 6-11 years old with and without ADHD and reported an 

enhanced N1 amplitude to vocal emotions (anger and happiness) in ADHD. It was hypothesised 

that this pattern reflects an initial, and possibly preattentive, hyper orientation to vocal 

emotions. A heightened N1 amplitude to vocal anger reflecting an initial hyper-orientation to 

threat is based on research which suggests the N1 reflects a rapid “early selection” mechanism 

of auditory attention (Woldorff et al. 1993). However, since participants attended to vocal 

emotions in an explicit vocal emotion recognition task within the study by Chronaki et al (2015), 

it is not yet understood whether a heightened N1 to vocal anger in ADHD may reflect a 

preattentive sensitivity to vocal anger, prior to the influence of attention, in support of 

perceptual processing theories. Additionally, the study by Chronaki et al (2015) reported an 

attenuated P3 amplitude in response to vocal anger in children with ADHD compared to controls. 

In support, a study employing a facial emotion recognition task reported reduced P3 amplitudes 
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to anger and fearful expressions in 8-17-year-old adolescents with ADHD (Williams et al., 2008). 

These findings on the P3 suggests individuals with ADHD present with less controlled cognitive 

processing of vocal emotions in later stages of processing in support of the presence of generic 

attentional deficiencies during vocal emotion processing in ADHD (Barkley, 1997, 2015).   

No ERP research to date has explored the preattentive processing of vocal emotions in 

ADHD, independently from early selective attention mechanisms. This is important because 

exploring the preattentive processing of vocal emotions can help us understand more 

conclusively if there are atypicalities during the perceptual stage of vocal emotion processing in 

ADHD, prior to atypicalities at the later cognitive stages, and independently from the attentional 

demands of the task. Moreover, measuring preattentive, rather than the explicit processing of 

vocal emotions is necessary, as in day-to-day life, individuals often automatically perceive and 

allocate attention towards emotions from voices without any instruction to do so. 
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Vocal Emotion Processing and ADHD: Summary and Gaps in Literature 

In summary, ED in ADHD is argued to be associated with difficulties recognising and/or 

allocating attention towards emotional stimuli, such as vocal and facial expressions of emotion 

(Shaw et al., 2014). There is robust evidence that individuals with ADHD present with difficulties 

recognising vocal emotions (Sells et al., 2023). However, it is debated whether these difficulties 

are caused primarily from general executive function deficiencies affecting attention during 

explicit VER tasks (Barkley, 1997, 2015), and/or atypicalities within the perceptual processing 

pathways necessary to encode emotions (Crick & Dodge, 1997; Lemerise & Arsenio, 2000; 

Sonuga-Barke, 2005). Based on the review of the literature so far, there is robust behavioural and 

ERP evidence in support of the presence of attentional deficits during vocal emotion processing 

in ADHD. For example, behavioural studies have shown individuals with ADHD present with 

generic vocal emotion recognition difficulties (Sells et al., 2023). Moreover, ERP studies support 

the presence of executive function deficits (e.g. disrupted attentional processing) in ADHD with 

non-emotional stimuli, as reflected by reduced P1, P3 and CNV amplitudes. In support of 

perceptual processing theories, ERP research has brought new evidence that very early stages of 

emotion processing (e.g., N1) may be implicated in ADHD (Chronaki et al., 2015). This ERP finding 

raised the hypothesis that the N100 component may be a marker for automatic hyper-

orientation to vocal threat stimuli in ADHD (Chronaki et al., 2015). This is consistent with ERP 

studies showing that motivationally significant stimuli (e.g., rewards, delay) can enhance ERP 

components (i.e., CNV, P3) reflecting higher-level attentional processes, such as response 

preparation in adolescents with ADHD (Chronaki et al., 2017; 2019). However, it is not known 

whether a) a preattentive hyper-sensitivity to vocal emotions (i.e., anger or happiness) is present 



47 
 

in ADHD and b) whether the preattentive processing of vocal emotions independently influences 

the allocation of attention in ADHD. 

The present thesis aimed to address these gaps in the literature. Importantly, because 

explicit vocal emotion recognition tasks do not allow us to explore the preattentive processes, 

the present thesis aimed to design and optimise a novel emotion processing task, as a more 

reliable measure to help disentangle preattentive from attentive processes. Moreover, in line 

with the view that ADHD can be conceptualised as a dimensional condition (Section 1.3), the 

present thesis aimed to recruit a community sample of adolescents to explore associations 

between traits of inattention and hyperactivity and the pre-attentive processing of vocal 

emotions.  The next section presents the novel paradigm, designed and employed in the present 

thesis, and discusses its theoretical basis.  
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1.4 Proposed Research 

Considering the gaps in the literature highlighted in the previous section, a novel paradigm has 

been developed to directly address the following theoretical questions: 

a) Do adolescents with high levels of inattentive and hyperactive traits present with 

a preattentive hypersensitivity to vocal emotions?  

b) Does the preattentive processing of vocal emotions affect the allocation of 

attention in adolescents with high levels of inattentive and hyperactive traits?  

The emotional spatial cueing paradigm (thereafter ESC) is a novel task designed and 

optimised to be used with behavioural and ERP techniques to specifically measure ERP 

components (e.g., P2) to a vocal cue stimulus, as a measure of the preattentive processing of 

vocal emotions, and the ERP components (e.g., P1) to a visual target stimulus, as a measure of 

the effect of vocal emotions on the rapid capture of visual spatial attention (thereafter VSA). 

Reaction times (thereafter RTs) and the P3 component to the target can also be measured to 

further explore the effects of vocal emotions on the allocation of attention within the ESC 

paradigm 

Figure 1.4 presents a graphical representation of one trial of the ESC paradigm. The basic 

procedure of one trial is as follows: Participants are presented with 1) a fixation cross which stays 

on the computer screen for the remainder of the trial, 2) an irrelevant vocal cue stimulus (e.g., 

an angry voice) for 700ms in either the left or right ear 3) a visual target (i.e., a yellow star) for 

100ms in the left or right visual field. Participants respond to indicate whether the visual target 

appeared on the left or right side of the screen via a button press. This response signifies the end 
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of the trial, after which there is an 1000ms interstimulus interval before the next trial begins. 

Trials are either ‘congruent’ when the vocal cue and visual target are presented in the same 

spatial location (e.g., the left side of space) or ‘incongruent’ when the vocal cue and visual target 

are presented in opposite spatial locations (e.g., the vocal cue is presented in the right ear and 

the visual target in the left visual field). Participants are instructed to fixate their eyes on the 

cross, ignore the voices, and respond as fast as they can. The following sections provides a 

summary of each phase within one trial of the paradigm, with reference to what each phase is 

expected to do psychologically in healthy adults and adolescents and outlines the predicted 

atypicalities in each phase in adolescents with ADHD traits.  

  



50 
 

  

  

Phase 1 

 

Figure  

Error! 

No text 

of 

specifie

d style 

in 

docume

nt..1Pha

se 1 

Phase 2 

 

Phase 2 

Phase 3 

 

Phase 3 

Phase 4 

 

Phase 4 

 

 

Figure 1.4 

A Graphical Representation of One Trial from the Novel Emotional Spatial Cueing Paradigm. The 

diagram shows four phases: 1) Fixation cross, 2) Vocal Cue, 3) Visual Target and 4) Button Press 

response.   
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The Theoretical Basis of Each Phase of The Emotional Spatial Cueing Paradigm (ESC) 

First phase: Fixation Cross. The presentation of the fixation cross signifies to participants 

that a new trial has started and ensures participants eye movements are limited. 

Second phase: Vocal Cue. The second phase of the ESC paradigm presents an irrelevant 

vocal cue stimulus in either the left or right ear, which participants are asked to ignore. Previous 

theory and literature suggest that even when participants are asked to ignore a vocal emotion, 

the emotional salience of the irrelevant voice is still be processed preattentively within the 

corresponding contralateral (i.e., left or right; Schonwiesner et al., 2007; Woldorff et al., 1999) 

auditory cortex (STG; Schirmer and Kotz, 2006). To support this, the P2 component, thought to 

reflect the processing of emotional salience (Schirmer & Kotz, 2006), has been found to be 

enhanced to task-irrelevant vocal emotions (angry and happy) compared to neutral voices in 

adults (Deng et al., 2022; Gädeke et al., 2013; Kao & Zhang, 2023; Lin et al., 2022). Therefore, 

within the present ESC paradigm, it was expected that first, the P2 would be enhanced to angry 

and happy voices compared to neutral voices in healthy adults and adolescents, reflecting the 

preattentive processing of vocals emotions. Second, if individuals with ADHD present with a 

hypersensitivity to vocal emotions, as suggested in previous research with children (Chronaki et 

al., 2015), it was predicted that the difference in the P2 amplitude to vocal emotions (angry and 

happy) compared to neutral voices would be significantly larger in adolescents with higher levels 

of ADHD traits.  

Third phase: Visual Target. During the next phase of the ESC paradigm, a visual target (i.e., 

a yellow star) is presented in either the left or right visual field, 750ms after the onset of the 
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spatially presented irrelevant vocal cueing stimuli. When a spatially presented visual stimulus is 

presented to participants, perceptual features, such as the colour and size of the stimulus are 

initially processed within the contralateral visual cortex to the hemifield the stimulus is presented 

in (Hillyard, Vogel & Luck., 1998). In ERP studies, this early visual processing in the visual cortex, 

produces a P1 component in the parietal occipital sites (Hillyard, Vogel, & Luck, 1998; Vogel & 

Luck, 2000). Previous research and theory suggest that spatially presented auditory cues capture 

attention cross-modally due to acting as an ‘early warning system’, and therefore similarly 

activate the contralateral visual cortex, even when participants are asked to ignore the auditory 

cues (Brosch et al., 2009; Spence & Driver, 1997; Dalton & Lavie, 2004; Murphy et al., 2017). 

Moreover, the P1 to a visual target, has been evidenced to be larger if VSA is already in the spatial 

location of the target (Luck et al., 2000; Mangun et al., 1998; Mangun & Hillyard, 1991). 

Therefore, within the present ESC paradigm, if irrelevant vocal cues capture VSA prior to the 

onset of the visual target, the P1 component is expected to be larger to the visual target in 

congruent compared to incongruent trials in healthy adults and adolescents. A larger Target-P1 

in congruent trials would reflect the summation of activity in the contralateral visual cortex 

towards the congruently spatially located vocal cue and visual target, as reported in previous 

spatial cueing paradigms with irrelevant auditory cues (McDonald et al., 2013; Feng et al., 2014). 

In adolescents with higher levels of ADHD traits, it is expected that the difference in the P1 

component between congruent and incongruent trials might be smaller, at least to targets 

preceded by neutral voices, which would reflect generic attention atypicalities, consistent with 

that previously reported in a spatial cueing paradigm with neutral visual stimuli (Perchet et al., 

2007). 
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However, within this third phase of the present ESC paradigm, there is an added effect of 

emotion from the previous vocal cue which may manipulate the capture of VSA, and therefore 

the P1 response to the visual target. Theory suggests irrelevant threatening stimuli (i.e., anger) 

more rapidly captures VSA than neutral stimuli to enable a quick response to aid survival (Hansen 

& Hansen, 1988; Ohman & Mineka, 2001). The rapid capture of VSA by vocal anger, as reflected 

by the P1 to a visual target, has been demonstrated previously in adults in a study employing dot-

probe paradigm which presented angry and neutral vocal cues simultaneously in the left and 

right ear prior to a visual target presented in either left or right hemifield (Brosch et al., 2009). 

Brosch et al (2009) reported an enhanced P1 amplitude to visual targets preceded by a spatially 

congruent angry vocal cue compared to a spatially congruent neutral vocal cue. Therefore, within 

the present ESC paradigm, in healthy adults and adolescents, it was expected that there would 

be a larger P1 response to visual targets preceded by spatially congruent angry voices compared 

to spatially congruent neutral voices. Additionally, if individuals with ADHD present with a rapid 

and automatic hyper-orientation to vocal anger, as hypothesised by Chronaki et al (2015), it was 

predicted that the difference in the P1 amplitude to visual targets preceded by spatially 

congruent angry vocal cues compared neutral voices would be enhanced in adolescents with 

higher compared to lower levels of inattentive and hyperactive traits. 

The P3 component to the visual target in the third phase of the ESC paradigm can 

additionally be measured as reflecting later attentional processes within the ESC paradigm (See 

page 38; Polich, 2007). For example, a larger P3 to incongruent compared to congruent trials in 

spatial cueing paradigms is thought to reflect more effortful processing to engage on the visual 

target (Perchet et al., 2007). Similarly, a larger Target-P3 component to trials preceded by 
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emotional voices compared to neutral voices thought is also thought to reflect more effortful 

processing to engage to the visual target (Wang et al., 2022). Therefore, it was expected that if 

vocal emotions involuntarily captured attention in the ESC paradigm, this may have a spillover 

effect later attentional processes, capture by the P3 component. For instance, if vocal emotions 

captured attention this may result in the greater use of cognitive resources to engage on the 

target downstream, and thus this would be reflected in a larger P3 component to incongruent 

compared to congruent trials, and a larger P3 component to trials preceded by emotional 

compared to neutral voices. If adolescents with ADHD displayed generic attention deficiencies, it 

was expected that the P3 would be smaller, at least to trials preceded by neutral voices, 

consistent with previous research on the P3 component in ADHD (Barry et al., 2003). However, if 

emotions within the voice interact with later attention allocation in ADHD as previously reported 

(Chronaki et al., 2019; 2017), the difference in the P3 amplitude between trials preceded by 

neutral compared to emotional voices may be larger in adolescents with higher compared to 

lower traits of ADHD. 

Fourth Phase: Button Press Response. Finally, within the ESC paradigm, participants are 

instructed to make a button-press response to indicate the location of the visual target as fast as 

possible. Previous research employing spatial cueing paradigms with irrelevant auditory cues 

have demonstrated that adults respond faster to congruent compared to incongruent trials, 

thought to reflect the capture of VSA by spatially congruent auditory cues on a behavioural level 

(Spence & Driver,1997; Mazza et al., 2007; Spence & McDonald, 2004). Moreover, studies 

employing dot-probe tasks have demonstrated that vocal anger has a facilitating effect on RTs 

due to more rapidly capturing VSA (Brosch et al., 2009). There are, however, additional, 



55 
 

attentional processes which may influence the speed with which participants respond to the 

visual target, such as EF processes when categorising the visual stimulus, and sustained attention 

to the task. Therefore, reaction times are not as accurate at measuring the capture of VSA as the 

P1 component, and within the ESC, RTs may also reflect the effects of vocal emotions on later 

attentional mechanisms (as discussed in relation to the P3 component above). For example, there 

has been some research demonstrating that irrelevant vocal anger has a distracting effect on 

later attentional mechanisms (Kattner & Ellermeier, 2018; Sander et al., 2005), which result in 

slower RTs (Chronaki & Marsh, 2024). Therefore, within the present ESC paradigm, it was first 

expected that response times would be faster to congruent compared to incongruent trials in 

healthy adults and adolescents, consistent with previous spatial cueing paradigms (Spence & 

Driver, 1997). However, it was possible that the effect of emotion within the vocal cues could 

have either a facilitating or distracting effect on RTs. Our predictions relating to atypicalities in 

RTs within the ESC paradigm in adolescents with higher traits of ADHD therefore depended on 

what was first found in healthy adults and adolescents. However, if adolescents with higher levels 

of ADHD displayed generic attention deficiencies, it was expected that overall, they would display 

slower RTs to the visual target. 

Overview of Theses Chapters. 

Overall, to address the aims of the thesis presented on page 48, Chapter Two presents 

our meta-analysis which systematically reviewed the current literature on explicit vocal emotion 

recognition in ADHD. This chapter was vital to inform the gaps in the vocal emotion processing 

literature in ADHD. Next, Chapter Three presents an experimental study which validated the 

vocal stimuli employed in the ESC paradigm. Chapter Four presents a study containing four 
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experiments which optimised and validated the ESC paradigm on a behavioural and neural level 

in adults. Results from Chapter Four relating to the effects of emotion and congruency on RTs 

and ERPs in the ESC paradigm in healthy adults, informed our predictions and analyses presented 

in Chapter Five. Finally, Chapter Five presents the experimental work which investigated a) the 

preattentive processing of vocal emotions in adolescents with ADHD (via the P2 component) and 

b) effects of vocal emotion on VSA in adolescents with traits of ADHD (via RTs and the P1 

components) using the ESC paradigm with behavioural and electrophysiological methods. 
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2 VOCAL EMOTION RECOGNITION IN ADHD: A META-ANALYSIS 

2.1 Chapter Overview 

As presented in Chapter One (section 1.3), there is debate in the literature as to 

whether emotion dysregulation (ED) in Attention-Deficit Hyperactivity Disorder (ADHD) is 

reflective of deviant attention mechanisms, in support of cognitive-behavioural theories 

(Barkley, 1997; Nigg et al., 2005) or atypical perceptual processing, in support of social-

cognitive and motivational theories (Shaw et al., 2014; Sonuga-Barke, 2005). To add to this 

debate, existing research has employed explicit facial and vocal emotion recognition tasks to 

explore the presence and nature of emotion processing difficulties, which are linked to ED 

(Uekermann et al., 2010). Previous reviews have reliably quantified the presence and nature 

of facial, but not vocal, emotion recognition atypicalities in ADHD, suggesting that FER 

atypicalities are specific to negative emotions, such as anger and fear (Bora & Pantelis, 2016). 

However, less is known about the presence and nature of vocal emotion recognition (VER) 

difficulties in ADHD. This chapter presents the first study, which aimed to systematically 

review the behavioural literature up to year 2022 on the presence of VER atypicalities in ADHD 

and explore whether these are generic or emotion-specific in nature. Although we take a 

dimensional approach to ADHD within the later experimental chapters of this thesis, in line 

with recent perspectives (Sonuga-Barke, 2023), for the purpose of the present meta-analysis, 

ADHD was defined as a categorical variable, in accordance with the Diagnostic Statistics 

Manual (DSM-5; APA, 2013) or similar diagnostic criteria, such as the Diagnostic Interview 

Schedule for Children (DISC-IV; (Shaffer et al., 2000). ADHD was defined as a categorical 

variable in this meta-analysis because the majority of previous studies reviewed defined 

ADHD as a categorical variable, however we also included studies community samples. 



    

58 
 

Please note, this Chapter is based on the publication titled ‘Vocal Emotion Recognition 

in ADHD: A Meta-Analysis’ (Sells, Liversedge & Chronaki., 2023), published in the Journal of 

Cognition and Emotion© copyright # [2023]. This work is the author’s own apart from the 

contribution from her supervisors. A substantial portion of this published paper is presented 

verbatim within this Chapter. Permission to include this piece of work in the present thesis 

has been granted by the publishers: Informa UK Limited, trading as Taylor & Taylor & Francis 

Group, http://www.tandfonline.com.   

https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.tandfonline.com%2F&data=05%7C02%7Crcsells%40uclan.ac.uk%7C9de6b766c7bf4d612ac408dcbc4ec1a5%7Cebf69982036b4cc4b2027aeb194c5065%7C0%7C0%7C638592293655628959%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=5EL3uDD1US6bT%2FDzycR0x%2BouarbqUlf%2BG3QTNP%2BMzdo%3D&reserved=0
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2.2 Introduction 

When high levels of inattention and hyperactivity impair functioning at home, school 

or work or in social situations, individuals can be diagnosed with ADHD (APA, 2013). Although 

not included in the diagnostic criteria, emotion dysregulation (ED) is often present within 

those diagnosed with ADHD and is proposed as a clinical feature of the disorder (Shaw et al., 

2014).  As outlined in Chapter One, there are differing theoretical perspectives on the causes 

and underpinning cognitive processes of ED in ADHD (Shaw et al., 2014). Cognitive-

behavioural models propose a generic deficit in the allocation of attention towards emotional 

expression, such as the face and voice (Barkley, 1997; Nigg et al., 2005). Alternatively, socio-

cognitive (Crick & Dodge, 1994), and motivational (Sonuga-Barke, 2005) theories of ADHD 

state ED may arise from specific deficits in interpreting emotions, such as those from the face 

and voice, at a perceptual level (Borhani & Nejati, 2018). 

Previous research has compared emotion recognition accuracy, from the face and 

voice, in participants with ADHD and controls using explicit emotion recognition tasks. If 

participants with ADHD perform significantly worse on emotion recognition tasks, compared 

to TD participants, it can be concluded that individuals with ADHD present with emotion 

recognition deficits. In addition, it is important to explore the nature of emotion recognition 

deficits by analysing the pattern of errors participants display during emotion recognition 

tasks. A generic deficit is defined as a reduced ability to recognise all types of emotions in a 

random pattern, thought to arise from a general deviancy to allocate attention to emotional 

expressions, in support of cognitive-behavioural theories (Barkley, 1997). An emotion-specific 

deficit is defined as a consistent pattern of error towards one or several types of emotions. 

For example, an anger-specific deficit would arise if participants with ADHD consistently failed 



    

60 
 

to recognise angry emotional expressions more than other emotion types (i.e., happy) 

included in the task. Emotion-specific deficits may be indicative of an atypicality at the 

perceptual processing stage of emotion recognition, in support of socio-cognitive (Crick & 

Dodge, 1994) and motivational accounts (Sonuga-Barke, 2005), as a consistent pattern of 

error towards a specific emotion cannot be due to inattention alone. 

To date, reviews indicate robust support for the presence of FER deficits in ADHD and 

suggest an emotion-specific deficit for negative facial expression, such as anger and fear, in 

ADHD (Borhani & Nejati, 2018; Collin et al., 2013; Cooper et al., 2020). However, thus far no 

reviews have reliably synthesised an effect for the presence of VER deficits in ADHD or 

explored the nature of VER deficits to the same extent as in FER research. It is important to 

explore the nature of VER accuracy in ADHD to the same rigour as FER accuracy because 

understanding vocal expressions requires interpreting how the intensity, pitch and loudness 

of a voice change over time, whereas facial stimuli do not have to be dynamic to be 

interpreted correctly (Schirmer & Adolphs, 2017). Thus, facial and vocal emotions activate 

different areas of the brain (Schirmer & Adolphs, 2017), and need to be examined separately. 

There are mixed findings within the behavioural literature relating to the nature of 

VER accuracy in ADHD. Studies employing VER tasks, such as the Diagnostic Analysis of 

Nonverbal Accuracy (DANVA; Nowicki & Duke, 1994) reported significantly more generic 

errors across happy, sad, angry, fearful and neutral vocal expressions in children with ADHD 

compared to typically developing children (Cadesky et al., 2000; Chronaki, Garner, et al., 2015; 

Corbett & Glidden, 2000). Similar findings have also been shown in adults (Bisch et al., 2016; 

Zuberer et al., 2020). In contrast, several VER studies have reported that children and adults 

with ADHD have a specific deficit to recognise negative vocal emotions, such as anger (Kis et 
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al., 2017; Plećević et al., 2021), in line with neuro-imaging research suggesting children with 

ADHD may present with a hypervigilance to anger (Chronaki, Benikos, et al., 2015). Finally, 

there is some evidence that the nature of VER accuracy changes depending on the subtype of 

ADHD or comorbid conduct disorder. For example, ADHD-inattentive subtype is associated 

with more VER errors overall, whilst hyperactive/impulsive symptoms are associated with 

greater difficulties to recognise negative (e.g., sad) vocal emotions (Miller et al., 2011). 

Moreover, a bias to recognise vocal anger in individuals with ADHD has been associated with 

comorbid conduct disorder (Cadesky et al., 2000). Findings from a number of studies are 

limited (Egan et al., 1998; Hall et al., 1999; Manassis et al., 2007; Rapport et al., 2002; 

Waddington et al., 2018) as they did not report accuracy scores for specific emotions, so it is 

inconclusive whether the VER deficits reported in these articles are reflective of a generic or 

an emotion-specific deficit in ADHD.  

The present meta-analysis aims to provide robust evidence for the presence of VER 

deficits in ADHD by gathering and synthesising effects from all up-to-date literature, both 

published and unpublished, which measures the difference in accuracy scores between 

participants with ADHD and TD controls when completing an explicit VER task. Our primary 

prediction is that VER deficits will be present in ADHD, in accordance with previous reviews 

demonstrating the presence of FER deficits in ADHD (Bora & Pantelis, 2016; Borhani & Nejati, 

2018; Collin et al., 2013; Cooper et al., 2020). Secondly, we aimed to explore the nature of 

VER deficits in ADHD by quantifying the moderating effect of emotion type (e.g., happiness 

and anger) and valence (i.e., positive and negative) on VER accuracy in ADHD. There are two 

possible outcomes to this exploratory aim. If emotion does not have a moderating effect on 

accuracy, this would suggest individuals with ADHD make random errors when recognising 

vocal emotions, due to general attention deviancies. If, however, emotion type has a 
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moderating effect on accuracy, this would suggest individuals with ADHD present with a 

consistent pattern of error towards a specific emotion type (e.g., anger), as found in FER 

research (Bora & Pantelis, 2016). This would reflect a distinct emotion processing atypicality 

in ADHD.  
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2.3 Method 

Search Strategy 

The databases utilised to conduct searches for relevant studies published until 14th 

April 2022 included PsychINFO and PsychArticles, Pubmed, ProQuest Central. To address 

publication bias, ProQuest Dissertations and Theses Global databases were searched and 

authors were contacted for unpublished work. The Boolean expression used for the literature 

search was:  

(ADHD OR “attention-deficit hyperactivity disorder” OR “attention-deficit/ hyperactivity 

disorder” OR “externalising behaviour*” OR “externalizing behavior*” OR “externalising 

problems” OR “externalizing problems” OR hyperact* OR inattent* OR impuls* OR ‘attention 

problem*’ OR ‘hyperkinetic disorder) AND (emotion* OR affect* OR ang* OR happ* OR joy 

OR sad* OR surprise* OR fear* OR disgust* OR fright*)) AND (prosod* OR voice* OR speech 

OR vocal* OR auditory OR paralanguage OR nonverbal) AND (recogni* OR percept* OR 

decod* OR identify* OR process* OR naming OR detect* OR match* OR interpret* OR 

understand*). 

The asterisk on some terms allowed for different possible endings e.g., processing, 

identifying. We formulated our search expression based on terms included in the titles of a 

list of pre-collected studies exploring associations between vocal emotion recognition and 

ADHD. Most searches were limited to title and/or abstracts for most terms, apart from words 

similar to ‘vocal’, which were searched throughout the whole text. This was because some 

studies which measured emotion recognition in different modalities do not specify the vocal 

modality in the title or abstract. To identify additional studies, we searched the reference lists 

of all included studies, and we searched (via google scholar) for any papers we had missed 
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which had cited one key and most cited paper (Cadesky et al., 2000). See Appendix A (page 

252) for the full search strategy. 

Inclusion and Exclusion Criteria 

For a study to be included in the meta-analysis, it was required to meet a number of 

criteria. First, the study had to include a task which measured VER accuracy. We included 

tasks which presented vocally emotive stimuli to the participant and instructed the 

participant to explicitly identify the emotion in the voice. Tasks were labelled as explicit if the 

experimenter instructed the participant to recognise and label the emotion, and thus, the 

participant was aware they were recognising emotions. Participants could respond by 

pressing a corresponding button on a computer, verbally naming the emotion, or pointing to 

the corresponding emotion word. Generally, VER tasks (i.e., the DANVA) are valid to employ 

with both adults (Miller et al., 2011) and children (Chronaki, Garner, et al., 2015), so studies 

which employed various ages of participants, from childhood to adulthood, were included in 

this meta-analysis. The literature search yielded some studies with tasks instructing 

participants to match the vocal expression with a facial expression, or to detect whether the 

semantic content of the vocal expression matched the prosody (e.g., the MNTAP; 

(Greenbaum et al., 2009), as well as dichotic listening tasks (Manassis et al., 2000). Although 

face matching tasks and dichotic listening tasks included elements of recognising emotions 

from voices, these studies were excluded from the meta-analysis because they were not a 

direct measure of VER. One study was excluded because participants were selected due to 

having difficulties recognising emotions as reported by parents or a professional, therefore 

this measure was biased (Loytomaki et al., 2020). Second, the emotions presented in the task 

needed to include at least two basic emotions, portraying happiness, anger, sadness, fear, 
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disgust, or surprise. Third, all studies had to include a measure of ADHD, either defined as a 

categorical or a continuous variable. We included studies which employed only community 

samples and studies which compared clinical cases of ADHD and controls. These latter studies 

needed to include a sample of clinically diagnosed individuals with ADHD who met the criteria 

of the Diagnostic and Statistical Manual (DSM) or Diagnostic Interview Schedule for Children 

(DISC). Studies which included ADHD as a comorbid diagnosis alongside one other disorder, 

apart from Conduct Disorder (CD) and Oppositional Defiant Disorder (ODD), were excluded. 

Studies in which ADHD participants were on medication for ADHD symptoms were not 

excluded due to the ambiguity of medication status in some studies. However, we coded for 

variations in medication status as an exploratory variable. Fourth, studies which defined 

ADHD as a categorical variable had to include a TD group of individuals with no diagnosis of 

ADHD or other psychiatric disorder. Finally, studies that defined ADHD as a continuous 

variable and recruited only community samples had to include a measure of ADHD-related 

behaviours (i.e., inattention, and/or hyperactivity/impulsivity) on a dimensional scale by 

including a questionnaire measure consistent with the diagnostic criteria of ADHD. 

The literature search produced 1,626 published and unpublished research reports. 

After removing duplicates (n=275), titles and abstracts were assessed for inclusion. 1,296 

were removed on the basis they did not include an emotion recognition task, or a measure of 

ADHD or ADHD-related behaviour. Two articles were removed as the full-text version could 

not be retrieved. Finally, based on full-text examination of 53 potentially relevant articles, 26 

articles were excluded because they did not measure VER in ADHD and TD participants. Three 

articles were excluded because they included duplicate data. Finally, we contacted 17 authors 

regarding missing emotion-specific accuracy scores. Six of these authors provided us with the 

missing emotion-specific data and five responded but could not access the data due to it being 
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deleted in line with ethics guidelines. A total of six authors did not respond despite being 

contacted multiple times. Two authors could not be contacted (e.g., due to no forwarding 

email). Due to the lack of relevant statistics provided to calculate effect sizes for either a 

generic or emotion-specific VER score, three papers were excluded (Bisch et al., 2016; Egan 

et al., 1998; Manassis et al., 2000). We were left with a final number of 21 studies which met 

our inclusion criteria. See Figure 2.1 for a flowchart of the literature search, which followed 

PRISMA guidelines for reporting systematic reviews and meta-analyses (Page et al., 2021). 

Figure 2.1 

PRISMA Flowchart of Literature Search. 



    

67 
 

Study Coding 

All studies were double coded by two independent raters. Any coding disagreements 

were resolved by discussion. To assess intercoder reliability, intraclass coefficient and kappa 

coefficient were calculated for continuous and categorical characteristics, respectively (Orwin 

& Vevea, 2009). The mean reliability coefficient was 0.95, and the mean percentage 

agreement was 95% on coded study characteristics.  

Theoretical Moderator Variables. When articles reported a VER accuracy score for all 

included emotions, this was coded as an overall VER score. When articles reported several 

VER accuracy scores for separate emotions, these were coded as emotion-specific VER scores. 

Twenty studies provided relevant statistics for an overall VER score, and 11 for emotion-

specific VER scores. Emotion type and valence of emotion-specific VER scores were coded to 

assess the effect of emotion as a moderator variable. All 11 studies included scores for happy 

and angry vocal emotions, eight for sad, six for fearful and six for neutral expressions. Only 

one study provided scores for disgust and erotic vocal emotions (Zuberer et al., 2020), so 

these emotion types were excluded from the moderator analyses. Surprise was not coded as 

it was not included in any papers. Regarding valence, anger, sadness, and fear were classified 

as negative emotions. Happiness was classified as the only positive emotion.      

Exploratory Moderator Variables. Participant characteristics coded for included the 

sample size, mean age, age range, and the percentage of female participants in each sample. 

Within the included 21 studies, there was a total of 763 participants with ADHD (32% female) 

and 888 control participants (42% female). Ages ranged from 3 to 65. Samples with mean ages 

from 3 to 11 were coded as children, and 12 to 18 as adolescents. This was based on the 

definition of the start of adolescence being the onset of puberty, which on average starts 
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around 12 years (Blakemore, 2008). Those aged 18 and upwards were classified as adults, as 

the ability to recognise vocal emotions reaches adult levels by 18 (Chronaki, Hadwin, et al., 

2015; Grosbras et al., 2018). Based on this criterion, there were eight adult, nine child, and 

four adolescent samples included.   

Within each study, it was noted whether ADHD was defined as a continuous or 

categorical variable. Within the 19 studies which defined ADHD as a categorical variable, 

participants were generally recruited due to being previously diagnosed. The diagnosis was 

confirmed with a mix of interview and questionnaire measures. The ADHD diagnosis was 

based on the DSM criteria (APA, 2013), apart from one study (Chronaki, Benikos, et al., 2015), 

which used the DISC-IV (Shaffer et al., 2000). Only two papers defined ADHD as a continuous 

variable. To measure ADHD traits, both continuous studies used the Strengths and Difficulties 

Questionnaire (Goodman, 1997), which maps onto the DSM criteria of ADHD (see Table 2.2 

for all continuous measures of ADHD employed by each included study).  

For the purpose of this meta-analysis, we defined ADHD as a categorical variable, and 

therefore we coded the subtypes of ADHD to fit this definition. The categorical subtypes of 

ADHD included a) ADHD-predominantly inattentive, b) ADHD-predominantly 

hyperactive/impulsive, and c) ADHD-combined subtype. If the outcome variable included a 

mix of different subtypes, we coded it as ‘ADHD-Combined type’ but noted the number of 

ADHD participants with each subtype included in the sample, if reported. If ADHD was defined 

as a continuous variable in the included paper, then we coded the subscale used to gain a 

score of ADHD symptoms (i.e., inattentive-subscale, or hyperactivity/impulsivity-subscale 

from the SDQ) under the respective subtype category outlined above. For example, if the 

inattentive subscale was used to quantify a score for ADHD symptoms, the outcome variable 
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was coded as ‘ADHD-predominantly inattentive.’ If both inattentive and 

hyperactive/impulsive subscales were combined to give one overall score for ADHD 

symptoms, this was coded as ‘ADHD-combined subtype. Eighteen samples included a 

participant group of ‘ADHD-combined subtype’. Two studies included samples of ‘ADHD-

predominantly hyperactive/impulsive’, and three studies included samples of ‘ADHD-

predominantly inattentive’. We also coded the presence of comorbid Conduct Disorder and 

medication status within the ADHD participants. Three studies included ADHD participants 

with CD or ODD (Cadesky et al., 2000; Chronaki, Benikos, et al., 2015; Noordermeer et al., 

2020). In 11 studies, participants with ADHD were on medication but withdrew from their 

medication between 4- and 48-hours prior to the study. In one study, all ADHD participants 

were non-medicated (Plećević et al., 2021), and in another, all ADHD participants were on 

medication (Norvilitis et al., 2000). In three studies, the medication status of ADHD 

participants was mixed, in that some participants were medicated, and some were not. In 

three studies, medication status was not reported.  

Publication status and year of study were coded. Six studies were unpublished, and 15 

were published between the years of 1999 and 2021. Design variables coded included the 

name of the VER task, the type of response participants made, the linguistic properties of the 

stimuli, and the characteristics (i.e., age and gender) of the actor who voiced the stimuli. See 

Table 2.1 and Table 2.2 for full details of participant, and design characteristics associated 

with all included studies.
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Table 2.1 

Participant Characteristics of Studies Included in the Meta-Analysis 

Study Age Group ADHD Outcome Variable 

/ Type 

ADHD (N) Age, mean 

years (SD) 

Female (%) 

 

IQ, 

mean 

Medication Status Presence of CD or 

ODD 

TD (N) Age, mean years 

(SD) 

Female (%) IQ, mean 

(SD) 

Chronaki, Garner, 

et al. (2015) 

Children Hyperactive/impulsive 

(Continuous)  

16 5.2 (0.9) 25 N/A N/A Mix 41 4.2 (0.7) 49 N/A 

Chronaki, Benikos, 

et al. (2015) 

Children Combined (Categorical) 25 8.9 (1.5) 4 99.0 

(10.8) 

Medicated but withdrew 

(24hrs) 

3 samples: with CD, 

excluded CD, mix 

25 9.0 (1.5) 8 102.6 

(10.2) 

Sells et al. 

(Unpublished) 

Adults  Inattentive, 

Hyperactive/Impulsive 

(Continuous) 

0 N/A N/A N/A N/A N/A 26 26.7 (4.0) 65 N/A 

 Adolescent

s 

 0 N/A N/A N/A N/A N/A 23 14.3 (1.4) 65 N/A 

Kis et al. (2017) Adults Combined (Categorical) 28 33.8 (8.9) 36 109.4 

(9.30) 

N/A CD excluded 29 36.5 (11.4) 52 110.2 

(8.9) 

Kochel et al. 

(2015) 

Children Combined (Categorical) 14 10.3 (17.4) 0 99.3 

(11.9) 

 

 

Medicated but withdrew (24 

hrs) 

N/A 14 10.2 (11.3) 0 107.3 

(8.9) 

Cadesky et al. 

(2000) 

Children Combined (Categorical) 86 9.0 (1.4) 17 97.3 

(12.5) 

 

Medicated but withdrew (24 

hrs) 

2 samples: with CD, 

excluded CD 

27 9.3 (1.4) 40 108.4 

(17.1) 
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Grabemann et al. 

(2013) 

Adults Combined (Categorical) 20 30.3 (9.4) 0 112.7 

(11.2) 

Medicated but withdrew (24 

hrs) 

N/A 20 27.9 (6.0) 0 112.7 

(10.2) 

Corbett and 

Glidden (2000) 

Children Combined (Categorical) 37 10.1 (1.78) 30 100 

(11.1) 

Medicated but withdrew (24 

hrs) 

N/A 37 9.5 (1.9) 49 113 

(14.5) 

Waddington et al. 

(2018) 

Children 

and 

Adolescent

s 

Combined (Categorical)   111 12.6 (1.7)  49 99.5 

(14.1) 

Mix N/A 220 13.1 (2.3) 50 105.2 

(12.4) 

Noordermeer et 

al. (2020) 

Adolescent

s 

Combined (Categorical) 82 16.3 (3.0) 33 96.9 

(11.0) 

Medicated but withdrew (48 

hrs) 

2 samples: mix, with 

ODD 

82 16.1 (3.3) 33 98.3 (7.3) 

Hall et al. (1999) Children Combined (Categorical) 15 N/A N/A N/A 2 Samples: On Medication, 

Medicated but withdrew (24 

hrs) 

N/A 15 N/A N/A N/A 

Plećević et al. 

(2021) 

Children Combined (Categorical) 31 9.25 (1.9) 

 

N/A N/A Non-Medicated N/A 29 9.25 (1.9) N/A N/A 

Miller et al. (2011) Adults 2 samples: Combined, 

(Categorical) 

17 33.4 (11.45) 35 114.2 

(8.3) 

Medicated but withdrew (24 

hrs) 

N/A 18 31.9 (7.7) 28 121.9 

(11.7) 

  Inattentive  36.4 (10.7)  116.3 

(14.4) 

      

Rapport et al. 

(2002) 

Adults Combined (Categorical) 28 36.3 (10.9) 42 106.7 

(8.8) 

N/A N/A 28 33.4 (11.5) 46 105.2 

(8.4) 

Norvilitis et al. 

(2000) 

Children Combined (Categorical) 44 10.0 (2.1) 30 N/A On Medication N/A 36 10.6 (3.1) 45 N/A 
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Hanford (2000) 

(Unpublished) 

Adults 2 samples(Categorical): 

Combined,  

17 33.4 (11.5) 35 114.2 

(8.3) 

Mix N/A 18 31.9 (7.7) 28 121.9 

(11.7) 

  Inattentive  36.4 (10.7)  116.3 

(14.3) 

      

Techentin (2009) 

(Unpublished) 

Adolescent

s 

Combined (Categorical) 39 12.4 (1.0) 0 N/A Medicated but withdrew (24 

hrs) 

N/A 39 12.4 (1.04) 0 N/A 

Abraham (2004) 

(Unpublished) 

Adults Combined (Categorical) 31 20.7 (SD 

not 

reported) 

51 N/A Mix N/A 31 23.8 (SD not 

reported) 

77 N/A 

Friedman (2000) 

(Unpublished) 

Adults Combined (Categorical) 32 36.9 (11.2) 42 102.6 

(14.6) 

N/A N/A 41 34.6 (11.6) 55 97.9 

(15.1) 

Zuberer et al. 

(2020) 

Adults Combined (Categorical) 44 30 (7.0) 23 N/A Medicated but withdrew 

(24hrs) 

N/A 43 28.2 (6.5) 42 N/A 

Aldea (2013) 

(Unpublished) 

Children Combined (Categorical) 13 8.5 (SD not 

reported) 

23 100.5 

(15.5) 

Medicated but withdrew (24 

hrs) 

N/A 16 8.4 (SD not 

reported) 

56 118.3 

(11.3) 
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Table 2.2 

Design Characteristics of Studies Included in the Meta-Analysis 

Study How study 

diagnosed ADHD  

Definition of 

ADHD  

Informants of 

Categorical 

Diagnosis 

Continuous Measure of 

ADHD 

Informants 

of 

Continuous 

Measure 

VER Task / Battery Task Response Linguistic Stimuli / Voice Emotion Types 

Included 

Total 

no. 

Trials  

Chronaki, 

Garner, et al. 

(2015) 

NA (Continuous 

Study) 

DSM-IV Professional SDQ (Goodman, 1997) Parent DANVA 2  Verbal Naming Semantically neutral phrase 

(English Adult Female) 

Generic, Ang, Sad, 

Hap, Neu 

70  

Chronaki, 

Benikos, et al. 

(2015) 

Research and 

Clinical Diagnosis 

DISC-IV Professional SDQ (Goodman, 1997) Parent and 

Teacher 

Maurage et al. 

(2007) 

Button Press  Interjection sound ‘ahh’ (Adult 

Female) 

Generic, Ang, Sad, 

Neu 

360 

Sells et al. 

(Unpublished) 

NA (Continuous 

Study) 

DSM-IV NA SDQ (Goodman, 1997) Self Maurage et al 

(2007) 

Button Press Interjection sound ‘ahh’ (Adult) Generic, Ang, 

Hap, Neu 

156 

Kis et al. (2017) Clinical Diagnosis DSM-IV-TR Professional ADHS (Rosler et al., 

2004), WURS-K (Retz-

Junginger et al, 2003) 

Self Tübinger Affect 

Battery (TAB; 

(Breitenstein et al., 

1996) 

Verbal Naming Semantically neutral phrase 

(German Adult Female) 

Generic, Ang, Sad, 

Fear, Hap, Neu 

20 

Kochel et al. 

(2015) 

Clinical Diagnosis DSM-IV-TR Professional 

and Parent 

FBB-ADHS (Döpfner, 

Görtz-Dorten, Lehmku, 

2008), CBCL (Conners, 

2008) 

Parent/ 

Teacher 

TAB Verbal Naming Semantically neutral phrase 

(German Adult Female) 

Generic, Ang, Sad, 

Fear, Hap, Neu 

12 
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Cadesky et al. 

(2000) 

Research 

Diagnosis 

DSM-IV Parent and 

Teacher 

Parent and Teacher 

Interview (Schacher et 

al., 1995), 

Parent / 

Teacher 

DANVA 2  Verbal Naming Semantically Neutral (English 

Adult & Child) 

Generic 40 

Grabemann et 

al. (2013) 

Clinical Diagnosis DSM-IV Professional ADHS (Rosler et al., 

2004), WURS-K (Retz-

Junginger et al, 2003) 

Self TAB Verbal Naming Semantically Neutral Phrase 

(German Adult Female) 

Generic 15 

Corbett and 

Glidden (2000) 

Clinical Diagnosis 

and Parent 

Account 

DSM-IV Professional 

and Parent 

CPRS (Conners, 1998) Parent The Prosody Test 

(Tucker et al., 1977) 

Point Semantically Neutral Phrase 

(English) 

Generic 16 

Waddington et 

al. (2018) 

Clinical and 

Research 

Diagnosis and 

Parent Account 

DSM-IV Professional 

and Parent 

SCQ (De Giacomo, 

2015), CPRS (Conners, 

1998) 

Self and 

Parent 

Amsterdam 

Neuropsychological 

Tasks (ANT; (De 

Sonneville, 1999), 

Verbal Naming Semantically Neutral Phrase 

(Dutch Adult) 

Generic, Ang, 

Hap, Sad, Fear 

48 

Noordermeer et 

al. (2020) 

Clinical and 

Research 

Diagnosis 

DSM-IV Professional, 

Parent, 

Teacher 

CTRS-R:L, CAARS-S:L 

(Conners, 1998, 1999) 

Self and 

Teacher 

ANT Verbal Naming Semantically Neutral Phrase 

(Dutch Adult) 

Ang, Hap, Sad, 

Fear 

48 

Hall et al. 

(1999) 

Clinical Diagnosis DSM-IV Professional HESB, WPBIC Parent and 

Teacher 

DANVA Verbal Naming Semantically Neutral (English 

Child Female)  

Generic 16 

Plećević et al. 

(2021) 

Clinical Diagnosis DSM-IV-TR Professional 

and Parent 

SNAP-IV (Swanson et al., 

2001) 

Parent and 

Teacher 

GEES (Jovičić et al., 

2004) 

Verbal Naming Semantically Neutral Phrase 

(Serbian Adult) 

Generic, Ang, 

Hap, Sad, Fear 

18 

Miller et al. 

(2011) 

Clinical and 

Research 

Diagnosis 

DSM-IV Professional DSM-IV Subscales 

(Murphy & Barkley, 

1995) 

Self and 

Other 

(Spouse, 

DANVA 2 Verbal Naming Semantically Neutral Phrase 

(English Adult) 

Generic, Ang, 

Hap, Sad, Fear 

24 
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Friend or 

Parent) 

Rapport et al. 

(2002) 

Clinical Diagnosis DSM-IV Professional ADHD Symptom 

Checklists (Barkley & 

Murphy, 1998) 

Self DANVA 2 Verbal Naming Semantically Neutral Phrase 

(English Adult) 

Generic 24 

Norvilitis et al. 

(2000) 

Clinical and 

Research 

Diagnosis 

DSM-IV Professional 

and Parent 

CPRS (Conners, 1998, 

1999) 

Parent Rothenberg (1970) Verbal Naming Semantically Neutral Phrase Generic N/A 

Hanford (2000) 

(Unpublished) 

Clinical and 

Research 

Diagnosis 

DSM-IV Professional Adult ADHD DSM-IV 

Rating Scale (Murphy & 

Barkley, 1995) 

Self DANVA 2 Verbal Naming Semantically Neutral Phrase 

(Adult) 

Generic 24 

Techentin 

(2009) 

(Unpublished) 

Clinical Diagnosis DSM-IV Professional CBLC – Attention Scale 

(Conners, 2008) 

Parent Binaural Word Task  Verbal Naming Pseudo Word (Adult Female) Generic 18 

Abraham (2004) 

(Unpublished) 

Standardised Self-

Report 

Questionnaire, 

and Clinical 

Diagnosis 

DSM-IV Self and 

Professional 

CAARS (Conners, 1999) Self DANVA 2 Verbal Naming Semantically Neutral Phrase 

(English Adult) 

Generic, Ang, 

Hap, Sad, Fear 

24 

Friedman 

(2000) 

(Unpublished) 

Clinical and 

Research 

Diagnosis 

DSM-IV Professional, 

Patients, 

Parents, 

Spouse 

ADHD Symptom 

Checklist (Barkley & 

Murphy, 1998) 

Self DANVA 2 Verbal Naming Semantically Neutral Phrase 

(English Adult) 

Generic 24 
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Zuberer et al. 

(2020) 

Clinical Diagnosis DSM-IV Professional ADHS (Rosler et al., 

2004), WURS-K (Retz-

Junginger et al, 2003) 

Self Bisch et al. (2016) Button Press Meaningful Word (German 

Adult) 

Generic, Ang, 

Hap, Sad, Dis, Ero 

60 

Aldea (2013) 

(Unpublished) 

Clinical Diagnosis 

and Parent 

Account 

DSM-IV-TR Professional 

and Parent 

CBCL (Conners, 2008) Parent DANVA 2 Verbal Naming Semantically Neutral Phrase 

(English Adult & Child) 

Generic 24 
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2.4 Analysis Strategy 

Since we defined ADHD as a categorical variable, effect sizes were computed as 

standardised mean differences (SMD; hedges g) for VER accuracy scores between individuals 

with ADHD and controls (ADHD group minus TD group; Hedges & Olkin, 1985). All effects from 

correlational studies were converted from Pearson’s r to hedges g. In total there were 93 

effect sizes from 21 included studies. The variance for each effect size was also computed. As 

we can assume that the effect sizes gathered differ due to heterogeneity in samples recruited 

and study methods, the data were analysed using random-effects models (Borenstein et al., 

2010). In typical random-effects models, there is the assumption that all effect sizes are 

independent from one another (Borenstein et al., 2010). However, in the present meta-

analysis, this assumption was violated because we gathered more than one relevant effect 

size per included study. For example, some studies reported multiple effect sizes for each 

emotion type (e.g., anger, happiness, neutral), and ADHD participant group. This resulted in 

clusters of correlated effects for each study. To handle multiple dependent effect sizes within 

our meta-analyses, the method of robust variance estimation (RVE) was used (Tanner-Smith 

et al., 2016). There was also evidence of some hierarchical effects within our included studies 

(e.g., multiple studies from the same lab group). Note though, that most of the dependent 

effects were correlated, and therefore variance weights for correlated effects were employed 

(Tanner-Smith et al., 2016). 

Two meta-analyses using RVE with variance weights for correlated effects in 

random-effects models were conducted separately. The first meta-analyses computed the 

average synthesised effect size for the presence of VER deficits. Twenty studies were included 

in this analysis as these studies provided the relevant statistics for overall VER accuracy 
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scores. The second analysis explored the moderating effect of the theoretical moderator 

variables - emotion type and valence - on VER deficits in ADHD. Eleven studies were included 

in the moderator analyses as these studies provided relevant statistics for each specific 

emotion type included in the study. All analyses were conducted in the R environment 

(version 4.1.0). The Metafor package (Viechtbauer, 2010) was used to calculate and convert 

effect sizes into hedges g. The Robumeta package was used to estimate mean effect sizes 

using the RVE method (Tanner-Smith et al., 2016). The Grid package was used to create forest 

plots. 

All exploratory moderator variables included in this meta-analysis contained 

distributions from fewer than 10 studies reporting relevant effect sizes for each variable 

condition. Therefore, following Kjærvik and Bushman (2021) and Sterne et al. (2011), we 

judged there was insufficient data to undertake formal statistical exploratory moderator 

analyses in line with best practice for conducting comprehensive meta-analyses. For 

transparency of data, we report the numerical trends (SMD and Standard Error) of all 

exploratory categorical variables in Table 2.3. However, these should be interpreted with 

caution due to paucity of data. 
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Table 2.3 

Numerical Trends (SMD and Standard Error) of Vocal Emotion Recognition Deficits for All 

Categorical Exploratory Moderator Variables  

Variable Condition SMD Standard 

Error 

Outco

mes (k) 

No. 

Studie

s 

Theoretical Moderators      

Emotion Type Angry -0.45** 0.14 18 11 

 Happy -0.31*** 0.07 16 11 

 Sad -0.43** 0.13 10 8 

 Fearful -0.30 0.20 8 6 

 Neutral -0.44 0.06 9 6 

Emotion Valence Positive -0.31*** 0.07 16 11 

 Negative -0.47*** 0.12 34 11 

Participant 

Characteristics 

     

Age Group Children -0.75*** 0.21 14 9 

 Adolescents -0.195 0.18 11 4 

 Adults -0.47*** 0.07 11 9 

Outcome Variable Continuous -0.56 0.03 3 2 

 Categorical -0.53*** 0.19 33 19 

ADHD- Subtype ADHD-Predominantly 

Inattentive 

-0.65 0.11 8 3 

 ADHD- Predominantly 

Hyperactive/Impulsive 

-0.54 0.05 7 2 

 ADHD- Combined -0.51*** 0.11 33 20 

ADHD Comorbid CD  ADHD with comorbid 

CD 

-0.43 0.58 5 2 

 ADHD without CD -0.20 0.13 10 4 
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ADHD Medication 

Status  

Withdrew for study -0.39** 0.13 23 11 

 Not reported or 

Mixed Status 

0.46*** 0.08 10 8 

 Non-medicated -2.25 0.11 1 1 

 On medication -0.52 0.34 2 2 

Design Characteristics      

VER Task DANVA -0.45*** 0.11 16 9 

 Maurage et al -0.61 0.13 3 2 

 TAB -0.65 0.09 3 3 

 Prosody Test -0.78 0.06 1 1 

 ANT -0.17 0.14 9 2 

 GEES -2.25 0.11 1 1 

 Rothenberg -0.79 0.01 1 1 

 Binaural Word 0.26 0.05 1 1 

 Bisch et al -0.38 0.05 1 1 

Response Type Verbal Naming -0.52*** 0.13 31 17 

 Button Press -0.63 0.14 5 3 

 Point -0.78 0.06 1 1 

Linguistic Stimuli Type Semantic Neutral 

Phrase 

-0.58*** 0.12 31 17 

 Interjection Sound -0.61 0.13 3 2 

 Nonsense Word 0.26 0.05 1 1 

 Meaningful Word -0.38 0.05 1 1 

Voice Type Adult Female -0.48** 0.17 6 6 

 Adult Mix Gender -0.54*** 0.17 23 12 

 Child  -0.39 0.30 5 3 

Language of Stimuli English -0.54*** 0.1 18 11 

 German -0.54 0.11 4 4 

 Dutch -0.17 0.14 9 2 

 No Language -0.33 0.31 4 3 
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 Serbian -2.25 0.11 1 1 

Source Characteristics      

Publication Status Published -0.58*** 0.12 29 16 

 Unpublished -0.37 0.22 7 5 

 

Note. We can only reliably interpret those in bold, as the df was more than 4 when 

undertaking the analysis using RVE. All other results should be interpreted with caution due 

to paucity of data. 
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2.5 Results 

When quantifying VER accuracy scores from 20 studies, there was a medium 

statistically significant effect size (SMD = -0.56, 𝐂𝐈𝟗𝟓%[-0.78, -0.34]). Figure 2.2 presents a 

forest plot showing the weight of each effect size within the analyses, taking into 

consideration sample size and clusters of correlated effects. Similarly, across all emotion-

specific VER accuracy scores from 11 studies, there was a small effect size (SMD = -0.39, 

𝐂𝐈𝟗𝟓%[-0.59, -0.18]). The slightly smaller effect size in the emotion-specific compared to the 

overall analyses is likely due to fewer effect sizes and studies included in the emotion-specific 

analysis. The I squared statistic indicated that 72% of the heterogeneity in the effects was due 

to between-study differences, suggesting that 28% of the variance is due to sampling error. 

These results suggest that despite heterogeneity in study methods and participant 

characteristics, there is strong evidence for VER deficits in ADHD, in accordance with our 

primary prediction. Moderator analyses showed that neither emotion type nor valence 

significantly influenced the magnitude of the effect size for emotion-specific accuracy scores 

(see Table 2.4). Therefore, there is no consistent pattern within the literature to indicate that 

individuals with ADHD have greater difficulties to recognise negative emotions, such as anger, 

when completing VER tasks. This contrasts with our prediction and does not provide support 

for an emotion-specific VER deficit in ADHD. This indicates the presence of a generic VER 

deficit in ADHD during explicit recognition tasks, supporting cognitive-behavioural theories 

(Barkley, 1997; Nigg et al., 2005).  Alternatively, it is possible there is insufficient power within 

the literature to provide evidence that emotion moderates VER deficits in ADHD. 

Sensitivity analyses were conducted to explore the robustness and validity of the 

effect for the presence of VER deficits in ADHD. Sensitivity analyses aimed to address what 



    

83 
 

happens to our results, if aspects of the analyses change (Iyengar & Greenhouse, 2009). First, 

we calculated the estimated mean effect and associated statistics, without any adjustment 

for potential biases due to correlated effects for the generic VER analyses. This is known as 

the naïve SMD (Copas & Shi, 2000). To calculate the naïve SMD, a typical random effects 

model was employed using the Metafor package. Within these sensitivity analyses, we also 

calculated the prediction intervals. Prediction intervals capture the range of true effects 

which could be reported in an individual study, and thus suggest how consistent VER deficits 

are within the literature (Riley, Higgins & Deeks, 2011). The naïve SMD (Copas & Shi, 2000), 

along with prediction intervals (Riley et al., 2011), and tests for publication bias (Duval & 

Tweedie, 2000; Egger et al., 1997) are shown in Table 2.5. Potential outliers were identified 

from funnel plots (see Figures 2.3 and 2.4). Thus, we re-ran all analyses1 with two extreme 

outliers (Plećević et al., 2021; Techentin, 2009) excluded. Additionally, to rule out the possible 

influence of medication of VER deficits in ADHD, we re-ran the analyses excluding all 7 studies 

in which the medication status of ADHD participants was not reported, mixed or ‘on 

medication’. Excluding all 7 studies did not change the results. We did not conduct sensitivity 

analyses on the emotion-specific analyses because there were no significant effects. Overall, 

sensitivity analyses showed publication bias was not present within the current meta-

analyses, nor did outliers or medication status influence the overall effect size for VER scores. 

However, when outliers were removed, the prediction intervals suggested the range of true 

effects that could be reported within an individual study were negative 95% of the time 

 

1 We also calculated the RVE analyses again for both the generic analyses and emotion-specific analyses, but with the outliers 

(Plecevic, 2021; Techentin, 2013) removed. When we re-ran the moderator analyses with the outliers removed, we found 
no change to the significance of the moderating effect of emotion type and valence. See row 5 in Table 2.5 for associated 
statistics. 
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(between -0.90 and -0.04). This provided strong support that our reported effect of a VER 

deficit in ADHD was consistent and robust (Riley et al., 2011). 
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Figure 2.2 

Forest Plot Showing SMD (hedges g) of the Generic VER Accuracy Score for the 20 Included Studies. 

The figure shows the effect size for each study, and the corresponding weight of each effect size. 
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Table 2.4 

Coefficient Estimates, and Associated T Values, Significance (P Values), and CI of Emotion Type 

and Valence from Moderator Analyses2. 

Moderator Coefficient T p CI df 

Emotion Type      

  Anger vs Happiness -0.18 1.39 .194 [-0.11, 0.46] 9.20 

  Anger vs Fear -0.18 1.04 .333 [-0.24, 0.60] 6.58 

  Anger vs Neutral  -0.01 0.06 .951 [-0.42, 0.44] 6.36 

  Anger vs Sadness -0.02 0.25 .812 [-0.18, 0.22] 8.20 

Valence      

  Negative vs Positive -0.13 1.04 .323 [-0.15, 0.40] 9.32 

  Negative vs Neutral 0.04 0.22 .836 [-0.44, 0.39] 5.83 

      

 

 

2 Within the 'emotion type’ moderator analysis, anger was the intercept for contrasts with the four other emotion types 

(happiness, fear, neutral and sadness). Within the ‘valence’ moderator analysis, negative was the intercept for contrasts with 

two other valence types (positive and neutral).  It is important to note, not all 11 studies included in the emotion-specific 

analyses provided effect sizes for all emotion types (i.e., fearful, sadness, and neutral expressions). There were 36% missing 

for sadness, 45% missing for fear, 45% missing for neutral expression. As a sensitivity analysis, we re-ran the moderator 

analysis with only the emotions which were included in all 11 studies (anger and happiness). The mean SMD was -0.369, with 

95% CI between -0.574 and -0.164. Moderator analyses (anger vs happiness) remained non-significant. Please see  

 for numerical trends of all other exploratory variables which cannot reliably be analysed via moderator analysis. 
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Table 2.5 

Effect Sizes (Standardised Mean Difference; SMD) and Associated Statistics for the Sensitivity Analyses, With and Without Outliers (w/o). 

   Meta-Analyses Tests for Publication Bias    

 

 

 

Distribution 

         Eggers Test Trim and Fill.  

 

  Associated 

Funnel Plot 

Type  k No. 

Studies 

SMD CI (95%) PI (95%) Q I²(%) Tau z p (sig) No. Inputted 

Studies (Left 

or Right Side) 

t&f 

SMD 

t&f  CI (95%) 

 

  

 

Generic VER 

(w/o) 

RVE 26 18 -0.52 [-0.67, -0.38] N/A N/A 40 .03 N/A N/A N/A    

Generic VER (No 

Medication) 

RVE 19 13 -0.59 [-0.96, -0.24] N/A N/A 77.90 .23 N/A N/A N/A    

Generic VER Naïve 25 20 -0.53 [-0.71, -0.35] [-1.26, 0.19] 69.83 70.19 .36 0.26 .793 6 (L) -0.696 [-0.89, -0.50] Figure 2.3 

                

Generic VER 

(w/o) 

Naïve   23 18 

 

-0.51 [-0.63, -0.39] [-0.83, -0.19] 30.66 30.05 .15 0.21 .835 1(L) -0.512 [-0.63, -0.39] Figure 2.4 
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Note. Columns 1- 4 display the generic VER distribution of means analysed with or without outliers (w/o), the type of analyses (Robust Variance 

Estimation; RVE, or a Naïve Random-Effects analyses), the number of effects included (k), and the number of studies included in the analysed 

distributions respectively. Columns 5 to 9 provide the estimated mean standardised mean difference (SMD) effect size, 95% confidence intervals 

(CI), 95% prediction intervals (PI), the weighted sum of squared deviations from the mean (Q) and the ratio of true heterogeneity to total variance 

across observed effect sizes (I²) and the estimate of between study variance (tau) for each analysed distribution. Columns 10 to 14 report the 

publication bias results. This includes the eggers test for funnel plot asymmetry statistics (z and p), and the trim and fill (t&f) analyses statistics, 

including the estimated number of missing studies on the left (L) or right (R) side, the trim and fill adjusted observed standardise mean difference 

(t&f SMD), and the trim and fill adjusted 95% confidence intervals (t&f CI). Funnel plots for sensitivity analyses are displayed in Figures 2.3 and 

2.4.



    

89 
 

 

  

Figure 2.3 

Funnel Plot for Generic VER Analysis. 
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. 

 

 

Figure 2.4 

Funnel Plot for Generic VER Analysis Without Outliers. 
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2.6 Discussion 

This meta-analysis provided evidence for the presence of VER deficits in ADHD and 

explored whether they were reflective of a generic attention deviancy and/or atypical 

emotion processing. Twenty-one published and unpublished studies were included as part of 

two meta-analyses quantifying VER accuracy scores, and the moderating effect of emotion 

type and valence on VER deficits in ADHD. First, our results showed a medium effect size for 

the presence of VER deficits in ADHD (d=0.56). Despite heterogeneity in study methods and 

characteristics of ADHD participants within the included studies, our results indicated VER 

deficits in ADHD are found in 95% of studies employing VER tasks, suggesting this effect is 

reliable and robust. This result is consistent with previous reviews reporting the presence of 

FER deficits in ADHD (Borhani & Nejati, 2018; Collin et al., 2013; Cooper et al., 2020). This is 

supportive of the preliminary finding from Bora and Pantelis (2016) who reported an effect 

of d=0.4 for VER deficits from only six papers prior to 2015. Importantly, the present meta-

analyses confirm the effect of VER deficits in ADHD is reliable and consistent due to 

synthesising effects from a high number of studies (more than 10), in line with best practice. 

Therefore, our results add weight to the literature stating difficulties to recognise vocal 

emotional expressions, are present in ADHD.  

Second, our meta-analysis showed a lack of moderation to VER deficits present in 

ADHD by emotion type or valence. There are two possible explanations for this finding. One 

explanation is that this is a true effect, indicating that the pattern of errors made by 

individuals with ADHD during VER tasks is random. This suggests VER deficits in ADHD are 

generic in nature, in support of the view that attentional mechanisms are implicated in 

emotion recognition difficulties in ADHD. This is consistent with previous research suggesting 
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emotion regulation difficulties in ADHD are associated with deficits in executive function 

(Groves et al., 2020; Sjowall et al., 2013). These findings are in line with cognitive-behavioural 

theories (Barkley, 1997; Nigg et al., 2005), which imply individuals with ADHD may have 

difficulty regulating emotions due to a core deviancy in allocating attention towards 

emotions. It is also important to consider that attentional and socio-cognitive mechanisms 

are not mutually exclusive, as perceptual processes, including attention, may be influenced 

by processes related to motivation and impact subsequent interpretations of emotional 

information from vocal cues (Crick & Dodge, 1994; Lemerise & Arsenio, 2000).   

An alternative explanation for this finding is that this result has arisen because of a 

lack of power in regard to the moderator analyses, despite including all VER studies to date, 

and gathering missing emotion-specific data from authors. For instance, most studies in the 

present meta-analysis only consistently included angry and happy vocal emotion types within 

the VER tasks. The other emotion types which were included within the VER literature (i.e., 

fear, sadness, neutral expressions) were not consistent throughout task designs. This 

inconsistency in emotion types made it difficult to reliably perform moderator analysis with a 

varied and nuanced selection of emotion types within the present meta-analysis. If this 

explanation regarding a lack of power is true, it indicates the cumulative evidence within the 

behavioural VER literature is not statistically robust to provide evidence for emotion-specific 

VER deficits in ADHD. Therefore, there is insufficient data reported within the behavioural 

VER literature to provide support for atypicalities in emotional processes implicated by socio-

cognitive (Crick & Dodge, 1994) and motivational (Sonuga-Barke, 2005) accounts  of ED in 

ADHD. More thorough research is necessary to determine whether emotion-specific deficits 

are present in individuals with ADHD, and whether they may be causally implicated in poor 

clinical and functional outcomes. 
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Future research might aim to explore whether emotion processing atypicalities 

contribute to vocal emotion processing deficits in ADHD through use of different 

experimental designs, employing neuro-imaging techniques, and by considering other 

important moderator variables, such as ADHD subgroup and comorbidities. This is important 

as there appear to be some trends within the literature indicating the presence of processing 

atypicalities at the perceptual processing stage of emotion recognition. For example, neuro-

imaging data, such as those from fMRI and EEG studies, have provided support for a specific 

atypicality to process vocal anger in ADHD when using explicit emotion recognition paradigms 

(Chronaki, Benikos, et al., 2015; Kochel et al., 2015). Moreover, it has been suggested that 

exploring biases, rather than deficits, during explicit emotion recognition tasks may be a more 

sensitive measure of emotion-specific atypicalities at a perceptual level, as deficits are 

suggested to be a better marker of attention deviance (Cadesky et al., 2000; Uekermann et 

al., 2010). Alternatively, measuring the preattentive processing of vocal emotion with use of 

different experimental designs (i.e., when vocal cues are irrelevant to task demands) and EEG 

techniques may also be a more sensitive measure of emotion-specific atypicalities, as neural 

markers relating to preattentive, and attentive processing can be isolated with these 

techniques (See page 35). Within the present meta-analysis, the decision to quantify VER 

deficits from studies employing explicit emotion recognition tasks was justified due to limited 

research exploring biases, or the preattentive processing of vocal emotions, within the 

literature. Additionally, trends within the VER literature suggest it is possible that other 

variables, such as varying ADHD subtypes, and comorbid CD, may affect the nature of vocal 

emotion processing in ADHD. For example, Miller et al. (2011) found ADHD-inattentive type 

was associated with generic VER deficits in adults, whereas hyperactive/impulsive symptoms 

were associated with a specific deficit for recognising negative emotions. Moreover, children 
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with comorbid ADHD and CD were more likely to make VER errors due to a bias to label 

ambiguous voices as anger, which was not found in children with ADHD-only (Cadesky et al., 

2000). Overall, these trends should be interpreted with caution due to limited evidence. 

Further research is required to substantiate them within the VER literature. 

The finding of robust VER deficits in ADHD complements results from the extensive 

reports of FER deficits in ADHD (Bora & Pantelis, 2016; Borhani & Nejati, 2018; Collin et al., 

2013; Cooper et al., 2020). Together, these findings suggest emotion recognition deficits in 

ADHD are present across modalities, in both the face and voice. However, there is no evidence 

from the behavioural literature to support the presence of emotion-specific deficits in the 

voice, as previously found in the face (Bora & Pantelis, 2016; Borhani & Nejati, 2018). One 

explanation for this could be due to the dynamic nature of vocal stimuli, compared to static 

stimuli generally employed in FER studies. For example, perceiving emotions in voices, 

involves a participant attending to various acoustic parameters which change over time. This 

activates different areas of the brain compared to interpreting a single static image in FER 

studies (Schirmer & Adolphs, 2017). It is therefore possible that, due to the nature of the 

stimuli, FER tasks are more sensitive, compared to VER tasks, in demonstrating the 

moderating effects of emotion in individuals with ADHD. In support of this, FER tasks which 

employed dynamic facial stimuli reported deficits for both positive and negative stimuli in 

children with ADHD compared to controls but did not report any specific deficits for negative 

emotions (Jusyte et al., 2017; Ludlow et al., 2014). Future research might aim to employ 

dynamic multimodal presentations of emotional stimuli (e.g., presentation of the voice and 

face together), which has been shown to increase the accuracy of emotion perception in 

typical individuals (Klasen et al., 2012). This will enable us to understand whether emotion-

specific effects are present when vocal emotional signals are integrated into more holistic 
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emotional expressions, thought to be a more reliable measure of emotion perception 

(Schirmer & Adolphs, 2017).    

In summary, this meta-analysis provides evidence for a robust and reliable effect for 

the presence of VER deficits in ADHD, in accordance with previous reviews and facial emotion 

recognition research (Bora & Pantelis, 2016). Secondly, there is a lack of robust evidence in 

support of the modulation of emotion on VER deficits in ADHD. This suggests VER deficits are 

generic in nature, supporting the view that ED in ADHD is a secondary problem underpinned, 

at least in part, by primary attention deficits (Barkley, 1997; Nigg et al., 2005). There is 

currently not sufficiently robust evidence within the behavioural VER literature to support the 

definite presence of atypicalities in the perceptual emotion processing mechanisms in ADHD. 

There is a clear need for further behavioural and neuro-imaging emotion processing studies 

exploring both biases and deficits during explicit vocal, and multimodal, emotion processing, 

as well as employing different experimental designs to explore the preattentive processing of 

vocal emotions (‘implicit’ emotion recognition), which take into consideration ADHD subtypes 

and comorbidities. The empirical research within the present thesis (see Chapter Five) aimed 

to specifically build on the neuroimaging literature by investigating the presence of emotion-

specific atypicalities in ADHD with the use of a preattentive, rather than explicit, paradigm as 

a more sensitive measure of emotion processing. The next Chapters (3 and 4) will discuss how 

the stimuli and paradigm used were developed and validated in adult participants. 
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3 VALIDATING A SET OF VOCAL EMOTIONAL STIMULI  

3.1 Chapter Overview 

As presented in Chapter One (section 1.4); to explore the effect of vocal emotion on 

VSA with an Emotional Spatial Cueing (ESC) Paradigm, irrelevant vocal emotional stimuli are 

presented to participants prior to a visual target. To ensure the vocal stimuli accurately 

reflected a particular emotion (angry, happy or neutral), the present study aimed to validate 

the stimuli in a sample of 26 heathy adults and 23 typically developing adolescents. The 

primary goal was to ensure accuracy rates for each stimulus were above chance and in line 

with previous literature. A secondary goal was to explore the construct validity of the stimuli 

by investigating if patterns relating to the age, emotion type and behavioural difficulties on 

VER were consistent with the literature. All vocal stimuli were taken from a pre-existing 

validated battery (Maurage et al., 2007) and consisted of male and female adult actors 

producing ‘/a/’ sounds in happy, angry, or neutral prosody. Adults and adolescents were 

asked to listen to each vocal stimulus and classify the expression by selecting one of three 

response options. This study was conducted online during the COVID-19 pandemic. Results 

showed that adults and adolescents recognised all stimuli at above chance levels. A total of 

six stimuli with high accuracy rates were selected to be included in the ESC paradigm. Item 

selection was based on a high percentage of inter-judge agreement because these stimuli 

were recognized by most participants as communicating a particular emotion. The rationale 

for selecting these six vocal stimuli for the subsequent studies of the thesis is discussed.  
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3.2 Introduction 

To explore vocal emotion processing in children, adolescents and adults, batteries of 

vocal emotional stimuli have been developed and validated for use in explicit (e.g., vocal 

emotion recognition) and preattentive (e.g., spatial cueing) tasks. The development of vocal 

stimuli typically involves actors portraying either linguistic words or phrases (e.g., ‘I am going 

out the room now, and will be back later’; DANVA; Nowicki & Duke, 1994) or non-linguistic 

interjections (e.g., ‘/a/’; Maurage et al., 2007) in different emotion tones (e.g., anger, 

happiness). Next, these stimuli are modified to ensure the standardisation of acoustic 

properties (e.g., amplitude and duration) whilst ensuring the properties which characterise 

the emotion within the voice are intact. The standardisation of stimuli, in terms of intensity 

(dB) and duration, is considered especially important in electrophysiological research to 

reduce effects of acoustic properties on ERP components (i.e., the N1), thought to be 

modulated by low-level acoustic features of stimuli processed in the auditory cortex (Schirmer 

& Kotz, 2006; Engelien et al., 2000). The standardization of vocal stimuli in terms of f0 (in Hz) 

is less common since fluctuations in pitch are thought to be one of the most definitive features 

of characterising emotions in voices (Banse & Scherer, 1996; Globerson et al., 2013). Finally, 

to validate the vocal emotional stimuli, it is necessary to ensure each stimulus portrays an 

agreed upon emotion type by the majority of participants. This is essential in research 

exploring socioemotional functioning, as vocal emotions are only considered a valid form of 

communication if the emotion is mutually perceived by both speaker and listener (Juslin & 

Laukka, 2003). 

Different approaches have been used to validate vocal stimuli. For example, Banse 

and Scherer (1996) recruited experts from a professional acting school to judge stimuli 
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(pseudo-utterances) portraying 14 different vocal emotions, including anger, fear, sadness, 

joy, and disgust. The experts rated the authenticity and recognisability of each emotion on a 

6-point authenticity scale (1: very good to 6: very poor) and 4-point recognisability scale (1: 

clearly recognisable, 4: not recognisable). Items were selected as a valid portrayal of the 

emotion if they had a mean recognisability rating of 2, and a mean authenticity rating of 4 or 

above. In a sample of 12 non-expert adults, the percentage mean recognition rate for all 

emotions was above chance, at 55%, suggesting these stimuli represented the correct 

emotion type (Banse & Scherer, 1996).  Morningstar et al (2017, 2018) took the same 

approach to validate a set of recordings produced by both youth and adult actors, portraying 

anger, disgust, fear, friendliness, happiness, meanness and sadness. Six adult raters 

independently judged recordings based on recognisability and authenticity, and intraclass 

correlation coefficients were computed to access whether raters agreed on recognisability 

and authenticity of stimuli (Morningstar, Ly, et al., 2018). From these correlation coefficients 

140 stimuli were selected to be employed in a VER task with adolescents (aged 13-15 years) 

and adult participants. Further findings from this study employing the carefully selected 140 

vocal stimuli showed percentage accuracy rates for stimuli produced by both adolescent and 

adult speakers was between 31 and 83%, which was above chance for all stimuli, further 

validating the stimuli in a younger sample (Morningstar, Ly, et al., 2018).  

Another approach is the empirical-normative approach, which has been employed to 

validate batteries of vocal emotion stimuli in children (Nowicki & Duke, 1994) and adults 

(Chronaki, Hadwin et al., 2015). Similar to the approach used by Banse and Scherer (1996), 

judges are instructed to indicate the emotion of the vocal stimulus out of a specified set of 

emotions (e.g., anger, happiness, fearful, sad) and neutrality, as in VER tasks. However, from 

these ratings, an item-by-item percent agreement score is calculated for each stimulus by 
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calculating the percentage of judges agreeing on the correct identification of the vocal 

emotion (Nowiki & Duke, 1994). If the percentage agreements score is above chance, this 

indicates that the majority of judges agree that the stimulus represents a specific emotion 

(Chronaki, Hadwin et al., 2015). This approach is thought to ecologically reflect the agreement 

speakers and listeners automatically make in everyday situations when perceiving emotions 

from vocal cues (Nowicki & Duke, 1994). When testing the validity of vocal stimuli portraying 

happy, sad, angry and fearful emotions, from the DANVA vocal stimulus battery using the 

empirical-normative approach, Nowicki and Duke (1994) reported a high mean percentage 

accuracy (80%) across a set of vocal emotional stimuli, judged by children aged 6-11 years. 

This suggests that stimuli from the DANVA battery are a valid set of vocal emotions, which 

can be used in studies exploring emotion processing in children.  

The empirical-normative approach was also employed by Chronaki, Hadwin et al 

(2015) when validating a set of stimuli vocalising non-linguistic interjection sounds (e.g., ‘/a/’) 

in angry, happy, sad or neutral tones developed by Maurage et al (2007) and manipulated to 

be presented at different intensity (dB) levels (100%, 75% and 50%). The empirical-normative 

validation procedure employed by Chronaki et al. (2015) involved instructing 18 children 

(aged 4-11 years) and 22 adults to indicate whether they heard an angry, happy, sad or neutral 

expression within the voice. The mean percentage agreement calculated from children and 

adults’ accuracy scores for the stimuli was 40% or higher for those at mild intensity (angry: 

50%, happy:40%, sad: 40%) and 60% or higher for those at moderate intensity (angry:77.50%, 

happy: 72.50%, sad: 72.50% and neutral: 60%). The finding that higher intensity emotions are 

better recognised in children and adults in this study is consistent with previous research 

which similarly demonstrate that high-intensity emotional expressions are better recognised 

(Banziger et al., 2012; Hess et al., 1997; Juslin & Laukka, 2001; Holz et al., 2021), and thus 
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highlights the importance of employing vocal emotions higher in intensity in preattentive 

vocal emotion processing studies, in which it is essential for vocal emotions to represent the 

correct emotion. 

The stimuli vocalising short interjection sounds at the highest intensity (100%) have 

also been validated in adults (Maurage et al., 2007) using a slightly different validation 

approach with expert and non-expert adults. First, experts in emotional prosody rated the 

quality of the recording and the recognizability of the emotion on a scale of 1-7, and second, 

70 adults (undergraduate students) identified the emotion in the voice using a Likert scale to 

indicate if the emotion was expressed in the voice. From these ratings, intensity and 

specificity scores was calculated, which considered how much the vocal stimuli depicted the 

relevant and irrelevant emotions, respectively. Overall, within this study, the specificity scores 

(i.e., mean percentage calculated by mean accuracy score for an emotion condition by 

considering the scoring from irrelevant emotions) were between 75.1% to 97.6%. It is 

noteworthy that the set of stimuli by Maurage et al (2007) have been validated as having high 

inter-judge agreement in a set of both adults (Maurage et al., 2007) and children (Chronaki et 

al., 2015), as these stimuli (presented at 100% intensity) are employed in the ESC in later 

studies in the thesis with adults (Chapter Four) and adolescents (aged 12-16 years; Chapter 

Five) participants. However, to date, no studies have validated the vocal emotional stimuli 

battery developed by Maurage et al (2007) in a sample of adolescent participants to further 

insure high inter-judge agreement within all age groups. This is necessary due to the 

continued development of VER in adolescence (Grosbras et al., 2018; Morningstar, Nelson, et 

al., 2018). 
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The construct validity of vocal emotional stimuli can additionally be established by 

exploring whether effects of age, emotion and behavioural difficulties on VER are consistent 

with patterns reported in previous literature. To explore these effects on VER more reliably, 

raw accuracy percentage scores are often transformed into ‘discrimination accuracy’ and 

‘response bias’ scores for each emotion condition (Corwin, 1994; Chronaki, Hadwin et al., 

2015). Discrimination accuracy (Pr) scores calculate how accurate participants are at 

recognising a particular emotion condition. Response bias (Br) scores are also calculated for 

each emotion condition but portray a participant’s tendency to mis-identify a voice as a 

particular emotion (i.e., a bias to classify voices as angry; Corwin, 1994; Chronaki, Hadwin et 

al., 2015). Thus, Pr and Br scores are useful when exploring the patterns of VER within 

emotion conditions, rather than validating each individual stimulus.  

Previous literature has assessed the effect of emotion on discrimination accuracy and 

response bias in children (4-11 years) and adults, when employing female vocal stimuli 

portraying angry, happy and sad emotions from the Maurage et al (2007) battery in a VER 

task. Chronaki, Hadwin et al (2015) reported a higher recognition accuracy for angry 

compared to happy and neutral voices in both adults and children. This is consistent with the 

literature suggesting a universal advantage to recognise angry vocal emotions compared to 

other emotion types (Chronaki et al., 2018; Liu & Pell, 2012; Morningstar et al., 2019). 

Moreover, Chronaki, Hadwin et al (2015) reported a higher response bias to label voices as 

sad, rather than angry or happy stimuli, suggesting a further effect of emotion on the bias to 

label voices in children. Together these results are supportive of theories highlighting negative 

vocal cues as being perceived as highly salient due to their association with potential threat 

in the environment (Liu & Pell, 2012; Vuilleumier, 2005). There is some mixed evidence 

regarding the pattern of vocal emotion recognition accuracy and response bias in adolescents. 
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One study employing stimuli from Montreal Affective Voice (MAV) database report that 

happiness is recognised with most accuracy in adolescents (Grosbras et al., 2018), which may 

reflect a heightened sensitivity to rewarding stimuli during this developmental period 

(Galvan, 2013). However, most other studies employing stimuli from varied batteries report 

that angry voices are still recognised with the highest accuracy in adolescence compared to 

happy and neutral voices (Filippa et al., 2022; Morningstar, Ly, et al., 2018; Zupan et al., 2024). 

It is not yet known if the pattern of VER accuracy and response bias in adolescents (aged 12-

16 years), when employing the Maurage et al (2007) stimuli battery, is consistent with 

previous results, such as a higher accuracy to recognise angry voices (Fillipa et al., 2022; 

Morningstar, Ly, et al., 2018). 

The battery of vocal emotional stimuli developed by Maurage et al (2007) has further 

been evidenced to demonstrate good construct validity when employed to explore the 

developmental trajectory of VER accuracy in children and adults (Chronaki et al., 2015). For 

instance, adults presented with better VER discrimination accuracy compared to 11-year-old 

children (Chronaki, Hadwin et al., 2015). This is consistent with literature (see Chapter One, 

page 11) which suggests VER accuracy continues to develop from childhood into adolescence 

before reaching adult levels during mid to late adolescence (Grosbras et al., 2018; 

Morningstar, Nelson, et al., 2018). However, it is noteworthy that this effect was driven by 

the low intensity (dB) vocal emotions, which continued to improve with age throughout late 

childhood (10-11 years) (Chronaki et al., 2015). For high intensity expressions, older children 

did not differ in recognition accuracy compared to adults (Chronaki, Hadwin et al., 2015). This 

is consistent with evidence which suggests recognising subtleties and nuances in emotional 

expressions takes longer to develop (Fillipa et al., 2022). Previous VER studies employing 

linguistic stimuli (e.g., ‘why did you do that?’) have further demonstrated that VER accuracy 



    

103 
 

in 13-15 year old adolescents is lower compared to adults but only when recognising vocal 

cues spoken by youth, and not those spoken by adults (Morningstar, Ly, et al., 2018). No 

studies have employed the Maurage et al (2007) battery of non-linguistic stimuli in 

adolescents (12–16-year-olds) to explore the difference in VER accuracy for the present set 

of stimuli in adolescents compared to adults. If accuracy rates are lower in adolescents 

compared to adults, this would be consistent with the developmental literature of VER 

(Grosbras et al., 2018). 

Finally, construct validity of vocal emotion stimuli can be established by exploring if 

patterns in VER accuracy and response bias in individuals with behavioural difficulties is 

consistent with the literature. For instance, previous research has demonstrated difficulties 

recognising emotions from vocal expressions are linked with inappropriate responses in social 

situations and the development of internalising and externalising behaviours (Trentacosta & 

Fine, 2010). Specifically, adolescents with more depressive symptoms presented with lower 

accuracy to recognise angry and happy voices during a VER task (Morningstar et al., 2019) and 

a response bias to misinterpret happy emotional stimuli as angry or fearful in 8 to 20-year-

olds (Vidal-Ribas et al., 2018). Moreover, our meta-analysis (Chapter Two) demonstrates that 

individuals with ADHD have difficulties recognising emotions from voices (Sells et al., 2023). 

Similarly, a study employing 2 female vocal stimuli per emotion condition (angry, happy and 

neutral) form the Maurage et al (2007) battery demonstrated that children with ADHD (aged 

6-11 years) were less accurate at recognising vocal emotions compared to typically 

developing children (Chronaki et al., 2015). In addition, children with ADHD displayed a 

response bias to label angry voices as neutral (Chronaki et al., 2015). This is consistent with 

the literature which suggests children with ADHD tend to display specific threat-related 

processing difficulties (Williams et al., 2008; Kochel et al., 2012). This evidence corroborates 



    

104 
 

the validity of the stimuli developed by Maurage et al (2007) to explore vocal emotion 

processing in children with externalising behaviour problems (e.g., inattention/hyperactivity).  

Previous findings exploring patterns of VER in adolescents with externalising 

behaviours, using stimuli from other batteries, are mixed. For example, Waddington et al. 

(2018) found levels of inattention/hyperactivity correlated with more errors and slower RTs 

during a VER task in children and adolescents, aged 7 to 18 years. However, a recent study by 

Noordermeer et al. (2020) which employed a range of neurocognitive tests, including a VER 

task, did not find adolescents with ADHD differed in VER accuracy in comparison to 

adolescents with ADHD and ODD, or typically developing controls. Due to these mixed 

findings, it is not yet clear whether specific difficulties in recognising vocal anger found in 

children with traits of ADHD persist into adolescence or decline with development. As of yet, 

no studies have employed the Maurage et al (2007) battery to explore associations between 

externalising or internalising problems and VER in adolescents. If emotion processing 

difficulties in ADHD persist in adolescents, we would expect a specific correlation between 

the recognition of angry voices and traits of inattention/hyperactivity, consistent with that 

found in children when employing the same stimuli (Chronaki et al., 2015).  

The Present Study 

There have not yet been any studies which have validated the battery of stimuli 

developed by Maurage et al (2007) in an adolescent sample (aged 12-16 years) either through 

specifically testing the validity of each stimulus with a sample of adolescent judges (e.g., via 

the empirical-normative approach), or by testing the construct validity of the stimuli battery 

as a whole, by exploring patterns of emotion, age and behavioural difficulties on 

discrimination accuracy and response bias. Therefore, the present study aimed to employ an 
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explicit VER task to validate the Maurage et al (2007) battery in adolescents and inform the 

selection of specific stimuli from the battery for use in later studies in the thesis exploring the 

preattentive processing of vocal emotion in adults, and adolescents with traits of ADHD (i.e., 

in Chapters 4 and 5). Aims and predictions are presented below.  The emotion types selected 

from the Maurage et al (2007) battery were angry, happy and neutral voices, for consistency 

with those included in previous studies exploring vocal emotion processing in children with 

ADHD (Chronaki et al., 2015). Anger was selected as it is the emotion which is consistently 

found to be associated with behavioural difficulties, such as ADHD (Chronaki et al., 2015). 

Happy was selected as an emotion of opposite valence to angry, based on evidence that 

children with ADHD have similar, albeit milder, difficulties recognising happy vocal cues 

(Chronaki et al., 2015). Finally, neutral voices were selected to serve as a baseline condition, 

as in previous VER (Chronaki et al., 2015) and ESC paradigms (Brosch et al., 2009).  

Aims 

I. The primary aim of this study was to validate each individual stimulus included in the 

present study by measuring mean percent agreement accuracy rates and perceived 

intensity for each stimulus to inform selection of specific stimuli for the use in the 

ESC paradigm.  

II. A second aim of the present study was to explore the construct validity of the stimuli 

by examining whether the pattern of results was consistent with previous literature 

by investigating effects of emotion, and age on accuracy, response bias and 

perceived intensity. 

III. An exploratory aim was to investigate associations between externalising 

(inattention, hyperactivity) and internalising (depressive) symptoms, discrimination 



    

106 
 

accuracy, response bias and perceived intensity to further corroborate the validity of 

the stimuli in an adult and adolescent sample3.  

Predictions 

i. It was predicted that mean percent agreement scores for each stimulus would be 

above chance (i.e., 33.33%). However, only stimuli with the highest percent 

agreement scores (i.e., above 70%) would be selected for use in the ESC paradigm, 

consistent with prior literature with children and adults.  

ii. It was predicted that adults would score higher on all emotion conditions than 

adolescents, and that within our adolescent sample, age would positively correlate 

with emotion recognition accuracy, consistent with literature suggesting VER 

accuracy continues to improve until mid-late adolescents (Grosbras et al., 2018).  

iii. It was predicted that participants (adults and adolescents) would recognise angry 

voices more accurately compared to happy and neutral voices, based on previous 

research on VER in children employing the vocal stimuli battery (Maurage et al., 

2007) in children and adults (Chronaki et al., 2015).  

iv. It was predicted that behavioural difficulties (inattention/hyperactivity) would be 

negatively associated with vocal anger recognition in both adolescents and adults in 

our community sample, similar to existing research investigating associations in 

children (Chronaki et al., 2015). In addition, it was predicted that depressive 

symptoms would be associated with a negative response bias, as found in previous 

 

3 Note, the methods and results relating to the third exploratory aim are outlined in Appendix B and Appendix 
H to avoid taking the focus away from the main aims of validating the stimuli.  
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studies exploring associations between depressive symptoms and VER (Vidal-Ribas et 

al., 2018). 
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3.3 Methods 

Participants 

In total, 30 adult and 24 adolescent participants were recruited from the community 

online, through advertisements on social media, emails, and word of mouth. Four adults and 

one adolescent were identified as outliers, due to having unusually low accuracy scores (i.e., 

below 40%), and removed from analyses. As these participants’ accuracy scores were 

extremely below the mean, it was possible that they did not understand the task. In total, 26 

adults (age range 18-39, mean age = 26.70, SD=4.00, 9 males) and 23 adolescents (age range 

12-16, mean age=14.30, SD=1.36, 8 males) were included in analyses. A post-hoc power 

analysis computed using Gpower suggested that with the current adolescent sample size (23), 

a power of 0.98, error probability 0.05, was achieved when exploring associations between 

hyperactivity and anger vocal emotion recognition accuracy scores. 

Vocal Stimuli  

The vocal stimuli were derived from a battery of vocal emotional expressions 

(Maurage et al., 2007), including male and female speakers vocalising a non-word vocal ‘ah’ 

sound. In the present study 10 happy, 8 angry and 8 neutral prosodic stimuli were utilized due 

to the number of stimuli available from the original Maurage et al (2007) database of stimuli. 

In total 26 stimuli were used. Acoustic properties were measured using Pratt software 

(Boersma & Weenink, 2024). All stimuli were then edited to ensure standardisation of mean 

intensity (77dB)4  and rise and fall times (5-20ms) with the software Audacity® (Audacity 

 

4 Note, since the present study was conducted online due to the COVID-19 pandemic, the intensity with which 
participants heard the stimuli may have differed depending on the volume set on their computer. However, 
importantly, participants heard all emotion types / stimuli at the same volume.  
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Team, n.d.). Vocal stimuli were presented in either the left or right ear via headphones, 

consistent with later studies employing the ESC paradigm. Table 3.1 displays the acoustic 

properties of each stimulus included in the present study. Table 3.2 displays the mean 

acoustic properties of stimuli used in analyses for each emotion condition.  
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Table 3.1 

Acoustic Properties of Each Vocal Stimulus Item Included 

Item No. Duration (ms) Mean 

Fundamental 

Frequency (Hz) 

Mean Intensity 

(dB) 

Angry    

5* 693 308.20 77.14 

7  686 99.20 77.44 

8  622 171.49 77.39 

11* 677 132.18 77.03 

18  607 335.37 76.75 

22  581 295.83 77.38 

24  679 228.90 76.76 

25  693 308.20 77.14 

Happy    

10*  680 250.67 76.96 

11  688 289.49 76.79 

12  690 159.21 76.77 

14  680 183.20 76.87 

16  700 388.56 76.94 

18 685 350.18 77.05 

20*  667 357.97 77.31 

21  649 223.31 77.34 

25  585 293.41 77.26 

26 588 246.28 76.90 

Neutral    

6  527 94.45 76.57 

11  584 187.78 76.84 

13* 698 191.31 76.68 

15*  658 183.33 76.78 

20  505 101.18 76.87 
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21  541 207.25 76.77 

29  595 126.40 77.39 

30  555 101.52 76.95 

* Note, the items with an Asterix were those included in the ESC paradigm. Since, after acoustic 

analysis, six out of eight neutral stimuli had a shorter duration than expected (under 600ms), these 

were deemed unsuitable for use in the ESC paradigm.  

Table 3.2 

Mean Acoustic Properties of Stimuli Used for Each Emotion Condition within the Present 

Study5.  

 Mean Duration (ms) Mean Fundamental 

Frequency (Hz) 

Mean Intensity (dB) 

Angry 655.62 235.23 77.13 

Happy 671.88 260.13 77.03 

Neutral 583.38 148.83 76.80 

 

Vocal Emotion Recognition Task  

The vocal emotion recognition task was administered online using the platform 

PSYCHOJS hosted by Pavlovia® (Peirce, 2020). The empirical-normative approach was applied 

to validate the stimuli by non-expert adult and adolescents (Nowicki & Duke, 1994; Chronaki, 

Hadwin et al., 2015). Participants were instructed to identify the emotion expressed in each 

vocal stimulus as either ‘Happy’, ‘Angry’ or ‘Neutral’ by pressing the keys ‘H’, ‘A’ and ‘0’ 

respectively with the respective emotion words. If participants identified an angry or happy 

voice, they were then asked to rate the intensity of the emotion on a scale of 1 – 4 (e.g., where 

1 is not at all angry and 4 is extremely angry). If participants identified a neutral voice, they 

 

5 See Table C.1 in Appendix C for the mean acoustic properties of the stimuli for each emotion conditions, which 
were selected for the ESC paradigm.  
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were asked to rate the intensity of the emotion as 0. Participants first completed three 

random practice trials. There were three blocks, and each stimulus was played twice in one 

block in a random order, resulting in 52 trials per block. In total participants heard each 

stimulus 6 times, leading to a total of 156 trials. After the completion of each block, 

participants were reminded they could take a break. On average, the task took 15 to 20 

minutes to complete. Participants were informed that they could withdraw from the task at 

any time by exiting the browser. Responses, to completed tasks only, were logged via 

Pavlovia.  

Procedure 

Participants were recruited via an online link to a Qualtrics survey in which they read 

the information sheet and filled in the online consent forms. Participants were then 

redirected to Pavlovia to complete the vocal emotion recognition task. They were instructed 

to wear headphones for this task and to complete it on a laptop or desktop computer. Upon 

completion of the VER task, participants were thanked and reminded to complete the 

questionnaire measures measuring internalising (depressive symptoms) and externalising 

(inattention/hyperactivity) symptoms. See Appendix for details of questionnaires employed. 

Participants were redirected to a separate Qualtrics survey to complete the questionnaire 

measures. After completion of the questionnaire measures, participants were given the 

option to be entered into a prize draw to win £50 worth of Amazon vouchers and debriefed 

in writing on Qualtrics. The study took 30- 40 minutes to complete.  

  



    

113 
 

3.4 Data Processing  

To explore the validity of each stimulus item by the empirical-normative method, 

item-by-item percentage agreement was calculated as the mean percentage each stimulus 

was correctly identified by adolescents and adults. Mean perceived intensity ratings were also 

calculated for each happy and angry emotion conditions (on a scale 1-4) for adults and 

adolescents, to ensure stimuli picked for each emotion condition were similar in perceived 

intensity rating. Mean perceived intensity ratings were not calculated for neutral stimuli.  

To explore construct validity by examining effects of age, emotion and behavioural 

problems on VER, raw data were transformed into discrimination accuracy (Pr) and response 

bias (Br) scores for each emotion condition, consistent with previous studies exploring VER in 

children (e.g., Chronaki et al., 2013; 2015). The following formula was used to calculate 

discrimination accuracy for each emotion condition: Pr = ((number of hits + 0.5)/(number of 

targets + 1)) - ((number of false alarms + 0.5)/(number of distractors + 1)) (Corwin, 1994). Pr 

scores closer to 1 suggest accuracy for that emotion condition is better than chance, whereas 

scores close to 0 suggest accuracy is close to chance and less than 0 suggest accuracy is worse 

than chance. In addition, tendency to misclassify emotional stimuli with a biased response 

was calculated using the following formula to calculate response bias, for each emotion 

condition: Br = ((number of false alarms + 0.5)/(number of distractors + 1))/(1 - Pr). Br scores 

which are closer to 1 suggest the presence of a systematic bias towards responding with the 

corresponding emotion condition. Br scores which a closer to 0 suggest the absence of a bias.  
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Initial Data Treatment 

Kolmogorov-Smirnov tests indicated that discrimination accuracy scores in our 

adolescent sample did not follow a normal distribution due to high accuracy rates for all 

emotion conditions; angry, D (23) = 0.30, p < .001; happy, D (23) = 0.25, p = .004; and neutral, 

D (23) = 0.25, p = .001, probably due to ceiling effects as accuracy scores for all emotion 

conditions was high (close to 1). Similarly in adults, accuracy scores for angry and neutral 

voices did not follow a normal distribution, D (26) = 0.21, p = .006; D (26) = 0.25, p < .001; 

however, accuracy scores for happy voices were normally distributed, D (26) = 0.17, p = .056. 

Additionally, Kolmogorov-Smirnov tests revealed normally distributed response bias scores 

for adolescents for happy (D(23) = 0.12, p = .200) and angry (D(23)= 0.16, p = .151), but not 

neutral (D(23) = 0.27, p < .001) stimuli. In the adult sample, response bias scores were 

normally distributed for happy (D(26) = 0.13, p = .200) and neutral (D(26) = 0.17, p = .050) but 

not angry (D(26) = 0.19, p = .020) stimuli. Therefore, due to some conditions being not 

normally distributed, non-parametric tests were employed to explore the effects emotion and 

age on accuracy scores and response bias. Finally, Kolmogorov-Smirnov tests revealed 

normally distributed data for intensity scores, per emotion and age group (adult angry: 

D(26)=0.12, p=.122; adult happy: D(26)=0.13, p=.200; adolescent angry: D(23)=0.12, p=.200; 

adolescent happy: D(23)=0.15, p=.194), so parametric tests were employed to explore the 

effect of emotion and age on intensity scores. 
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3.5 Results 

Item-By-Item Percentage Agreement and Perceived Intensity Ratings 

The mean percentage agreement scores and intensity ratings for each item in adults 

and adolescents are presented in Table 3.3. All stimuli were identified correctly with above 

chance accuracy (defined as 33.33%) in both adult and adolescent samples. In addition, all 

stimuli apart from two happy stimuli (items 18 and 26) were correctly identified in over 70% 

of instances, consistent with previous validation studies in children (Chronaki, Hadwin et al., 

2015) and adults (Maurage et al., 2007). Mean perceived intensity ratings for angry stimuli 

were 3 to 4 (rounded up), suggesting participants perceived angry stimuli as quite to 

extremely intense, and 2 to 3 (rounded up) for happy stimuli, suggesting participants 

perceived happy stimuli as a little to quite intense. Intensity ratings are not listed for correctly 

rated neutral stimuli because participants were not instructed to rate the intensity of the 

neutral stimuli.  
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Table 3.3 

Means (SDs) of Percentage Recognition Agreement (%) and Perceived Intensity Rating for Each 
Stimulus Item 

Item No. Adults (N=26)    Adolescents (N=23)    

  Recognition (%)  Intensity     Recognition (%)  Intensity    

Angry      

5*  100 (0.00)            3.30 (0.48)    89.13 (20.48)  3.42 (0.43)    

7  98.72 (4.53)  3.22 (0.56)    95.65 (10.32)  3.50 (0.50)    

8  99.36 (3.27)  3.18 (0.49)    93.47 (13.97)  3.35 (0.50)    

11* 100 (0.00)  3.12 (0.62)    92.75 (14.93)  3.23 (0.51)    

18  99.36 (3.27)  3.36 (0.49)    89.13 (18.54)  3.50 (0.45)    

22  98.08 (5.43)  2.74 (0.47)    86.23 (25.94)  2.86 (0.57)    

24  82.05 (30.52)  2.97 (0.78)    82.61 (29.51)  3.25 (0.55)    

25  96.15 (10.86)  2.74 (0.44)    91.30 (15.79)  2.71 (0.50)    

Happy       

10*  96.15 (13.59)  2.66 (0.51)    88.41 (17.72)  2.88 (0.40)    

11  92.31 (15.80)  2.36 (0.54)    85.51 (18.33)  2.47 (0.62)    

12  95.51 (12.07)  2.41 (0.58)    86.96 (26.09)  2.49 (0.49)    

14  95.51 (8.89)  2.45 (0.49)    89.85 (16.47)  2.46 (0.48)    

16  95.51 (11.11)  2.85 (0.50)    86.96 (25.10)  2.92 (0.53)    

18 48.08 (41.72) 2.42 (0.67)    49.28 (35.35)  2.45 (0.81)    

20*  94.23 (14.10)  2.97 (0.46)    92.75 (17.99)  2.99 (0.42)    

21  90.38 (15.76)  2.54 (0.51)    87.68 (18.95)  2.57 (0.41)    

25  93.59 (13.40)  2.75 (0.66)    83.33 (25.62)  2.82 (0.63)    

26  69.23 (29.70)  2.08 (0.48)    76.81 (23.96)  2.06 (0.45)    

Neutral       

 6 97.44 (6.13)  -    83.33 (27.52)  -    

11 92.95 (13.48)   -   73.91 (30.49)  -    

13* 97.44 (7.74)   -   80.43 (28.71)  -    

15* 94.87 (10.30)   -   80.43 (30.83)  -    

20  95.51 (12.07)  -   84.78 (24.05)  -    
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21  92.31 (17.15)   -   69.57 (34.32)  -    

29  87.82 (17.36)   -   73.91 (22.37)  -    

30  98.72 (4.53)  -   84.78 (26.54)  - 

  

Note. Perceived intensity scores were given on a scale from 1-4, where 1 is not at all and 4 is 

extremely intense. *Vocal stimuli with an asterisk were those selected for use in the ESC 

paradigm due to high and similar accuracy and perceived intensity for emotion conditions, in 

both adults and adolescents. See Table C.1 in Appendix C for mean accuracy rates and 

perceived intensity ratings of the stimuli for each emotion condition selected for use in the 

ESC paradigm. 

 

The Effect of Emotion on Recognition Accuracy, Perceived Intensity and Response Bias  

Means and standard deviations for discrimination accuracy (Pr) and response bias (Br) 

are presented in Table 3.4. Pr scores for all emotion conditions in adults and adolescents were 

high (close to 1), suggesting that mean accuracy for each emotion condition was better than 

chance. Consistent with the literature, Friedman Tests revealed that there was a significant 

effect of emotion condition on accuracy scores in both adolescents, (χ2(2) = 8.70, p = .013) 

and adults, (χ2(2) = 7.81, p = .020). Consistent with our prediction, post hoc tests using 

Wilcoxon signed-rank tests indicated that in adolescents, accuracy for angry voices was 

significantly higher than for neutral voices (z = 2.28, p = .023), however not significantly higher 

than for happy voices, (z = 1.66, p = .097). In adults, accuracy for angry voices was significantly 

higher than for happy voices, (z = 2.20, p = .028), which was consistent with our prediction. 

However, when Bonferroni corrections were applied, at a significance level set at p = .025, 

this finding was not significant in adults. In addition, a Friedman’s test revealed there were 

no significant effect of emotion on response bias scores in adolescents (χ2(2) = 5.30, p = .07) 
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or adults (χ2(2) = 2.00, p = .368).  This suggests there was not an elevated bias towards any 

specific emotion in the adult or adolescent group.  

Not only were angry voices recognised most accurately, but as paired samples t-tests 

revealed, angry voices were also rated as more intense, compared to happy voices by both 

adults (t (25) = 8.19, p < .001) and adolescents (t (22) = 8.22, p < .001), even after acoustic 

properties (intensity in dB) were standardised. Table 3.5 displays the means and standard 

deviations for perceived intensity ratings for happy and angry voices by emotion and age 

group.  

Table 3.4 

Mean (SD) of Discrimination Accuracy (Pr) and Response Bias (Br) per Age Group and Emotion 
Condition 

Age groups Angry Happy Neutral 

 Pr Br Pr Br Pr Br 

Adults 0.93 

(0.06) 

0.37 

(0.23) 

0.89 

(0.08) 

0.34 

(0.23) 

0.91 

(0.08) 

0.28 

(0.20) 

Adolescents 0.81 

(0.19) 

0.38 

(0.25) 

0.70 

(0.17) 

0.37 

(0.21) 

0.72 

(0.26) 

0.21 

(0.33) 
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Table 3.5 

Mean (SD) of Perceived Intensity Rating for Vocal Expressions per Emotion Condition and Age 

Group 

Age group Angry Happy 

Adults 3.07 (0.41) 2.56 (0.39) 

Adolescents 3.23 (0.34) 2.61 (0.33) 

Note. Intensity ratings measured on a scale of 1 to 4 where; 1 = not at all, 2 = a little, 3 = quite, 

4 = extremely happy/angry.  

The Effect of Age on Recognition Accuracy, Perceived Intensity and Response Bias Scores 

To examine the effect of age (adolescents vs adults) on recognition accuracy, Mann 

Whitney U tests were conducted. In addition, for a more thorough analysis, Spearman’s rho 

correlations examined associations between age (as a continuous variable) and accuracy 

scores within each age group. Consistent with predictions, a Mann Whitney U test revealed 

adults presented significantly higher accuracy to recognise angry (U = 199.50, p = .046), happy 

(U = 181.00, p = .018) and neutral (U = 120.00, p < .001) voices, compared to adolescents. 

Spearman’s rho correlations revealed adults age positively correlated with angry accuracy 

scores (rs = 0.44, p = .013). Moreover, Spearman’s rho correlations revealed age within the 

adolescent group positively correlated with accuracy rates for happy (rs = 0.44, p = .017) and 

neutral (rs = 0.43, p = .021) voices. However, the correlation between age in adolescents and 

angry voices did not reach significance (rs = 0.32, p =.068). Independent t-tests revealed there 

were no significant differences in intensity ratings between adults and adolescents for either 

happy (t (47) = 0.56, p = .580) or angry (t(47) = 1.47, p = .147) voices, suggesting that perceived 

intensity of the vocal stimuli was not influenced by age.  Finally, a Mann Whitney U test 

revealed no significant differences in response bias scores between age group for angry 

(U=284.50, p=.771), happy (U=276.50, p=.652) and neutral (U=235.50, p=.199) conditions. 
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Because the primary focus of this study was to validate the vocal stinmuli, the results in 

relation to the relationship between internalising and externalising behavioural difficulties 

and VER accuracy and response bias are stated in Appendix H.   
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3.6 Discussion 

The primary aim of this study was to validate a set of vocal stimuli portraying happy, 

angry, and neutral voices to be used in later behavioural and EEG studies of the thesis. 

Twenty-six vocal stimuli from the battery created by Maurage et al (2007) were included 

within an online VER task. First, following an empirical-normative approach to validating the 

battery of vocal stimuli, results showed the majority of stimuli were recognised with a 

percentage agreement rate between 80-100%, which was above chance (33.33%). This was 

consistent with previous accuracy rates reported in children and adults (Chronaki, Hadwin et 

al., 2015; Maurage et al., 2007). In addition, our findings are consistent with literature 

demonstrating angry voices are recognised with higher accuracy compared to happy and 

neutral voices (Chronaki et al., 2018; Pell et al., 2009). Moreover, the expected developmental 

effects were present in this study. Specifically, VER accuracy was higher in adults compared 

to adolescents, consistent with prior literature (Morningstar, Ly, et al., 2018; Fillipa et al., 

2022; Grosbras et al., 2018). The effects of age and emotion on accuracy were consistent with 

prior literature which further highlights the construct validity of the vocal stimuli. Finally, our 

study showed that inattention was negatively associated with VER accuracy (pr) scores for 

angry voices. This pattern of association between VER and externalising behaviours in 

adolescents is consistent with the literature which suggests individuals with traits of 

inattention/hyperactivity have specific difficulties recognising vocal anger (Chronaki et al., 

2015; Chronaki et al., 2013; Manassis et al., 2007; Plećević et al., 2020), further corroborating 

the validity of the vocal stimuli.  

This is the first study to validate the set of stimuli developed and standardised by 

Maurage et al (2007) in a sample of adolescent and adult judges using the empirical normative 
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approach. Results demonstrate high percentage accuracy rates (above 80%) for the majority 

of stimuli employed in the present study in both the non-expert adult and adolescent group. 

This is consistent with previous research employing the same battery of stimuli which 

reported accuracy rates between 60-80% in children, when using a similar empirical-

normative approach (Chronaki, Hadwin, et al., 2015). These findings add to the validation of 

stimuli from the same battery in adults, in a study which demonstrated specificity scores of 

between 75-97% (Maurage et al., 2007). Our findings suggests that the stimuli employed in 

the present study have high inter-judge agreement in both adults and adolescents, and since 

mutual agreement of vocal emotions is considered essential when defining emotions in voices 

(Juslin & Laukka, 2003), this confirms the validity of the present stimuli for use in the ESC 

paradigm with adolescent and adult participants. Importantly, these findings informed the 

selection of stimuli for the ESC paradigm, based on high accuracy rates (above 80%) in 

accordance with previous literature (Chronaki et al., 2015). 

Considering the effect of emotion on discrimination accuracy, our findings showed a 

consistent specific advantage to recognise angry voices, compared to happy and neutral 

voices. This effect has been demonstrated previously in adults and children (Chronaki et al., 

2018; Liu & Pell, 2012; Pell et al., 2009), and adolescents (Morningstar et al., 2019; Davis et 

al., 2020), who also report angry voices are recognised more accurately compared to other 

expressions (i.e., sadness, disgust, fear, friendliness, happiness, and meanness). The ability to 

recognise negative compared to positive emotions more accurately is in line with theories 

suggesting recognising threatening vocal cues, such as anger, is necessary to ensure human 

survival, and therefore has evolved to be perceived as highly salient (Liu & Pell, 2012; 

Vuilleumier, 2005). Consistent with this, the present study demonstrated that the perceived 

intensity as rated by adults and adolescents was significantly larger for angry (i.e., quite to 
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extremely intense) compared to happy voices (a little to quite intense). This is interesting, as 

the objective acoustic intensity levels (dB) were standardised between emotion conditions, 

suggesting the perceived intensity levels were specific to the perception of emotion, possibly 

due to angry vocal cues capturing attention more automatically. This finding is consistent with 

a study in adults which also instructed participants to rate the perceived intensity of the 

emotion and reported that intensity ratings were higher for negative compared to positive 

expressions (Holz et al., 2021). Moreover the combination of both high accuracy and high 

perceived intensity scores for angry voices in the present study is  consistent with research by 

Morningstar et al (2021), who similarly reported that when angry voices were rated as higher 

in perceived intensity, they were also better recognised in terms of accuracy in adults (aged 

18 to 38). The fact that effects of emotion on accuracy and intensity within the present study 

are consistent with previous literature, corroborates the validity of the present stimuli. For 

the purpose of selecting stimuli for the ESC paradigm, happy and angry stimuli were selected 

if they were categorised with a mean intensity of 3 (quite intense) to ensure stimuli for happy 

and angry stimuli were as equal as possible in terms of perceived intensity.  

In terms of the effect of age on VER, as predicted, our results showed that adults 

presented with higher accuracy for all emotions compared to adolescents. These results 

support existing literature suggesting VER does not reach adult levels in late childhood (i.e. 

11 years), as opposed to facial emotion recognition, but continues to develop throughout 

adolescence (Chronaki, Hadwin, et al., 2015; Grosbras et al., 2018; Morningstar, Ly, et al., 

2018). Morningstar, Ly, et al. (2018) showed that the performance of adolescents (aged 13 to 

15 years) in a VER task was less accurate than that of adults only when hearing vocal 

emotional expressions (meaningful linguistic sentences) produced by other adolescents, and 

not adults. The findings from the present study add to this by suggesting that this effect holds 

https://static1.squarespace.com/static/60de2a83d7e9981a2cb054a7/t/619c0099a66ebf0d80507866/1637613721573/Morningstar+et+al.+2021.pdf
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true when adolescents listened to non-linguistic vocal emotions produced by adults. 

Therefore, our results provide further evidence that recognition of basic vocal emotions 

follows a developmental trajectory that extends throughout adolescence. In relation to the 

effect of age on accuracy of the individual emotion conditions, our findings showed accuracy 

increased with age in adolescents for happy and neutral voices, but not for angry voices. This 

may be because vocal anger was also perceived as more intense than happy voices, and the 

recognition of more intense vocal emotions have been reported to mature earlier in children 

(Chronaki, Hadwin, et al. 2015). Additionally, it is possible the association between age and 

accuracy for vocal anger was not as strong due to ceiling effects from high accuracy rates. 

Overall, it is a strength of the present study that predicted age and emotion effects were 

found in relation to VER accuracy, especially considering the study was conducted entirely 

online due to the COVID-19 pandemic.  

To further highlight the construct validity of the vocal stimuli employed in the present 

study, the results exploring the relationship between externalising behaviours 

(inattention/hyperactivity) and VER accuracy demonstrate that adults who reported higher 

levels of inattention were less accurate at recognising angry voices. This is consistent with 

previous research which similarly showed that adults with ADHD displayed greater difficulties 

when perceiving angry voices compared to adults without ADHD (Kis et al., 2017). Our study 

expands on this finding by establishing difficulties to recognising angry voices are specifically 

associated with higher levels of inattention in a community sample of adults. Replication of 

this effect found in a community sample highlights the importance of recruiting non-clinical 

samples in future studies. Moreover, the same association between traits of 

inattention/hyperactivity and anger recognition accuracy in adolescents was close to 

significance. This association most likely did not reach significance because of a low sample 
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size recruited due to this being only an exploratory aim within the present study. However, 

importantly, the pattern of results in adolescents is consistent with previous literature in 

children (Chronaki et al., 2013; Manassis et al., 2007; Plećević et al., 2020). In addition, this 

result is partially consistent with research which has found that adolescents with more 

symptoms of hyperactivity and inattention performed with slower reaction times and more 

generic errors in a VER task (Waddington et al., 2018). Therefore, overall, the pattern of 

results pointing to an association between angry VER accuracy scores and traits of 

inattention/hyperactivity in adults and adolescents further corroborates the validity of the 

stimuli and highlights the important role of anger in underlying ADHD traits.  

Finally, no significant effects of emotion, age, or behavioural characteristics, were 

found on response bias scores within the present validation study. This is consistent with 

research by Chronaki, Hadwin et al (2015) who did not report any differences in response bias 

scores for angry and happy voices in older children or adults. Specifically, only preschoolers 

were found to display a response bias to label voices as happy (Chronaki, Hadwin et al., 2015). 

In addition, our results did not indicate any significant associations between a change in 

depressive symptoms and response biases in VER. This contrasts to previous literature which 

robustly reported associations between more depressive symptoms, such as in depressive 

disorders, and a negative response bias (i.e. to angry voices) in VER tasks (Kan et al., 2004; 

Vidal-Ribas et al., 2018). However, since negative response biases have previously been 

shown most effectively in ambiguous emotional contexts (Schultz et al., 2000), it is likely that 

vocal stimuli employed in the present study were not ambiguous enough in order to capture 

predicted effects relating to bias. This is demonstrated by the high accuracy rates reported in 

the present study. Although, this was a strength of this study when validating the stimuli, and 

when exploring associations between externalising behaviours and response accuracy, it 
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appears limiting in terms of exploring response biases. Overall, the finding of no significant 

effect of emotion on response bias in the present study suggests that response bias may not 

be as useful as accuracy in validating and selecting stimuli for use in the ESC paradigm.  

In conclusion, the present study validated a standardised set of stimuli produced by 

actors vocalising an /’ah/ sound (Maurage et al., 2007) for use in vocal emotion processing 

tasks, such as the ESC paradigm, with adults and adolescent participants. First, the present 

study demonstrated accuracy item-by-item percentage agreement rates were high, above 

chance and consistent with previous literature. Second, the present study demonstrated good 

construct validity of the stimuli as predicted effects of emotion and age on VER accuracy were 

present in adult and adolescents. Interestingly, despite all stimuli being well standardised, 

angry voices were recognised with the highest accuracy rates and perceived as most intense, 

supporting the idea that angry vocal cues are perceived as more salient, perhaps due to 

capturing attention. The following ERP studies (Chapters 4 and 5) will further test this idea 

more thoroughly by measuring the P1 component, reflecting the capture of attention by vocal 

emotion in an ESC paradigm. Importantly, results related to accuracy, as well as 

characteristics of acoustic properties from this validation study informed the selection of six 

stimuli (two per emotion condition) for use in the ESC paradigm. Stimuli were selected based 

on high accuracy rates (above 80%) and a moderate (a mean rating of 3) perceived intensity 

rate6, for all emotion types in accordance with previous developmental literature (Chronaki 

et al., 2015). 

 

6 See Table C.1 in the appendices for mean acoustic characteristics, accuracy rates (%) and perceived intensity 
of the stimuli selected for each emotion condition in the ESC paradigm 
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4 VALIDATION OF A NOVEL EMOTIONAL SPATIAL CUEING PARADIGM 

IN HEALTHY ADULTS: A BEHAVIOURAL AND 

ELECTROPHYSIOLOGICAL PILOT STUDY. 

4.1  Chapter Overview  

Chapter Three successfully validated a set of vocal emotional stimuli to be employed 

in a novel emotional spatial cueing (ESC) paradigm measuring preattentive and attentive VEP 

atypicalities in adolescents with inattentive/hyperactive traits. Since most previous studies 

exploring these processes via behavioural and electrophysiological techniques have been 

conducted in adults, and not adolescents7, the present study aimed to validate the ESC 

paradigm as a measure of preattentive and attentive VEP in healthy adults. Four experiments 

were conducted to validate the ESC paradigm on a behavioural and neural level in a total 

sample of 49 adults. Experiments One to Three optimised and validated the ESC paradigm on 

a behavioural level by exploring its effectiveness at demonstrating attentional capture by 

irrelevant vocal cues by measuring RTs to the visual target. Experiment Four further validated 

the task on a neural level by investigating if the ESC is effective at isolating a) the P2 

component to irrelevant vocal emotions, as a measure of the preattentive processing of vocal 

emotion; and b) the P1 component to a visual target, as a measure of the capture of visual 

spatial attention (VSA) by irrelevant vocal cues, consistent with the literature in healthy adults 

when employing dot-probe paradigms (Brosch et al., 2009). An exploratory aim was to 

 

7 The introduction includes a review of the literature employing spatial cueing paradigms (and similar tasks) in 
both adults and adolescents with traits of inattention/hyperactivity, to provide the rationale for the 
development of a paradigm which would be suitable to use with adolescents in a later ERP study (Chapter Five).  
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examine the validity of the paradigm at measuring the effects of vocal emotion on later 

attentional mechanisms. This was examined by isolating the P3 component to the visual 

target, consistent with the literature in healthy adults when employing other similar spatial 

cueing paradigms (Wang et al., 2022). Findings from all four experiments demonstrated the 

ESC paradigm had good construct validity when a) measuring RTs as a behavioural measure 

of the capture of attention by irrelevant vocal emotion and b) isolating the P2 component as 

a neural marker of the preattentive processing of vocal emotion. However, it is unclear 

whether the ESC paradigm had good construct validity when isolating the P1 as a neural 

measure of the capture of attention by irrelevant vocal cues. Finally, there is some evidence 

that the Target-P3 component within the ESC paradigm reflects the effects of vocal cues on 

mechanisms of later attentional allocation to a visual target. Implications for the use of the 

ESC to explore preattentive and attentive emotion processing in adolescents with traits of 

inattention/hyperactivity are discussed.  
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4.2  Introduction 

The present thesis aimed to develop a paradigm to reliably isolate electrophysiological 

markers of the preattentive processing of vocal emotion. To explore the preattentive 

processing of vocal emotion (i.e., the perceptual processes which occur prior to the 

attentional capture of emotion; Jaaskelainen et al., 2004; Chronaki & Marsh, 2024), previous 

studies have incorporated task-irrelevant vocal emotional stimuli in experimental tasks 

(Mauchand & Zhang, 2022). For example, within previous ERP studies investigating the 

preattentive processing of vocal emotion adults were asked to identify the gender of vocal 

stimuli rather than the emotion (Lin et al., 2022), or to attend to the number of syllables in 

pseudowords and detect the deviant stimuli depending on the number of syllables (Gadeke 

et al., 2013). These studies reported a larger P2 response (120-160ms) in the frontocentral 

electrode sites, in response to happy and angry compared to neutral voices, suggesting the 

P2 is a neural marker of the preattentive processing of vocal emotion (Schirmer & Kotz, 2006; 

Lin et al., 2022; Gadeke et al., 2013). Alternatively, studies employing oddball paradigms 

typically present a standard stimulus type serially, interspersed with occasional deviant 

stimuli (Charpentier et al., 2018). Within these oddball paradigms, participants are instructed 

to passively view or listen to a vocal stimulus whilst ignoring the steam of standard and 

deviant stimuli. For example, Charpentier et al (2018) instructed adults and children to watch 

a silent movie, whilst passively hearing neutral voice standards and neutral and angry voices 

as deviants. The results revealed that angry deviants elicited shorter MMN (200-300ms) 

latencies compared to neutral deviants (Charpentier et al., 2018). This was interpreted as 

reflecting a rapid preattentive processing of angry compared to neutral voices (Charpentier 

et al., 2018). Similarly, other oddball studies have demonstrated an enhanced MMN response 
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(200-300ms) to angry compared to happy and sad vocal deviants in adults, indicating that the 

MMN in oddball paradigms may be a neural marker of the preattentive processing of vocal 

emotion (Deng et al., 2022; Kao & Zhang, 2023). In summary, paradigms instructing 

participants to ignore the emotion in the voice and focus on other aspect of the stimulus (i.e., 

gender; Lin et al., 2022; Gadeke et al., 2013), have isolated ERP components (e.g., MMN, P2) 

at around 200ms, suggested to reflect a preattentive processing stage of vocal emotion in 

healthy adults. To date, there have not been any ERP studies which have explored the neural 

processing of vocal emotion using preattentive or oddball paradigms in adolescents. This is 

important as prior to exploring atypicalities in the preattentive processing of vocal emotion 

in adolescents with ADHD, it is necessary to understand the neural markers of preattentive 

VEP in healthy adolescents.  

The paradigm aimed to measure the involuntary capture of attention by vocal 

emotion. The involuntary capture of certain stimuli (e.g., emotional over neutral stimuli) is 

thought to be due to a preattentive gating mechanism which determines stimuli salience, and 

the degree to which those stimuli capture attention (Jaaskelainen et al., 2004). Previous 

behavioural studies have shown that salient auditory stimuli involuntarilyy capture visual 

attention over relevant visual stimuli, using spatial cueing paradigms (Spence &Driver, 1997; 

McDonald et al., 2000; Mazza et al., 2007). For example, Spence and Driver (1997) first 

developed the orthogonal cueing paradigm (OCP), to explore the effects of irrelevant visual 

and auditory stimuli on spatial attention in adults. The procedure of one trial of the OCP 

comprised of a central fixation (usually a light or cross), followed by a random delay of 400-

650ms. Following this, an auditory (i.e., 2000Hz of pure tone) or visual (led light) cue was 

presented in either the left or right hemisphere for around 100ms. Next, after a delay 



 

131 
 

dependent on the SOA (stimulus onset asynchrony), a visual (i.e., red LED lights) or auditory 

(i.e., white noise) target was then presented in the left or right hemisphere in one of four up 

or down positions (see Figure 4.1 for a schematic view of the OCP). Adult participants were 

instructed to ignore the cue stimulus and respond to the target stimulus by pressing a button 

corresponding to its up or down position. Trials could either be congruent (in which the 

location and target were presented in the same left or right hemisphere), or incongruent (in 

which the location of cue and target were presented in opposite hemispheres). Congruent 

and incongruent trials were presented equally and randomly to ensure there were no 

predictive elements of the cueing stimuli, and they were irrelevant to task demands (Spence 

& Driver, 1997). Across six experiments, in which cues and targets varied in terms of modality, 

the most striking finding Spence and Driver (1997) reported was a congruency effect on 

reaction times (RTs) when auditory cues preceded visual targets; response times were faster 

and more accurate in congruent, as opposed to incongruent, trials. Therefore, the authors 

suggested irrelevant auditory stimuli involuntarily capture and facilitate visual spatial 

attention (VSA; Spence & Driver, 1997). This is in line with theories which suggest the auditory 

attentional system acts as an ‘early warning system’ which automatically prioritises task-

irrelevant auditory stimuli over task-relevant visual stimuli, helping us to respond quickly to 

potentially threatening events outside the visual field (Murphy et al., 2017).  
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The congruency effect on reaction times, as reported by Spence and Driver (1997), is 

robust within the spatial cueing paradigm literature. In a similar cueing task, an irrelevant 

auditory cue was presented to the left or right side of a fixation prior to a visual mask 

presented at the congruent or incongruent location (McDonald et al., 2000). On half of the 

trials, a visual target was presented at the masked location, but on the other half of the trials 

the visual target did not appear. Participants were asked to respond via a button press to 

indicate whether the target was present. Results showed adults responded 20ms quicker to 

the target on congruent compared to incongruent trials, supporting the presence of a 

congruency effect due to irrelevant auditory cues involuntarily capturing VSA (McDonald et 

al., 2000). Moreover, a study which incorporated a similar spatial cueing paradigm, but 

incorporated predictive knowledge of the targets location (i.e., written information signalling 

Figure 4.1 

Schematic Diagram of the Original Orthogonal Cueing Paradigm (Spence & Driver, 1997). 

Auditory and visual stimuli were presented in one of four positions specified on the figure. 

Reproduced from Perception & Psychophysics, Vol 59/Issue 1, Spence & Driver, “Audiovisual 

links in exogenous covert spatial attention”, Copyright 1996, with permission from Springer 

Nature 
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which visual field the target would appear before each block), similarly reported a congruency 

effect on performance (Mazza et al., 2007). Participants were still faster to respond to targets 

in the congruent as opposed to the incongruent location, even when they were aware the 

target was going to appear in the incongruent location, suggesting that irrelevant auditory 

cues involuntarily captured visual spatial attention (Mazza et al., 2007). 

In addition, behavioural studies have shown that preattentively processed emotional 

stimuli involuntarily capture attention more rapidly than neutral stimuli (Vuilleumier & 

Pourtois, 2007; Lima et al., 2019; Brosch et al., 2008). However, there are mixed findings 

within the literature as to whether the involuntary attentional capture of irrelevant vocal 

emotion has a facilitating (Brosch et al., 2009; Zimmer et al., 2022) or distracting effect 

(Kattner & Ellermeier, 2018; Kattner et al., 2024; Peschard et al., 2017; Sander et al., 2005) on 

task-relevant attentional processing. For example, the involuntary capture of vocal anger has 

been reported in a dot-probe paradigm which incorporated vocal emotions as cueing stimuli 

with adult participants (Brosch et al., 2008). In the dot-probe paradigm (See Figure 4.2), 

auditory stimuli consisting of angry and neutral prosody in the form of pseudo-words (64.5dB) 

were presented simultaneously in the left and right ear (e.g., an angry voice in the left ear, 

and a neutral voice in the right) prior to a visual target, which was congruent or incongruent 

to the location of the angry vocal cue (Brosch et al., 2008). Participants were instructed to 

press either the left or right arrow key button to indicate the location of the visual target. 

Results demonstrated that adults were faster to respond to targets preceded by a spatially 

congruent compared to incongruent angry vocal cue (Brosch et al., 2008). As both neutral and 

angry vocal cues were presented simultaneously, these results suggest angry voices 

selectively captured attention over neutral voices. This is consistent with previous dot-probe 
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paradigms which included irrelevant visual threatening stimuli such as angry facial 

expressions (Bar-Haim et al., 2007; Kappenman et al., 2014). However, it is important to note 

that these effects were only demonstrated in the first two blocks of the task when the visual 

target was presented in the right visual field (Brosch et al., 2008). The lack of significant 

findings in the third block possibly suggests the presence of habituation effects within the 

dot-probe paradigm due to the repetition of threat-related stimuli without any related 

consequences (Brosch et al., 2008). In addition, the presence of lateralisation effects within 

the dot-probe paradigm are common, in that RTs are often faster when targets are presented 

on the right compared to left visual hemifield (Bradley, Mogg & Millar, 2010), possibly due to 

participants adopting strategies to attend to one side of the screen over the other (Bradley, 

Mogg et al., 2010). Overall, the behavioural results by Brosch et al. (2008) support the theories 

which suggest that angry voices are preattentively perceived with higher salience than neutral 

voices, and therefore selectively and involuntarily capture attention and facilitate task-

relevant performance (Dalton & Lavie, 2004; Hansen & Hansen, 1988; Ohman & Mineka, 

2001).  
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There have not been any studies which have employed similar dot-probe paradigms 

with vocal emotional cues in adolescents. This is important because it is essential to 

understand the effect of vocal emotion on attentional mechanisms in healthy adolescents 

before exploring atypicalities in these processes in adolescents with inattentive/hyperactive 

traits (see Chapter Five). Existing studies using dot-probe paradigms in adolescents have 

utilised facial expressions (e.g., happy, angry and neutral) as cueing stimuli, and reported that 

congruent trials, in which happy or angry faces were spatially congruent to the target, 

consistently resulted in faster RTs compared to incongruent trials, in adolescents (Monk et 

al., 2006; Telzer et al., 2008). This finding is consistent with the pattern of findings in the adult 

literature (Brosch et al., 2008). These results from dot-probe paradigms recruiting adolescent 

and adult participants suggest that facial emotional cues (happy and angry) are effective at 

Figure 4.2 

A Graphical Representation of the Emotional Dot-Probe Paradigm Used By Brosch Et Al 

(2008). Reprinted from Cognition, Volume 106/Issue 3, Brosch, Grandjean, Sander & Scherer, 

“Behold the voice of wrath: Cross-modal modulation of visual attention by anger prosody”, 

Pages 1497-1503, Copyright (2008), with permission from Elsevier. 
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capturing and facilitating VSA in younger and older participants. It would therefore be 

reasonable to hypothesise that vocal emotional cues (happy and angry) may also be effective 

at capturing VSA in adolescents, in consistency with findings in adults (Brosch et al., 2008).  

There are, however, some limitations with behavioural studies employing dot-probe 

tasks to examine the effect of vocal emotion on VSA. Firstly, it is not fully understood which 

mechanisms account for the effect of emotion on RTs in dot-probe tasks (Brosch et al., 2008). 

There are several possible mechanisms which may account for this effect. First, within 

congruent trials, it is possible that faster RTs occur because the salient (i.e. threatening) cues 

involuntarily capture attention and thus, facilitate attention towards the visual target. This is 

consistent with theories which suggest threatening stimuli facilitate the allocation of 

attention to aid survival (Dalton & Lavie, 2004; Hansen & Hansen, 1988; Ohman & Mineka, 

2001). An additional explanation is that during incongruent trials slower RTs are observed 

because salient threatening cues similarly capture attention, but instead distract attention 

from the visual target, due to difficulties to disengage from the spatial location of the 

incongruent threatening cue stimulus (Koster et al, 2004; Van Rooijen et al., 2017).  

The distracting effect of vocal emotion has been evidenced in studies employing 

auditory distraction tasks (Kattner & Ellermeier, 2018; Kattner et al., 2024) and dichotic 

listening tasks (Peschard et al., 2017; Sander et al., 2005). For example, Kattner & Ellermeier 

(2018) employed an auditory distraction task in which adults were asked to recall a list of 

words whilst listening to irrelevant vocal emotional stimuli. Kattner & Ellermeier (2018) 

reported the poorer recall of words when an angry voice, as opposed to a neutral voice, was 

presented as a distractor. Moreover, in dichotic listening tasks, adults were presented with 

vocal cues (neutral and angry) simultaneously in the left and right ear and asked to 
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discriminate the gender of voice in the specified attended ear (Peschard et al., 2017; Sander 

et al., 2005). These studies, employing dichotic listening tasks, found adults were slower to 

discriminate the gender of an attended angry voice compared to an attended neutral voice 

(Peschard et al., 2017; Sander et al., 2005). This is thought to reflect the involuntary capture 

of vocal anger which holds limited attentional resources later in processing (Hughes, 2014; 

Sander et al., 2005). Taken together, behavioural studies provide evidence for the involuntary 

capture of preattentively processed vocal emotion (specifically anger) in adults. In addition, 

the literature indicates that irrelevant vocal emotion cues can have a facilitating or distracting 

effect on task performance (i.e., RTs), depending on task design. 

To more reliably measure the involuntary capture of irrelevant vocal emotion, prior to 

effects of vocal emotion on later attention allocation to a target, ERP studies using spatial 

cueing paradigms have explored the neural underpinnings of the capture of VSA by irrelevant 

auditory (Störmer et al., 2009) and vocal emotional (Brosch et al., 2009) cues by targeting the 

P1 component. As discussed in Chapter One (Page 35), the P1 component (90-190ms) is 

generated in the visual cortex and is argued to reflect early spatial attention allocation to a 

visual target (Luck et al., 2000; Mangun et al., 1998; Mangun & Hillyard, 1991). The P1 has 

been found to be enhanced when a visual stimulus appears in an already attended location 

(Luck et al., 2000; Mangun et al., 1998; Mangun & Hillyard, 1991). For example, one variation 

of a cueing paradigm presented two Gabor patches simultaneously as visual targets on the 

left and right hemisphere, which varied in contrast and orientation (vertical/horizontal; 

Störmer et al., 2009). On each trial an auditory cue (83ms of pink noise played in either the 

left or right ear) preceded the presentation of the Gabor patches by 150ms. Participants were 

instructed to indicate the orientation of the Gabor patch highest in contrast by pressing the 
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corresponding button. ERPs were time-locked to the onset of the target stimuli, and were 

analysed at sites PO7/ PO8, in the ventral occipital-temporal visual cortex (Störmer  et al., 

2009). The authors reported that when participants made errors in judging a visual stimulus 

as being higher in contrast, this response corresponded to a larger P1 amplitude to the visual 

target in congruent trials (Störmer et al., 2009). This research was presented as evidence that 

irrelevant auditory cues can alter early perceptual processing in the visual cortex, relating to 

altered perceptual judgements of visual appearance (Störmer et al., 2009) in accordance with 

theories which suggest auditory cues automatically capture VSA (Murphy et al., 2017).  

Similarly, the ERP study by Brosch et al (2009) explored the capture of VSA by vocal 

emotion in adults in a dot-probe paradigm, by targeting the P1 component. This dot-probe 

paradigm was similar to that in the behavioural study discussed earlier in this chapter (See 

Figure 4.2; Brosch et al., 2008), but the task was optimised for an EEG study. For example, the 

authors included an upward or downward pointing triangle as the target stimulus instead of 

left/right button press response (Brosch et al., 2009). Participants were instructed to press 

the ‘B’ key response button only when the orientation of the triangle was pointed in either 

the upward or downward position. These were GO conditions which included in only 10% of 

trials. The other 90% of trials were ‘no-go’ trials, which did not require a button-press 

response to avoid motor preparation influencing the EEG data (Brosch et al., 2009). Results 

showed adults displayed a larger P1 response to trials preceded by angry vocal cues which 

appeared in a spatial location congruent to the visual target as opposed to trials preceded by 

an angry vocal in a spatial location incongruent to the target (Brosch et al., 2009). However, 

interestingly these effects were driven by targets presented in the left visual field, suggesting 

the presence of lateralisation effects on the P1 response. Since targets in the left visual field 
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are processed in the right hemisphere, this is in line with evidence which suggests some 

acoustical features of emotional prosody involve the right hemisphere more so than left 

hemisphere (Brosch et al., 2009; Ross & Monnot, 2008). Overall, the effect of anger on an 

enhanced P1 response supports the idea that angry vocal cues rapidly and automatically 

capture attention (Dalton & Lavie, 2004; Hansen & Hansen, 1988; Ohman & Mineka, 2001).  

In support, a more recent ERP study incorporated vocal emotions as cueing stimuli in 

a spatial cueing paradigm in adults (Zimmer et al., 2022). Within this paradigm, the authors 

incorporated bi-modal (faces and voices together) emotional cueing stimuli (fearful and 

neutral) for 1000ms to just one hemifield (left or right) on each trial followed by a visual target 

(a white up/downward pointing triangle). Participants were instructed to specify the upward 

or downward point of the triangle. Behavioural results showed faster RTs to targets preceded 

by fearful compared to neutral bi-modal cues. In addition, participants displayed faster 

reaction times in congruent trials preceded by fearful cues compared to incongruent trials 

preceded by fearful cues (Zimmer et al., 2022). Moreover, in line with Brosch et al (2009), 

results showed a larger P1 component in response to congruent compared to incongruent 

trials (Zimmer et al., 2022). Finally in congruent trials only, the P1 was enhanced after fearful 

compared to neutral cues, suggesting that negative emotional cues facilitate the capture of 

attention (Zimmer et al., 2022). However, as the cues were bimodal, it is not known whether 

this effect was due to emotion being presented within the face or voice separately or a 

combination of both modalities.  

There have not yet been any studies which have incorporated other vocal emotion 

types (i.e., happy) in spatial cueing paradigms to explore the effects of vocal emotion on the 

capture of VSA. Research which has explored the effect of happy emotions in other modalities 
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(i.e., facial stimuli) on VSA, have not reported a robust effect of happiness on the P1 

component. For example, in dot-probe studies using happy facial expressions, the congruency 

effect on the P1 was not found when happy faces were used in valid trials (Pourtois et al., 

2004; Santesso et al., 2008). In contrast, Pfabigan and colleagues (2014) found enhanced P1 

amplitudes in response to congruent trials preceded by happy compared to neutral facial 

expressions in female adults. The same finding was not reported in male participants, possibly 

suggesting that happy stimuli are more likely to capture attention in females due to 

evolutionary or socio-cultural influences (Pfabigan et al., 2014). It is important to explore the 

effect happy vocal cues may have on the involuntary capture of VSA, as there may be different 

mechanisms associated with the preattentive processing of negative (i.e. angry) and positive 

(i.e. happy) stimuli. For instance, there has been some evidence that the striatum, a 

subcortical area of the brain within the basal ganglia, may be specifically involved in the 

prioritisation of positive stimuli relating to reward-seeking behaviours (Ernst, 2014; Bogert et 

al., 2016). The role of the striatum in processing positive stimuli is particularly evident during 

adolescence, a period characterised by a heightened sensitivity to rewards (Galván, 2013). In 

support, fMRI studies using monetary reward tasks have demonstrated enhanced activation 

in the striatum in response to reward-related outcomes (Ernst et al., 2005; Galván et al., 2013; 

Silverman et al., 2015) and happy faces (Mueller et al., 2017) in adolescents compared to 

adults. 

Limited research has employed spatial cueing paradigms to explore the involuntary 

capture of VSA by vocal emotion (angry and happy) by measuring the P1 response in children 

or adolescents. Although the P1 amplitude, as a measure of early visual attention, does not 

change significantly with age (Perchet et al., 2007), it is not known whether vocal emotion 
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enhances the P1 response in children and adolescents, in the same way as it does in adults. 

Understanding this is important because it serves as a basis for exploring atypicalities in the 

capture of attention by vocal emotion in children and adolescents with ADHD (see Chapter 

Five). Moreover, thus far, no studies have employed spatial cueing paradigms to explore 

differences in the capture of irrelevant auditory cues in individuals with ADHD compared to 

healthy controls. However, Perchet et al. (2001) employed a unimodal visual cueing task, 

known as the Posner Paradigm (see Figure 1.2 on page 38) in 24 children with ADHD and 13 

controls (aged 6-11-years) to explore atypicalities in the capture of irrelevant visual cues on 

VSA in ADHD. Within the Posner paradigm, a visual target (a red star) was presented in either 

the left or right hemifield for 400ms, preceded by a visual cue (a yellow rectangle) which 

appeared for 500ms in the same potential left or right locations as the target. In congruent 

and incongruent trials, the cue remained on the screen until after the target disappeared. 

Children were instructed to press the left or right buttons corresponding to the hemifield the 

target was presented in as quickly as possible. Children were also rewarded if they made less 

than three errors in the task. When exploring ERP components time-locked to the target 

stimuli, healthy children (without ADHD) exhibited a significantly larger P1 component to 

congruent trials compared to incongruent trials, consistent with research using spatial cueing 

paradigms in adults (Störmer et al., 2009). Compared to controls, children with ADHD showed 

a reduced P1 component in response to congruent compared to incongruent trials (Perchet 

et al., 2007). This finding suggests an atypical neural response to the use of cues to prime 

attention in children with ADHD. However, as of yet, no studies have employed a spatial 

cueing paradigm with vocal emotions to explore atypicalities in the capture of VSA in ADHD.  
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In parallel to exploring the involuntary capture of attention by vocal emotion by 

measuring effects of emotion on early visual processing (i.e., the P1), previous research has 

additionally reported effects of vocal emotion on a later P3 component in spatial cueing 

paradigms. As discussed in Chapter One (page 38) the P3 is typically observed between 300 

and 600ms at midline centro-parietal sites to task-relevant stimuli in adults and is argued to 

reflect the allocation of attentional resources (Wang et al., 2022; Li et al., 2018; Broyd et al., 

2012). Previous dot-probe and emotional spatial cueing paradigms have measured the P3 

component to a subsequent target (Li et al., 2018; Wang et al., 2022). For example, in a dot-

probe task which incorporated happy-neutral and sad-neutral facial expressions as cueing 

stimuli, the P3 amplitude was larger to the target when it was preceded by congruent sad 

faces compared to congruent neutral faces in adults with Major Depressive Disorder (Li et al., 

2018). The authors suggested this enhanced P3 response reflects difficulties in disengaging 

attention from the irrelevant negative stimuli in individuals with depression, after the initial 

capture of attention (Li et al., 2018). In support, in a spatial cueing paradigm with 

environmental sounds as cueing stimuli, a larger P3 amplitude was reported to congruent 

trials preceded by positive cues (e.g., baby laugh/bird song) compared to congruent trials 

preceded by neutral cues (e.g., clock ticking; Wang et al., 2022). The authors suggested more 

attentional resources were allocated and maintained to the irrelevant positive emotional 

sounds compared to the irrelevant neutral sounds (Wang et al., 2022). Additionally, the P3 

was larger to incongruent compared to congruent trials suggesting that more attentional 

resources were employed to disengage attention from the irrelevant (as opposed to the 

congruent) spatial location in order to attend to the relevant visual target (Wang et al., 2022). 

Taken together, the P3 component appears to be a neural marker of the capture of attention 

by vocal emotion, specifically reflecting the greater recruitment of attentional resources to 
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disengage from the irrelevant emotional stimulus and engage to the target. However, as the 

P3 occurs later in processing, it reflects downstream effects of the capture of attention. 

The Present Study 

Since the studies by Brosch et al (2008, 2009) are the only studies which have 

measured the effects of vocal emotion on VSA, the design of the novel ESC within the present 

thesis was based on these dot-probe paradigms (Brosch et al; 2008, 2009). However, the task 

was modified to present one vocal cue at a time to make comparisons between the effect of 

vocal cue types (e.g., happy, angry, neutral) on preattentive processing stages and VSA. The 

inclusion of one cueing stimulus at a time in our task is consistent with the Spatial Cueing 

Paradigms by Spence and Driver (1997), McDonald et al., (2000), and Zimmer et al., (2022). In 

addition, as we aimed to recruit a sample of adolescents with traits of ADHD in a later ERP 

study (see Chapter Five), the task was designed to sustain the attention of participants who 

are likely to present with difficulties in sustained attention. Finally, the task was optimised for 

the purpose of an ERP study as our aim was to isolate neural markers of both the preattentive 

processing of vocal emotion (Lin et al., 2022; Gädeke et al., 2013) and VSA as in previous 

cueing paradigms (Brosch et al., 2009; Perchet et al., 2001). With these goals in mind, a more 

thorough explanation of the rationale for the inclusion of all methodological design features 

of the ESC paradigm is presented in Appendix D. 

The primary aim of the present study was to optimise and validate the ESC task on a 

behavioural and neural level in adults, for use in a later ERP study exploring preattentive and 

attentive vocal emotion processing in adolescents with ADHD (Chapter Five).  

Therefore, the study aims were as follows:  
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I) To investigate the effects of vocal emotion on the involuntary capture of attention in 

adults on a behavioural level by measuring RTs to the visual target. 

II) To isolate the P2 component to the vocal cue as a neural marker of preattentive vocal 

emotion processing in adults within the ESC paradigm, by exploring the effect of 

emotion on the P2. 

III) To isolate the P1 component as a neural marker of the early visual processing of the 

target within the ESC paradigm in adults, by exploring the effect of emotion and 

congruency on the P1.  

IV) To isolate the P3 component as neural marker of the later attentional allocation to the 

target within the ESC paradigm in adults, by exploring the effect of emotion on and 

congruency on the P3. 

Consistent with findings from previous dot-probe studies (Brosch et al., 2008; 2009), spatial 

cueing paradigms (Spence & Driver, 1997; Zimmer et al.., 2022), and ERP preattentive 

paradigms in adults (Gadeke et al., 2013), the following predictions were made: 

i) Reaction Times: 

a) There will be a main effect of congruency on RTs. Adults would be faster to 

respond to congruent compared to incongruent trials. 

b) There will be a main effect of emotion on RTs. Specifically, participants will 

respond faster to trials preceded by emotional (angry and happy) 

compared to neutral voices. There will be an interaction effect between 

congruency and emotion on RTs. Specifically, adults will respond faster to 

congruent trials preceded by angry voices compared to congruent trials 

preceded by neutral voices.  
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ii) Cue-locked ERPs. 

a) There will be a main effect of emotion on the P2 amplitude to the vocal 

cue. The P2 to the vocal cue would be larger to angry and happy voices 

compared to neutral voices. 

iii) Target-locked ERPs 

a) There will be a main effect of congruency on the P1 and P3 amplitude to 

the visual target. The P1 amplitude to the visual target will be larger to 

congruent compared to incongruent trials. The P3 amplitude will be larger 

to incongruent compared to congruent trials. 

b) There will be a main effect of emotion on the P1 and P3 amplitude to the 

visual target. The P1 and P3 amplitude will be larger to targets preceded 

by angry and happy vocal cues compared to neutral vocal cues.  

c) There will be an interaction effect between emotion and congruency on 

the P1 to the visual target. The P1 and P3 amplitude would be larger to 

congruently cued visual targets preceded by angry and happy vocal cues 

compared to congruently cued targets preceded by neutral vocal cues.  

A first exploratory aim of the present study was to explore the presence of 

lateralisation and habituation effects on target processing (e.g., RTs, P1 and P3). A second 

exploratory aim was to investigate associations between RTs and ERP components with 

behavioural and psychopathology characteristics (ADHD traits, depressive symptoms) for 

consistency with our later ERP study employing the ESC in adolescents8. 

 

8 Methods and results relating to this aim are presented in Appendix B and H as they are not the focus of this 
study. 
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To meet these aims, the present study consisted of four pilot experiments. Experiment 

one to three were preliminary pilot experiments, which aimed to test the paradigm 

behaviourally in the first instance in a small sample of adults. This aimed to validate the task 

in terms of producing the expected effects of congruency and emotion on reaction times as 

reported in previous spatial cueing paradigms (Spence & Driver, 1997; Brosch et al., 2008). 

The goal was to modify the task if necessary if the expected effects were not present. Next, 

once the task design was optimised and validated based on the results from the three 

behavioural pilot experiments, experiment four aimed to validate the final version of the 

paradigm on a neural level. 
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4.3 General Method 

Participants.  

In Experiment One, 12 adults aged between 18 and 35 (3 males) were recruited from 

an opportunity sample of students and staff at the University of Central Lancashire. A 

different set of 12 adults (aged 18-35 years) were recruited for Experiment Two. Datasets 

from Experiment One and Two were combined in Experiment Three, resulting in a total of 24 

participants. This meets a priori power calculations (GPower software) which indicated that a 

sample size of 17 adults was required to detect these effects, with an effect size of 0.44 (α 

error probability of .05). Due to the pilot nature of experiments one to three, data on 

behavioural characteristics of participants were not collected.  

In Experiment Four, thirty-six adults were recruited from the University of Central 

Lancashire through word of mouth and the participant recruitment pool. One participant was 

excluded due to being an outlier (i.e., errors and RT outliers exceeded 25% of the participants 

data). Participants with a minimum of 70% correct and artefact free trials were included in 

ERP analyses (see page 151 for details). Complete behavioural and ERP data were available 

from 25 adult participants (mean age= 24 years, SD= 5.73, age range 18-35, 8 males). This 

meets apriori power analyses using Gpower and Pangea software (Westfall, 2015) which 

indicated that a sample size of a) 16 participants was necessary to achieve effects of 

congruency on the P1 in adults, with a power of 0.947, and b) 25 participants was necessary 

to achieve predicted effects of emotion on the P2 component, with a power of 0.979. All 

participants had normal hearing (self-reported), no neurological or psychiatric diagnoses, and 

no visual impairments.  
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The Vocal Stimuli.  

The study utilised six non-linguistic vocal stimuli (happy, angry and neutral) developed 

by Maurage et al (2007) vocalising an ‘/a/’ sound by a female speaker (see Table C.1 in 

Appendix C for acoustic properties and accuracy rates from the validation study). All stimuli 

were standardized on mean intensity (77dB), duration (700ms), and rise and fall time (5-

20ms) as measured by Praat software (Boersma & Weenink, 2024), and were validated to 

represent happy, angry, and neutral vocal expressions (See Chapter Three). In Experiment 

One, the maximum perceived intensity (dB) of these stimuli as measured by a Decibel Meter 

(Max Measure MM-SM01), with a frequency weighting of A, was between 64 and 68dB. In 

Experiment Two and four, the intensity increased to 77dB. A plastic cup was used to simulate 

the pinna against the left or right headphone, whilst taking these readings for each stimulus.   

The Emotional Spatial Cueing Paradigm Design.   

In all experiments, adults took part in the Emotional Spatial Cueing (ESC) Paradigm 

(See Figure 1.4, page 48). There were three blocks with 96 trials each, making a total of 288 

trials. A total of 50% (144) of trials were congruent and 50% were incongruent. An even 

number (96) of angry, happy, and neutral vocal cues were presented randomly within all trials. 

Participants were sat 60cm away from the screen and were given the following instructions, 

verbally and in writing: ‘Your task is to catch the stars which will appear in the left or right side 

of the screen. You will also hear some voices – try to ignore these. You should respond to the 

star using the index and middle finger of your dominant hand, by pressing the left or right 

arrow key button. For example, if the star appears on the left-hand side of the screen, you 

should press the left arrow key button, and if the star appears on the right-hand side of the 

screen, you should press the right arrow key button. Make sure your eyes stay fixated on the 
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cross and try to respond as fast as you can. Try not to make any errors.’ Each block took 

roughly 5 minutes to complete. Participants were given the option to take a break after each 

block. Participants took part in 8 practice trials at the beginning of the task to check their 

understanding of the instructions. Participants were given the opportunity to ask any 

questions after the practice trials. After checking participants understood the instructions, 

adults proceeded to the first main experimental block. Button press responses were collected 

via Psychopy software (Pierce et al., 2019).  

The procedure of one trial of the ESC paradigm comprised of the following: (1) a 

fixation cross appeared on the screen for variable amount of time between 500 and 1000 

milliseconds, (2) a vocal cue stimulus portraying an angry, happy or a neutral voice was then 

presented in one ear (left or right) for a duration of 700ms, (3) after 750ms from the onset of 

the vocal stimulus (SOA), the target (a yellow star) appeared on the left or the right side of 

the screen for 100ms, (4) participants responded using their index and middle fingers on their 

dominant hand by pressing the left and right buttons, respectively, on the keyboard to 

indicate the location of the target (5) the interstimulus interval (ITI) consisted of 2000ms 

seconds in Experiment One and 1000ms in Experiment Two and Four. The visual target was 

presented in either the congruent or incongruent hemifield to the preceding vocal cue. 

Therefore, a congruent trial occurred when participants heard the voice and saw the target 

in the same hemifield. An incongruent trial occurred when participants heard the voice and 

saw the target in the opposite hemifield. The presentation of congruent and incongruent 

trials, and the presentation of angry, happy and neutral trials was random but equal. The vocal 

cues were presented to either the left or right ear via headphones (Sennheisser, HD 380 pro). 

The within subject independent variables consisted of congruency (congruent and 
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incongruent) and emotion (angry, happy, and neutral) in the vocal stimuli. The dependent 

variable was the reaction time to correctly respond to the visual target in all experiments. In 

Experiment Four only, additional dependent variables included ERP components: Cue-P2, the 

Target-P1 and the Target-P3 (see page 152 for details)  

Procedure.  

In all four experiments, informed written consent was gathered from all participants. 

The researcher informed participants at the start of the study that they could withdraw their 

participation at any time. In all experiments, participants completed the ESC Task. However, 

in Experiment Four only, the researcher set up the EEG equipment prior to the participants 

completing the ESC task. Participants were encouraged to sit as still as possible and keep eye 

movements to a minimum throughout the experimental task. After completion of the 

experimental task, participants completed the questionnaire measures for behavioural and 

psychopathology characteristics9. At the end of the study, all participants were debriefed 

verbally and in writing. This study was approved by the UCLan Psychology ethics committee 

(Science 0037).  

Behavioural Data Processing.  

First, in all experiments, all reaction time data were pre-processed to include only 

correct responses within the range of 200-1000ms. Second, because Experiments One and 

Two employed a small sample size, further outliers in these experiments were identified via 

boxplots created for each participants dataset. These outliers were identified as correct 

 

9 See Appendix B for details of these measures employed to meet our exploratory aim. Because the purpose of 
this experiment was to validate the task on a neural level, and behavioural and psychopathology characteristics 
were not entered as covariates in analyses in the present experiment, details of these measures and analyses 
are included in Appendix H.  
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responses which were 1.5 times faster or slower than correct response which fell in the 

interquartile range (i.e., responses which fell above the third quartile or below the first 

quartile) The total percentage of data removed due to errors and RT outliers from the task 

was 7.44% in Experiment One, 5.17% in Experiment Two. In Experiment Four, a more lenient 

approach was taken to deal with outliers due to including a larger sample size. Specifically, 

outliers were only removed if they fell outside the range of 200-1000ms, consistent with the 

literature (Brosch et al., 2008). A small percentage of data (2.16%) was removed in Experiment 

Four due to errors or outliers in the RT data. 

Electrophysiological Recording and Processing 

In Experiment Four only, EEG data were recorded using an electrode cap (Quick cap) 

from 64 electrodes based on the 10-20 system (see E.1 in Appendix E for the EEG montage) 

using Curry 7 software. Data were analysed using Neuroscan (Version 4.5). The EEG data 

were sampled at 1000 Hz with an online band pass filter at 0.01 to 100Hz using AC 

procedure. The reference and ground electrodes were embedded in the electrode cap. 

Vertical electro-oculogram (vEOG) was recorded, with one electrode placed directly 

beneath the left eye. Horizontal electro-oculogram (hEOG) were recorded from two 

electrodes placed next to the left and right eyes. Impedance for vEOG, hEOG, reference and 

64 electrodes were kept below 5KΩ during recording.  

Two ERP epochs were defined: 1) from the onset of the vocal cue stimuli and 2) from 

after the onset of the visual target stimuli within the ESC paradigm. The vocal cue epoch was 

defined as -100ms pre-stimulus to 700ms post stimulus. The target epoch was defined as -

50ms pre-stimulus to 500ms post stimulus. Both epochs were filtered offline with high-pass 

band edge frequency of 0.2Hz and low-pass band frequency of 15Hz. An ocular artefact 
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reduction procedure (Semlitsch et al., 1989) based on vEOG and hEOG activity was used to 

remove the influence of blinks and other eye movements. Epochs were rejected for both vocal 

cue and target if amplitudes exceeded ±150 μV at any EOG or scalp sites included in analyses. 

Epochs for the target were additionally rejected if participants responded incorrectly or 

outside of a window between 200 to 1000ms. For the vocal cue epoch, average ERPs were 

calculated for each emotion type (angry, happy, neutral). A baseline-to-peak mean amplitude 

method was used to calculate the ERP components (Picton et al., 2000). This method involved 

averaging the amplitude over a specified time window and sites for a component, and then 

measuring the difference in voltage between the peak and the baseline level, which is equal 

to zero (Picton et al., 2000). The following components were targeted. The P2 component to 

the vocal cue was targeted with a time window between 130 and 250ms at fronto-central 

sites (F1, FZ, F2, FC1, FCZ, FC2, C1, CZ, C1). The P1 to the visual target was observed between 

a window of 100-170ms at parietal-occipital sites (PO7,PO8,PO3,PO4,POZ,O1,O2,OZ), and the 

P3 to the visual target was observed between 290 and 450ms at parietal sites (PZ,P1,P2).  

Mean amplitude was initially calculated for each individual site. Following this, the mean 

amplitude for each ERP component was calculated as a combined score for a number of 

groups of electrode sites (scalp regions), in order to increase the reliability of the 

measurement (Dien & Santuzzi, 2005). The inclusion of these sites and time windows were 

informed from the literature (cue-P2: Gadeke et al., 2013; Jessen & Kotz, 2011; Target-P1: 

Störmer et al., 2009; Brosch et al., 2009; Target-P3: Wang et al., 2022; Li et al., 2018; Broyd et 

al., 2012) and visual inspection of the individual averages. 

A minimum of 70% artefact free epochs for each condition per participant were used 

for calculating ERP averages. If a participant presented with less than 70% clean epochs, they 
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were excluded from analyses. The mean and SD of the number of epochs included in the 

analyses for each vocal cue condition were as follows: angry (M=90.80, SD=5.61), happy 

(M=90.56, SD=5.98), neutral (M=89.80, SD=6.42). The mean and SD of the number of epochs 

included in the analyses for each target condition were as follows: angry (M=90.40, SD=4.65), 

happy (M=91.16, SD=3.53), neutral (M=91.40, SD=3.38), congruent (M=136.08, SD=5.63), 

incongruent (M=136.88, SD=5.63).  
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4.4 Experiment One 

Results 

Table 4.1 shows descriptive statistics of RTs for correct response (after outliers 

removed) for trials across congruency and emotion conditions in Experiment One. A 2 x 3 

repeated measures ANOVA was conducted to explore the effect of emotion and congruency 

on mean RTs. There was no significant main effect of emotion (F (2,22) = 0.94, p = .403) or 

congruency (F (1,11) = 4.60, p = .055) on RTs. However, as the main effect of congruency was 

close to significance, this effect may have been due to a lack of power from the small sample 

size. There was no emotion x congruency interaction effect on RTs (F (2,22) = 0.04, p = .958). 

Figure 4.3 presents a bar graph showing mean RTs for targets preceded by angry, happy, and 

neutral vocal cues in congruent and incongruent trials.  

When repeating the analysis with the data from block one of the task only, results 

showed that the congruency effect reached significance (F (1,11) = 5.74, p = .035). Within 

block one, participants were slower to respond to incongruent compared to congruent trials, 

consistent with the findings reported by Brosch et al (2008). There was no significant main 

effect of emotion (F (2,22) =0.14, p=.872) or emotion x congruency interaction effect on RTs 

(F (2,22) = 0.02, p=.980) within block one. When repeating the analysis with data from block 

2 only, there were no significant main effects of congruency (F (1,11) = 3.26, p=.098), emotion 

(F (2,22) =.983, p=.390) or an emotion x congruency interaction effect on RTs (F (2,22) = 0.81, 

p=.459). This pattern of results did not change when repeating the analyses with data from 

block 3 of the task only (all ps>.05).  
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Table 4.1 

Mean (SD) RTs for Correct Responses to Targets Preceded by Vocal Cues Differing by Emotion 

(Angry, Happy, Neutral) and Congruency (Congruent, Incongruent) Conditions in Experiment 

One 

 

 Congruent Incongruent Total 

Angry Voice 319 (38.20) 323 (40.29) 321 (11.24) 

Happy Voice 316 (33.34) 322 (39.25) 319 (10.26) 

Neutral Voice 316 (33.03) 322 (26.57) 319 (9.94) 

Total M(SE) 317 (9.96) 322 (11.05) 320 (8.09) 
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Interim Discussion  

First, based on data from block one in Experiment One, the ESC paradigm produced 

the expected congruency effects on RTs, consistent with that reported by Brosch et al (2008). 

This suggests the first block of the ESC paradigm is a valid measure of the capture of VSA by 

irrelevant auditory cues, as in prior cueing paradigms (Spence & Driver, 1997). A more 

thorough interpretation of this finding is discussed on page 180. Second, the present 

paradigm did not demonstrate the expected emotion, or congruency by emotion interaction 

effects on RTs. One possible reason that the ESC paradigm did not produce the expected 

effects of emotion may have been due to the saliency of the vocal stimuli employed. Although 

the vocal stimuli were measured as 77dB via Praat software, in line with previous literature 

Figure 4.3 

Bar Graph Showing Mean RTs (in ms) to Targets in Emotion (Angry, Happy And Neutral) and 

Congruency (Congruent, Incongruent) Conditions in Experiment One. 
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(Brosch et al., 2008, 2009; Chronaki et al., 2015), the volume participants objectively 

perceived the stimuli was between 64 and 68 decibels as measured by a decibel metre. 

Previous research reported that the loudness (dB) of an auditory stimulus can affect effects 

on visual cognitive tasks. For example, within a Stroop paradigm, when auditory stimuli were 

played at 70db, this significantly reduced cognitive performance compared to when the same 

auditory stimuli were played at 50db (Schlittmeier et al., 2014). Therefore, it is possible that 

a disadvantage of this version of the task was due to the loudness (dB) at which the vocal 

cueing stimuli were objectively perceived. To address this, in Experiment Two, a simple 

change to the task was made to increase the loudness of the vocal cueing stimuli. 

Another possible reason the paradigm did not produce the expected effects of 

emotion could be related to the error rate. Specifically, as the error rate within the present 

study was smaller (1.2%) than in previous studies (1.4-1.6%), this may indicate that the 

present paradigm is too easy. Therefore, one way to increase the difficulty of the task without 

significantly modifying key elements affecting congruency effects or de-optimising the task 

for EEG analysis was to reduce the ITI from 2000ms to 1000ms. This modification to the ITI in 

the paradigm was deemed appropriate for the subsequent experiments in this study.  

In conclusion, as effects of emotion and interaction effects were not evident in 

Experiment One, two adaptations to the task design were made to optimise the task. First, 

the intensity (dB) of the vocal stimuli increased to 77dB. Second, the ITI decreased to 1000ms. 

Experiment Two aimed to pilot the optimised ESC paradigm on a behavioural level with a 

different sample of 12 adults.  
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4.5 Experiment Two 

Results 

Table 4.2 shows descriptive statistics of RTs for correct trials across congruency and 

emotion conditions. A 2 x 3 repeated measures ANOVA was conducted to explore the effect 

of emotion and congruency on mean RT scores. The results showed no significant main effect 

of either emotion (F (2,22) = 2.53, p = .103) or congruency (F (1,11) = 1.19, p =.298). There 

was also no significant emotion x congruency interaction effect on RTs (F (2,22) = 1.13, p 

=.340). When repeating the analyses with the data from block one only, results revealed there 

was no significant main effect of congruency (F (1,11) = 1.89, p=.196), but there was a 

significant main effect of emotion on RTs (F (2,22) =6.07, p=.008). Post hoc tests revealed that 

participants were slower to respond to trials preceded by angry compared to happy voices 

(MD = 9.57, p=.007). Finally, there was a close to significance trend for an emotion x 

congruency interaction effect on RT: (F (2,22) = 3.09, p=.066). When repeating the analyses 

with the data from block 2 only, there was no significant main effect of congruency (F 

(1,11)=0.59, p=.457) or main effect of emotion (F(2,22)=0.05, p=.940) or emotion x 

congruency interaction effect (F(2,22)=0.77, p=.476) on RTs. When repeating the analyses 

with data from block 3 only, there was no significant main effect of congruency (F(1,11)=1.38, 

p=.266) or main effect of emotion (F(2,22)=0.81, p=.459) or interaction effect (F(2,22)=1.37, 

p=.273) on RTs. Figure 4.4 presents a bar graph showing mean RTs for correct responses for 

emotion by congruency conditions.  
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Table 4.2 

Means (SD) RTs to Targets Preceded by Vocal Cues Differing by Emotion (Angry, Happy, 

Neutral) and Congruency (Congruent, Incongruent) Conditions in Experiment Two. 

   

 Congruent Incongruent Total 

Angry Voice 321 (46.88) 328 (60.23) 324 (15.86) 

Happy Voice 317 (47.79) 323 (61.88) 320 (15.74) 

Neutral Voice 322 (50.82) 324 (55.59) 323 (15.27) 

Total M(SE) 320 (13.96) 325 (17.03) 320 (8.09) 



 

160 
 

 

Figure 4.4 

Bar Graph Showing Mean RTs (in ms) to Targets Differing by Emotion (Angry, Happy, Neutral) 

and Congruency (Congruent, Incongruent) in Experiment Two  
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Interim Discussion 

The aim of Experiment Two was to examine whether the small adaptations to the 

design of the ESC paradigm (i.e., increasing the dB to 77dB and decreasing the ITI to 1000ms) 

increased the validity of the task in terms of emotion and interaction effects on RT scores, 

whilst keeping congruency effects reported in Experiment One in-tact.  

Firstly, results demonstrated a significant effect of emotion on RT scores in block one 

of the task, possibly suggesting the design adaptations made to the task resulted in increased 

sensitivity of the task to detect emotion effects. Specifically, adults presented with slower RTs 

to trials preceded by angry compared to happy vocal cues. The direction of the emotion 

effects was not in line with previous studies employing dot-probe tasks, which found that 

participants responded faster to targets preceded by spatially congruent angry voices 

compared to targets preceded by spatially congruent neutral voices (Brosch et al., 2008). 

However, the present findings are consistent with results from auditory distraction tasks 

(Kattner & Ellermeier, 2018; Kattner, 2023) and dichotic listening (Peschard et al., 2017; 

Sander et al., 2005) tasks, which similarly report irrelevant anger voices have a distracting 

effect on performance. A thorough interpretation of this finding is discussed on page 180.  

Secondly, the present study surprisingly did not reveal any significant effects of 

congruency on RTs. As no changes were made in terms of increasing or decreasing possible 

congruency effects in experiment two, it is possible that this is due to a lack of power from 

recruiting a small sample of adults. Finally, the present study revealed a close to significance 

emotion by congruency interaction effect on RTs. Similarly, it is possible this did not reach 

significance due to a lack of power from a small sample size. Due to the small number of 

participants tested within experiment two, further analyses with data from all 24 participants 
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from both Experiment One and Two was necessary to more thoroughly test the validity of the 

ESC task. This further work is presented in the next experiment.  
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4.6 Experiment Three  

Results 

Table 4.3 presents descriptive statistics of RTs for correct responses to targets for 

emotion and congruency conditions from all 24 adults who took part in Experiment One and 

Two. Descriptive statistics are presented for the overall task (blocks 1-3), and for just block 

one. A mixed 2 x 3 x 2 ANOVA, with emotion and congruency as within-subject variables, and 

task version (I.e., one and two) as the between-subject variable, was conducted. The 

dependent measure was RT scores. Results revealed there were no significant main effects of 

emotion (F (2,44) = 2.85, p = .069), or congruency (F (1,22) = 2.05, p=.058) on RTs, however 

both were close to significance. In addition, there was no significant main effect of version on 

reaction times (F (1,22) = 0.03, p=.877). Finally, results showed there were no significant 

interaction effects between emotion and congruency and version on RTs (all ps >.05). 

When the same analyses were repeated with the data from block one only, there were 

significant effects of both congruency (F (1,22) = 6.37, p=.019) and emotion (F (2,44) = 4.09, 

p=.024) on RTs. Participants were faster to respond to congruent compared to incongruent 

trials. Additionally, post hoc tests revealed participants were significantly slower to respond 

to trials preceded by angry compared to happy voices (MD=5.51, p=.043). There was no 

significant main effect of version (F (1,22) = 0.15, p=.703) on RTs, nor any further significant 

interaction effects between congruency, emotion and version (all ps>.05). Finally, to explore 

lateralisation and habituation effects, a 2 (congruency) x 3 (emotion) x 2 (target hemifield) x 

3 (block) ANOVA was conducted with RT scores as the dependent measure. There was no 

significant main effect of hemifield (F (1,23) =2.70, p=.114) or block (F (2,46) =0.04, p=.961) 

on RT scores. There were no other significant interaction effects (all ps >.05).  
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Table 4.3 

Means (SD) RTs to Targets Preceded by Vocal Cues in Emotion (Angry, Happy, Neutral) and 

Congruency (Congruent, Incongruent) Conditions in Experiment Three.  

Note. RTs (in ms) are presented for the overall task (blocks 1-3) and for block one (n=24). 

  

 Congruent Incongruent Total 

Overall task    

Angry 320.23 326.19 323.21 

Happy 317.20 322.85 320.02 

Neutral 319.26 323.35 321.31 

Total 318.90 324.13  

Block One     

Angry  318.93 327.73 323.33 

Happy 314.78 320.87 317.83 

Neutral 320.70 322.92 321.81 

Total 318.14 323.84  
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Interim Discussion 

Experiment Three aimed to combine datasets from Experiments One and Two to 

examine the validity of the task in terms of emotion, congruency and interaction effects in a 

sample of 24 adults. Results from this analysis suggest our task design features were mostly 

in line with established spatial cueing paradigms and dot-probe paradigms incorporating both 

non-emotional (Spence & Driver, 1997) and emotional (Brosch et al., 2008) auditory cueing 

stimuli in adults. However, the overall task did not produce the expected effects. The 

predicted effects were limited to block one of the task. Specifically, findings from block one 

revealed adults were faster at responding to congruent compared to incongruent trials, in 

accordance with our predictions. Second, the paradigm produced a significant effect of 

emotion on RTs. Participants were slower at responding to trials preceded by angry compared 

to happy voices. Finally, the analyses from all three experiments did not demonstrate the 

predicted interaction effects between emotion and congruency.   

The finding of faster RTs to congruent compared to incongruent trials in block one of 

the task is important because it demonstrates that the present spatial cueing paradigm 

produces robust congruency effect in accordance with previous studies (Spence & Driver, 

1997; Brosch et al., 2008). Since there were no predictive elements of the auditory stimuli 

(i.e., vocal emotions) in the present paradigm, the presence of congruency effects on RTs are 

thought to reflect the automatic attentional capture of irrelevant auditory stimuli, which 

facilitate performance (Spence & Driver, 1997). This is consistent with theories which suggest 

the auditory attentional systems prioritises task irrelevant auditory stimuli, to enable us to 

respond quickly to events outside of our visual field (Murphy et al., 2017). Since the finding 

of a congruency effects on RTs is consistent with a wide body of literature employing varied 
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spatial cueing paradigms with emotional and neutral auditory stimuli, this finding 

corroborates the validity of the task as a spatial cueing paradigm.  

The finding that adults were slower to respond to trials preceded by angry vocal cues 

contrasts with previous findings from studies employing dot-probe paradigms (e.g., Brosch et 

al., 2008). Previous research has shown that spatially congruent angry vocal cues result in 

faster response times to trials preceded by angry compared neutral voices, thus suggesting 

that angry vocal cues capture and facilitate VSA in dot-probe paradigms (Brosch et al., 2008). 

The contrasting findings between the present ESC paradigm and the dot-probe paradigm 

employed by Brosch et al (2008) may be due to differences in the task design. Specifically, the 

present ESC paradigm differed from the dot-probe paradigm used by Brosch and colleagues 

(2008) in that only one vocal cueing stimulus was presented unilaterally, rather than two 

competitive vocal cueing stimuli presented bimodally in the dot-probe paradigm (Brosch et 

al.,2008). This is important as different mechanisms may underlie the emotion effects in the 

two paradigms. For example, within the dot-probe paradigm, neutral and angry vocal cues 

competed for attention, and vocal anger was thought to facilitate RTs due to a bias in 

attention towards the angry over the neutral vocal cue, possibly due to vocal anger being 

perceived as more salient than the neutral voice (Brosch et al., 2008). However, within the 

present paradigm there was no competition for attention when only one irrelevant vocal cue 

stimulus was presented at a time unilaterally.  

Taking these design differences in consideration, it is possible that within the present 

ESC paradigm, angry vocal cues were still perceived with more salience and captured 

attention, however rather than competing for and thus facilitating RTs, the perceived salience 

had an alternative overall distracting effect on RTs. This explanation aligns with previous 
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research employing slightly different paradigms to explore the effect of vocal emotion on 

attentional mechanisms. For example, the hindering effects of irrelevant vocal anger have 

been reported in auditory distraction (Kattner & Ellermeier, 2018; Kattner, 2023) and dichotic 

listening (Peschard et al., 2017; Sander et al., 2005) tasks. Similarly, in paradigms which 

incorporate other types of negative stimuli, such as aversive or threatening visual stimuli, 

those stimuli have been found to slow down RTs when these stimuli are irrelevant to task 

demands (Hart et al., 2010; Melcher et al., 2011). For example, Hart et al (2010) employed a 

Stroop-like paradigm, in which participants were required to indicate how many visual digits 

were presented in an array of congruent (e.g., four digits in an array of the number 4’s) or 

incongruent (e.g., three digits in an array of the number 4’s) trials. Each trial was preceded by 

an irrelevant picture depicting either aversive or neutral content. Results showed participants 

displayed slower RTs in incongruent trials when they were primed by aversive compared to 

neutral stimuli (Hart et al., 2010). Theoretically, it is thought that negative or threatening 

stimuli may hinder cognitive performance due to holding limited attentional resources, and 

therefore creating a difficulty to engage on the task-relevant stimulus (Hughes, 2014). 

Therefore, within the present ESC task, it is possible that vocal anger initially captured VSA, 

but then maintained attention, creating a difficulty for participants to engage attention on 

the visual target, resulting in slower RTs.  

The finding of no significant interaction effects between emotion and congruency is 

surprising. There are several possible reasons for this. First, it is possible that as the task was 

optimised for ERP analyses, it was not sufficiently sensitive on a behavioural level to reveal 

interaction effects. Second, it is possible that the lack of an interaction effect is a true null 

finding, perhaps caused by the emotion, specially anger, within the voice having an 
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overarching distracting effect on performance overall. The Additive Factors Model (AFM) can 

be applied in this context to help explain the presence of main effects (i.e., congruency and 

emotion), but a lack of an interaction effect on RTs. The AFM focuses on how quickly 

participants make RTs when errors are rare and there are two or more factors (Sternberg, 

1998), as in the present ESC paradigm. The AFM model suggests that combination of main 

effects, but not interaction effects, produces an additive effect on RTs. This suggests that the 

mental process in the ESC paradigm can be split into two stages, in that emotion influences 

one stage of attention allocation, and congruency influences a different stage in attention 

allocation. Moreover, the lack of an interaction effect suggests that emotion and congruency 

influence no stage in common. This is consistent with the idea that congruency appears to 

have a facilitating effect on performance, whereas emotion appears to have a distracting 

effect on performance in the present ESC paradigm. This is also consistent with theories of 

perception and attention which suggest there are separate mechanisms for processing 

emotional and non-emotional perceptual and attentional features of stimuli, and both can 

occur in parallel, to produce additive effects on responses (Pourtois et al., 2013). Further 

exploration of the underlying mechanisms relating to potential additive effects of congruency 

and emotion at specific stages in processing with the ESC paradigm can be more thoroughly 

investigated with ERP techniques. As reviewed on page 129, the cue-P2, has been thought to 

reflect the preattentive processing of vocal emotion prior to attentional capture, next the 

Target-P1 is considered as an index of the automatic capture of VSA by vocal cues, and finally 

the Target-P3 has been argued to reflect the effect of vocal emotion on later attention 

allocation mechanisms when responding to relevant target stimuli. Therefore, Experiment 

Four aimed to validate the ESC paradigm at producing the expected congruency and emotion 

effects on these ERP components, consistent with previous literature (see page 129). 
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It is important to note that the significant findings relating to effects of congruency 

and emotion on RTs in Experiment Three were limited to the first block of the task. This 

possibly suggests effects of habituation as noted by Brosch et al (2008), who similarly only 

reported significant effects on RTs within the first two blocks of the paradigm, and not the 

third block. Similar habituation effects have been reported in ERP studies which found that 

emotion effects on the N1 component were only evident within the first half (180 trials) of a 

VER task in healthy 6-11-year-old children (Chronaki et al., 2015). Despite this, other studies 

employing emotional auditory stimuli in spatial cueing paradigms did not report habituation 

effects in adults when including a larger number of total trials (e.g., 600; Zimmer et al., 2022; 

360; Wang et al., 2022). Moreover, Spence & Driver (1997) reported overall congruency 

effects in a spatial cueing paradigm with eight blocks of trials. It is noteworthy that when data 

from all 24 adult participants was combined in Experiment Three, both effects of emotion and 

congruency were close to significance in the overall task. Therefore, it is possible that effects 

were only significant in block one of the present pilot study due to the small size of the adult 

sample or due the behavioural characteristics (e.g., age, IQ) of the adult sample, which were 

not noted due to the preliminary nature of the pilot experiments. Experiment Four aimed to 

measure behavioural (i.e., age, IQ, gender, hyperacuity) and psychopathology characteristics 

(i.e.., hyperactivity, inattention, depressive symptoms) of adult participants. These 

characteristics may influence effects of emotion and congruency on RTs and ERPs, In addition 

these measures were added for consistency with a later ERP study with adolescent 

participants. See Chapter Five for the rationale of the inclusion of these measures. Moreover, 

a full sample of 25 participants were recruited in the next experiment to more thoroughly 

validate the final version of the ESC paradigm.  



 

170 
 

In conclusion, three pilot experiments were conducted to inform the design of the 

ESC. The ESC was optimised and validated behaviourally in a sample of 24 adults with two 

slightly different versions of the paradigm. Based on the results from Experiment Three, the 

ESC paradigm demonstrated high validity, at least in the first block of the task, for 

implementation in ERP studies. First, this paradigm produced the expected congruency 

effects in the first block of the task, indicating that irrelevant spatially located vocal cues 

captured VSA and facilitated performance, consistent with previous studies employing spatial 

cueing paradigms (Spence & Driver, 1997). Second, when making small adaptations to the 

paradigm, additional emotion effects on RT scores were evident in the first block of the task 

(see Experiment Two). However, it is not clear whether these emotion effects specifically 

reflect the capture of VSA. The next experiment employed ERP techniques, with the aim to 

elucidate the underlying cognitive mechanisms of emotion effects on VSA.  
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4.7 Experiment Four 

Results  

Initial RT Data Treatment. Kolmogrov Smirnoff tests indicated that all RT variables were 

normally distributed (Angry Congruent: D=0.12, p=.200, Angry Incongruent: D=0.08, p=.200, 

Happy Congruent: D=0.14, p=.200, Happy Incongruent: D=0.14, p=.197, Neutral Congruent: 

D=0.13, p=.200, Neutral Incongruent: D=0.13, p-.200). Pearsons’ correlations revealed no 

significant correlations between behavioural (IQ, hyperacuity, age) and RTs (r values from -

.20 to .24). In addition, no significant correlations were reported between psychopathology10 

(depressive symptoms, inattentive and hyperactive symptoms) characteristics and RT scores 

(r values from -.20 to .24). Therefore, no behavioural or psychopathology characteristics were 

added as covariates in subsequent analyses. 

RT Main Analyses. Table 4.4 shows descriptive statistics of RTs for correct responses 

to the visual target by congruency and emotion conditions. A 2 x 3 repeated measures ANOVA 

was conducted to explore the effect of emotion and congruency on mean RTs. The results 

showed a significant main effect of congruency (F (1,24) = 5.56, p = .027) and a main effect of 

emotion (F (1,24) = 4.42, p =.017) on RTs. Consistent with our predictions and findings from 

the previous pilot experiments, participants were faster to respond to congruent compared 

to incongruent trials. This effect was demonstrated within the whole task (blocks 1-3), rather 

 

10 Note, because the aim of the present study was to validate the paradigm at a neural level, more detailed 

supplementary analyses relating to how psychopathology affected RTs and ERPs to cue, and target are presented 

in Appendix H, when conducting additional analyses comparing adult and adolescent data. 
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than just block one (as reported in Experiment Three). Two post hoc t-tests revealed adults 

were slower to respond to trials preceded by an angry compared to a happy (t (24) = 2.94, 

p=.004) or neutral (t (24) =2.28, p=.016) voice, in accordance with results from Experiment 

Three. The alpha value was adjusted to p=.025 to control for multiple comparisons. In line 

with findings from Experiment Three, there was no significant congruency by emotion 

interaction effect on RT scores (F (2,48) = 0.52, p=.595). Figure 4.5 presents a bar graph 

showing RTs for the emotion and congruency conditions. 

Table 4.4 

Means (SD) RTs to Targets Preceded by Vocal Cues in Emotion (Angry, Happy, Neutral) and 

Congruency (Congruent, Incongruent) Conditions in Adults (n=25) in Experiment Four 

  

  Congruent  Incongruent  Total  

Angry  327 (51)  331 (50)  329 (9.88)  

Happy  320 (47)  326 (49)  323 (9.49)  

Neutral  321 (52)  328 (49)  324 (10.11)  

Total  323 (9.93)  328 (9.70)   
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Figure 4.5 

Bar Graph Showing Mean RTs (in ms) to Targets Differing by Emotion (Angry, Happy, And 

Neutral) and Congruency (Congruent And Incongruent) Conditions in Adults (n=25) in 

Experiment Four. 

Initial ERP Data Treatment. Kolmogorov-Smirnov tests indicated that all ERP data for 

the Vocal Cue and Visual Target were normally distributed for all emotion and congruency 

conditions (ps >.05; See Table E.1 in Appendix E for complete statistics), apart from the Target-

P3 in angry incongruent conditions (d=0.21, p=.005). Pearsons’ correlations revealed no 

significant correlations between behavioural (IQ, hyperacuity, age) and ERP amplitudes for 
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components P2, P1, and P3 (r values from -.20 to .24). In addition, no significant correlations 

between psychopathology (depressive symptoms, inattentive and hyperactive symptoms) 

and ERP amplitudes were found (r values from -.20 to .24). Therefore, no behavioural or 

psychopathology measures were added as covariates in the ERP analyses. 

ERP Main Analyses 

Vocal Cue-P2. In accordance with our predictions, a one-way repeated measures 

ANOVA revealed a main effect of emotion on P2 amplitudes (F (2,48) = 19.12, p<.001). 

Specifically, adults presented with larger P2 amplitudes to happy and angry compared to 

neutral voices (neutral and happy: MD = 1.22, p<.001; neutral and angry: MD = -0.78, p=.005). 

These results suggest that within the ESC paradigm, the P2 component may reflect the 

preattentive processing of vocal emotion in adults. Figure 4.6 presents the grand averages of 

the P2 component to the vocal cue. Table E.2 in Appendix E presents the mean P2 amplitude 

values for angry, happy and neutral vocal expressions. 

  



 

175 
 

 

Figure 4.6 

Grand Average of the Frontocentral P2 Component (130 – 250 ms) to Angry, Happy and 

Neutral Vocal Expressions in Adults (n=25). Scale Is -5 To + 5 Μv. 
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Target-P1. In contrast with our predictions, a 2 x 3 repeated measures ANOVA revealed 

no main effects of congruency (F (1,24) =0.60, p=.446) or emotion (F (2,48) = 2.75, p=.074) on 

Target-P1 amplitudes. In addition, there was no significant interaction effect between 

emotion and congruency on P1 amplitudes (F (2,48) = 0.61, p=.941). Figure 4.7 presents the 

grand averages of the P1 to visual target in congruent and emotion conditions. As a secondary 

analysis, a 2 (congruency) x 3(emotion) x 2(target hemifield) repeated measures ANOVA was 

conducted to explore if congruency effects on the Target-P1 amplitude were evident when 

the target was presented to the left hemisphere, as reported by Brosch et al (2009). Results 

revealed there was no significant main effect of target hemifield on P1 amplitudes (F (1,24) 

=1.85, p=.186). Additionally, there was no significant hemifield x congruency interaction 

effects on the Target-P1 (F (1,24) =1.01, p=.326). In addition, there was no significant 

hemifield x emotion interaction (F (2,48) =1.55, p=.224), or congruency x emotion x hemifield 

interaction effect on P1 amplitudes (F (2,48) =0.50, p=.612). Table E.3 in Appendix E presents 

the mean P1 amplitudes time-locked to the visual target for all emotion and congruency 

conditions. 
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Figure 4.7 

Grand Averages Showing the Parietal Occipital P1 Component (100-170ms) to the Target Differing 

by a) Emotion (Angry, Happy, Neutral) and b) Congruency (Congruent, Incongruent) Conditions in 

Adults (n=25). Scale is -4 to + 4 μV.  

 

 

a) 

b) 
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Target-P3. Table E.4 in Appendix E presents the mean P3 amplitudes time-locked to 

the visual target for all emotion and congruency conditions when presented in the left and 

right hemifield. First, a 2 (congruency) x 3 (emotion) repeated measures ANOVA was 

conducted. Results revealed no main effect of emotion (F (2,48) =0.08, p=.920) or 

congruency (F (1,24) = 0.49, p=.488) on the Target-P3 amplitude. Additionally, there was no 

congruency x emotion interaction effect on the Target-P3 amplitude (F (2,48) = 0.82, 

p=.449). Next, to explore effects of laterality on the Target-P3 amplitude, a 2 (congruency) x 

3 (emotion) x 2 (hemifield) repeated measures ANOVA was conducted. There was no main 

effect of congruency (F (1,24) =0.04, p=.846), emotion (F (2,48) =0.43, p=.656) or hemifield 

(F (1,24) =0.22, p=.644) on the Target-P3 amplitude. However, results revealed a significant 

interaction effect between congruency and hemifield (F (1,24) =11.23, p=.003). Post hoc 

tests (Bonferroni corrected) revealed that when targets were presented in the right visual 

field, participants displayed a marginally significant larger P3 to incongruent compared to 

congruent trials (MD=0.47, p=.050). Figure 4.8 presents the grand averages of the P3 to 

visual target by congruency and emotion in the right and left visual field. Finally, there was 

no significant hemifield by congruency interaction effects on the Target-P3 amplitude (F 

(2,48) =0.12, p=.898). There was no significant congruency by emotion by hemifield 

interaction effect on the Target-P3 amplitude (F (2,48) =0.87, p=.424).  
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a) 

b) 

Figure 4.8 

Grand Averages of the Parietal P3 Component (290-450ms) in Response to the Visual Target 

Following Congruent and Incongruent Trials when the Target was Presented in the a) Right 

Visual Field and b) Left Visual Field in Adults (n=25). Scale is -3 to + 3 μV. 

a) 

b) 
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4.8 Discussion  

Experiment Four adds to the findings from Experiments One to Three to provide 

robust evidence that the ESC paradigm is effective at producing reliable additive, rather than 

interactive, congruency and emotion effects on RTs in adults. Second, Experiment Four 

validated the ESC paradigm on a neural level. Specifically, results demonstrated the ESC 

paradigm is a valid measure of the preattentive processing of vocal emotion, as reflected by 

larger P2 amplitude to irrelevant emotional (i.e., angry and happy) compared to neutral 

voices, meeting the first objective of the study. However, it is unclear whether the ESC 

paradigm is a valid measure of downstream effects of the involuntary capture of attention by 

vocal emotion on a neural level, as the expected effects of emotion and congruency on the 

Target-P1 and Target-P3 components were not evident in adults. 

First, the present results replicated the congruency and emotion effects on RTs 

reported in the pilot experiments (1-3). The presence of these main effects, and the lack of 

emotion by congruency interaction effects suggests that within the present paradigm, 

emotion and congruency have additive rather than interactive effects on reaction times. 

Importantly these effects were not limited to the first block of the task, thus strengthening 

the findings reported in Experiment Three. Specifically, participants were faster to respond to 

congruent compared to incongruent trials. The congruency effect on RTs is a robust finding, 

consistent with findings from previous cueing paradigms (Spence & Driver, 1997; McDonald 

et al., 2000; Mazza et al., 2007). The congruency effect on RTs is therefore thought to reflect 

the involuntary capture of VSA by irrelevant spatially located vocal cues (Spence & Driver, 

1997). This pattern of results is in accordance with theories suggesting irrelevant auditory 

stimuli are prioritised in our attentional systems (Murphy et al., 2017). Additionally, the main 
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effect of emotion on RTs indicated that participants were slower to respond to trials preceded 

by angry compared to happy and neutral vocal cues. This replicates findings from Experiment 

Three. Interestingly, in Experiment Four effects were not limited to the first block of the task. 

This finding is consistent with studies employing auditory distraction or dichotic listening 

paradigms which similarly reported a distracting effect of task-irrelevant vocal anger on 

performance, as demonstrated by slower reaction times (Peschard et al., 2017; Sander et al., 

2005) and poorer recall of words (Kattner & Ellermeier (2018) in healthy adults. Within the 

ESC paradigm, the distracting effect of vocal anger on RTs probably reflects the involuntary 

capture of attention by vocal anger, resulting in later difficulties to disengage from the 

emotional stimulus, and engage in a task-relevant visual target, as suggested previously 

(Koser et al., 2004; Rooijen, Ploeger & Kret, 2017). This finding is in accordance with theories 

which suggest task-irrelevant negative or threatening stimuli may hinder performance by 

capturing and holding limited attentional resources (Huges, 2014). The next study aims to 

examine whether this is also the case in younger (adolescent) participants (see page 186). 

Second, the present study extends existing literature by validating the ESC paradigm 

at a neural level.  The present study isolated the P2 component as a neural marker of the 

preattentive processing of vocal emotion in adults in accordance with our predictions. 

Specifically, adults displayed a larger P2 amplitude to irrelevant angry and happy compared 

to neutral voices. This is in accordance with previous studies employing preattentive 

paradigms which similarly reported an emotion effect on the P2 amplitude to irrelevant vocal 

cues (Lin et al., 2022; Gadeke et al., 2013). Results from the present study support the model 

of vocal emotion processing proposed by Schirmer & Kotz (2006). This model suggests the P2 

reflects a preattentive stage of processing vocal emotion, when the emotional significance of 
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the voice is processed (i.e., via the STS and amygdala) prior to the capture of attention (see 

Figure 1.3, page 41; Schirmer & Kotz, 2006). This suggests adults preattentively perceive 

happy and angry voices with greater salience than neutral voices. The effect of emotion on 

the P2 is robust in the present study, and consistent with the literature. This finding 

corroborates the validity of the ESC paradigm in measuring the preattentive processing of 

vocal emotion in adults. This is an important finding, since the main aim of the thesis is to 

disentangle preattentive vocal emotion processing, from attentive processing in adolescents 

with traits of ADHD. The next study (Chapter Five) aims to explore whether the P2 is also a 

neural marker of preattentive vocal emotion processing in adolescents.  

It is surprising that the present study did not reveal any significant effects of emotion 

and congruency on the Target-P1 component, thought to reflect the involuntary capture of 

VSA by irrelevant auditory cues, as reported in previous spatial cueing paradigms (Störmer et 

al., 2009). This contrasts with results from previous research employing a dot-probe 

paradigm, which reported a larger P1 amplitude in response to targets preceded by spatially 

congruent angry vocal cues (Brosch et al., 2009). Based on theory suggesting the P1 amplitude 

is enhanced when a visual stimulus appears in an already attended location in healthy adults 

(Luck et al., 2000; Mangun et al., 1998), the lack of congruency and emotion effects on the P1 

amplitude in present study may suggest the vocal cue did not effectively influence early VSA 

to the target within the ESC paradigm. Alternatively, it is possible that the capture of VSA by 

the vocal cues occurred earlier than the onset of the visual target within the ESC paradigm. 

Supporting this, a previous study which employed a spatial cueing paradigm to explore the 

stages of visual processing of a target modulated by the involuntary orienting of attention to 

an auditory stimulus similarly did not report effects of congruency on the P1 component in 
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response to the target (McDonald & Ward, 2000). In their study, McDonald and Ward (2000) 

similarly suggested that the lack of congruency effects on the P1 amplitude may have been 

due to the capture of VSA by the auditory cue occurring after the initial sensory processing of 

the target due to incorporating an auditory stimulus short in duration (70ms) and a short SOA 

(100-300ms). In the present study, a longer SOA (750ms) was incorporated in the ESC 

paradigm, which raises the possibility that the rapid capture of attention by the auditory cue 

occurred prior to the initial sensory processing of the target. Since 750ms in the present study 

was the shortest possible SOA, necessary to incorporate the duration of the vocal emotional 

stimuli (700ms) and a 50ms baseline prior to the visual target, it was not deemed suitable to 

make any modifications to the SOA included in the ESC paradigm.  

An alternative explanation for the lack of congruency or emotion effects on the P1 

could be related to insufficient statistical power within the present study, resulting in a small 

P1 component to the visual target. This is plausible, as the overall P1 effects observed were 

small (0.46µV average amplitude) compared to those reported in other studies (e.g., 3µV 

amplitude; Brosch et al., 2009). Since design features relating to the visual target (i.e., size, 

colour, duration) were consistent with those in previous spatial cueing paradigms with adults 

(Brosch et al., 2009) and children (Perchet et al., 2007), it is possible that a larger number of 

trials (i.e., 400-600) are necessary to produce a more reliable P1 response in the ESC 

paradigm, as recommended by Luck (2005). However, because the next study aimed to recruit 

adolescents with traits of inattention and hyperactivity, it was not deemed appropriate to 

increase task length due to potential difficulties participants with inattention and 

hyperactivity may have in sustaining attention on the task. Moreover, considering that both 

the present study (i.e., Experiment 3) and previous studies (i.e., Brosch et al., 2009) report 
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habituation effects on the P1 component and RTs increasing the number of trials might 

increase the strength of these effects. An alternative approach to increase the power to reach 

significant effects of congruency and emotion on the P1 component is to increase the sample 

size. Therefore, potential effects of congruency and emotion on the P1 amplitude to the visual 

target in the ESC paradigm are explored in more detail in Chapter Five, which recruited a 

larger number (60) of adolescent participants (See page 237). 

Finally, the present study did not report any significant effects of emotion on the P3 

component. This finding contrasts with our predictions and previous studies, which reported 

a larger P3 component in response to targets preceded by emotional auditory stimuli 

compared to neutral stimuli. These previous findings have been interpreted as reflecting a 

mechanism of later maintenance of attention on the spatial location of the irrelevant 

emotional stimuli, stemming from the early capture of attention by irrelevant emotional 

stimuli (Li et al., 2018; Wang et al., 2022). Interestingly, however, the present study did reveal 

that the P3 was larger in incongruent compared to congruent trials, but only when the visual 

target was presented in the right visual field. These results provide partial evidence for a 

congruency effect on the later P3 component. This finding is consistent with previous research 

which reported a similar effect in an emotional spatial cueing paradigm, where the P3 

component was thought to reflect the recruitment of additional attentional resources to 

disengage attention from spatial location of the prior cueing stimulus and engage on the 

relevant visual target (Wang et al., 2022). Overall, the finding of congruency effects on the P3 

further highlights the validity of the ESC paradigm, at producing the expected target related 

effects, consistent with the reaction time data. Moreover, this pattern of findings highlights 

the importance of further exploring emotion and congruency effects on the later P3 
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components in the subsequent study with adolescents with varying levels of ADHD traits, as 

it is possible that the P3 component is a more sensitive measure than the early P1 component 

at capturing the effects of congruency and emotion on attention mechanisms during target 

processing within the ESC paradigm. The next study which recruits a larger number of 

adolescent participants will further explore this possibility.  

In summary, based on behavioural and ERP results from adult participants, the present 

study provides evidence that the ESC paradigm is a valid measure of the preattentive 

processing of vocal emotion at a neural level, as demonstrated by a larger P2 response to 

emotional compared to neutral voices. This is an important finding and in accordance with 

our first objective when developing the ESC paradigm. Second, the presence study provides 

evidence that the ESC paradigm is a valid measure of the involuntary capture of VSA by 

irrelevant vocal emotion at a behavioural level, as demonstrated by the presence of a 

congruency effect on RTs, and a distracting effect of vocal anger on RTs. It is unclear from the 

present ERP findings whether the ESC paradigm can isolate electrophysiological correlates 

(e.g., P1) of the effects of vocal emotion on early visual attentional mechanisms during target 

processing stages. However, the present study provided some initial evidence that the P3 

component captures effects of congruency on the later attentional mechanisms underlying 

target processing, and thus may be a more sensitive neural measure of emotion and 

congruency effects on attention allocation to a target. The next chapter presents the 

experimental work which employed the present ESC paradigm to primarily explore the 

preattentive processing of vocal emotion, and its effect on visual spatial attention in 

adolescents with varying levels of ADHD traits.  
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5 THE EFFECT OF VOCAL EMOTION ON VISUAL SPATIAL 

ATTENTION IN ADOLESCENTS WITH ADHD TRAITS: A 

BEHAVIOURAL AND ERP STUDY  

5.1 Chapter Overview 

This chapter presents a behavioural and ERP study which employs the ESC paradigm, 

designed and validated in adults in Chapter Four. The present study aims to investigate a) 

whether adolescents with ADHD traits present with a preattentive hypersensitivity to vocal 

emotion (e.g. anger, happiness), and b) the effect of vocal emotion on the allocation of 

attention during target processing in adolescents with ADHD traits. Sixty-three adolescents 

with varying levels of inattention and hyperactivity were recruited from the community in the 

present study. Three types of analyses were employed. The first analysis aimed to isolate a 

neural marker of preattentive vocal emotion processing (reflected by the Cue-P2) in 

adolescents. In addition, the first analysis explored the involuntary capture of VSA by vocal 

emotion, by measuring the effects of emotion on the early visual processing of the target 

(reflected by the Target-P1) and the later attentional allocation to the target (reflected by the 

Target-P3) within the whole sample of adolescents. Second, correlational analyses explored 

associations between a) ADHD traits and preattentive vocal emotion processing, and b) ADHD 

traits and attentional allocation during target processing. Finally, analysis of a subset of 

participants with extreme (high vs low) ADHD traits was performed to more thoroughly 

examine the effects found in the correlational analyses. Results from present study revealed 

a larger P2 amplitude to angry and happy compared to neutral voices in adolescents with high 

compared to low traits of inattention and hyperactivity. This builds on studies employing 
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explicit VER paradigms, suggesting a hyper-orientation towards vocal anger in children with 

ADHD (Chronaki et al., 2015), by more conclusively providing evidence for emotion-specific 

atypicalities during the preattentive processing of vocal emotion in ADHD. Findings of the 

present study support socio-cognitive (Lemerise & Arsenio, 2000) and motivational 

dysfunction theories of ADHD (Sonuga-Barke, 2005, 2012) and have important implications 

for clinical practice.  

5.2 Introduction 

High levels of inattention and hyperactivity are present in up to 23% of children and 

adolescents who do not meet the threshold for an ADHD diagnosis, but present with similar 

difficulties as those with a clinical diagnosis (Balázs & Keresztény, 2014; McLennan, 2016). 

This is consistent with dimensional approaches to ADHD (Sonuga-Barke., 2023). Individuals 

with high levels of ADHD traits often present with emotional difficulties, such as emotion 

dysregulation (i.e., problems with recognising, attending and regulating emotions; Shaw et 

al., 2014; Faraone et al., 2019), as well as comorbidities such as depression (Park & Chang, 

2022) and conduct problems, including irritability and anger problems (Gustafsson et al., 

2018; Taylor et al., 1996). Experimental research has confirmed that ADHD is linked with 

difficulties in recognising emotions (e.g., anger, happiness, sadness, fear and disgust) in vocal 

emotion recognition (VER) tasks, consistent with our meta-analysis in Chapter Two (Sells et 

al., 2023). However, it is debated whether VER difficulties in ADHD reflect generic attention 

deficits, in support of executive function (EF) theories (Barkley, 1997) or atypicalities in 

perceptual emotion processes in support of motivational dysfunction (Sonuga-Barke, 2005, 

2012) and socio-cognitive theories of ADHD (Lemerise & Arsenio, 2000). 
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To contribute to the theoretical debate surrounding the underlying neurocognitive 

atypicalities of vocal emotion difficulties in ADHD, previous research has relied on studies 

employing explicit vocal emotion processing tasks. For example, behavioural studies report 

individuals with ADHD display generic attention difficulties during vocal emotion processing 

in support of EF theories (Sells et al., 2023), whilst neuro-imaging research reports anger-

specific atypicalities during vocal emotion processing (Kochel et al., 2015; Chronaki et al., 

2015), in support of perceptual processing theories, such as the socio-cognitive models 

(Lemerise & Arsenio, 2000) and motivational dysfunction theories (Sonuga-Barke, 2012). For 

example, Kochel et al (2015) conducted a near-infrared spectroscopy study with children 

(aged 10 years) with and without ADHD who completed a vocal emotion recognition task. 

Findings showed that during the processing of vocal anger, boys with ADHD presented with 

reduced activation of the right STG, thought to reflect atypicalities in attention allocation to 

emotionally relevant stimuli in explicit VER tasks (Kochel et al., 2015). Additionally, ERP 

research reported children with ADHD present with an enhanced N1 to vocal anger when 

completing an explicit emotion recognition task, leading the authors to hypothesise that the 

N1 may be a marker for an automatic hyper-orientation to vocal threat in ADHD (Chronaki et 

al., 2015). This is consistent with findings from the facial emotion processing literature, which 

show that when fearful faces are presented subliminally (i.e., for 30ms) followed by a neutral 

expression for 470ms, adolescents (aged 12-14 years) with ADHD showed greater amygdala 

activation to fearful faces compared to healthy controls (Posner et al., 2012). In summary, 

neuro-imaging results from studies employing explicit VER paradigms provide some initial 

evidence for an automatic hyper-orientation to threat-related (e.g., vocal anger) stimuli in 

ADHD (Chronaki et al., 2015; Kochel et al., 2015). 
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In contrast to the hypothesis of a hyper-orientation to specifically threat-related 

stimuli in ADHD, there has been some research which suggests adolescents with ADHD 

present with attention allocation atypicalities in both positive and negative emotionally 

salient contexts (Chronaki et al., 2017). For instance, in an ERP study, adolescents (aged 10-

16) took part in a Monetary Incentive Delay task, in which participants were instructed to 

respond to a visual target stimulus as fast as they could. A cueing stimulus indicated whether 

the speed of participants’ responses resulted in monetary gains (i.e., positive reinforcement) 

or losses (i.e., negative reinforcement; Chronaki et al., 2017). Results demonstrated that 

adolescents with ADHD presented with enhanced P3 and CNV amplitudes, thought to reflect 

attention allocation and response preparation to the visual target, in both positive and 

negative reinforcement conditions (Chronaki et al., 2017). This provides some evidence that 

both negative and positive motivationally salient cueing stimuli enhances attention allocation 

to a target stimulus in adolescents with ADHD. This is consistent with motivational-

dysfunction theories, such as the delay-aversion hypothesis, which argue atypicalities in 

perceptual processing of emotions may lead to behaviours associated with seeking out 

immediate rewards, rather than experiencing negative emotion associated with waiting for a 

delayed outcome (Sonuga-Barke, 2005, 2012). However, as of yet, no studies have reported 

a hyper-orientation to positive vocal emotion (e.g., happy voices) in ADHD, as demonstrated 

for threat-related (angry voices) expressions (Chronaki et al., 2015).  Moreover, it is not 

known from studies employing explicit paradigms (e.g., VER or MID tasks) whether 

enhancements in attention allocation in emotionally salient contexts (both negative and 

positive) stem from atypicalities in preattentive or attentive emotion processing. Exploring 

the preattentive processing of vocal emotion in ADHD is necessary to understand more 

conclusively if there are atypicalities in the perceptual stage of emotion processing, 
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independently from later attentional processing stages in ADHD, as proposed by socio-

cognitive (Lemerise & Arsenio, 2000) and motivational-dysfunction theories (Sonuga-Barke, 

2005, 2012).  

To investigate atypicalities in the involuntary capture of preattentively processed 

vocal emotion in ADHD, a behavioural study explored the effect of irrelevant vocal emotion 

on attentional mechanisms in ADHD using a cross-modal oddball paradigm (Chronaki & 

Marsh, 2024). Within this study, a community sample of 93 children (aged 7-10 years), 51 

adolescents (aged 11-15 years) and 50 adults (aged 18-48 years) indicated the colour of 

stepping-stones on a screen, whilst ignoring irrelevant emotional (angry, happy) and neutral 

voices (Chronaki & Marsh, 2024). The results demonstrated that children who displayed 

higher levels of hyperactivity, as measured by the Strengths and Difficulties Questionnaire 

(SDQ), were slower to respond to visual targets (i.e. stepping-stones) preceded by irrelevant 

angry vocal cues. This study provided evidence for a threat-specific involuntary capture of 

attention by preattentively processed vocal emotion in ADHD, resulting in a distracting effect 

on task performance (Chronaki & Marsh, 2024). Therefore, this study provided support that 

a hyper-orientation to threat-related stimuli in ADHD may stem from atypicalities in 

preattentive processing of negative expressions, such as vocal anger. However, no studies so 

far have provided direct evidence for specific preattentive atypicalities in vocal emotion 

processing prior to attentional capture.  

To disentangle the preattentive processing of vocal emotion, from the involuntary 

capture of attention in preattentive paradigms, electrophysiological techniques can be used 

due to their high temporal resolution. The present thesis validated an ESC paradigm to 

measure the preattentive and attentive processing of vocal emotion with electrophysiological 



 

191 
 

techniques in healthy adults in Chapter Four. Within the ESC paradigm irrelevant angry, happy 

and neutral vocal cues are presented in the left or right ear prior to a spatially congruent or 

incongruent visual target. Participants are asked to ignore the vocal emotion and indicate the 

location of the visual target. The study presented in Chapter Four provided evidence that the 

ESC paradigm is a valid measure of the preattentive processing of vocal emotion in adults, as 

reflected by a larger frontocentral P2 response (130-250ms) to emotional compared to 

neutral voices. Second, Chapter Four demonstrated that the ESC paradigm is a valid measure 

of the involuntary capture of attention by vocal emotion as reflected by slower responses to 

targets preceded by angry compared to neutral voices. This was thought to reflect a threat-

specific involuntary capture of attention by vocal emotion in adults, resulting in a distracting 

effect on task performance consistent with findings from dichotic listening paradigms and 

auditory distraction paradigms in adults (Peschard et al., 2017; Sander et al., 2005; Kattner & 

Ellermeier, 2018 – see Chapter Four for a more detailed discussion of these studies).   

Chapter Four also presented evidence for the effectiveness of the ESC paradigm at 

measuring the involuntary capture of attention by vocal emotion on a neural level in healthy 

adults. For instance, adults presented with a larger parietal P3 response (290-450ms) to 

targets preceded by spatially incongruent compared to congruent vocal cues when targets 

were presented in the right visual field. A larger Target-P3 response to incongruent compared 

to congruent trials within spatial cueing paradigm is thought to reflect the use of greater 

cognitive resources to engage attention on the relevant target, due to the involuntary capture 

of attention by the irrelevant cueing stimuli (Wang et al., 2022). In addition, a larger P3 

amplitude to targets preceded by congruently located positive compared to neutral irrelevant 

cues has similarly been suggested to reflect the greater use of attentional resources recruited 



 

192 
 

to maintain attention on the location of the irrelevant auditory emotional cueing stimulus 

(Wang et al., 2022). Stronger evidence for the involuntary capture of vocal emotion in the ESC 

paradigm would derive from observing a larger parietal-occipital Target-P1 (100-170ms) 

component to targets preceded by spatially congruent emotional (happy and angry) voices 

compared to spatially congruent neutral voices. The P1 component reflects the early visual 

processing of the target stimuli (Hillyard et al., 1998). A larger P1 to targets preceded by 

spatially congruent vocal anger has been evidenced to specifically reflect the rapid capture of 

visual spatial attention by threat-related stimuli in previous dot-probe and spatial cueing 

paradigms in healthy adults (Brosch et al., 2009; Zimmer et al., 2022 – see Chapter Four for a 

more detailed discussion of this literature). Thus far, no studies have employed a similar ESC 

paradigm to isolate the neural markers of preattentive (i.e., the Cue-P2) and attentive (i.e., 

the Target-P1 and P3) vocal emotion processing in adolescents. This is necessary prior to 

exploring atypicalities in the components reflecting preattentive and attentive vocal emotion 

processing in adolescents with high levels of inattention and hyperactivity.  

A separate body of literature has provided evidence for atypicalities in the P2 

component to non-emotional auditory stimuli in ADHD, in both preattentive (Lazzaro et al., 

2001) and attentive (Barry et al., 2009; Oades et al, 1997) contexts. For example, adolescents 

with ADHD (aged 11-17 years) presented with a larger P2 amplitude at midline electrodes (Fz, 

Cz, Pz) to irrelevant background auditory tones (50ms, 1000Hz, 60dB) as well as target 

auditory tones (50ms, 1500Hz, 60dB; Lazzaro et al., 2001). The finding that the P2 was larger 

to irrelevant auditory stimuli may suggest that the P2 reflects a preattentive sensory 

hypersensitivity to auditory stimuli in ADHD. This is consistent with studies employing oddball 

tasks which instruct participants to silently count the number of auditory target tones whilst 
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ignoring visual stimuli, and similarly reported larger P2 amplitudes to the auditory targets in 

children (Oades et al., 1997) and adults (Barry et al., 2009) with ADHD compared to healthy 

controls. The interpretation that a larger P2 amplitude is reflective of a sensory 

hypersensitivity to auditory stimuli in ADHD is consistent with reports that ADHD is associated 

with higher-than-normal levels of auditory hyperacuity (Rali et al., 2020; Paulin et al., 2016); 

a perceived sensory hypersensitivity to sounds within the environment leading to intolerance 

of sounds in noisy situations. Consistent with this, auditory hyperacuity, as measured by a 

hyperacuity questionnaire, in adults without an ADHD diagnosis was associated with longer 

P2 latency and larger P2 amplitude in response to changes in frequency (e.g., 250 Hz to 275 

Hz) and intensity (e.g., 60 dB to 68 dB) of auditory tones (Zlotnik et al., 2018). In addition, 

auditory hyperacuity is often associated with other psychopathology comorbid with ADHD, 

such as depression and anxiety (Paulin et al., 2016). To date, there are no studies which have 

explored the effect of emotion on the hypersensitivity to auditory stimuli in ADHD. If there is 

a specific effect of emotion (i.e., angry, happy) on the P2 amplitude in ADHD, this would 

suggest a specific preattentive hypersensitivity to vocal emotion in individuals with ADHD, in 

support of perceptual processing theories of ADHD (Sonuga-Barke, 2005; 2012).  

Finally, previous research has reported ERP atypicalities relating to the effect of 

irrelevant (i.e., preattentively processed) emotional stimuli on attention allocation (i.e., as 

reflected by the P3 component) in children with ADHD (López-Martín et al., 2015). For 

example, in an ERP study, López-Martín et al. (2015) employed a go/no-go task with 

emotional (positive, negative) and neutral pictures used as background contexts. Letters (A, 

B and X) were embedded within these pictures, which acted as go/no-go stimuli, thus, the 

emotional content was irrelevant to task demands. Twenty-four children (8 to 13 years) with 
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ADHD and a control group of 24 healthy children participated. Results revealed the 

frontocentral P3 component to no-go trials was larger during negative and positive 

background contexts in children with ADHD, but not controls. The authors suggested that this 

may reflect the greater use of cognitive resources recruited in ADHD to disengage from and 

inhibit responses in emotional situations (López-Martín et al., 2015). This is thought to reflect 

the involuntary capture of attention by irrelevant emotions causing later difficulties to 

disengage from irrelevant stimuli and focus on task demands. This is consistent with the 

behavioural literature suggesting children with hyperactivity are more distracted by irrelevant 

angry vocal cues (Chronaki & Marsh, 2024). As of yet, no studies have explored ERP 

atypicalities reflecting the involuntary capture of attention by preattentive vocal emotion in 

adolescents with traits of inattention and hyperactivity. In the ESC paradigm, this would be 

reflected by differences in the parietal occipital P1 and parietal P3 components to targets 

preceded by spatially congruent and incongruent emotional (e.g., angry and happy) compared 

to neutral voices, consistent with the adult literature (Chapter Four; Wang et al., 2022; Brosch 

et al., 2009; Zimmer et al. 2022). A larger P1 to targets preceded by spatially congruent angry 

voices is expected to reflect the threat-specific involuntary capture of early visual spatial 

attention in adolescents with inattention and hyperactivity, whilst a larger P3 to targets 

preceded by spatially congruent and incongruent emotional voices (angry and happy) is 

expected to reflect the greater cognitive resources recruited in individuals with ADHD in 

emotional contexts to engage in task-relevant target processing. 

The Present Study 

The present study primarily aimed to employ the ESC paradigm with 

electrophysiological and behavioural measures, to investigate the preattentive processing of 
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vocal emotion, and the involuntary capture of vocal emotion in adolescents with varying 

levels of inattention and hyperactivity.  

First the present study aimed to isolate the behavioural and neural markers of 

preattentive and attentive vocal emotion processes in a community sample of adolescents. 

Second, the present study aimed to explore associations between preattentive and attentive 

processes and levels of inattention and hyperactivity in adolescents. Therefore, the following 

set of aims were made in relation to behavioural and neural markers of the preattentive 

processing and involuntary capture of vocal emotion in a community sample of adolescents: 

I. To investigate the effects of vocal emotion on the involuntary capture of attention in 

adolescents on a behavioural level by measuring RTs to the visual target.  

II. To isolate the neural markers of preattentive vocal emotion processing in adolescents 

(i.e., the P2 component to the vocal cue).  

III. To investigate the P1 and P3 components to the visual target as neural markers of the 

involuntary capture of attention by vocal emotion in adolescents. Specifically, the 

study aimed to measure the effect of vocal emotion on a) the early visual processing 

of the target by measuring the P1 component, and b) the later attentional allocation 

to the target by measuring the P3 component. 

First, consistent with findings from the adult literature, and previous research employing 

similar spatial cueing paradigms (Brosch et al., 2009; Zimmer et al., 2022 – see Chapter 

Four for a detailed discussion of these studies), the following predictions were made in 

relation to these first set of aims.  

i. Reaction Time: 
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a) There will be a main effect of congruency on RTs. Adolescents will present with 

faster RTs to congruent compared to incongruent trials. 

b) There will be a main effect of emotion on RTs. Adolescents will respond slower 

to trials preceded by angry compared to neutral voices. 

ii. Cue-Locked ERPs: 

a) There will be a main effect of emotion on the P2 amplitudes. Adolescents will 

present with larger P2 amplitudes to emotional (angry and happy) compared 

to neutral voices. 

iii. Target-Locked ERPs: 

a) There will be a main effect of congruency on the P111 and P3 amplitudes to the 

visual target. Adolescents will present with a larger P1 amplitude to congruent 

compared to incongruent trials. Adolescents will present with a larger P3 

amplitude to incongruent compared to congruent trials. 

b) There will be a main effect of emotion on the P1 and P3 amplitudes to the 

visual target. Adolescents will present with larger P1 and P3 amplitudes to 

visual targets preceded by emotional compared to neutral voices. 

c) There will be an emotion x congruence interaction effect on the Target-P1 and 

P3. The P1 and P3 amplitudes will be larger to targets preceded by spatially 

congruent emotional (angry and happy) compared to neutral voices. 

 

11 We additionally explored effects of emotion and congruency on an earlier C1-like component to the visual 

target, based on prior literature and visual inspection of the individual averages for the target data. The 

rationale, analyses and discussion relating to this component are presented in Appendix F. 
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Second, to investigate the presence of a preattentive hypersensitivity to vocal emotion in 

adolescents with varying levels of inattention and hyperactivity, the following set of aims 

were formulated:  

I. To investigate associations between inattention and hyperactivity and the involuntary 

capture of vocal emotion on a behavioural level (i.e., RTs). 

II. To investigate associations between inattention and hyperactivity and the 

preattentive processing of vocal emotion (i.e., Cue-P2). 

III. To investigate associations between inattention and hyperactivity and the effects of 

vocal emotion on downstream target processing. Specifically, the present study aimed 

to explore associations with the effect of vocal emotion on a) the early visual 

processing (i.e., P1) of the target, and b) later attention allocation (i.e,. P3) to the 

target. 

Although recent developmental research suggests there are threat-specific perceptual 

processing atypicalities in ADHD (Chronaki et al., 2015; Chronaki & Marsh, 2024), predictions 

were made based on previous research which suggests adolescents with ADHD present 

atypicalities in perceptual processing in both positive and negative contexts (Chronaki et al., 

2019). Therefore, the following predictions were made:  

i. Inattention and hyperactivity will be positively associated with reaction times to 

trials preceded by emotional (angry and happy) compared to neutral voices.  

ii. Inattention and hyperactivity will be positively associated with the P2 amplitude 

to emotional (angry and happy) compared to neutral voices. 
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iii. Inattention and hyperactivity will be positively associated with the P1 amplitude 

to targets preceded by spatially congruent emotional (angry and happy) compared 

to neutral vocal cues.  

iv. Inattention and hyperactivity will be positively associated with the P3 amplitude 

to targets preceded by emotional (angry and happy) compared to neutral vocal 

cues.  
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5.3 Methods. 

Participants.  

Sixty-Eight adolescents (age range: 12-16) were recruited from the community 

through schools in the local area, social media and word of mouth. Participants with a 

minimum of 60% correct and artefact free trials were included in ERP analyses (see page 206 

for details). Behavioural and ERP data were available from 63 adolescent participants. 

However, in the vocal cue ERP analyses, an additional 2 participants were excluded due to a 

low percentage of clean epochs (below 60%). In the target ERP analyses, 3 participants were 

excluded due to poor data quality following visual inspection of the individual participant 

averages. In total, complete vocal cue ERP data were available from 61 participants, and 

complete target ERP data were available from 60 participants. This was in accordance with 

power calculations (G*Power software) which indicated that a sample size of 59 individuals 

can detect an effect size of 0.32 (a priori calculation) with an error probability of 0.05 

(Correlational design: Bivariate normal model) when investigating associations between 

reaction time and ERP measures and traits of inattention/hyperactivity in adolescents. All 

participants had normal hearing (under 25dB), as measured by an audiometer, no 

neurological diagnoses, or visual impairment, and an IQ greater than 70. Seven participants 

had a formal diagnosis of ADHD. Table 5.1 presents the sample characteristics. 
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Table 5.1 

Descriptive Statistics (Means, SDs) of Sample Characteristics (n=63). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note, psychopathology characteristics were measured using the Strengths and Difficulties 

Questionnaire (SDQ), General Health Questionnaire (GHQ) and Emotion Regulation 

Questionnaire (ERQ). See pages 203-204 for full details of these measures. 

 Adolescents 

Age  13.62 (1.34) 

Gender (% Male) 57%  

Handedness (% Right) 93.7%  

IQ 103.05 (12.99) 

Hyperacuity 11.81 (8.16) 

Hearing Threshold (dB) 11.86 (5.28) 

Psychopathology  

SDQ  

 Inattention/Hyperactivity 4.95 (2.75) 

 Hyperactivity 2.79 (1.67) 

 Inattention 2.16 (1.23) 

 Conduct Problems  1.98 (1.76) 

GHQ Depressive Symptoms 1.71 (2.54) 

ERQ  

 Emotion Reappraisal 

 

18.14 (4.60) 

 Emotion Suppression 12.30 (3.26) 
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Measures 

The Emotional Spatial Cueing (ESC) Task. Adolescent participants completed the ESC 

paradigm as presented in the Pilot Study (Version 2 employed in Experiments 2 and 4; see 

page 148), which included the same vocal stimuli from the Maurage et al. (2007) battery used 

in the ESC paradigm in Chapter Four (See page 148) and validated in Chapter Three (see page 

108).  

Weschler Abbreviated Scale of Intelligence (WASI-II). The WASI-II (Weschler, 2011) is 

the same measure of intelligence used with adult participants in Chapter Four. Performance 

on the WASI sub-tests has been reported to be close to the normative average in clinical cases 

of ADHD, however typically scores are slightly lower in ADHD compared to matched controls 

(Weschler, 2011). Adolescents completed the Matrix Reasoning and Vocabulary sub-tests 

(See page 203 for details). Raw scores from the matrix reasoning and vocabulary sub-test 

were converted to an IQ score based on the age-appropriate standardised scores according 

to the WASI manual (Weschler, 2011)  The WASI has good reliability (r=0.86 to 0.91, for the 

vocab; r=0.86-0.91, for the matrix) and good test-retest stability (r=0.87, for the vocab; r=0.77, 

for the matrix) in adolescents aged 12 to 16.  

Hyperacusis Questionnaire (HQ). The HQ (Khalfa et al., 2002) is the same 14-item self-

report questionnaire which measures hyperacuity as employed with adults in Chapter Four 

(See page 284). The HQ has also previously been used with adolescent participants in a study 

exploring hyperacusis in ASD (Danesh et al., 2015). In the present study, the HQ had good 

internal reliability in adolescents (Chronbach’s alpha = 0.90). 

Puretone Audiometric Assessment. To ensure participants’ hearing threshold was 

within the average range of 0-25dB following the British Society of Audiology Recommended 
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Procedures (2018), we conducted audiometric testing using a clinical audiometer (Type 4 

tone, Interacoustics, AS608). The following instructions were given to participants before 

testing:  

“I am going to test your hearing by measuring the quietest sounds that you can hear. 

As soon as you hear a sound (tone), press the button. You might hear the sound from either 

your left ear or your right ear. You should press the button no matter which ear you hear it 

in. Release the button as soon as you think you no longer hear the sound.” 

After ensuring participants understood the instructions, and the headphones were 

correctly placed on the head, participants were asked to focus their gaze in the opposite 

direction to the researcher and the audiometer. Participants response to the tone was 

indicated on the audiometer by a light which only the researcher could see. Tones were 

presented to the adolescents starting at a frequency of 1500Hz, followed by 1000 and 500Hz. 

These were first presented to the right ear and then to the left ear. The hearing threshold for 

each ear and frequency was obtained by presenting the tone first at 30dB, and following a 

satisfactory response from the participants, the decibel of the tone was reduced in 10dB steps 

(i.e., from 30 to 20 to 10dB) until no further response occurred. Next, the decibel of the tone 

was increased by 5dB until a response was made. To ensure reliability, the decibel was 

reduced by 10dB and increased by 5dB again until the participant responded. The researcher 

ensured the duration of the tone and the interval between the tones varied between 1 and 3 

second so the timing of the tone was not predictable to the participant. The hearing threshold 

for each frequency level was defined as the lowest decibel the participants responded to in 

at least half of all trials. The overall hearing threshold was calculated as the mean of the six 

thresholds obtained across both ears (three frequencies in each ear).  
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 Measures of Adolescent Psychopathology 

The Strengths and Difficulties Questionnaire (SDQ). The SDQ (Goodman, 1997) screens 

for behavioural and emotional difficulties in children and adolescents, aged between 3 and 

16 years old. In the present study the parent, teacher and self-report version was used. Both 

parent/teacher and self-report versions of the SDQ consist of 25-items scored on a 3-point 

Likert-scale including 0 (not true), 1 (somewhat true), and 2 (certainly true). The SDQ includes 

five subscales measuring hyperactivity/inattention, conduct problems, emotional symptoms, 

peer problems, and prosocial behaviours. A total score for each subscale can be obtained by 

adding up the scores for each of the items relating to each independent sub-scale (Goodman 

& Goodman, 2009). Because our study focused on externalising behaviour, we analysed only 

3 subscales: inattention/hyperactivity (5 items), conduct problems (5 items) and emotional 

problems (5 items) scales for each informant (parent, teacher, self). The three subscales 

employed in the current study had good internal reliability for the self-report (Cronbach’s 

alpha =0.77), parent-reported (Cronbach’s alpha = 0.84), and teacher-reported (Cronbach’s 

alpha = 0.87) measure. The SDQ scores can be used as a continuous scale, or participants can 

be categorised into four categories for each sub-scale based on cut-off scores. For example, 

within the parent-rated inattention/hyperactivity scale, a score of 0-5 is classified as ‘Close-

to-average’ in which 80% of the population should fall into, a score of 6-7 as ‘Slightly raised’ 

(10% of the population), 8 as ‘High’ (5% of the population) and 9-10 as ‘Very High’ (5% of the 

population; Goodman & Goodman, 2009). For the purposes of the present theses, as our 

primary aim was to explore how traits of inattention and hyperactivity were associated with 

measures on the Emotional Spatial Cueing paradigm, we treated SDQ scores on a continuous 

scale. However, to ensure we had a normal distribution of inattention/hyperactivity scores, 
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we employed the parent/teacher version as a pre-screening measure during the recruitment 

of adolescents with a range of scores from 0-10. In order to obtain a representation of high 

and low ADHD traits in the overall sample, we recruited adolescents so that 50% of 

participants had a score of 0-5 and 50% of participants had a score of 6-10 on the 

inattention/hyperactivity scale.  

The General Health Questionnaire (GHQ- 12). We employed the same self-report GHQ 

(Goldberg and Williams., 2000) in adolescents as we did in adults (See page 284) to measure 

depressive symptoms. This questionnaire has been validated for use in adolescents (aged 11 

onwards) to measure psychological wellbeing (Tait et al., 2003) and depressive traits (Lundin 

et al., 2016). A higher score reflects greater depressive symptoms. The GHQ had good internal 

reliability in adolescents within the present study (Cronbach’s alpha = 0.85). This is consistent 

with reliability scores in adults in Chapter Four (0.84)  

The Emotion Regulation Questionnaire for Children and Adolescents (ERQ-CA). This is a 

self-report questionnaire for children and adolescents (aged 9 -18) consisting of 10 items 

scored on a 5-point Likert scale (Gullone & Taffe, 2012). This is a revised version of the 

Emotion Regulation Questionnaire previously designed for adults (Gross & John, 2003). This 

questionnaire consists of two sub-scales: emotion suppression and cognitive reappraisal. 

Emotion suppression is a measure of emotion dysregulation, which involves inhibiting or 

restraining emotional expressions and is measured via four items. Example questions 

measuring emotion suppression include ‘I keep my feelings to myself’ or ‘I control my feelings 

by not showing them’. Cognitive reappraisal is an emotion regulation strategy, which involves 

thinking about a situation differently, and is measured via six items. Example questions 

measuring emotion reappraisal include ‘When I want to feel happier, I think about something 
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different’ or ‘When I want to feel less bad (e.g., sad, angry or worried), I think about something 

different.’ In this study, the cognitive reappraisal scale had good internal reliability 

(Cronbach’s alpha = 0.82), which is consistent with previous reports in a similar age group 

(Cronbach’s alpha = 0.83; Gullone & Taffe, 2012). The internal reliability of the emotion 

suppression scale in the present study (Cronbach’s alpha = 0.57) was slightly weaker than 

previous reports (Cronbach’s alpha = 0.75; Gullone & Taffe, 2012).  

Procedure 

Informed written consent was gathered from parents or guardians of adolescents. 

Adolescent participants provided written assent. The researcher informed participants at the 

start of the study that they could withdraw their participation at any time. First, participants’ 

hearing was measured with the clinical audiometer. Next, the researcher set up the EEG 

equipment and the participants completed the ESC Task. After completion of the 

experimental task, adolescent participants completed the relevant questionnaire measures 

for behavioural (e.g., IQ, Hyperacuity) and psychopathology characteristics. Parents also 

completed the SDQ at the time of the study12. At the end of the study, all participants and 

their parents were debriefed verbally and in writing. Adolescents were offered a £10 amazon 

voucher as reimbursement for their time, and parents were offered a £10 amazon voucher to 

reimburse their travel costs. This study was approved by the UCLan Psychology Ethics 

Committee (Science 0037).  

 

12 Note, this was in addition to parents and teachers answering the SDQ pre-screening question via a telephone 
call prior to completion of the study. Only answers from the SDQ completed at the time of the study were 
included in analysis. 
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Behavioural Data Processing  

All reaction time data were pre-processed to include only correct responses within the 

range of 200-1000ms. A small percentage of data (6.34%) was removed due to errors or 

outliers in the RT data.  

Electrophysiological Recording and Processing 

Electrophysiological data were recorded using the same 66-electrode cap (Quick cap), 

Neuroscan and Curry 7 software and online filter settings (0.01 to 100Hz) as in the Experiment 

4, Chapter Four (See page 151). Impedance for vEOG, hEOG, references and 64 electrodes 

were kept below 5KΩ during recording. Consistent with Study 4, the ERP epochs for the Vocal 

Cue and the Visual Target were defined from 100 to 700ms, and from 50 to 500ms, 

respectively. The offline filters, ocular artefact reduction procedure (Semlitsch et al., 1989), 

artefact rejection, and baseline-to-peak mean amplitude (Picton et al., 2000) techniques were 

applied to the present study as outlined on page 151.  

The following components were targeted. The P2 component to the vocal cue was 

targeted between 130 and 250ms at fronto-central sites (F1, FZ, F2, FC1, FCZ, FC2, C1, CZ, C1). 

The P1 to the visual target was targeted between 100 and 170ms at parietal-occipital sites 

(PO7,PO8,PO3,PO4,POZ,O1,O2,OZ). Finally, the P3 to the visual target was targeted between 

290 and 350ms13 at parietal sites (PZ,P1,P2). The inclusion of these sites and time windows 

were informed by the ERP literature in emotion processing (P2: Jessen & Kotz, 2011; P1: 

Brosch et al., 2009; P3: Broyd et al., 2012) and visual inspection of the individual participant 

 

13 This time window differs slightly to the P3 time window used in Chapter 4 due to visual inspection of the time 
window. In the present study, the P3 appeared to be captured completely prior to 350ms. This differs to previous 
studies which reported the P3 in the time window of 250-450ms (Broyd et al., 2012), which was used in Chapter 
4.   
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averages. Mean amplitude was initially calculated for each individual site. Following this, the 

mean amplitude for each ERP component was calculated as a combined score for a number 

of groups of electrode sites (scalp regions), in order to increase the reliability of the 

measurement (Dien & Santuzzi, 2005). Based on visual inspection of the data showing a C1-

like component, we additionally explored an early C1 component in adolescents targeted 

between 50 and 100ms at parietal-occipital sites (PZ, POZ, PO3 and PO4; see 0 for details).  

A minimum of 60% artefact-free epochs for each condition per participant were used 

for calculating ERP averages. This criterion was more flexible than those in the previous 

analysis with adult participants (Study 4) to ensure the inclusion of adolescents who 

presented with higher levels of inattentive and hyperactive traits. However, this still ensured 

a minimum of 20 trials per condition per participant were used to calculate ERP averages per 

condition. The mean (M), standard deviation (SD) and the minimum and maximum (MM) 

number of epochs included in analyses per condition was as follows, VOCAL CUE: Angry (M: 

86.74, SD: 8.59, MM: 63-96); Happy: (M: 87.02, SD: 7.75, MM: 60-96); Neutral: (M: 87.08, SD: 

8.20, MM: 62-96); TARGET: Angry Congruent (M: 42.00, SD: 5.91, MM: 23-48); Happy 

Congruent (M: 42.28, SD: 6.01, MM: 22-48); Neutral Congruent (M: 42.25, SD: 5.13, MM: 22-

48); Angry Incongruent (M: 41.98, SD: 5.78, MM: 24-47); Happy Incongruent (M: 41.60, SD: 

6.05, MM: 24-48); Neutral Incongruent (M: 41.73, SD: 5.62, MM: 22-48). Note, there was a 

total possible number of 96 trials per emotion condition for the cue analysis, and a total 

possible number of 48 trials per condition for the target analysis. There was no difference in 

the number of artefact-free trials between conditions for the cue (p=.798) and the target 

(p>.100). 
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5.4 Analytic Strategy 

Three sets of analyses were conducted to meet the aims of the present study.  

In Analysis One (page 210) we examined whether the ESC paradigm produced the 

expected effects on a behavioural and neural level in adolescents. Therefore, variables 

relating to adolescent psychopathology and emotion regulation were not included in this 

analysis. In accordance with our aims and predictions, emotion (angry, happy, neutral) and 

congruency (congruent, incongruent) were included as IVs in analyses. However, as we found 

an effect of hemifield on the Target-P3 in our adult data, and Brosch et al (2009) reported an 

effect of hemifield on Target-P1 data, we included target hemifield as an independent 

variable in a secondary exploratory analysis of the Target-P1 and P3 data. Consistent with 

Chapter Four, IQ and behavioural characteristics (e.g., age, hyperacuity, hearing threshold) 

were explored as covariates in this analysis because they may influence task performance For 

example, hyperacuity has been found to be associated with larger a larger P2 component to 

voices (Zlotnik et al., 2018), and hearing threshold might impact performance as those with a 

higher hearing threshold may more easily ignore voices than those with a low hearing 

threshold. To make comparisons between our adult and adolescent data, additional 

exploratory analyses comparing the effects of age group are presented in Appendix G. In 

addition, since expected effects of congruency were not found on the P1 component in adults, 

exploratory analyses were conducted on an earlier target C1-like component to investigate if 

congruency effects appear earlier than expected within the ESC paradigm (see 0). 

In Analysis Two (page 220), ADHD was defined as a dimensional variable consistent 

with recent theory (Sonuga-Barke, 2023), to first examine associations between traits of 

inattention/hyperactivity and preattentive vocal emotion processing (i.e., via the P2). In 
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addition, Analysis Two examined associations between inattention/hyperactivity and the 

downstream effects of vocal emotion on target processing (i.e., via RTs, the P1 and P3 

response). To more robustly explore associations between effects of emotion (e.g., angry, 

happy) on the preattentive and attentive processing of vocal emotion, and traits of 

inattention/hyperactivity, difference scores were calculated prior to conducting correlational 

analyses, with the neutral condition as a baseline. Calculations of difference scores for RTs, 

Cue-P2, Target-P1, and Target-P3 are outlined on pages 220 and 221. Emotion regulation, 

conduct problems and depressive symptoms were explored as covariates, along with IQ and 

behavioural characteristics, because they are all highly correlated with ADHD and have been 

found to be associated with ADHD traits and vocal emotion recognition in previous studies 

(Chronaki et al., 2015). To control for IQ, behavioural characteristics (age, hyperacuity, 

hearing threshold), emotion regulation, and comorbidities of ADHD (conduct problems, 

depressive symptoms), preliminary Spearman’s Rho14 correlations were conducted between 

these variables, inattention/hyperactivity and all dependent measures (i.e., Cue-P2, Target-

P1 and Target-P3) prior to the main analysis. Any variables which significantly correlated with 

either inattention and hyperactivity or the dependent variables were entered as covariates in 

the main analyses. These preliminary analyses are outlined in section 5.6.  

Finally, in Analysis Three (page 232), ADHD was defined as a discrete variable to 

conduct analyses investigating the effect of ADHD traits (high vs low) on the Cue-P2, Target-

P1 and Target-P3 components. This is consistent with the categorical approach to ADHD, as 

 

14 Non-parametric spearman’s rho correlations were conducted because Kolmogorov-Smirnov tests revealed 
that behavioural characteristics (age, hearing threshold, IQ, hyperacuity), emotion suppression and 
comorbidities of ADHD (conduct problems, depressive symptoms) were not normally distributed. See Appendix 
F for the KS statistics. 
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outlined in diagnostic manuals (e.g., DSM-IV) and previous research exploring emotion 

processing in ADHD (Chronaki et al., 2015). Within Analysis Three, a subset of participants, 

presenting with very low or very high ADHD traits, was included in analyses (sees page 232 

for details).  

5.5 Analysis One 

Initial Data Treatment 

Behavioural Data Treatment. A Kolmogorov-Smirnov test indicated that RT scores for 

the happy congruent and neutral incongruent trials did not follow a normal distribution 

(p=.007; p=.004), however all other RT scores did follow a normal distribution (p=.058 to 

.096). Additionally, Kolmogorov-Smirnov tests indicated that behavioural characteristics (age, 

IQ, hyperacuity, hearing threshold) were not normally distributed (p<.05). Spearman’s rho 

correlations revealed a significant negative correlation between age and RTs (r=-0.47, 

p<.001). The younger the adolescent, the slower they responded to the target. There were 

no other significant correlations between RTs and behavioural characteristics (p>.05; See 

Table F.3 in the appendices for complete statistics). In addition, an independent sample t-test 

revealed no significant differences in RTs between males and females (t(60) = 1.54, p=.130).  

ERP Data Treatment. Kolmogorov-Smirnov tests indicated that all amplitude values for 

the Cue-P2, Target-P1 and Target-P3 were normally distributed for most of the emotion and 

congruency conditions (p=.069 to .200), apart from the amplitude values for the Target-P3 to 

happy congruent and incongruent conditions (p=.027; p=.022). Table F.1 in the appendices 

presents the relevant statistics. However, because behavioural characteristics were 

nonparametric (see Table F.2 in appendices), Spearman’s rho correlations were conducted to 

explore preliminary correlations between these variables and ERP component. Spearman’s 
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Rho correlations revealed a significant a negative correlation between the Cue-P2 and age 

(r=-0.24, p<.05). The younger the adolescent, the larger their overall P2 amplitudes. There 

were no other significant correlations between behavioural characteristics and ERP 

component amplitude. Table F.3 in the appendices present statistics (r and p values) for all 

preliminary correlations. In addition, independent samples t-tests revealed no significant 

differences in the Cue-P2, Target-P1 and P3 amplitudes between males and females (all 

ps>.05). 

Results 

Reaction Times. Table 5.2 shows descriptive statistics of RTs for trials per congruency 

and emotion in 63 adolescents. As most RTs were normally distributed, parametric tests were 

conducted to explore the effects of emotion and congruency on reaction times. Consistent 

with results in adults (see page 171), a 2 (congruency) x 3 (emotion) repeated measures 

ANOVA revealed significant main effects of congruency (F(1,62) = 20.39, p<.001) and emotion 

(F(2,124) = 3.26, p= .042) on RT scores. Consistent with our predictions, adolescents were 

faster to respond to targets preceded by spatially congruent compared to incongruent vocal 

cues. Additionally, post hoc tests (Bonferroni corrected) revealed adolescents were slower to 

react to targets preceded by angry compared to neutral voices (MD=4.46, p=.049). Non-

parametric tests did not change the pattern of results. However, when age was added as a 

covariate in analyses, main effects of emotion and congruency on RTs were no longer 

significant (ps>.05). Figure 5.1 presents a bar graph showing mean RTs for correct responses 

for emotion by congruency conditions.  
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Table 5.2.  

Means (SD) RTs to Targets Preceded by Vocal Cues Differing by Emotion (Angry, Happy, 

Neutral) and Congruency (Congruent, Incongruent) Conditions in Adolescents (n=63). 

  

  Congruent  Incongruent  Total  

Angry  360.11 (52.20) 365.88 (57.49) 362.99 (54.15) 

Happy  356.22 (50.68) 365.49 (55.09) 360.85 (52.03) 

Neutral  356.18 (50.75) 360.89 (51.73) 358.54 (50.53) 

Total  357.50 (50.20) 364.09 (53.67)  



 

213 
 

 

  

Figure 5.1 

Bar Graph (with Standard Error Bars) Showing Mean RTs (in ms) to Targets Differing 

by Emotion (Angry, Happy, And Neutral) and Congruency (Congruent And Incongruent) 

Conditions in the ESC Task in Adolescents (n=63) 
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Vocal Cue-P2.  Consistent with our predictions, a one-way repeated measures ANOVA 

revealed a main effect of emotion on P2 amplitudes (F (2,120) = 58.91, p<.001). Post-hoc tests 

(Bonferroni-corrected) revealed adolescents presented with larger P2 amplitudes to happy 

and angry compared to neutral voices (neutral and happy: MD = 1.64, p<.001; neutral and 

angry: MD = 1.31, p=.005). Additionally, adolescents presented with a larger P2 amplitude to 

happy compared to angry voices (MD=0.33, p=.048). These findings suggest the P2 is a neural 

marker of preattentive vocal emotion processing in adolescents. However, when age was 

added as a covariate, the main effect of emotion on the P2 amplitude did not reach 

significance (F (2,118) = 2.69, p=.072). Figure 5.2 presents the grand averages of the Cue-P2 

by emotion condition. Table F.4 in Appendix F presents the means and SDs for the P2 

component to the vocal cue for each emotion condition.  
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Target-P1. Figure 5.3Figure 5.2 presents the grand averages of the Target-P1 by 

congruency and emotion. Consistent with findings in the previous study with adults, a 2 

(congrurncy) x 3 (emotion) repeated measures ANOVA revealed no main effect of congruency 

on Target-P1 amplitudes (F (1,59) =0.53, p=.469). However, results revealed a main effect of 

emotion on Target-P1 amplitudes (F (2,118) = 7.83, p=<.001). Specifically, the P1 amplitudes 

were larger to targets preceded by angry compared to neutral (MD=0.61, p=.001) and happy 

(MD=0.64, p=.003) voices. Finally, there was no interaction effect between emotion and 

congruency on Target-P1 amplitudes (F (2,118) = 0.50, p=.608). Interestingly, the effects of 

emotion on the P1 amplitude continued to survive correction when controlling for the C1 

component (50-100ms) in analyses (F (2,116) = 7.94, p<.001). Table F.5 in Appendix F presents 

Figure 5.2 

Grand Average Showing the Frontocentral P2 Component (130-250 ms) to Angry, Happy and 

Neutral Vocal Expressions in Adolescents (n=61). Scale is -5 to + 5 μV. 
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the mean P1 amplitudes time-locked to the visual target for all emotion and congruency 

conditions. 

As a secondary exploratory analysis, a 2 (congruency) x 3 (emotion) x 2 (target 

hemifield) repeated measures ANOVA was conducted to explore if congruency effects on the 

Target-P1 amplitude were present when the target was presented to the left hemisphere, as 

reported by Brosch et al (2009). Consistent with our findings in adults, results revealed there 

was no significant main effect of hemifield (F (1,59) =2.06, p=.157), or any significant hemifield 

x congruency, hemifield x emotion or hemifield x congruency x emotion interaction effects on 

the Target-P1 amplitude (p>.05).   
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Figure 5.3 

Grand Average Showing the Parietal Occipital P1 Component (100-170ms) to the Target 

in a) Emotion (Angry, Happy, Neutral) and b) Congruency (Congruent, Incongruent) 

Conditions in Adolescents (n=60. Scale is -5 to 5 mv 
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Target-P3. A 2 (congruency) x 3 (emotion) repeated measures ANOVA was conducted. 

There was a main effect of congruency on the Target-P3 amplitude (F (1,59) =4.25, p=.044). 

Consistent with our predictions, adolescents presented with a larger P3 amplitude to targets 

in incongruent compared to congruent trials. There was also a main effect of emotion on the 

Target-P3 amplitude (F (2,118) = 4.84, p=.010). Specifically, post hoc results using t-tests 

(Bonferroni corrected, alpha value =.025) revealed the P3 was significantly larger to targets 

preceded by angry compared to neutral voices (t (59) =3.00, p=.002), consistent with 

predictions. The difference between the P3 amplitudes to targets preceded by happy 

compared to neutral voices was marginally significant (t (59) = 1.89, p=.032), however did not 

survive correction for multiple comparisons. There was no significant congruency by emotion 

interaction effect on the Target-P3 amplitude (F (2,118) = 0.20, p=.738). Figure 5.4 presents 

the grand averages of the Target-P3 by congruency and emotion. Table F.6 in Appendix F 

presents the mean P3 amplitudes time-locked to the visual target for all emotion by 

congruency conditions. 

As a secondary exploratory analyses, target hemifield was added as an IV in a 2 

(congruency) x 3 (emotion) x 2 (hemifield) analyses. There was no main effect of hemifield (F 

(1,59) = 0.14, p=.708) on the Target-P3 amplitude. In addition, there were no congruency x 

hemifield (F (1,59) = 2.52, p=.118), emotion x hemifield (F(2,118) = 1.88, p=.161 or congruency 

x emotion x hemifield (F (2,118) = 1.62, p=.201) interaction effects on the Target-P3 

amplitude. 
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Figure 5.4 

Grand Averages Showing the Parietal P3 Component (290-350 ms) to the Target in a) Emotion 

(Angry, Happy, Neutral) and b) Congruency (Congruent, Incongruent) Conditions in 

Adolescents (n=60). Scale is -4 to + 4 μV. 
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5.6 Analysis Two. The relationship between ERP components and traits of 

inattention and hyperactivity  

Behavioural Data Treatment. 

RT difference scores were calculated to more accurately measure anger-specific and 

happiness-specific effects within the ESC paradigm. For example, an angry-neutral RT 

difference score was calculated. A positive Angry-Neutral RT difference score would reflect 

slower RTs to targets preceded by angry compared to neutral voices. The same was applied 

to happy voices. Kolmogorov-Smirnov tests indicated that all RT difference scores followed a 

normal distribution (p>.05). 

Preliminary Spearman’s rho correlations between psychopathology 

(inattention/hyperactivity, conduct problems, depressive symptoms), emotion regulation 

scores, IQ, and behavioural characteristics (age, auditory hyperacuity, hearing threshold) are 

presented in Table F.3 in the appendices. These correlations revealed no evidence of 

collinearity between our variables. However, there was a strong positive correlation between 

hyperactivity and inattention and conduct problems (r=0.66, p<.001), consistent with the 

literature (Gustafsson et al., 2018; Taylor et al., 1996). In addition, IQ, and hearing threshold 

were negatively associated with inattention and hyperactivity. Auditory hyperacuity was 

positively associated with all psychopathology measures (inattention/hyperactivity, 

depressive symptoms, and conduct problems). Therefore, conduct problems, hyperacuity, IQ 

and hearing threshold were entered as covariates in analyses. 

In addition, Spearmans’ rho correlations between RTs, RT difference scores, 

behavioural characteristics, emotion regulation scores, and psychopathology measures 
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(conduct problems, depressive symptoms) are presented in Table F.8. Results revealed 

significant correlations between RTs and age (p<.001). Therefore, age was included as an 

additional covariate in RT correlational analyses.  

ERP Data Treatment 

Vocal Cue ERPs. Difference scores were calculated for the Cue-P2 amplitude. 

Specifically, an Angry-Neutral P2 amplitude score was calculated to capture anger-specific 

effects. The same was repeated with happy with a Happy-Neutral P2 amplitude difference 

score. Therefore, a greater Angry-Neutral and Happy-Neutral P2 difference scores are 

considered to reflect a greater difference in the preattentive perception of emotional 

compared to neutral voices. Kolmogorov-Smirnov tests indicated that all P2 amplitude 

difference scores were normally distributed (p>.05). Preliminary Spearmans’ rho correlations 

between the Cue-P2 difference scores, behavioural characteristics, emotion regulation 

scores, and adolescent psychopathology measures (conduct problems, depressive symptoms) 

are presented in Table F.9. Results revealed significant correlations between the Cue-P2 

amplitude to happy voices and age (r=-0.26, p=.043) and IQ (r=-0.25, p=.048). In addition, 

there was a significant correlation between hearing threshold and Angry-Neutral (r=-0.32, 

p=.026) and Happy-Neutral (r=-0.36, p=.010) P2 amplitude difference scores. Finally conduct 

problems significantly correlated with the Cue-P2 amplitude to happy voices (r=.035, p=.006) 

and the Happy-Neutral P2 amplitude difference score (r=.028, p=.028). Therefore, IQ, age, 

hearing threshold and conduct problems were explored as covariates in the P2 analyses. 

Visual Target ERPs. A Kolmogorov-Smirnov test revealed all target ERP-components 

amplitudes were normally distributed (p>.05), apart from the P1 amplitude scores to targets 

preceded by happy voices (p=.035). As above, difference scores were calculated for the 
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Target-P1 amplitudes. For instance, difference scores were calculated for only the congruent 

trials, in line with predictions and previous research, to more accurately reflect the 

involuntary capture of attention by emotional voices compared to neutral voices (e.g., Angry 

Congruent – Neutral Congruent; Happy Congruent – Neutral Congruent P1 amplitude). In 

addition, for consistency with the effects of emotion on early visual processing reported in 

the previous analysis (page 211), difference scores were calculated as Angry–Neutral and 

Happy–Neutral P1 amplitude difference scores respectively. In the same way, difference 

scores were calculated for the Target-P3 amplitudes. Kolmogrov-Smirnov tests indicated that 

the Target-P1 and P3 amplitude difference scores were normally distributed (p>.05).  

To explore the presence of covariates prior to data analysis, Spearmans’ rho 

correlations were conducted between Target-P1 and P3 amplitudes, difference scores, 

behavioural characteristics, emotion regulation scores, and other adolescent 

psychopathology characteristics (conduct problems, depressive symptoms). Results revealed 

a significant correlation between the P1 amplitude to targets preceded by spatially congruent 

happy voices and emotion reappraisal (r=-0.37, p=.004), and the Angry Congruent- Neutral 

Congruent P1 difference score (r=-0.33, p=.019). The Angry Congruent - Neutral Congruent P1 

difference score also correlated with hyperacuity and depressive symptoms. Therefore, 

emotion reappraisal, hyperacuity and depressive symptoms were included as a covariate in 

the Target-P1 analyses. In addition, emotion suppression significantly positively correlated 

with the Angry-Neutral and Happy-Neutral P3 amplitude difference scores (r=.034, p=.016; 

r=0.29, p=.040). Emotion reappraisal significantly negatively correlated with the P3 

amplitudes to targets following angry (r=-0.38, p=.008) and happy (r=-0.32, p=.023) vocal 

cues. Finally, conduct problems significantly positively correlated with the Happy-Neutral P3 
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difference score (r=0.33, p=.011). Therefore, emotion suppression, emotion reappraisal and 

conduct problems were included as covariates in Target-P3 analyses.  
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Results 

Reaction Times. Since the majority of RTs were normally distributed, Pearsons’s 

correlations were conducted to explore the relationships between RTs (for all congruency and 

emotion conditions) and inattention/hyperactivity. Pearson’s correlations also explored the 

relationship between RT difference scores (Angry-Neutral, Happy-Neutral) and 

inattention/hyperactivity. In contrast to our predictions, results showed no significant 

correlations (ps>.05). Additionally, when age, hyperacuity, IQ, hearing threshold and conduct 

problems were added as covariates, no significant correlations were observed (p>.05). Due to 

multiple comparisons, the alpha value was Bonferroni adjusted to p=.01 (5 correlations). 

Results are summarised in Table F.12 in Appendix F. 

Cue-P2. Pearson’s correlations were conducted to explore the relationships between 

the Cue-P2 amplitudes to emotional (happy, angry) and neutral voices and hyperactivity and 

inattention. Due to multiple comparisons, the alpha value was Bonferroni adjusted to p=.01 

(5 correlations). In accordance with our predictions, the P2 amplitude to happy voices 

significantly correlated with inattention/hyperactivity (p<.001). However, surprisingly, there 

was no significant correlations between the P2 amplitude to angry voices and 

inattention/hyperactivity. When controlling for age, IQ, hearing threshold and hyperacuity, 

this did not change the pattern of the results. When controlling for conduct problems, the 

correlation between inattention/hyperactivity and the P2 amplitude to happy voices did not 

survive correction for multiple comparisons (r=0.27, p=.019).  

Additionally, Pearson’s correlations explored the relationship between the P2 

difference scores (Angry-Neutral, Happy-Neutral) and inattention/hyperactivity. Results 

showed the Happy-Neutral P2 amplitude difference score significantly positively correlated 



 

225 
 

with inattention and hyperactivity; however, this did not survive correction for multiple 

comparisons (p=.013). When controlling for hyperacuity, IQ and age, the pattern of results 

did not change. When controlling for hearing threshold, the correlation between 

inattention/hyperactivity and the Happy-Neutral P2 difference score remained significant and 

survived Bonferroni correction for multiple comparisons (p=.003). When controlling for 

conduct problems, the correlation between inattention/hyperactivity and the Happy - Neutral 

P2 difference score did not remain significant (r=0.17, p=.095). Surprisingly, there were no 

significant correlations between the Angry-Neutral P2 difference score and 

inattention/hyperactivity. Table 5.3.presents all correlations between the P2 amplitude for all 

emotion conditions and difference scores with inattention/hyperactivity. Figure F.1 

(Appendix F) presents a scatter plot of the correlation between the Happy-Neutral P2 

difference score and inattention and hyperactivity. 
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Table 5.3. 

Pearson’s Correlations (One-Tailed) Between the Cue-P2 and Inattention And Hyperactivity 

With and Without Controlling for Conduct Problems (CP) and Hearing Threshold (HT; n=61). 

 Inattention/ 

Hyperactivity 

Inattention/ 

Hyperactivity 

(controlling for CP) 

Inattention/ 

Hyperactivity 

(controlling for HT) 

Angry 0.28* 0.14 0.19 

Happy 0.41*** 0.27* 0.36** 

Neutral 0.22* 0.14 0.11 

 Difference Scores     

Angry – Neutral 0.11  0.01 0.13 

Happy – Neutral 0.28* 0.17 0.39** 

Note, *p<.05, **p<.01, ***p<.001. Correlations in bold indicate correlations which survived 

correction for multiple comparisons when no other variables were controlled for in analysis. 

When controlling for both HT and CP at the same time, only the correlation with the Happy-

Neutral P2 difference score was significant (r=0.29, p=.020), but did not survive correction.  
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Target-P1. Pearson’s correlations were conducted to examine the relationship 

between the Target-P1 amplitudes and inattention/hyperactivity. Due to multiple 

comparisons, the alpha value was Bonferroni adjusted to p=.007 (7 correlations). In contrast 

with our predictions, there were no significant correlations between the Target-P1 amplitude 

in spatially congruent trials and inattention/hyperactivity (all ps > .05). In addition, Pearson’s 

correlations examined the relationship between the Angry Congruent-Neutral Congruent P1 

difference score and the Happy Congruent-Neutral Congruent P1 difference score and 

inattention/hyperactivity. Results revealed no significant correlations between the P1 

amplitude difference scores and hyperactivity and inattention. The pattern of results did not 

change when controlling for hearing threshold, IQ, hyperacuity, emotion reappraisal or 

depressive symptoms (all ps >.05).  

Interestingly, when controlling for conduct problems, there was a significant positive 

association between inattention/hyperactivity and the P1 amplitude to targets preceded by 

spatially congruent neutral voices (r=0.33, p=.006), which survived correction. In addition, 

there was a negative correlation between inattention/hyperactivity and the Angry Congruent 

– Neutral Congruent P1 difference score (r=-0.26, p=.020) and the Happy Congruent – Neutral 

Congruent P1 difference score (r=-0.31, p=.008). Only the latter survived correction, however 

the direction of the effect (negative) was inconsistent with the predicted (positive) direction. 

Specifically, the Happy Congruent-Neutral Congruent P1 difference score was smaller in 

adolescents with higher compared to lower inattentive/hyperactive traits. Table 5.4 presents 

all Pearson’s correlations between inattention/hyperactivity and P1 amplitude scores in 

spatially congruent trials. Table F.13 in Appendix F presents additional correlations conducted 

between the P1 amplitude to targets preceded by emotional voices in all trials (congruent and 
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incongruent) to reflect the effect of emotion found in Analysis One This shows that the 

pattern of results did not change.  
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Table 5.4 

Pearson’s Correlations (One-Tailed) Between the Target-P1 in Congruent Trials and 

Inattention/Hyperactivity With and Without Controlling for Conduct Problems (CP). 

 Inattention/ 

Hyperactivity 

Inattention/ 

Hyperactivity 

(Controlling for CP) 

Angry Congruent 0.07 0.03 

Happy Congruent 0.01 -0.06 

Neutral Congruent 0.14 0.32** 

Difference Scores   

Angry Congruent - Neutral Congruent -0.06 -0.27* 

Happy Congruent - Neutral Congruent -0.11 -0.31** 

 Note, *p<.05, **p<.01, ***p<.001. Only those in bold survived correction for multiple 

comparisons. 
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Target-P3. Pearson’s r correlations were conducted to explore the relationship 

between Target-P3 amplitudes and inattention/hyperactivity (see Table 5.5) Due to multiple 

comparisons, the alpha value was Bonferroni adjusted to p=.01 (5 correlations). In contrast 

with our predictions, no significant correlations were observed between the Target-P3 and 

inattention/hyperactivity. When analyses were repeated with the Target-P3 difference 

scores, results showed no significant correlation between the P3 difference scores and 

inattention and hyperactivity. The pattern of results did not change when adding emotion 

reappraisal, emotion suppression, hyperacuity or IQ as covariates in analyses (p>.05). 

However, when controlling for hearing threshold, there was a positive association between 

inattention/hyperactivity and the P3 amplitude to targets preceded by happy voices (r=0.31, 

p=.018). However, this did not survive corrections for multiple comparisons. In addition, when 

controlling for conduct problems, there was a negative correlation between the Happy - 

Neutral P3 difference score and inattention/hyperactivity (r=-0.27, p=.019). However, this 

also did not survive correction for multiple comparisons. 
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Table 5.5 

Pearson’s Correlations (One-Tailed) Between the Target-P3 and Inattention/Hyperactivity 

With and Without Controlling for Conduct Problems (CP) and Hearing Threshold (HT).  

Note, *p<.05, **p<.01, ***p<.001. However, none of these survived corrections for multiple 

texting.  

  

 Inattention/ 

Hyperactivity 

Inattention/ 

Hyperactivity 

(controlling for CP) 

Inattention/ 

Hyperactivity 

(controlling for HT) 

Angry 0.03 0.05 0.17 

Happy 0.09 -0.04 0.31* 

Neutral 0.05 0.13 0.19 

Difference Scores    

Angry-Neutral -0.04 -0.14 -0.04 

Happy-Neutral 0.06 -0.27* 0.14 
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5.7  Analysis Three: Categorical Analyses 

To more thoroughly examine the effects of inattention/hyperactivity on the 

preattentive processing of vocal emotion, a further set of analyses examined if the above 

effects on Cue-P2 differed between a subset of adolescents with very high (present within 

10% of the population; Goodman & Goodman, 2009) symptoms of ADHD compared to 

adolescents with very low symptoms of ADHD. The primary aims of these analyses were to 

investigate the effects ADHD traits (High vs Low) on reaction times and the neural markers of 

pre-attentive vocal emotion processing (Cue-P2). It was predicted that there will be a main 

effect of Group on the Cue-P2. We predicted adolescents with high levels of 

inattention/hyperactivity would present with a larger P2 amplitudes compared to adolescents 

with low levels of inattention/hyperactivity. Second, we predicted a Group x Emotion 

interaction effect on the Cue-P2. Adolescents with high levels of inattention/hyperactivity 

would present with a larger P2 amplitude to emotional (angry and happy) compared to 

neutral voices. In addition, effects of ADHD group on the target processing (RTs, Target-P1 

and P3) were explored, but due to the lack of power in this set of analyses, these results are 

presented in Appendix F. 

In total, 26 participants were included in the categorical analyses. Only adolescent 

participants with extreme low or high levels of inattention and hyperactivity (IH) were 

included in the present analyses. These two groups (Low IH, High IH) were determined based 

on the distribution of SDQ Inattention/Hyperactivity scores in the sample (Goodman & 

Goodman, 2009). Adolescents who scored between ‘0-2’ were categorised into the ‘Low IH’ 

group; and adolescents who scored between ‘8-10’ were categorised into the ‘High IH’ group. 

Based on the number of adolescents who presented with scores within these ranges from the 
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61 adolescents included in the previous analysis, a total of 13 adolescents were included in 

the ‘Low IH’ group and 12 adolescents were included in the ‘High IH’ group for the Cue-P2 

analyses. Sample characteristics for all adolescents included in the ‘Low’ and ‘High’ IH group 

are presented in Appendix F (Table F.14). In the ‘High IH’ group, 5 adolescents had a clinical 

diagnosis of ADHD. No adolescents had a clinical diagnosis of ADHD in the ‘Low IH’ group.  

An a priori power analyses based on the study by Chronaki et al (2015) revealed a 

power of 0.999 with an effect size of 0.59, when testing differences in early ERP components 

(i.e, N1) to vocal stimuli in 25 clinically diagnosed children with ADHD compared to 25 healthy 

controls. However, since the present analysis included a smaller number of participants in 

each group (e.g., 13), a further post hoc power analysis was conducted using Gpower, which 

revealed a power of 1 with an effect size of 1.85 (α error probability of .05). when exploring 

effects of ADHD group and emotion on the Cue-P2 amplitude. 

Data Pre-Processing 

EEG Data Treatment. EEG data were processed with the same techniques as in Analysis 

One and Two. The mean (SD) number of artefact-free epochs included in the cue analysis for 

each group x emotion condition are as follows: HIGH TRAITS (Angry: 85.83 (8.37), Happy: 

85.75 (6.64), Neutral: 87.25 (7.58)); LOW TRAITS (Angry: 88.54 (6.71), Happy: 88.38 (7.46), 

Neutral: 88.15 (7.16)). There was no significant difference in the number of artefact-free trials 

between groups for the cue (p=.468).  

Kolmogrov-Smirnov tests indicated that the Cue-P2 data were normally distributed for 

all emotion conditions in the Low ADHD traits group but were not normally distributed for 

the Cue-P2 to neutral (D=0.26, p=.021) and angry (D=0.33, p<.001) voices in the High ADHD 

Traits group. Spearman’s rho correlations revealed no significant correlations between 



 

234 
 

behavioural characteristics (hearing threshold, IQ, age, hyperacuity) and the Cue-P2 (ps>.05). 

There was a significant correlation between conduct problems and the Cue-P2 to happy 

(r=.58, p=.002) and angry (r=.56, p=.004) voices. Therefore, conduct problems were included 

as a covariate in analyses.  

Results 

Cue-P2. Although Kolmogorov Smirnov tests indicated that Cue-P2 data was not 

normally distributed for angry and neutral voices in the High traits group, since the majority 

of data was normally distributed parametric tests were conducted. When conducting non-

parametric tests, the pattern of results did not change. A 3 (emotion) x 2 (group) ANOVA was 

conducted on the Cue-P2 amplitude. Consistent with our predictions, there was a main effect 

of group on the P2 amplitude (F (1,23) = 11.13, p=.003). Adolescents with high traits of ADHD 

presented with significantly larger P2 amplitudes compared to adolescents with low traits of 

ADHD.  In addition, there was a significant emotion by group interaction effect on the P2 

amplitudes (F(2,46) = 4.23, p=.021). Adolescents with high traits of ADHD presented with 

significantly larger Cue-P2 amplitudes to angry (MD=1.98, p=.006) and happy (MD= 2.56, 

p<.001) voices compared to adolescents with low traits of ADHD. The same difference was 

not found for neutral voices (MD=1.13, p=.089). This supports the hypothesis that adolescents 

with high levels of ADHD present with a preattentive sensitivity to emotional (angry and 

happy) vocal stimuli compared to adolescents with low levels of ADHD. Figure 5.5 presents 

the grand averages of the Cue-P2 per group. Table F.7 in Appendix F presents the mean Cue-

P2 amplitudes per emotion and ADHD group. When conduct problems was added as a 

covariate in this analysis, the main effect of group on the Cue-P2 amplitude remained 
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significant (F(1,22) = 7.24, p=.013), but the interaction between emotion and group did not 

remain significant (F(2,44) = 2.65, p=.082). 



 

236 
 

  

a) 

b) 

Figure 5.5 

Grand Averages Showing the Frontocentral P2 Component (130-250ms) to the Angry, Happy 

and Neutral Vocal Cue in Adolescents with a) Low (n=13) and b) High (n=12) Traits of 

Inattention and Hyperactivity. Scale is -5 to + 5 μV. 
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5.8 Discussion 

The present study employed an ESC paradigm to disentangle atypicalities in 

preattentive and attentional processing in adolescents with inattention and hyperactivity. 

First, the present study provided evidence for a distracting effect of vocal anger on 

performance (RTs) in the ESC paradigm in adolescents, providing support for a threat-specific 

involuntary capture of attention on a behavioural level. Second, the present study isolated 

the Cue-P2 component as a neural marker of preattentive vocal emotion processing in 

adolescents. Third, the present study provided further evidence for a threat-specific 

involuntary capture of attention by vocal anger in adolescents on a neural level, as reflected 

by larger Target-P1 and P3 amplitudes in conditions of angry compared to neutral voices. 

Fourth, this study provided novel evidence for the presence of a preattentive hypersensitivity 

to vocal emotion (happy and angry) in adolescents with high levels of inattention and 

hyperactivity. This finding was confirmed by categorical analyses. Finally, overall, there were 

no robust associations between inattention/hyperactivity and attention capture by irrelevant 

emotional voices (angry and happy) in adolescents, as reflected by RTs, the Target-P1 and P3 

amplitudes. Each of these findings will be discussed in turn.  

First, behaviourally, the present study reported congruency and emotion effects on 

reaction times within the ESC paradigm in adolescents. Specifically, adolescents were faster 

to respond to targets preceded by spatially congruent compared to incongruent vocal cues. 

Additionally, adolescents were slower to respond to targets preceded by angry compared to 

neutral voices. These findings are consistent with previous findings in adults employing the 

ESC paradigm (Chapter Four). The congruency effect on RTs is thought to reflect the 

involuntary capture of visual spatial attention by irrelevant vocal cues and is consistent with 
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findings employing other spatial cueing paradigms with auditory stimuli in adults (Spence & 

Driver, 1997; Wang et al., 2022). The additive effect of slower reaction times to targets 

preceded by vocal anger is consistent with studies using dichotic listening and auditory 

distraction paradigms (Sander et al., 2005; Kattner & Ellermeier, 2018), and is thought to 

reflect the involuntary capture of attention by vocal anger followed by later difficulties to 

disengage from the irrelevant vocal stimulus and engage on the relevant target stimulus 

(Koster et al., 2004; Van Rooijen et al., 2017). Therefore, within the ESC paradigm, slower RTs 

to targets preceded by vocal anger is thought to reflect a threat-specific involuntary capture 

of attention by vocal emotion and downstream distracting effects on performance (i.e., RTs). 

This is consistent with theories which suggest negative stimuli capture attention due to 

adaptive advantages for survival (Hansen & Hansen, 1988; Ohman & Manika, 2001). 

Importantly, findings are consistent with the adult literature. This validates RTs as a 

behavioural measure of the involuntary capture of attention by vocal emotion in adolescents 

in the ESC paradigm.  

Second, a clear Cue-P2 component was observed at Frontocentral sites in adolescents 

consistent with the literature (Mahajan & McArthur, 2012). In addition, the Cue-P2 was 

modulated by the emotional significance of the vocal stimuli, with larger amplitudes to 

emotional (angry and happy) compared to neutral voices in adolescents. However, it should 

be noted that this effect did not hold when adding age as a covariate in the analysis. This is 

surprising, however since the emotion effect was still close to significance when controlling 

for age, and it was consistent with adults, using the same ESC paradigm (Chapter Four), and 

other preattentive paradigms (Gadeke et al., 2014), it is reasonable to assume that the effect 

of emotion in adolescence is a true effect. Therefore, it is likely that the effect of emotion on 
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the Cue-P2 component in adolescents reflects a preattentive stage of vocal emotion 

processing, prior to the capture of attention. This is a novel finding which confirms the Cue-

P2 component within the ESC paradigm as a neural marker of preattentive vocal emotion 

processing in adolescents. However, in contrast to what was found in adults in Chapter Four, 

adolescents presented with a larger Cue-P2 amplitude to happy compared to angry voices. A 

greater sensitivity to positive compared to negative stimuli in adolescence is not surprising as 

adolescence is a period of greater sensitivity towards rewarding stimuli (Galvan, 2013). For 

example, fMRI studies have reported that adolescents present with significantly more ventral 

striatum activity when they earned money in monetary-reward tasks compared to adults 

(Ernst et al., 2005; Galvan et al., 2006). Moreover, previous VER research has reported that 

adolescents display higher accuracy when recognising happy voices in a recognition task 

(Grosbras et al., 2018), which differs from children and adults, who consistently recognise 

negative emotions with higher accuracy (Pell et al., 2009; Chronaki et al., 2018; Zupan, 2015). 

However, it is important to note that age (adults vs adolescents) by emotion interaction 

effects on the Cue-P2 component were not confirmed in additional comparative analysis 

(Appendix G). Therefore, it is not known whether a greater preattentive sensitivity to happy 

compared to angry voices in the present sample is due to age effects. Taking into 

consideration both the role of age as a covariate in the Cue-P2 analysis, and a potential 

adolescence-specific sensitivity towards happy voices, further developmental research is 

required to explore the effect of age on the preattentive processing of vocal emotion. 

Third, the results indicated that preattentively processed vocal anger affected the 

early visual processing of the target, as reflected by the P1 component. Specifically, 

adolescents exhibited a larger P1 amplitude to targets preceded by angry compared to neutral 
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voices. The effect of negative vocal emotion on the P1 component has previously been 

evidenced in ESC paradigms in adults (Brosch et al., 2009; Zimmer et al., 2022). For example, 

Brosch et al (2009) reported a larger P1 response to targets preceded by spatially congruent 

vocal anger compared to spatially congruent neutral voices in a dot-probe paradigm in adults. 

Similarly, Zimmer et al (2022) reported a larger P1 response to targets preceded by spatially 

congruent bi-modal (faces and voices) fearful expressions in adults in an ESC paradigm. In 

these cases, a larger P1 response to targets preceded by spatially congruent emotional 

expressions was thought to indicate the rapid involuntary capture of VSA by the irrelevant 

emotion. In the present study, a similar congruency by emotion effect on the P1 was not 

found. Therefore, it cannot be concluded with certainty that the P1 in the present study 

specifically reflects the capture of VSA by vocal emotion, as reported in previous studies 

(Brosch et al., 2009; Zimmer et al., 2022). However, the robust effect of vocal anger on the P1 

amplitude suggests that preattentively processed angry voices must have had an effect (in 

some form) on the early visual processing of the target.  

Regarding the lack of congruency effects on the P1 amplitude in adolescents, as 

discussed in Chapter Four, it is possible that this may be due to a lack of power. Despite the 

increased power with a larger sample size (60) in the present study, there was no evidence of 

congruency effects on the P1. It could be argued that increasing the number of trials in the 

ESC paradigm may have further increased the power to achieve congruency effects on the P1. 

However, this was not suitable in the present study due to recruiting a large number of 

participants with inattention/hyperactivity. In addition, in Chapter Four, it was suggested that 

the involuntary capture of VSA by spatially congruent vocal cues might occur earlier in the 

ESC paradigm, and thus might be reflected in an earlier component. Within the present study, 



 

241 
 

this possibility was explored by analysing the effects of emotion and congruency on an earlier 

C1-like component, thought to reflect the earliest activations in the visual cortex (Foxe & 

Simpson, 2002; Rauss et al., 2011). Although similar anger-specific effects on the C1 

component were demonstrated, there was no evidence of congruency or interaction effects 

on the C1 component. This provides further support that although early visual components 

to the target (e.g., C1, P1) might not specifically reflect the capture of VSA within the ESC 

paradigm, they do reflect an effect of emotion on the early visual processing of the target, 

which occurred as early as 50ms after the target onset (e.g., C1). Moreover, when controlling 

for the C1 component in the P1 analyses, the effects of vocal anger on the P1 component 

held. This strengthens the reliability of the finding relating to an anger-specific effect on the 

early visual processing of the target (i.e., P1) in the present study. Therefore, overall, due to 

the robust findings of emotion effects on early visual components to the target, it is 

reasonable to suggest the P1 reflects the involuntary capture of early visual attention by vocal 

cues, which is enhanced by vocal anger. In addition, it is possible that within the ESC paradigm, 

a congruency effect on early visual attention is a true effect, but there was not sufficient 

power within the present study to capture potential congruency effects, as there was to 

capture emotion effects, on the P1 component. If this is the case, the lack of emotion by 

congruency effects on the P1 possibly suggest that the effect of emotion on visual attention 

is independent from the effect of spatial congruency on visual attention. However, if the lack 

of a congruency effect on the P1 within the present ESC paradigm is a true effect, this may 

suggest that effects of emotion override spatial congruency effects on visual attention. If this 

is the case, this suggests that emotion and spatial congruency do interact during early visual 

processing. In either case, it appears emotion is prioritised over spatial congruency when 

competing for visual attention.  
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Although congruency effects on the P1 component were not observed in the ESC 

paradigm, downstream congruency effects were observed on the Target-P3 component. 

Adolescents presented with larger P3 amplitudes to targets preceded by incongruent 

compared to congruent vocal cues, consistent with previous findings in adults (Chapter Four; 

Wang et al., 2022). In addition, not only did irrelevant angry voices influence the early visual 

processing of the target, but also influenced the later attentional processing of the target, as 

reflected by larger P3 amplitudes for targets following angry compared to neutral voices. This 

is consistent with previous ESC studies in adults which also reported a larger P3 component 

to targets preceded by emotional (e.g., positive) compared to neutral emotional cueing 

stimuli (e.g., environmental sounds; Wang et al., 2022). A larger P3 suggests greater use of 

cognitive resources to attend to the visual target, due to the involuntary capture of VSA by 

the emotional cueing stimulus (Wang et al., 2022). Therefore, within the present study a 

larger P3 to targets preceded by angry vocal cues supports the hypothesis of a threat-specific 

involuntary capture of attention by irrelevant angry voices. Taken together, larger P1 and P3 

amplitude to targets preceded by angry voices are consistent with theories which suggest 

threat-related stimuli rapidly capture attention due to adaptive advantages (Hansen & 

Hansen, 1988; Ohman & Minika, 2001). Moreover, evidence of emotion effects on 

components reflecting attentive processing, is in accordance with socio-cognitive models 

which suggest perceptual processes, such emotional information may influence attentional 

processes (Lemerise & Arsenio, 2000).  

Interestingly, this is the first study to demonstrate a preattentive hypersensitivity to 

vocal emotion in adolescents with high traits of ADHD. First, the present findings demonstrate 

a positive relationship between the Cue-P2 to happy voices and inattention/ hyperactivity. 
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This suggests adolescents with higher levels of inattention/hyperactivity perceive happy 

voices as more salient. In addition, the difference in Cue-P2 amplitude to happy compared to 

neutral voices significantly correlated with inattention and hyperactivity. This corroborates 

the finding that there is a greater difference in the perception of salience for happy compared 

to neutral stimuli in adolescents with higher levels of inattention/hyperactivity. It was, 

however, surprising that there was no evidence of an association between the Cue-P2 to 

angry voices and inattention/hyperactivity. Taken together, these results suggest there is a 

reward-specific hypersensitivity to vocal emotional stimuli in adolescents with high levels of 

inattention/hyperactivity. This contrasts with previous reports of a hyper-orientation to 

threat-related vocal stimuli in 6-11-year-old children with ADHD (Chronaki et al., 2015). It is 

possible that the present findings of a preattentive hypersensitivity to specifically happy 

voices in ADHD are specific to the period of adolescence, in which rewarding stimuli are more 

important for critical socio-emotional development during this period (Galvan et al., 2013; 

Blakemore & Mills, 2014). This is also consistent with a study which employed a Monetary 

Incentive Delay task with adolescents with ADHD and controls, and found that ADHD was 

associated with enhanced attentional ERP components (i.e., the CNV) to positive 

reinforcement, which similarly suggests an attentional hypersensitivity to rewards in ADHD 

(Chronaki et al., 2017). A second possibility is that anger-specific effects were not evident in 

the present study due to methodological differences with previous research. For example, 

this study recruited a community sample of adolescents and measured ADHD on a 

dimensional scale, while previous research recruited a clinical sample of children with ADHD 

(Chronaki et al., 2015). It is possible that threat-specific atypicalities are present individuals 

with a clinical diagnosis of ADHD, who also present with higher levels of depression (Barkley 

& Fischer, 2010; Bunford et al., 2015). In our study there were no strong associations between 
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emotional problems (e.g., depressive symptoms, emotion dysregulation) and ADHD traits, in 

contrast with prior research (Brocki et al., 2019; Sjowall et al., 2017). Moreover, the study by 

Chronaki et al. (2015) employed an explicit emotion recognition paradigm, and thus 

atypicalities in attentional mechanisms may have resulted in anger-specific ‘hyper-

orientation’ effects and thus, may not reliably reflect preattentive hypersensitivity effects.  

To overcome the methodological limitations relating to the dimensional approach to 

ADHD within the present study, categorical analyses confirmed the pattern of findings from 

the correlational analyses. Specifically, the Cue-P2 amplitude to both happy and angry voices 

was enhanced in adolescents with high traits of ADHD compared to low traits of ADHD. First, 

this finding extends research which has found a larger P2 amplitude to irrelevant non-

emotional auditory stimuli (50ms tones) in adolescents with ADHD compared to controls 

(Lazzaro et al., 2001). The present study supports the conclusion that a larger P2 amplitude is 

reflective of a hypersensitivity to auditory stimuli in ADHD (Lazzaro et al., 2001; Barry et al., 

2009) and extends research by showing that this hypersensitivity is enhanced by the presence 

of emotionally significant (e.g., angry and happy) stimuli in ADHD. Second, the finding that 

the Cue-P2 amplitude was enhanced for angry voices in adolescents with extreme levels of 

inattention/hyperactivity is consistent with previous neuro-imaging research which showed 

enhanced amygdala activation when subliminally processing fearful faces in adolescents with 

ADHD compared to healthy controls (Posner et al., 2012). As the P2 reflects the preattentive 

processing of the emotional significance of the voice in the early perceptual pathways (i.e., 

via the STS and amygdala; Schirmer & Kotz, 2006), the present findings add to this body of 

literature by providing support for an emotion-specific preattentive sensitivity to vocal cues 

(both happy and angry) in adolescents.  



 

245 
 

Taken together findings from both the correlational and categorical analysis on the 

Cue-P2 support the hypothesis that individuals with ADHD present with a preattentive 

hypersensitivity to vocal emotion (Chronaki et al., 2015). Moreover, these findings are 

consistent with socio-cognitive (Lemerise & Arsenio, 2000) and motivational dysfunction 

theories of ADHD (Sonuga-Barke, 2005; 2012). These theories suggest that atypicalities in the 

lower-level perceptual processing pathways contribute to emotion processing difficulties in 

ADHD, independently from the influence of attentional mechanisms. It is, however, important 

to note, that the association with the Cue-P2 to happy voices was also significant with conduct 

problems in preliminary analyses, and when conduct problems were controlled for in the Cue-

P2 analyses, the association with inattention/hyperactivity was no longer significant. This 

suggests that a preattentive hypersensitivity to happy voices might not be specific to 

inattention and hyperactivity symptoms but be an underlying neurocognitive atypicality of 

other externalising problems in adolescents, such as conduct problems. This is not surprising 

as conduct problems is a common comorbidity with clinical ADHD (Gustafsson et al., 2018; 

Taylor et al., 1996), and within the present study inattention and hyperactivity and conduct 

problems were highly correlated.  

Next, conduct problems appeared to play a significant role when investigating 

associations between inattention/hyperactivity and the P1 amplitude to the visual target. 

Without controlling for conduct problems, no significant correlations were found, but 

controlling for them revealed that adolescents with higher levels of inattention/hyperactivity 

presented with larger P1 amplitudes to targets preceded by spatially congruent neutral 

voices. This suggests the higher the levels of hyperactivity and inattention, the higher the 

early visual processing of the target. Previous research has demonstrated an atypical P1 
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response to visual targets preceded by neutral cues in children with ADHD (Perchet et al., 

2007; Nazari et al., 2010). For example, children (aged 6-11 years) with ADHD displayed 

smaller P1 amplitudes to targets preceded by visual cues in a spatial cueing paradigm, 

reflecting atypical attention allocation to a relevant visual target (Perchet et al., 2007). In 

contrast, the present findings revealed larger P1 amplitude to visual targets preceded by 

neutral vocal cues, possibly due to differences in cueing modality (visual vs auditory). Since 

auditory stimuli capture VSA more automatically and effectively than visual stimuli in adults 

(Spence & Driver, 1997), it is possible that visual and auditory cueing stimuli result in 

differential attentional atypicalities in ADHD. Further research is required to substantiate this 

claim.  

In addition, there was a negative correlation between inattention/hyperactivity and 

the Happy-Neutral P1 difference score. This suggests that the higher the 

inattention/hyperactivity, the smaller the difference in the P1 amplitude to targets preceded 

by spatially congruent happy compared to neutral voices. Combined with the result 

demonstrating an enhanced P1 amplitude following neutral voices, this suggest that 

adolescents with higher levels of inattention/hyperactivity present with enhanced early visual 

target processing, but only when targets are preceded by neutral voices. When irrelevant 

happy or angry voices are present, this enhancement is not present. In contrast to our 

predictions, and previous findings (Chronaki et al., 2015), this may reflect an enhanced 

involuntary orientation to neutral, rather than emotional, voices in adolescents with higher 

levels of inattention/hyperactivity, when the voices are congruent to task demands. If this is 

the case, this finding has clinical implications. For example, it suggests that the use of neutral 

tone by clinicians, parents and educators may be beneficial to help adolescents with 
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inattention/hyperactivity focus on a task. Additionally, contrasting results with previous 

studies (e.g., Chronaki et al., 2015) likely reflect differences in task design and the ERP 

components. For instance, Chronaki et al (2015) demonstrated a larger N1 amplitude to angry 

voices in children with ADHD when completing an explicit vocal emotion recognition task, 

hypothesised to reflect a preattentive hypersensitivity and hyper-orientation to vocal anger 

in children with ADHD (Chronaki et al., 2015). Moreover, a study which employed a go/no-go 

task with emotional (happy and angry) faces as Go stimuli and neutral faces as No-Go stimuli 

demonstrated that adolescents with ADHD displayed enhanced P1 amplitudes to the 

emotional (positive and negative) compared to the neutral facial stimuli (Karalunas et al., 

2020). However, as emotional faces in the go/no task were relevant to task demands, the P1 

in this context likely reflected both preattentive and attentive facial emotion processing, 

similar to the N1 component to explicitly processed vocal stimuli in the study by Chronaki et 

al. (2015). Within the present study, differential associations between 

inattention/hyperactivity and the Cue-P2 and Target-P1 suggest that although adolescents 

with inattention/hyperactivity present with a preattentive hypersensitivity to vocal emotion, 

this does not appear to lead to downstream enhancement effects of early visual processing 

to a relevant target. This suggests that irrelevant emotional voices do not enhance the capture 

of visual spatial attention in adolescents with inattentive/hyperactive traits. These findings 

come in contrast to previous findings from explicit emotion recognition tasks (Chronaki et al., 

2015; Karalunas et al., 2020). These findings need to be considered in relation to the task 

design in the present study which aimed to disentangle components related to the 

preattentive processing of vocal emotion (i.e., the Cue-P2) from visual attentional capture 

(i.e., the Target-P1).  
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The present study did not report any robust associations between RTs, and the Target-

P3 and inattention/hyperactivity. Although there was some evidence of a negative association 

between the Happy-Neutral Target-P3 difference score and inattention/hyperactivity, when 

controlling for conduct problems, this association did not survive correction for multiple 

comparisons. Moreover, the direction of this effect was consistent with findings on the earlier 

P1 component, and similarly suggests no association between the modulation of the P3 by 

irrelevant emotional voices and inattention/hyperactivity. Since a larger P3 reflects the 

greater use of cognitive resources to attend to the visual target (Wang et al., 2022), this 

finding suggests that adolescents with higher levels of inattention/hyperactivity did not 

display atypicalities in later attentional processing to the target preceded by irrelevant 

emotional voices. This contrasts with previous studies employing go/no-go tasks in children 

with ADHD, who presented with larger P3 amplitude in no-go trials when negative and 

positive emotional backgrounds were present (Lopez-Martin et al., 2015), as well as studies 

which reported enhanced P3 amplitudes in adolescents with ADHD during conditions of 

negative and positive reinforcement in a monetary incentive task (Chronaki et al., 2017). 

However, the present findings are consistent with a study employing an oddball task in adults, 

which reported no differences in the Target-P3 to auditory neutral stimuli in ADHD, despite 

the presence of early sensory atypicalities (i.e., via the P2) to the auditory stimuli (Barry et al., 

2009). The authors suggested this reflects early sensory atypicalities being overcome through 

effortful processing in ADHD (Barry et al., 2009). It is possible that a similar interpretation 

applies to the present study in that atypicalities in preattentive vocal emotion processing (i.e., 

via the Cue-P2) do not result in later attention allocation atypicalities downstream in 

adolescents with higher levels of inattention/hyperactivity. Alternatively, the lack of 

association between inattention/hyperactivity and later attentional mechanisms (i.e., Target-
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P3 and RTs) could be due to the simplicity of the ESC task compared to other more complex 

tasks, such as go/no-go tasks, which required participants to inhibit responses, and thus 

required higher levels of attentional control. 

It is interesting to note that some preliminary findings demonstrated emotion 

regulation and conduct problems were associated with the P1 and P3 amplitude to emotional 

compared to neutral voices. These results suggest that atypicalities in the downstream effects 

of irrelevant vocal emotions on attentional mechanisms may be specifically associated with 

emotion dysregulation and conduct problems, both of which are common in individuals with 

high levels of inattention/hyperactivity (Shaw et al., 2014; Faraone et al., 2019; Gustafsson et 

al., 2018). However, as the present study did not aim to disentangle the differential roles of 

conduct problems, emotion dysregulation and inattention/hyperactivity symptoms in 

preattentive and attentive vocal emotion processing, further research is required to 

substantiate this hypothesis. 

Considering the findings from the present study, future research should employ the 

ESC paradigm to further investigate differences in preattentive and attentive vocal emotion 

processing in children and adolescents. Specifically, given potential developmental 

differences, future research should explore emotion-specific differences in the preattentive 

processing of vocal emotions in children, adolescents and adults with ADHD. This is important 

because threat-specific atypicalities observed in children with ADHD (Chronaki et al., 2015), 

were not observed in the present adolescent sample, possibly suggesting a shift towards 

reward-specific atypicalities in older individuals with inattention/hyperactivity. Second, 

future research should more closely explore the link between emotion dysregulation in ADHD 

and a threat-specific preattentive hypersensitivity or hyper-orientation to vocal emotions. 
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This is crucial as ED is strongly associated with higher rates of a clinical diagnosis of ADHD 

(Shaw et al., 2014), and greater social problems (McKay et al., 2023). Understanding whether 

specific neurocognitive atypicalities, within preattentive or attentive emotion processing, 

differentiate severe presentations of ADHD from milder symptoms of ADHD would support 

research showing that ED is an important clinical feature of ADHD, and inform clinical 

interventions. Finally, considering the role of conduct problems in the emotion processing 

atypicalities in ADHD, further research is required to explore preattentive and attentive vocal 

emotion processing in adolescents with a range of externalising behaviours (i.e., conduct 

problems and hyperactivity). Future studies should recruit a large sample size of adolescents 

with a range of externalising behaviour problems to disentangle the role of 

inattention/hyperactivity from conduct problems. 

In summary, the present study employed the ESC paradigm to disentangle 

preattentive from attentive processing in adolescents with traits of inattention and 

hyperactivity. First, the findings support the use of the ESC to measure the preattentive 

processing of vocal emotions (reflected by the Cue-P2), and downstream effects on taret 

processing in adolescents (reflected by the Target-P1, and P3). Specifically, angry voices 

appear to have a greater effect on the involuntary capture of attention in adolescents, 

compared to neutral voices. This study provided novel evidence for a preattentive 

hypersensitivity to vocal emotions (happy and anger) in adolescents with high levels of 

inattention and hyperactivity, in support of motivational dysfunction theories (Sonuga-Barke, 

2012) and socio-cognitive models (Lemerise & Arsenio, 2000). However, target-related 

(attentive) mechanisms do not appear to be affected by the presence of irrelevant emotional 

voices (i.e., happy and angry) in adolescents with higher compared to lower levels of 
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inattention/hyperactivity. On the other hand, adolescents with higher levels of 

inattention/hyperactivity appear to present with attentional atypicalities to the target 

preceded by neutral voices. This additionally supports the role of emotion in contributing to 

variations in the allocation of attention in support of perceptual processing theories (Sonuga-

Barke, 2005; Lemerise & Arsenio, 2000). Finally, there is some preliminary evidence that 

atypicalities relating to the effect of irrelevant emotional voices on target-related (attentive) 

mechanisms might be specific to adolescents who present difficulties, such as emotion 

dysregulation and conduct problems. Further research is required to disentangle the role of 

conduct problems, emotion dysregulation and inattention/hyperactivity in atypical 

preattentive and attentive emotion processing in children and adolescents with a clinical 

diagnosis of ADHD. 
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6 GENERAL DISCUSSION 

6.1 Chapter Overview 

First, this chapter presents a summary of the motivation for conducting the thesis 

before summarising the key findings of the thesis. Second, the theoretical and clinical 

implications of the main findings are discussed. Third, the limitations of this work are 

described and ideas for future research are suggested. Finally, the key contributions of the 

thesis are summarised in a concluding paragraph. 

6.2 Overview of Thesis Findings 

It is debated whether emotion processing difficulties in ADHD stem from general 

executive function atypicalities, consistent with the cognitive-behavioural theory of ADHD 

(Barkley, 1997, 2015), or whether they additionally reflect atypicalities in the neuro-cognitive 

pathways, which are implicated in emotion processing, consistent with motivational-

dysfunction models of ADHD (Sonuga-Barke, 2005, 2012). To contribute to this debate, 

previous ERP research employing explicit emotion processing tasks (e.g., VER and MID tasks) 

in ADHD have revealed enhancements in attention allocation in emotionally salient (both 

positive and negative) contexts (Chronaki et al., 2017; Chronaki et al., 2015). It was 

hypothesised that a preattentive hypersensitivity to vocal emotions may contribute to these 

emotion effects on attentional mechanisms in ADHD, consistent with motivational 

dysfunction theories (Sonuga-Barke, 2012). In support, Chronaki et al. (2015) revealed a larger 

N1 component, reflecting the early sensory processing of vocal anger stimuli in children with 

ADHD compared to controls (Chronaki et al., 2015). However, due to employing an explicit 

VER task, when the vocal emotion was relevant to task demands, it was not clear whether 
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preattentive or attentive processing contributed to the effect of anger on the N1 component 

in that study (Chronaki et al., 2015). To disentangle preattentive from attentive mechanisms 

underlying vocal emotion processing, recent research has begun to explore the effect of 

preattentively processed (i.e., irrelevant) vocal emotions on attention in ADHD (Chronaki & 

Marsh, 2024). For example, Chronaki & Marsh (2024) reported a distracting effect of 

irrelevant vocal anger on performance (RTs) in children with ADHD. This supports the 

hypothesis that a hyper-orientation to threat-related stimuli stems from atypical preattentive 

processing of negative vocal emotions (Chronaki & Marsh, 2024). However, no studies so far 

have confirmed the presence of specific preattentive vocal emotion processing atypicalities 

prior to attentional capture using temporally sensitive ERP techniques.  

To address this gap in the literature, the present thesis developed a novel ESC 

paradigm to disentangle preattentive and attentive vocal emotion processing in ADHD 

employing behavioural and ERP techniques. The present thesis aimed to investigate a) if 

adolescents with high levels of inattentive and hyperactive traits present with a preattentive 

hypersensitivity to vocal emotion and b) if irrelevant vocal emotion influences attention 

allocation in adolescents with high levels of inattentive and hyperactive traits. To meet these 

aims, this thesis conducted four studies which revealed several key findings. Each of these will 

be summarised in turn before discussing the theoretical and clinical implications of the main 

findings. 

Chapter Two consisted of a meta-analysis which thoroughly reviewed the literature of 

vocal emotion recognition in ADHD. This was the first study to synthesise effect sizes for vocal 

emotion recognition difficulties in ADHD. VER deficits in ADHD were found in 95% of studies 

employing explicit VER tasks. This confirmed that the presence of VER deficits in ADHD was a 



 

254 
 

reliable and consistent finding, which was in line with that previously reported in the facial 

emotion recognition literature (Bora & Pantelis, 2016; Borhani & Nagati, 2018). In addition, 

moderator analysis showed that VER deficits were not modulated by emotion. This finding 

demonstrated that there is insufficient data in the behavioural VER literature to conclusively 

identify the presence of atypicalities in the emotion processing pathways in ADHD. Therefore, 

Chapter Two confirmed that explicit VER tasks are limited in their ability to isolate emotion-

specific atypicalities in ADHD due to the role of attentional processing necessary to identify 

task-relevant vocal emotions. Overall, findings from this meta-analysis confirmed the gap in 

the literature to explore ‘implicit’ vocal emotion processing, independent from attentional 

capture, by employing preattentive, rather than explicit emotion recognition paradigms.  

Chapter Three aimed to validate a set of vocal emotional stimuli, originally developed 

by Maurage et al. (2007) in adults and adolescents. These stimuli were incorporated into a 

novel ‘preattentive’ ESC paradigm in later studies. This study was novel because these stimuli 

had not previously been validated in an adolescent population. Importantly, the study 

reported high accuracy rates (above 80%) in both adults and adolescents. Since reciprocal 

understanding of vocal emotions is essential in the use of vocal emotions for effective 

communication (Jusline & Laukka, 2004), this confirmed the validity of the stimuli for use in 

the later ESC paradigm. In addition, Chapter Three demonstrated similar age and emotion 

effects on VER accuracy as reported in previous literature. For example, adolescents and 

adolescents not only recognised angry voices more accurately compared to happy and neutral 

voices, but also perceived angry voices as more intense than happy voices, which was 

consistent with previous VER studies (Chronaki et al., 2018; Liu & Pell, 2012; Morningstar et 

al., 2019). This supported the advantage of employing angry vocal stimuli in explicit VER tasks 
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(Hansen & Hansen, 1988; Ohman & Manika, 2001), perhaps due to these stimuli being 

preattentively perceived as more salient, or due to later attentional mechanisms prioritising 

vocal anger when it is relevant to task demands. 

Chapter Four presented the first study employing a novel ESC paradigm combining 

behavioural and ERP techniques in adults, to more conclusively explore the time course of 

preattentive and attentive vocal emotion processing. Although previous ERP studies in adults 

have isolated the P2 component as a neural marker of preattentive vocal emotion processing 

(Gadeke et al., 2013; Lin et al., 2022), Chapter 4 presented the first ERP study to disentangle 

the neural markers of both preattentive and attentive vocal emotion processing. First, 

Chapter Four similarly reported a larger Cue-P2 component to emotional (angry and happy) 

compared to neutral voices in adults, validating the Cue-P2 as a neural marker of preattentive 

vocal emotion processing in the ESC paradigm. Second, Chapter Four demonstrated that 

behaviourally, participants responded slower to targets preceded by irrelevant angry 

compared to neutral voices. This is consistent with findings from studies employing dichotic 

listening (Peschard et al., 2017; Sander et al., 2005), auditory distraction tasks (Kattner & 

Ellermeier., 2018) and cross-modal oddball tasks (Chronaki & Marsch, 2024), which have 

demonstrated a distracting effect of irrelevant vocal anger on task performance in adults. In 

addition, an anger-specific effect on RTs is consistent with the anger-specific effect on 

recognition accuracy reported in the validation study (Chapter Three). Finally, there was a 

lack of evidence relating to the downstream effects of emotion on ERP components reflecting 

early visual target processing (i.e., the P1) and later attentional target processing (i.e., the P3), 

both of which were hypothesised to reflect the capture of attention by the vocal cues. 

However, because robust emotion and congruency effects were demonstrated on RTs, it was 
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concluded that the ESC paradigm was a valid behavioural measure of the involuntary capture 

of attention by vocal emotions, and the lack of corresponding neural correlates likely reflected 

a lack of power. 

Finally in Chapter Five, a behavioural and ERP study employing the ESC paradigm was 

conducted to explore preattentive and attentive vocal emotion processing in 60 adolescents 

with varying levels of inattention/hyperactivity. This study generated a number of novel and 

interesting findings. First, consistent with our findings in adults (Chapter Four), adolescents 

responded slower to targets preceded by angry compared to neutral voices, further 

demonstrating that irrelevant vocal anger has a distracting effect on performance (RTs) in 

adolescents. Second, adolescents presented with a larger P2 amplitude to angry and happy 

voices compared to neutral voices, consistent with findings in adults (Chapter Four). This was 

a novel finding and suggests that the Cue-P2 is a neural marker of the preattentive emotion 

processing in adolescents, consistent with the adult literature (Gadeke et al., 2013). However, 

surprisingly, when controlling for the effect of age, the effect of emotion on the P2 amplitude 

was not significant. Moreover, although we expected, based on the validation study, that 

angry voices would be preattentively perceived more saliently than happy voices, the Cue-P2 

component was larger to happy compared to angry voices in adolescents. This provided 

evidence of a reward-specific preattentive sensitivity in adolescents, not found in adults. 

Interestingly, novel findings from Chapter Five highlighted an anger-specific effect on the 

early visual processing, as reflected by the P1 component, of the target and a downstream 

anger-specific effect on later attentional mechanisms to the target, as reflected by the P3 

component. This is consistent with the anger-specific effects on RTs found in adults and 
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adolescents in the present thesis, and further suggests that angry voices involuntarily capture 

attention in adolescents. 

Consistent with our predictions, correlational analysis in Chapter Five revealed that 

adolescents with higher levels of inattention/hyperactivity presented a larger Cue-P2 

amplitude to happy voices. In addition, categorical analysis revealed that adolescents with 

high levels of inattention/hyperactivity presented with a larger Cue-P2 amplitude to both 

emotional (angry and happy) voices compared to adolescents with low levels of 

inattention/hyperactivity. Taken together, since the P2 component is suggested to reflect the 

preattentive processing of vocal emotion (Gadeke et al., 2013; Schirmer & Kotz, 2006), these 

results provide novel evidence in support of a preattentive hypersensitivity to vocal emotion 

in ADHD. It is interesting to note, however, that these effects were no longer significant when 

conduct problems were controlled for in analysis, possibly suggesting that conduct problems 

may mediate a preattentive hypersensitivity to vocal emotion in ADHD.  

Finally, the associations between emotion effects and inattention/hyperactivity 

appeared to be specific to the vocal cue processing, as there were no significant associations 

between emotion effects on target-locked ERPs and RTs and inattention/hyperactivity. 

Specifically, there were no significant associations between inattention/hyperactivity and a) 

the effect of anger on RTs, b) the effect of anger on early visual processing of the target (as 

reflected by the P1) and c) the effect of anger on later attention allocation to the target (as 

reflected by the P3). Taken together, these results suggest that there are no atypicalities in 

how irrelevant vocal emotion (anger and happiness) influence attention allocation 

mechanisms in adolescents with higher levels of inattention/hyperactivity. However, 

interestingly, after controlling for conduct problems, there was some novel evidence that the 
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presence of irrelevant neutral voices enhances early visual processing of a target (i.e., the P1) 

in adolescents with higher levels of inattention/hyperactivity.  

Overall, Chapter Five presented the first study to a) identify a preattentive 

hypersensitivity to vocal emotion (happy and angry) in adolescents with high levels of 

inattention/hyperactivity and b) identify a robust ‘distracting’ effect of irrelevant vocal anger 

on attentional mechanisms in adolescents with varying (high and low) levels of 

inattention/hyperactivity. The theoretical and clinical implications of these findings are 

summarised in the following section.   
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6.3 Theoretical Implications of Main Findings  

Findings Relating to the Preattentive Processing of Vocal Emotion (Cue P2) 

First, the finding that both happy and angry voices resulted in a larger Cue-P2 

amplitude compared to neutral voices in the ESC paradigm in both adults and adolescents 

suggests that emotional (angry and happy) voices are preattentively perceived as more 

salient than neutral voices. This supports the model of vocal emotion processing (Schirmer 

& Kotz, 2006), which argues that the emotional significance of voices is processed in the 

perceptual pathways of the brain (e.g., the STS) via subcortical regions, such as the 

amygdala, prior to the capture of attention. Second, the finding of a greater Cue-P2 

amplitude for happy compared to angry voices in adolescents is supportive of theories 

which view adolescence as a period of greater sensitivity towards rewarding stimuli 

stemming from enhanced activation of the striatum, a subcortical region of the brain in 

the basal ganglia (Galván et al., 2013). This finding is consistent with fMRI research 

employing monetary reward tasks which has shown enhanced activation of the striatum 

in adolescents, during the processing of stimuli in response to reward-related outcomes 

(Ernst, 2014; Bogert et al., 2016). In addition, the finding of an enhanced Cue-P2 to happy 

voices suggests that reward-sensitivity in adolescence extends to voices, consistent with 

fMRI findings of enhanced striatum activity in the face processing literature in adolescents 

(Mueller et al., 2017). Moreover, it is interesting that the effect of emotion on the Cue-P2 

amplitude was rendered non-significant when controlling for the effect of age. This 

suggests that effect of emotion on the Cue-P2 amplitude in adolescents is not stable 

across development (from 12 to 16 years). As the effect of age was not found in adults, 

this suggests that in adolescents the preattentive processing of vocal emotions is still 
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developing, consistent with the developmental trajectory of explicit vocal emotion 

recognition in adolescents, which suggests vocal emotion processing continues to develop 

into late adolescence (Grosbras et al., 2019; Fillipa et al., 2022).  

Second, the finding that high levels inattention/hyperactivity were significantly 

associated with a larger Cue-P2 amplitude to happy and angry voices provides robust 

support for the hypothesis of a preattentive hypersensitivity to vocal emotion in ADHD 

(Chronaki et al., 2015; Chronaki & Marsh, 2023). This finding is consistent with 

motivational dysfunction theories of ADHD suggesting that socio-emotional difficulties 

are characteristic of ADHD, and that these difficulties may stem from specific atypicalities 

in the regions of the brain involved in emotion and reward processing (e.g., amygdala, 

striatum; Sonuga-Barke, 2012). Previous ERP research has supported motivational 

dysfunction theories by demonstrating that relevant motivational stimuli (i.e., negative 

and positive reinforcement) versus neutral stimuli enhance attention allocation (i.e., 

larger P3 amplitudes) to a target in a monetary incentive task in 10-16-year-old 

adolescents with ADHD (Chronaki et al., 2017). Moreover, previous MRI research 

employing an Escape-Delay Incentive task has shown that 10-18 year-old adolescents with 

ADHD present with reduced volumes in the amygdala when processing stimuli in the 

‘certain delay’ condition compared to the ‘no delay’ condition (Van Dessel et al., 2020). It 

was suggested that this reflects atypicalities in subcortical processing (e.g., amygdala) 

when processing the negative emotions associated with delay in ADHD, in support of 

delay-aversion theories of ADHD (Van Dessel et al., 2020). However, in both studies, since 

the motivational stimuli included were relevant to task demands, it was not known if 

atypicalities reflected emotion processing atypicalities independently from attentional 
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difficulties. The present findings reporting a preattentive hypersensitivity to vocal 

emotions in ADHD add to this literature by providing the first ERP evidence of atypicalities 

in the preattentive processing pathways of vocal emotions. 

It is interesting that the present thesis reported only a preattentive 

hypersensitivity to happy (and not angry) voices in adolescents with higher levels of 

inattention/hyperactivity in correlational analysis in Chapter Five. This contrasts with 

previous research which has shown anger-specific effects on the N1 amplitude to explicitly 

processed emotional voices in 6-11-year-old children with a clinical diagnosis of ADHD. 

One explanation for the presence of happy-specific effects during the preattentive 

processing of vocal emotion in the present study could be that this effect is specific to 

adolescents, and not children, with ADHD. This hypothesis is consistent with theories 

which suggest adolescents present with a greater sensitivity to rewards (Galván, 2013). 

Moreover, this finding suggests that reward sensitivity is heightened in adolescents with 

higher levels of inattention/hyperactivity. This is in accordance with motivational 

dysfunction theories such as the delay aversion hypothesis, which suggest individuals with 

ADHD are more likely to seek out immediate salient rewards in their environment, rather 

than wait for a delayed (positive or negative) outcome (Sonuga-Barke, 2005). For example, 

if adolescents with ADHD perceive the immediate positive stimuli (i.e., messages on 

phone) with higher saliency than later negative consequences (i.e., punishment for not 

doing homework), this might make it particularly difficult for adolescents with ADHD to 

ignore potentially distracting positive stimuli.  

An alternative explanation for the presence of happy-specific effects compared to 

anger-specific effects reported in previous studies (Chronaki et al., 2015) could be due to 
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the recruitment of a non-clinical sample in the present study. Thus, anger-specific effects 

might be associated with clinical presentations of ADHD. Within the present thesis, this 

argument was supported by the fact that in Analysis Three in Chapter Five, when a 

subsample of adolescents with extreme levels of inattention/hyperactivity (i.e., high SDQ 

scores) were included in categorical analyses, an additional anger-specific effect on the 

Cue-P2 emerged. That is, adolescents with high levels of inattention/hyperactivity 

presented with a larger Cue-P2 amplitude to both angry and happy voices compared to 

adolescents with low levels of inattention/hyperactivity. Further research is necessary to 

explore both developmental and clinical reasons for the presence of a reward-specific 

preattentive hypersensitivity to vocal emotions in adolescents with higher levels of 

inattention/hyperactivity (See section 6.6).   

In addition, within the present study, effects relating to the preattentive 

hypersensitivity to vocal emotion (anger and happiness) were rendered non-significant 

when conduct problems were controlled for in both correlational and categorical 

analyses. The effect of conduct problems on emotion processing in ADHD is also 

consistent with a trend in the VER literature which suggests that comborbid CD affects the 

nature of vocal emotion recognition atypicalities in ADHD (Miller et al., 2011; Cadesky et 

al., 2000; Sells et al., 2023). The present findings have theoretical implications as they 

suggest that a preattentive hypersensitivity to vocal emotion might be an underlying 

neurocognitive atypicality which drives the presence of conduct problems in ADHD (or 

vice versa; conduct problems might drive preattentive emotion processing atypicalities). 

These findings raise questions as to whether preattentive emotion processing atypicalities 

are present in adolescents who present with ADHD only (without comorbidities, such as 



 

263 
 

conduct problems). This possibility is in accordance with theories which suggest that the 

combination of ADHD and emotion difficulties, such as ED, is a risk factor for developing 

comorbidities in ADHD (Steinberg & Drabick, 2015; Seymour et al., 2014). If this is the 

case, it is possible that motivational dysfunction theories may not be specific to ADHD but 

extend to the neurocognitive underpinnings of other externalising disorders, such as 

conduct disorder. In addition, the view that neurocognitive atypicalities are not 

categorically specific to one disorder, but the same atypicality (i.e., a preattentive 

hypersensitivity) and associated symptoms (i.e., emotion difficulties) may present at 

varying levels in other disorders, is consistent with the dimensional view of ADHD, as a 

form of neuro-divergence (Sonuga-Barke et al., 2023; Astle et al., 2022).   

Findings Relating to the Effect of Vocal Emotion on Target Processing. 

In both samples of adults and adolescents, the present thesis reported an anger-

specific distracting effect of irrelevant cues on performance (RTs) to a visual target in the 

ESC task. This is consistent with previous behavioural studies which report that irrelevant 

vocal anger has a distracting effect on performance in adults (Kattner & Ellermeier, 2018, 

Sander et al., 2005). These findings support theories which suggest that when vocal anger 

is irrelevant to task demands, the voice captures attention involuntarily and holds limited 

attentional resources later in processing, and thus has a distracting effect on task 

performance (Huges, 2014, Sander et al., 2005). Consistent with this theory, the present 

thesis additionally reported an anger-specific effect on a neural level by reporting 

enhanced P1 and P3 components to targets preceded by angry compared to neutral voices 

in the overall adolescent sample. The presence of an enhanced P1 to targets preceded by 

angry voices supports prior research which suggests angry voices involuntarily captures 



 

264 
 

early visual attention (Brosch et al., 2009). The presence of an enhanced P3 to targets 

preceded by angry voices is consistent with previous research which has shown that the 

involuntary capture of visual attention by vocal emotion has downstream effects on later 

attentional processing (Li et al., 2018, Wang et al., 2022). Moreover, this finding supports 

theory which argues that irrelevant emotional voices hold limited attentional resources 

and thus, may cause difficulties to engage on a target (Huges, 2014). Overall, findings of 

anger-specific effects on target processing in adults and adolescents are consistent with 

research which has shown that angry voices are recognised with higher accuracy in adults 

(Zupan, 2015; Maurage et al., 2007), adolescents (Morningstar et al., 2019) and children 

(Chronaki et al., 2018). Findings that angry voices are recognised with higher accuracy in 

adults and adolescents are also confirmed in Chapter 3 of the present thesis. However, it 

is important to note that the present study only found effects of anger on the Target P1 

and Target P3 in adolescents but not adults. It is possible that effects of emotion on the 

involuntary capture of vocal emotion are stronger in adolescents compared to adults on 

a neural level, perhaps because adolescence is associated with heightened sensitivities to 

emotional stimuli (Blakemore, 2008). However, further developmental research is 

necessary to confirm this (See section 6.6). Overall, anger-specific effects on target 

processing support theories which suggest the ability to recognise and attend to negative 

(i.e., threatening) compared to positive emotions is integral to human survival (Liu & Pell, 

2005; Vuilleumier, 2005). Moreover, these findings suggest that the involuntary capture 

of visual attention by irrelevant angry vocal cues occurs typically in healthy adults and 

adolescents. 
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The present study reported preattentive emotion processing atypicalities but not 

downstream emotion effects on target processing in adolescents with higher levels of 

inattention/hyperactivity. The finding that inattention/hyperactivity was not associated 

with emotion-specific effects on target processing contrasts with previous research which 

reported that when motivationally salient stimuli (e.g., monetary rewards) were relevant 

to task demands, this enhanced attention allocation to a target in adolescents with ADHD 

(Chronaki et al., 2017). It is possible that the absence of downstream emotion effects on 

target processing in the present thesis is explained by the fact that vocal emotions were 

irrelevant to task demands, compared to previous research which included emotional 

stimuli which were relevant to task demands (Chronaki et al., 2015; Chronaki et al., 2017). 

If this is the case, this would suggest that a preattentive hypersensitivity to vocal emotion 

has a greater effect on the allocation of attention in ADHD when emotional stimuli are 

task relevant. This hypothesis is consistent with motivational dysfunction and social-

cognitive theories which suggest that attention (i.e., related to task relevance) and 

emotion processing atypicalities interact to contribute to variations in the allocation of 

attention in ADHD (Sonuga-Barke, 2005, 2012; Lemerise & Arsenio, 2000). 

Next, in Chapter Five, we reported a significant positive association between 

inattention/hyperactivity and the Target-P1 component to targets preceded by neutral 

voices. This suggests that irrelevant neutral voices have an enhancing effect on early visual 

processing of the target and are more likely to involuntarily capture attention in 

adolescents with higher levels of inattention/hyperactivity. Similarly, it possible that 

individuals with lower levels of inattention/hyperactivity find it easier to ignore irrelevant 

neutral voices. An enhanced P1 to targets following irrelevant neutral auditory stimuli 
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contrasts to studies which find a smaller P1 to visual targets preceded by irrelevant neutral 

visual stimuli in children with ADHD (Perchet et al., 2007). These contrasting findings could 

be due to differences in how cueing modality (visual vs auditory) influences attention 

allocation in ADHD. A greater P1 response to targets preceded by auditory compared to 

visual cueing stimuli may suggest that irrelevant auditory stimuli involuntarily capture and 

distract individuals with ADHD more compared to visual cueing stimuli. This hypothesis is 

consistent with theories which suggest irrelevant auditory stimuli are more likely to 

capture attention and orientate attention to potentially threatening events outside of the 

visual field for adaptive purposes (Murphy et al., 2014). Moreover, this finding is 

consistent with research which has shown that individuals with higher levels of 

inattention/hyperactivity present with higher sensitivity (reflected by the P2 component) 

to auditory stimuli (Oades et al., 1997; Barry et al., 2009) and research which suggests 

there is a high prevalence of auditory hyperacuity ADHD (Rali et al., 2020; Paulin et 

al.,2016).  

In addition, the smaller amplitude difference in the effect of emotional and neutral 

voices on early visual processing (i.e., the P1) in adolescents with higher levels of 

inattention/hyperactivity suggests neutral voices may capture attention similarly to 

emotional voices in ADHD. If this is the case, this may explain greater difficulties in 

recognising vocal emotions in ADHD (Sells et al., 2023). For instance, if emotional and 

neutral voices are perceived during attentional processing as more similar, this may lead 

to errors or biases in perceiving neutral voices as emotional or vice versa. This hypothesis 

is consistent with social-cognitive theories which argue that atypicalities in the encoding 

of emotional stimuli may lead to incorrectly recognising emotional stimuli, which in turn 
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leads to incorrect responses in social situations (Lemerise & Arsenio, 2000). For example, 

if a neutral tone used by a friend captures attention to a similar degree as an angry tone, 

the receiver might be more likely to perceive the tone as anger and this may lead to a 

more hostile response. Similarly, if irrelevant neutral voices capture attention to a similar 

degree as emotional voices in individuals with traits of ADHD, this might explain why 

students with ADHD struggle to focus in classroom environments (e.g. when students and 

teachers are talking in a neutral tone in group settings). 

Overall, findings of a larger Cue-P2 to irrelevant vocal emotion in adolescents with 

higher levels of inattention/hyperactivity provide evidence for atypicalities in the neuro-

cognitive pathways which preattentively process emotions. This provides evidence in 

favour of motivational dysfunction theories to explain the presence of emotional 

difficulties in ADHD (Sonuga-Barke, 2012). Moreover, as there is some evidence that 

conduct problems play a role in the preattentive processing of vocal emotions. This finding 

supports a dimensional view of ADHD and suggests that motivational dysfunction theories 

might be specific to the neuro-cognitive atypicalities in a subgroup of individuals with 

comorbid ADHD and CD. Finally, it is unclear from the present findings how a preattentive 

hypersensitivity to vocal emotion interacts with visual processing to contribute to 

variations in the allocation of attention in ADHD. However, findings of a smaller Happy-

Neutral Target-P1 difference score in adolescents with higher levels of 

inattention/hyperactivity correspond to the presence of VER errors and biases found in 

ADHD. Together, these findings further support theories which suggest that individuals 

with ADHD present with difficulties during the encoding of emotional expressions which 
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contribute to socio-emotional difficulties (Lemerise & Arsenio, 2000; Sonuga-Barke, 

2012).  
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6.4 Clinical Implications 

The findings of the present thesis have important implications for clinical practice. 

Clinical implications deriving from the present research are suggested below. 

First, the present findings highlight the clinical importance of examining 

preattentive processes during emotion perception in ADHD. Adolescents with high levels 

of inattention/hyperactivity preattentively perceive emotional voices as more salient than 

those with low levels of inattention/hyperactivity. This has implications for clinical 

practice as it suggests that emotion processing difficulties in ADHD exist at a preattentive 

level in adolescents with ADHD traits. If emotion processing difficulties exist at a 

preattentive level, then a goal of therapeutic intervention might be to increase emotional 

self-awareness and emotional regulation in individuals with traits of ADHD. Clinicians 

might aim to incorporate therapeutic techniques which tap onto preattentive emotion 

processes. For instance, there has been some evidence that play and creative art therapies 

increase emotional self-awareness and reduce externalising behaviour problems in 

children and young people (Parker et al. 2021; Ray, Schottelkorb, & Tsai 2007). In addition, 

findings which suggest that conduct problems might drive a preattentive hypersensitivity 

to vocal emotions in ADHD suggest that clinicians should carefully assess the presence of 

conduct problems in adolescents with ADHD. It is possible that in cases in which conduct 

problems are high, treatments could be tailored to consider potentially greater levels of 

emotional difficulties in adolescents with ADHD. Similarly, in adolescents with high levels 

of inattention/hyperactivity only (without comorbidities or emotion difficulties), an 

emotion-specific treatment approach may not be suitable. In summary, findings of a 

preattentive hypersensitivity to emotional stimuli in ADHD can inform prevention 
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programs to support emotional development in adolescents with traits of 

inattention/hyperactivity and conduct problems in the community.  

Specifically, the present findings support the presence of a preattentive 

hypersensitivity to happy vocal stimuli in adolescents with high levels of 

inattention/hyperactivity. Similarly, previous research reported that relevant reward-

specific motivational stimuli, such as stimuli associated with negative and positive 

reinforcement, can aid task performance in monetary-incentive tasks in adolescents with 

ADHD (Chronaki et al., 2017). Findings from the present study suggest that when a happy 

(e.g. encouraging) tone is used, this may be beneficial to task performance. However, it 

must be noted that the present study only employed task-irrelevant vocal emotions to 

more robustly explore the preattentive processing of vocal emotions. Therefore, findings 

from the ESC paradigm appeared to support distracting (not facilitating) effects of vocal 

emotions, which were specific to vocal anger, and it was not clear how happy voices 

interact with, and potentially facilitate, attention in task-relevant situations. Thus, further 

research is required to explore how the preattentive processing of vocal emotions may 

interact with attention to potentially facilitate performance in other contexts (See section 

6.6).  

Next, as the present thesis presented evidence that a preattentive hypersensitivity 

to angry voices was only present in adolescents with extremely high levels of 

inattention/hyperactivity (i.e., very high SDQ scores), this suggests that a preattentive 

hypersensitivity to angry voices may be specific to a clinical diagnosis of ADHD. This has 

implications regarding the clinical significance of ED in ADHD (Shaw et al., 2014). For 

example, it is possible that ED in ADHD specifically stems from a preattentive 
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hypersensitivity to vocal anger. However, this is speculative because the present study did 

not recruit a clinical sample of ADHD, nor were there high levels of ED present within the 

community sample of adolescents. Therefore, further research with clinical populations 

should be conducted to test this hypothesis (see section 6.6.).  

The present findings highlighted that irrelevant vocal anger has a distracting effect 

on task performance in adolescents with varying levels of inattention/hyperactivity. 

Specifically, adolescents with both high and low levels of inattention/hyperactivity were 

slower to respond to targets preceded by irrelevant angry compared to neutral voices. 

This finding has implications for educators and parents. Parents and teachers should aim 

to avoid potentially distracting emotional voices, especially anger, in situations which 

require focus and attention to a task. Importantly, this applies not only to adolescents 

with high levels of inattention/hyperactivity, but also to typically developing adolescents.  

Next, the present findings revealed that adolescents with higher levels of 

inattention/hyperactivity presented with a smaller Happy-Neutral Cue-P2 amplitude 

difference score, suggesting that adolescents with ADHD might find it more difficult to 

differentiate between neutral and happy stimuli. This is in accordance with findings which 

suggest individuals with ADHD display difficulties to recognise emotional (e.g., happy) 

voices (Sells et al., 2023). Taken together, these findings have clinical implications, as they 

suggest that parents and educators should more explicitly express the emotional 

significance and value of vocal stimuli. This might help children and adolescents with 

ADHD to better understand the emotional significance of a social situation and respond 

appropriately (Lemerise & Arsenio, 2000).   
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6.5 Limitations 

Despite the present thesis making important contributions to theory and clinical 

practice, it also has a number of limitations. There are discussed in detail below.  

First, a limitation of the present thesis was that we did not explore thoroughly the role 

of conduct problems in the preattentive and attentive vocal emotion processing stages. For 

example, although the present thesis provided some evidence for the role of conduct 

problems in possibly driving a preattentive hypersensitivity to vocal emotions, we did not 

provide confirmatory evidence for this. However, because conduct problems and 

inattention/hyperactivity were highly correlated in the present study, it was difficult to 

disentangle the contribution of conduct problems from that of hyperactivity. Moreover, 

because the focus of the present thesis was on traits of inattention/hyperactivity, we did not 

aim to recruit a high number of adolescents with conduct problems. Therefore, given our 

small sample size, our study did not have the statistical power to compare two groups of 

participants (with and without conduct problems) to examine whether our findings are 

independent of conduct problems. 

Second, within the present thesis, adult participants were only recruited for the 

purpose of validating the task design, and we did not aim to conduct a developmental study. 

Considering this, the present study recruited 25 adults compared to a later sample of 60 

adolescents. This could be seen as a limitation of the present study as we were not able to 

robustly compare preattentive and attentive vocal emotion processing across the two age 

groups. Despite this, it is interesting that the present study reported a reward-specific effect 

on preattentive vocal emotion processing in adolescents which was not reported in adults, 

and there was a significant effect of age on the Cue-P2 amplitude in the adolescent sample. 
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Taken together, these preliminary findings relating to age effects on preattentive vocal 

emotion processing suggest that further developmental research is necessary to explore 

these effects further (see section 6.6).  

Next, it could be argued that including two vocal stimuli per emotion condition in the 

ESC paradigm was limiting. For instance, if a greater number of stimuli per emotion condition 

were included, this could potentially have increased the reliability of the emotion effects 

reported in Chapters 4 and 5. It is not known whether emotion effects on RTs, the Cue-P2 and 

the Target-P1 and Target-P3 would be replicated when incorporating a larger number of vocal 

emotional stimuli. However, the inclusion of only two stimuli per emotion condition is 

consistent with previous studies exploring vocal emotion processing in ADHD (Chronaki et al., 

2015).  

 In addition, by including only two emotion types (happy and angry) in the present ESC 

paradigm, it is unclear whether emotion-effects on the preattentive and attentive processes 

are present when including more varied emotion types, such as disgust, surprise, fear. 

However, in the present study, the incorporation of happy and angry stimuli were justified 

because they had been evidenced to be recognised with high accuracy in children and 

adolescents, compared to other emotion types (e.g., disgust, surprise; Sauter et al., 2013). 

Moreover, including more emotion types would have increased the length of the task, which 

may not have been suitable with adolescents with high levels of inattention/hyperactivity. 

Another limitation of the present thesis was that it was not conclusively clear why 

congruency effects on the Target-P1 component were not observed in adults and adolescents 

in Chapters Four and Five. This finding was not in line with previous studies incorporating 

spatial cueing paradigms, showing consistent effects of spatial congruency on the P1 
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component (Spence & Driver, 1997, Brosch et al., 2009, Wang et al., 2022). It was concluded 

that since we found effects of emotion on the Target-P1 and P3 in adolescents, the task was 

still an effective measure of the capture of attention by vocal emotions and it was possible 

that emotion effects are prioritised in early visual processing systems, and thus override 

congruency effects within the present ESC paradigm (as discussed in Chapter Five). However, 

since there were no interaction effects between congruency or emotion, overall, the present 

thesis did not report any evidence to support an enhanced effect of vocal emotion on the 

allocation of attention in ADHD, as demonstrated in previous studies (Chronaki et al., 2017, 

2019; Chronaki & Marsh, 2024). This is possibly due to including irrelevant emotions in the 

ESC paradigm, which had a distracting effect on attention overall, compared to a facilitating 

effect, as reported in previous studies using different paradigms (i.e., the Monetary-Incentive 

paradigm; Chronaki et al., 2017; the dot-probe task; Brosch et al., 2009). Section 6.6 outlines 

some suggestions on how to strengthen the sensitivity of the task to detect emotion-attention 

interaction atypicalities in ADHD. 
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6.6 Directions for Future Research 

Taking the key findings, theoretical contributions and strengths and limitations of the 

present thesis into consideration, this section offers some suggestions for future research.  

First, to build upon motivation-dysfunction theories of ADHD, and to more thoroughly 

investigate the clinical significance of the present findings, future research might aim to 

conduct a case control study to investigate the preattentive processing of vocal emotions in 

clinical cases of ADHD compared to controls. For example, future research could recruit a 

group of adolescents with a clinical diagnosis of ADHD, a group of adolescents with sub-

threshold levels of ADHD, and a control group of adolescents. This would examine whether 

anger-specific effects on the Cue-P2 amplitude are more pronounced in clinical cases of 

ADHD. Similarly, future research could explore the role of conduct problems in a preattentive 

hypersensitivity to vocal emotion in ADHD by including separate groups of participants with 

conduct problems such as a group with ‘ADHD only’, a group with ‘ADHD and CD’ and a group 

with ‘CD only’. This design would more robustly examine questions surrounding the mediating 

effect of conduct problems on a preattentive hypersensitivity to vocal emotions in ADHD, 

preliminary shown in the present thesis.  

Second, to address developmental questions, such as the age at which children begin 

to preattentively process vocal emotions, and whether preattentive vocal emotion processing 

continues to develop in adolescence (at a similar rate as explicit vocal emotion processing), 

future studies might aim to employ the ESC paradigm to examine the developmental 

trajectory of preattentive vocal emotion processing. For example, researchers might aim to 

recruit a group of children, adolescents and adults in a future study to conduct more robust 

categorical analysis across age groups. This would help to establish whether adolescents 
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present with greater preattentive sensitivity to positive vocal emotions compared to adults 

and children. This research would contribute to reward processing theories in adolescence 

(Galvan, 2013). Similarly, further ERP research might aim to examine the developmental 

trajectory of the neural markers of the preattentive vocal emotion processing during 

childhood and adolescence. Finally, further fMRI research might aim to explore if there is an 

enhanced striatum activity to irrelevant happy voices in adolescents compared to adults to 

test theories on reward sensitivity in adolescence. 

Next, it is important to note that a strength of the present thesis was the development 

of a novel ESC paradigm, which included irrelevant vocal emotions, to effectively measure the 

preattentive processing of vocal emotions via the Cue-P2 component. Therefore, future 

research might aim to employ the ESC paradigm or similar paradigms to further explore the 

preattentive processing of vocal emotion. For example, future research might aim to explore 

if a range of vocal emotion types are preattentively processed to the same degree as happy 

and angry voices, or if a larger P2 to emotional compared to neutral voices is specific to more 

intense vocal emotions (e.g., anger), which are recognised with high accuracy (as in the 

present thesis). Similarly, to increase the reliability of the present findings on preattentive 

vocal emotion processing, future studies might aim to include a greater number of items per 

emotion type.  

In addition, a limitation of the paradigm was that it was not sensitive at measuring 

interaction effects between attention and emotion, or at measuring the facilitating effects of 

vocal emotion on attention (See section 6.5), future studies might aim to adapt the present 

task design to better explore atypicalities in the interaction between emotion and attention 

in ADHD. For instance, to better explore atypicalities in the capture of attention by irrelevant 
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vocal emotions in ADHD, future research may alter the task design, in order for the Target-P1 

component to be a more sensitive measure of the capture of attention by vocal emotion. For 

example, previous research employing similar spatial cueing paradigms demonstrated 

stronger emotion effects on the P1 response when the visual target was presented as a white 

triangle which pointed either upward or downward. Participants responded only when the 

white triangle pointed upward or downward, which possibly increased the difficulty of the 

task (Brosch et al., 2009; Wang et al., 2022). In addition, a larger effect of irrelevant vocal 

anger on the P1 response was found when incorporating a dot-probe study, when the vocal 

stimuli (anger and neutrality) were presented simultaneously in adults (Brosch et al., 2009). 

The studies by Brosch and colleagues (2008, 2009) also reported a facilitating effect of 

emotion on RTs. Therefore, dot-probe tasks, (when irrelevant vocal stimuli compete for 

attention) might be more effective than the ESC paradigm in exploring potential facilitating 

effects of preattentively processed vocal emotions on performance.  

Finally, the present study reported a larger P1 response to targets preceded by neutral 

vocal stimuli in ADHD. This contrasts to previous studies which reported a smaller P1 response 

to non-emotional targets preceded by neutral visual stimuli in ADHD (Perchet et al., 2007). 

Therefore, future research could explore differences in the way auditory and visual distractors 

influence visual attention in ADHD. For instance, similar ESC paradigms might be effective at 

measuring the effects of bi-modal stimuli (e.g., facial and vocal cues together) and unimodal 

(either visual or auditory cues) on preattentive and attentive processing. This would help 

explore differences in how auditory and visual emotional stimuli distract or facilitate attention 

in ADHD.  

  



 

278 
 

6.7 Conclusion 

In summary, the present thesis presented four studies which reviewed the vocal 

emotion processing literature in ADHD and developed a novel a paradigm to address the 

gap in the literature regarding the preattentive processing of vocal emotion processing in 

ADHD. Overall, findings from the present PhD thesis support the hypothesis that 

individuals with ADHD present with a preattentive hypersensitivity to vocal emotion 

(Chronaki et al., 2015). These findings are consistent with motivational dysfunction 

theories of ADHD (Sonuga-Barke, 2005, 2012). Interestingly, within the present thesis, 

effects relating to the preattentive processing of vocal emotion in ADHD appear to be 

specific to happy voices. This is consistent with theories suggesting adolescence is a period 

of a heightened sensitivity to rewarding stimuli (Galván, 2013). Moreover, conduct 

problems appear to play a role in both the preattentive and attentive emotion processing 

atypicalities observed in ADHD within the present study. Further research is necessary to 

confirm if anger-specific effects are specific to clinical levels of ADHD symptoms, and to 

more thoroughly explore the role of conduct problems in potentially mediating emotion-

specific vocal emotion processing atypicalities in ADHD.  
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Appendix A. Chapter Two (Meta-Analysis) Supplementary 

Material 

Full Search Strategy for Study 1  

The Boolean expression used for the literature search was:  

(ADHD OR “attention-deficit hyperactivity disorder” OR “attention-deficit/ 

hyperactivity disorder” OR “externalising behaviour*” OR “externalizing behavior*” OR 

“externalising problems” OR “externalizing problems” OR hyperact* OR inattent* OR impuls* 

OR ‘attention problem*’ OR ‘hyperkinetic disorder) AND (emotion* OR affect* OR ang* OR 

happ* OR joy OR sad* OR surprise* OR fear* OR disgust* OR fright*)) AND (prosod* OR voice* 

OR speech OR vocal* OR auditory OR paralanguage OR nonverbal) AND (recogni* OR  

percept* OR decod* OR identify* OR process* OR naming OR detect* OR match* OR 

interpret* OR understand*). 

The asterisk on some terms allowed for different possible endings e.g., processing, 

identifying. We formulated our search expression based on terms included in the titles of a 

list of pre-collected studies exploring associations between vocal emotion recognition and 

ADHD. Most searches were limited to title and/or abstracts for most terms, apart from words 

similar to ‘vocal’, which were searched throughout the whole text. This was because some 

studies which measured emotion recognition in different modalities do not specify the vocal 

modality in the title or abstract. To identify additional studies, we searched the reference lists 

of all included studies, and we searched (via google scholar) for any papers we had missed 
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which had cited one key and most cited paper (Cadesky et al, 2000). See the concept table 

(Table A.1) used to form the search strategy. 

Table A.1 

Concept Table of Boolean Search Strategy. 

Vocal (voc*) Emotion* Recognition 

(recogn*) 

ADHD 

Voice* Affect* Perception / 

perceive 

(Perce*) 

Attention-

deficit/hyperactivity 

disorder 

Prosody (prosod*) Anger (Ang*) Decode (decod*) Attention-deficit 

hyperactivity 

disorder 

auditory Happy (Happ*) Identify* “Externalising 

behaviour*” 

Speech Joy* Process* “Externalizing 

behavior*” 

Paralanguage Sad* Naming (nam*) “Externalising 

problems” 

Nonverbal Surprise (Surpris*) Detect* “Externalising 

problems” 

 Fear* Matching (Match*) Hyperactivity 

(Hyperact*) 

 Disgust* Interpret * Inattention 

(Inattent*) 

 Frightened (fright*) Understand* Impulsivity (Impuls*) 

   “Attention 

problem*” 

   “hyperkinetic 

disorder” 
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PubMed 

Search modes – Boolean search 

14/04/2022 

(((((((((((((ADHD*[Title/Abstract]) OR “attention-deficit hyperactivity 

disorder”[Title/Abstract]) OR “attention-deficit/ hyperactivity disorder”[Title/Abstract]) OR 

“externalising behaviour*”[Title/Abstract]) OR “externalizing behavior*”[Title/Abstract]) OR 

“externalising problems*”[Title/Abstract]) OR “externalizing problems*”[Title/Abstract]) OR 

hyperact*[Title/Abstract])  OR inattent*[Title/Abstract])  OR impuls*[Title/Abstract])  OR 

“attention problems”[Title/Abstract])  OR “hyperkinetic disorder” [Title/Abstract])) AND 

(((((((((((((emotion*[Title/abstract]) OR affect*[Title/Abstract]) OR anger[Title/Abstract]) OR 

angry[Title/Abstract]) OR happ*[Title/Abstract]) OR joy[Title/Abstract]) OR 

sad[Title/Abstract]) OR sadness[Title/Abstract]) OR surprise*[Title/Abstract]) OR 

fear*[Title/Abstract]) OR disgust*[Title/Abstract]) OR fright*[Title/Abstract])) AND 

((((((((prosod*[tw]) OR voice[tw]) OR speech[tw]) OR vocal[tw]) OR auditory[tw]) OR 

paralanguage[tw]) OR nonverbal[tw])) AND (((((((((((recogni*[Title/Abstract]) OR 

perce*[Title/Abstract]) OR decod*[Title/Abstract]) OR identify*[Title/Abstract]) OR 

process*[Title/Abstract]) OR naming[Title/Abstract]) OR detect*[Title/Abstract]) OR 

match*[Title/Abstract]) OR interpret*[Title/Abstract]) OR understand*[Title/Abstract])) 

585 results 

557 deleted due to ineligibility from titles/ abstracts 

28 articles screened in more detail 
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PsychoInfo and Psych articles 

Search modes – Boolean Search 

14/04/2022 

(((((((((((((AB ADHD*) OR AB “attention-deficit hyperactivity disorder”) OR AB “attention-

deficit/ hyperactivity disorder”) OR AB “externalising behaviour*”) OR AB “externalizing 

behavior*”) OR AB “externalising problems”) OR AB “externalizing problems”) OR AB 

hyperact*) OR AB inattent*)  OR AB impuls*)  OR AB “attention problems”)  OR AB 

“hyperkinetic disorder”)) AND (((((((((((((AB emotion*) OR AB affect*) OR AB anger) OR AB 

angry) OR AB happ*) OR AB joy) OR AB sad) OR AB sadness) OR AB surprise*) OR AB fear*) OR 

AB disgust*) OR AB fright*)) AND ((((((((TX prosod*) OR TX voice*) OR TX speech) OR TX vocal) 

OR AB auditory) OR AB paralanguage) OR AB nonverbal)) AND (((((((((((AB recogni*) OR AB 

perce*) OR AB decod*) OR AB identify*) OR AB process*) OR AB naming) OR AB detect*) OR 

AB match*) OR AB interpret*) OR AB understand*)) 

642 results 

222 deleted due to duplication 

411 deleted due to ineligibility from titles/ abstracts 

9 articles retrieved to be screened in more detail 

ProQuest Central (Psychology) and ProQuest Dissertations and Theses Global 

14/04/2022 

(TI,AB(ADHD) OR TI,AB("attention-deficit hyperactivity disorder") OR TI,AB(“attention-deficit/ 

hyperactivity disorder”) OR TI,AB(“externalising behaviour*”) OR TI,AB(“externalizing 
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behavior*”) OR TI,AB(“externalising problems”) OR TI,AB(“externalizing problems”) OR 

TI,AB(hyperact*) OR TI,AB(inattent*) OR TI(impuls*) OR TI,AB(“attention 

problems”) OR TI,AB(“hyperkinetic disorder”)) AND (TI(emotion*) OR TI(affect*) OR 

TI,AB(anger) OR TI,AB(angry) OR TI,AB(happ*) OR TI,AB(joy) OR TI,AB(sad) OR 

TI,AB(sadness) OR TI,AB(surprise*) OR TI,AB(fear*) OR TI,AB(disgust*) OR TI,AB(fright*)) AND 

(FT(prosod*) OR FT(voice*) OR TI,AB(speech) OR FT(vocal) OR TI,AB(auditory) OR 

TI,AB(paralanguage) OR TI,AB(nonverbal)) AND (TI,AB(recogni*) OR TI,AB(perce*) 

TI,AB(decod*) OR TI,AB(identify*) OR TI,AB(process*) OR TI,AB(naming) OR TI,AB(detect*) OR 

TI,AB(match*) OR TI,AB(interpret*) OR TI,AB(understand*)) 

389 results 

53 deleted due to duplication 

328 deleted due to ineligibility 

8 articles retrieved to be screened   

Further identification of articles 

From Citation searching: 5 articles retrieved to be screened. 

From reference screening: 4 articles retrieved to be screened. 

Authors unpublished work: 1 article retrieved to be screened
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Appendix B. Additional Adult Questionnaire Measures  

This section details the questionnaire measures included to measure adult behavioural and 

psychopathology characteristics in Chapters 3 and 4.  

Assessment of Behavioural Characteristics in Adults  

Weschler Abbreviated Scale of Intelligence (WASI). The WASI (Weschler, 2011) is a 

measure of cognitive ability (i.e., IQ) for individuals between the ages of 6 and 90 years. The 

full-scale version of the WASI includes four subtests: Vocabulary, Similarities, Block Design 

and Matrix Reasoning. Due to time limitations, adults were asked to complete two subtests, 

the Matrix Reasoning and Vocabulary tests. The combination of these two tests only is a valid 

measure of intelligence, and recommended to use together, as stated in the WASI handbook 

(Weschler, 2011). The Matrix Reasoning is a measure of non-verbal fluid reasoning and 

instructs participants to view a series of patterns and use abstract reasoning and visual 

processing skills to choose the correct pattern in the sequence. During this task the participant 

is instructed to state the number of the pattern which completes a series of 4 grided patterns 

out of 5 possible choices. There are 35 items. Participants receive a score of 0 for incorrect 

responses and a score of 1 for correct response. The maximum score participants can receive 

is 35. The vocabulary subtest is a measure of verbal intelligence, which also taps into memory, 

learning ability and language development. Participants are asked to verbally define up to 37 

words, which are presented orally and visually. For each item, participants receive a score of 

0,1 or 2 depending on the content of the definition based on set criteria in the WASI manual. 

Adults can receive a maximum of 80 points for this test. Raw scores from the matrix reasoning 

and vocabulary test are converted to an IQ score based on the standardised scores presented 
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in the WASI manual. The reliability coefficients in adults for the WASI (as noted in the 

handbook) range from 0.90 – 0.98 for the vocabulary test and 0.88 to 0.96 for the matrix 

reasoning test. The reliability ‘test-retest’ coefficients was 0.88 for the vocabulary tests and 

0.72 for the matrix reasoning test in adults aged 17 to 54 (see handbook; Weschler, 2011).  

Hyperacusis Questionnaire (HQ). The HQ (Khalfa et al., 2001) is a 14-item self-report 

questionnaire which measures hyperacuity, defined as perceived hypersensitivity to sound. 

Answers to items are measured on a 4-point scale consisting of ‘no’, ‘yes, a little’, ‘yes, quite 

a lot’ and ‘yes, a lot’ scoring 0 to 4 points, respectively. Examples of questions include ‘Do you 

find it harder to ignore sounds around you in everyday situations?’ and ‘Do you have trouble 

reading in a noisy or loud environment?’. The HQ has been validated and normalised for use 

in community samples of adults (Khalfa et al., 2001). In the present study, the HQ had good 

internal reliability (Chronbach’s alpha = 0.89). 

Self-Report Measures of Adult Psychopathology  

Attention Deficit Hyperactivity Disorder-Current Behaviour Scale (CBS). The CBS (Barkley 

& Murphy, 1998) questionnaire is used to measure symptom dimensions of ADHD including 

inattention, and hyperactivity/impulsivity in adults based on the DSM-IV criteria. All 18 items 

were scored on a 4-point Likert scale including ‘rarely’, ‘sometimes’ ‘often’ and ‘very often’. 

Exemplar items which measure inattention include ‘I don’t listen when spoken to directly’ and 

exemplar items which measure hyperactivity include ‘I fidget with hands or feet or squirm in 

seat.’ In the present study, this questionnaire was scored by marking symptomatic answers 

(i.e. ‘often’ or ‘very often’) with a 1 and asymptomatic answers (i.e. ‘rarely’ or ‘sometimes’) 

with a 0. It includes subscales measuring inattention, hyperactivity/impulsivity, and 

combined-type ADHD (combined inattention and hyperactivity/impulsivity). A score of more 
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than 5 on either the inattentive or hyperactivity/impulsivity scale is thought to represent 

impairment above the threshold for clinical diagnosis (Barkley, 2011). In the current study, 

the combined scale in the current study had good internal consistency and reliability 

(Chronbach’s alpha = 0.86).  

General Health Questionnaire (GHQ). The GHQ -12 is a self-report measure of 

depressive symptoms. It consists of 12 items scored on a 1- 4-point Likert scale (e.g., from 

‘better than usual’ to ‘much less than usual’). The GHQ is a valid measure of self-reported 

internalising symptoms, such as recent depressive symptoms in adults (Ozdemir & Rezaki, 

2007). The questionnaire instructs participants to compare how they are currently feeling 

compared to how they generally felt two weeks prior. An example of one question from the 

GHQ is “Have you recently been able to concentrate on whatever you are doing?”. The GHQ 

had good internal reliability in the current study (Cronbach’s alpha = 0.84), which is consistent 

with high rates (Cronbach’s alpha =0.82 to 0.93) reported in previous studies (Goldberg & 

Williams, 1998; Goldberg, 1978; Makowska et al., 2002).  
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Appendix C. Chapter Three Supplementary Materials and Analysis 

Table C.1 

Mean Acoustic Characteristics, Accuracy Rates and Perceived Intensity of Stimuli Included in Emotion Condition in the ESC Paradigm. 

Emotion   Stimuli (Item 

numbers) 

Actor  

Gender  

Duration   f0   dB   Adult  

accuracy rate (%)   

Adolescent  

accuracy rate (%)   

Adult 

Perceived 

Intensity 

Adolescent 

Perceived 

Intensity 

Neutral   15, 13   Female   678ms   187.32   76.73   96.05   80.43   - - 

Happy   20. 10   Female   673ms   304.32   77.14   95.19   90.58   2.81 2.94 

Angry   5, 11   Female   685ms   219.69   77.09   100   90.94   3.21 3.33 

Note, this information is taken from Study Three when validating a larger selection of vocal stimuli from Maurage et al (2007) battery. 
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Additional Analyses: Correlations Between Internalising and Externalising 

Behavioural Difficulties and Vocal Emotion Recognition Accuracy and Response 

Bias Scores 

Tables C.2 and C.3 display partial correlations between questionnaire measures with 

accuracy (Pr) and response bias (Br) scores in adults and adolescents, respectively. Age was 

used as a covariate in these analyses because it was significantly associated with accuracy 

scores. Consistent with our hypotheses, there was a significant negative correlation (1-tailed) 

between inattention and accuracy scores for angry voices in adults, (p = .002). Those with 

higher inattention scores exhibited lower accuracy to recognise angry voices. Adults’ 

response bias towards angry voices also negatively correlated with inattention scores (p = 

.046). Moreover, consistent with what we hypothesised, hyperactivity and accuracy scores 

for angry voices were negatively correlated in adolescents (p = .019). Adolescents with higher 

hyperactivity scores presented with lower accuracy to recognise angry voices. Adolescents’ 

inattention scores also marginally correlated with accuracy scores for angry voices (p = .050). 

However, despite a clear trend in our data demonstrating a consistent association between 

inattention and hyperactivity and accuracy scores for angry voices, when Bonferroni 

corrections were applied at a significance level of p =.005, only the correlation between 

inattention and vocal anger recognition in adults survived correction. 

Contrary to expectation, there was a negative correlation (1-tailed) between self-

perceived change in depressive symptoms and an angry response bias in adults (p = .008), and 

a positive correlation between depressive symptoms and a happy response bias (p=.016). 

Those with fewer depressive symptoms had a higher response bias to recognise voices as 

angry. Additionally, in adults, depressive symptoms positively correlated with accuracy to 
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recognise neutral (p = .007) and happy voices (p = .019). In adolescents, depressive symptoms 

positively correlated with a response bias to recognise voices as neutral (p = .009). However, 

none of these findings survived multiple testing when Bonferroni corrections were applied at 

a significance level of p = .005. 
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Table C.2 

Partial Correlations Between Emotion Accuracy Scores (Pr) and Response Bias Scores (Br) with 

Traits Of ADHD in Adults 

 Hyperactivity Inattention 

Angry Pr -0.24 -0.56** 

Br -0.27 -0.34* 

Happy Pr -0.04 -0.06 

Br -0.16 -0.26 

Neutral Pr 0.17 0.10 

Br -0.04 0.10 

*p<.05, **p<.01, ***p<.001 

Table C.3 

Partial Correlations Between Emotion Accuracy Scores (Pr) and Response Bias Scores (Br) with 

Traits Of ADHD in Adolescents.  

 Hyperactivity Inattention 

Angry Pr -0.44* -0.35* 

Br -0.21 -0.15 

Happy Pr -0.28 -0.20 

Br -0.08 -0.05 

Neutral Pr -0.22 -0.06 

Br 0.28 0.32 

*p<.05, **p<.01, ***p<.001
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Appendix D. Rationale for Methodological Features of the 

ESC Paradigm 

This section provides a rationale for all methodological design features of the 

paradigm. See on page 48 for a graphical representation of one trial within the ESC paradigm. 

As in Chapter One, each phase of the experimental paradigm is discussed in the order it 

appears.  

First phase: Fixation Cross. At the start of each trial, participants were presented with 

a fixation cross to signify the start of a new trial, which stayed on screen until the end of each 

trial. Participants’ visual fixation on the cross throughout the trial ensured their eye 

movements were limited. A visual fixation cross was used as previous studies have shown that 

healthy adults can maintain visual fixation on a cross during visual orienting tasks and during 

auditory orienting tasks (Mayer et al., 2007; Spence & Driver, 1994). Between the 

presentation of the cross and the onset of the vocal cue, a random and variable time interval 

(i.e., the interstimulus interval; ISI) between 500 to 1000ms was implemented, allowing for a 

100ms baseline prior to the onset of the vocal cue stimulus. Within ERP studies, a variable ISI 

is essential to reduce artefacts from anticipation effects, overt attention, alpha oscillations, 

and helps filter out overlapping neural activity from previous trials (Luck, 2014).   

Second phase: Vocal Cue. In the second phase of the task, vocal cue stimuli were 

randomly presented to each ear, with an equal probability on any trial. In this respect, these 

cues did not predict the target’s spatial location, consistent with previous spatial cueing 

paradigms (Spence & Driver, 1997). Two stimuli were selected for each emotion condition to 

control for stimulus-specific variations. Non-linguistic vocalisations were chosen to minimise 
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semantic or language-specific effects on attentional capture. All vocal stimuli were 

standardised in terms of intensity, duration and rise and fall times to ensure that any effects 

on ERP components were due to the emotional significance and not acoustic characteristics.  

The stimulus onset asynchrony (SOA) between the voice and target was fixed at 

750ms, consisting of the 700ms vocal cue and a 50ms baseline interval prior to the target.  

This slightly differed from a variable SOA (550ms -750ms), consisting of 750ms of vocal cue 

stimulus, used in a previous dot-probe task (e.g., Brosch al., 2009). Despite overlap effects in 

ERP analyses in paradigms with SOAs of 1 second or less (Luck, 2014), rather than including a 

variable SOA to reduce these effects, we opted for a fixed SOA, and a 50ms target-baseline. 

By including a baseline prior to the visual target, this helped to reduce the overlap effects. 

Although a 50ms baseline is slightly shorter than the recommended time for a baseline period 

(i.e., 20% of the epoch length; Luck, 2014), previous studies measuring early ERP components 

(e.g., N1; Joutsiniemi et al, 1998; Lange, 2010; Raij et al., 1997) have used a 50ms baseline 

and reported significant effects, such as relating to predictable vs unpredictable timing prior 

to a tone target on N1 amplitude (Lange, 2010). Moreover, a shorter 50ms baseline ensured 

a sequential presentation of vocal cues and visual targets, whilst avoiding inhibition of return 

(IOR) effects occurring when participants respond slower to congruent, compared to 

incongruent, trials because the target appears after the initial reflexive orienting response 

(Mayer et al., 2007). Previous spatial cueing paradigms incorporating auditory cues have 

reported IOR effects when the SOA was greater than 800ms (Mayer et al., 2007; McDonald & 

Ward, 2000), so it was vital to ensure the SOA was less than 800ms (i.e.,750ms) by 

incorporating a shorter (50ms) baseline period. Overall, the fixed 750ms SOA and 50ms 

baseline were chosen to optimise the task for ERP analysis.   



 

293 
 

Third phase: Visual Target. In the third phase of the emotional spatial cueing paradigm, 

a visual target (yellow star) was presented for 100ms on either the left or right side of the 

screen at a 24-degree angle from the eye, by instructing participants to sit 60cm from the 

computer screen. A yellow star was chosen because it is salient and child-friendly, consistent 

with previous developmental studies (Pollak & Tolley-Schell, 2003; Perchet et al., 2001). The 

angle and duration of the target were consistent with previous spatial cueing ERP paradigms 

with auditory stimuli in adults (Brosch et al., 2009; McDonald & Ward, 2000). Additionally, 

the presentation of a visual stimulus was suitable for use with EEG techniques, because when 

a visual target is presented for 100ms, this is short enough for offset times not to affect ERPs 

(Luck, 2014). Finally, as adolescents have been shown to display adult levels of visual 

processing speed (Croker & Maratos, 2011), a duration of 100ms was considered suitable for 

use with adolescents. The spatial location of the visual target on either the left or right side 

of the screen was random, with equal probability of congruent and incongruent trials, 

consistent with previous spatial cueing paradigms (Spence & Driver, 1997; Brosch et al., 2009; 

Feng et al., 2014), to ensure no predictive elements were added to the task.  

Fourth Phase: Button Press Response. In the fourth phase of the ESC, participants were 

required to press the left or right arrow key button to indicate the location of the visual target, 

with their dominant hand. Participants had infinite time to respond, after which the next trial 

begun. This allowed participants to blink and re-focus before the onset of the next trial and 

helped reduce ocular artefacts from blinking and eye movements. Incorporating a button-

press response allowed the measurement of reaction times, as a behavioural measure of 

visual spatial attention (Brosch et al., 2008; Spence & Driver., 1997). As button press 

responses could introduce artefacts in the ERP analysis (Brosch et al., 2009), ERP studies have 
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used an upward or downward facing triangle as a visual target and have instructed 

participants to respond only on ‘go’ trials (e.g., when the triangle was upward), which were 

subsequently removed from the EEG analysis (Brosch et al., 2009). Because this approach 

removes potentially informative trials from the analysis and increases the number of trials 

and length of the task, it was not considered appropriate when testing adolescents with 

potentially limited attentional capacity in the present thesis. Instead, the present paradigm 

ensured consistent motor preparation via a button press for all trials, a method shown not to 

introduce artefacts in vocal emotion recognition ERP studies with younger participants 

(Chronaki et al., 2015).  

Number of Trials. The present task included a shorter number of total trials (288) 

compared to 640 trials included in the EEG study by Brosch et al (2009), reducing the length 

of our paradigm to approximately 15 minutes, which was considered suitable for adolescents 

with high traits of inattention and hyperactivity. This is justified as although Luck (2014) 

recommends including 400 to 600 trials in adults to reliably explore early components, such 

as the P1 to a visual target, Brosch et al (2009) found significant effects of emotion on the P1 

component in a dot-probe paradigm in only the first block which included 160 trials in total 

(i.e. 80 trials per emotion condition), possibly due to habituation effects. Moreover, the total 

number of trials (96) per emotion condition within the present paradigm is supported by 

previous developmental ERP research showing habituation effects on early ERP components 

(e.g., significant emotion effects on the N1 only in the first half of the task) in vocal emotion 

recognition tasks with a smaller number of trials (60 trials per emotion; Chronaki et al. 2015). 
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Appendix E. Chapter Four Supplementary Analysis and 

Materials 

  

Figure E.1 

ERP Montage of Sites Included in Analyses. Frontocentral Sites highlighted in yellow were 

included in Cue-P2 analysis. Mid-line parietal sites highlighted in green were included in 

Target-P3 analysis. Parietal Occipital sites highlighted in red were included in Target-P1 

analysis.  
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Table E.1  

Kolmogorov Smirnov Statistics, D (P), Testing for Normality of Data in All ERP Analyses in 

Adults (n=25). 

 

 Adults (n=25) 

Cue-P2  

Neutral 0.13 (.200) 

Happy 0.11 (.200) 

Angry 0.12 (.200) 

Target-P1  

Angry Congruent 0.12 (.200) 

Angry Incongruent 0.14 (.200) 

Happy Congruent 0.09 (.200) 

Happy Incongruent 0.09 (.200) 

Neutral Congruent 0.15 (.148) 

Neutral Incongruent 0.17 (.120) 

Target-P3  

Angry Congruent 0.13 (.200) 

Angry Incongruent 0.21 (.005) 

Happy Congruent 0.16 (.103) 

Happy Incongruent 0.17 (.073) 

Neutral Congruent 0.15 (.168) 

Neutral Incongruent 0.10 (.200) 
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Table E.2  

Mean (SD) Amplitudes of the P2 Component to the Vocal Cue for Each Emotion Condition in 

Adults (n=25) 

FrontoCentral P2   

Angry 1.88 (2.21) 

Happy  2.32 (2.00) 

Neutral  1.11 (2.23) 

 

Table E.3  

Mean (SD) Amplitudes of the P1 Component to the Visual Target by Emotion and Congruency 

Conditions in Adults (n=25) 

Parietal Occipital P1    

  Congruent Incongruent Total 

Angry 0.45 (1.32) 0.41 (1.52) 0.43 (0.26) 

Happy  0.33 (1.25) 0.16 (1.43) 0.25 (0.23) 

Neutral  0.77 (1.40) 0.66 (1.43) 0.72 (0.22) 

Total 0.52 (0.22) 0.41 (0.22)  
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Table E.4  

Mean (SD) Amplitudes of the P3 Component to the Visual Target by Emotion and Congruency 

Conditions in the Right and Left Visual Field (RVF, LVF) in Adults (n=25)  

Parietal Occipital P1    

  Congruent Incongruent Total 

Right Visual Field    

      Angry 0.66 (3.44) 1.49 (2.40) 1.08 (2.82) 

      Happy  0.75 (3.27) 1.36 (2.93) 1.06 (2.89) 

      Neutral  1.35 (3.07) 1.30 (3.55) 1.33 (3.04) 

Total 0.93 (2.89) 1.38 (2.69)  

Left Visual Field    

     Angry 1.12 (2.52) 1.21 (3.33) 1.16 (2.77) 

     Happy  1.75 (3.34) 0.85 (3.16) 1.29 (2.94) 

     Neutral  1.57 (1.99) 1.21 (2.81) 1.39 (2.23) 

     Total 1.31 (2.41) 1.08 (2.75)  
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Appendix F. Chapter Five Supplementary Analysis 

Table F.1  

Kolmogorov Smirnov Statistics, D (p), of Dependent Variables, Testing for Normality of Data 

 Adolescents (n=63) Low Traits (n=13) High Traits (n=13) 

Reaction Times    

Angry Congruent 0.12 (.067) 0.16 (.200) 0.13 (.200) 

Angry Incongruent 0.12 (.064) 0.24 (.047) 0.14 (.200) 

Happy Congruent 0.13 (.007) 0.14 (.200) 0.13 (.200) 

Happy Incongruent 0.10 (.096) 0.19 (.197) 0.18 (.200) 

Neutral Congruent 0.14 (.004) 0.15 (.200) 0.18 (.200) 

Neutral Incongruent 0.12 (.058) 0.17 (.200) 0.12 (.200) 

Cue-P2    

Neutral 0.11 (.069) 0.15 (.200) 0.26 (.021) 

Happy 0.11 (.087) 0.22 (.085) 0.19 (.200) 

Angry 0.09 (.200) 0.16 (.200) 0.33 (<.001) 

Target-P1    

Angry Congruent 0.08 (.200) 0.18 (.200) 0.14 (.200) 

Angry Incongruent 0.06 (.200) 0.22 (.149) 0.17 (.200) 

Happy Congruent 0.08 (.200) 0.15 (.200) 0.17 (.200) 

Happy Incongruent 0.08 (.200) 0.16 (.200) 0.16 (.200) 

Neutral Congruent 0.05 (.200) 0.20 (.200) 0.17 (.200) 

Neutral Incongruent 0.06 (.200) 0.17 (.200) 0.12 (.200) 

Target-P3    

Angry Congruent 0.07 (.200) 0.22 (.131) 0.14 (.200) 

Angry Incongruent 0.07 (.200) 0.32 (.003) 0.16 (.200) 

Happy Congruent 0.12 (.027) 0.21 (.200) 0.15 (.200) 

Happy Incongruent 0.12 (.022) 0.17 (.200) 0.24 (.045) 

Neutral Congruent 0.08 (.200) 0.15 (.200) 0.11 (.200) 

Neutral Incongruent 0.10 (.200) 0.22 (.148) 0.17 (.200) 
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Table F.2  

Kolmogorov-Smirnov Statistics D (p) of Inattention/Hyperactivity, Behavioural 

Characteristics, Emotion Regulation and ADHD Comorbidities 

Variables KS Statistics 

Inattention/Hyperactivity 0.09 (p=.200) 

Behavioural Characteristics  

     Age 0.17 (p<.001) 

     Hearing Threshold 0.25 (p<.001) 

     Hyperacuity 0.16 (p<.001) 

IQ 0.12 (p=.033) 

Emotion Regulation  

     Emotion Reappraisal 0.13 (p=.039) 

     Emotion Suppression 0.09 (p=.200) 

ADHD Comorbidities  

     Conduct Problems 0.20 (p<.001) 

     Depressive Symptoms 0.26 (p<.001) 
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Table F.3  

Spearman’s Rho (Two-Tailed) Correlations Between Dependent Measures, Adolescent Psychopathology and Behavioural Characteristic (n=63). 

Note:*p<.05, **p<.01, ***p<.001

 RTs Cue-P2 Target-

P1 

Target-

P3 

Inattention/ 

Hyperactivity 

Conduct 

Problems 

Depressive 

Symptoms 

Emotion 

Reappraisal 

Emotion 

Suppression 

IQ Age Hyperacuity Hearing 

Threshold 

RTs -             

Cue-P2 0.13 -            

Target-P1 0.24 0.22 -           

Target-P3 0.08 -0.08 0.35** -          

SDQ-Hyperactivity/ 

Inattention 

0.12 0.38** 0.07 0.07 -         

SDQ-Conduct Problems 0.09 0.24* -0.01 0.05 0.66*** -        

Depressive Symptoms 0.13 -0.06 0.16 0.04 0.09 0.19 -       

Emotion Reappraisal -0.02 -0.12 -0.26 -0.33* -0.17 -0.09 -0.32* -      

Emotion Suppression -0.13 0.23 -0.02 0.02 0.14 0.27* 0.11 0.03 -     

IQ -0.02 -0.18 -0.02 0.04 -0.31** -0.40*** -0.12 -0.08 -0.13 -    

Age    -0.47*** -0.24* 0.04 0.02 -0.13 -0.10 0.07 0.08 -0.06 -0.09 -   

Hyperacuity 0.15 0.12 0.16 0.13 0.24* 0.37** 0.42*** -0.16 0.24* -0.18 0.02 -  

Hearing Threshold 0.02 -0.12 0.18 -0.03 -0.25* -0.20 -0.09 0.11 0.04 -0.08 0.08 0.05 - 
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Table F.4  

Mean (SD) Amplitudes for the Cue-P2 Component per Emotion Condition in Adolescents (n=61) 

Emotion Mean (SD) 

Angry 2.21 (2.11) 

Happy  2.55 (1.97) 

Neutral  0.91 (1.99) 

 

Table F.5  

Mean (SD) Amplitudes for the Target-P1 for Emotion by Congruency Conditions in Adolescents 

(n=60) 

Emotion Congruent Incongruent Total 

Angry 1.22 (1.96) 1.52 (1.97) 1.37 (1.72) 

Happy  0.79 (1.98) 0.74 (2.10) 0.77 (1.83) 

Neutral  0.69 (1.65) 0.78 (1.97) 0.74 (1.46) 

Total 0.91 (1.49) 1.02 (1.66)  
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Table F.6  

Mean (SD) Amplitudes for the Target-P3 for Emotion by Congruency Conditions in Adolescents 

(n=60). 

Emotion  Congruent Incongruent Total 

Angry 1.87 (3.80) 2.40 (2.56) 2.16 (2.57) 

Happy  1.79 (2.39) 2.07 (2.79) 1.95 (2.43) 

Neutral  1.62 (2.91) 1.66 (3.24) 1.52 (2.69) 

Total 1.69 (2.41) 2.06 (2.55)  

 

Table F.7  

Mean (SD) Amplitudes for Cue-P2 by Emotion Condition and ADHD Group 

FrontoCentral P2   Low Traits (n=13) High Traits (n=12) 

Angry 0.58 (1.62) 2.57 (1.64) 

Happy  1.08 (1.52) 3.64 (1.56) 

Neutral  -0.11 (1.80) 1.01 (1.31) 
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Table F.8  

Spearman’s Rho Correlations Between RTs and Behavioural Characteristics, Psychopathology and Emotion Regulation (n=63) 

RTs Age IQ Hyperacuity Hearing 

Threshold 

Emotion 

Suppression 

Emotion 

Reappraisal 

Conduct 

Problems 

Depressive 

Symptoms 

Angry -0.46*** 0.04 0.17 0.08 -0.12 -0.02 0.12 0.13 

Happy -0.47*** -0.01 0.11 0.07 -0.09 -0.02 0.12 0.15 

Neutral -0.51*** 0.03 0.13 0.06 -0.16 -0.02 0.08 0.13 

Difference Scores         

Angry – Neutral 0.18 0.08 0.24 0.18 0.22 0.01 0.18 0.05 

Happy-Neutral 0.09 -0.21 0.08 0.10 0.26 0.05 0.19 0.05 

Note: *p<.05, **p<.01, ***p<.001 
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Table F.9  

Spearman’s Rho, (2 Tailed) Correlations Between the Cue-P2 and Behavioural Characteristics, Emotion Regulation and Psychopathology (n=61). 

P2 Amplitude Age IQ Hyperacuity Hearing 

Threshold 

Emotion 

Suppression 

Emotion 

Reappraisal 

Conduct  

Problems 

Depressive  

Symptoms 

 

Angry -0.23  -0.15 0.12 -0.16 0.23 -0.04 0.22 0.01  

Happy -0.26* -0.25* 0.16 -0.18 0.28 -0.17 0.35** 0.05  

Neutral -.19  -0.07 0.06 0.04 0.20 -0.11 0.14 -0.09  

Difference Scores          

Angry – Neutral -0.14 -12 0.09 -0.32* 0.13 0.05 0.12 0.09   

Happy – Neutral -0.12 -0.14 0.1 -0.36** 0.05 -0.05 0.28* 0.18  

Note: *p<.05, **p<.01, ***p<.001 
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Table F.10  

Spearman’s Rho, (Two-Tailed) Correlations Between the Target-P1 and Behavioural Characteristics, Emotion Regulation and Psychopathology 
(n=60) 

Note: *p<.05, **p<.01, ***p<.001 

  

P1 Amplitude Age IQ Hearing 

Threshold 

Hyperacuity Emotion 

Suppression 

Emotion 

Reappraisal 

Conduct 

Problems 

Depressive 

Symptoms 

Angry Congruent -0.02 0.05 0.06 0.23 0.17 -0.25 0.11 0.29* 

Happy Congruent 0.04 0.14 0.14 0.05 -0.20 -0.37** -0.03 0.01 

Neutral Congruent 0.05 -0.03 -0.12 -0.24 0.08 -0.02 -0.08 -0.01 

Difference Scores         

Angry– Neutral Congruent -0.07 0.04 0.15 0.30* 0.07 -0.33* 0.24 0.30* 

Happy –Neutral Congruent 0.02 0.16 0.24 0.09 -0.24 -0.25 0.03 0.02 
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Table F.11  

Spearman’s Rho, (Two-Tailed) Correlations Between the Target-P3, Behavioural Characteristics, Emotion Regulation and Psychopathology (n=60). 

      Note: *p<.05, **p<.01, ***p<.001

 Age IQ Hearing 

Threshold 

Hyperacuity Emotion 

Suppression 

Emotion 

Reappraisal 

Conduct 

Problems 

Depressive 

Symptoms 

 

Angry 0.02 0.11 -0.03 0.09 0.15 -0.38** -0.04 0.01  

Happy 0.12 -0.07 0.02 0.25 0.12 -0.32* 0.12 0.20  

Neutral -0.01 0.09 0.02 0.06 -0.14 -0.16 -0.08 -0.06  

Difference Scores          

Angry-Neutral 0.13 -0.04 -0.01 -0.06 0.34* -0.23 0.14 0.03  

Happy-Neutral 0.15 -0.20 0.03 0.15 0.29* -0.17 0.33* 0.24  
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Table F.12  

Pearsons Correlations (One-Tailed) Between RTs snd Inattention/Hyperactivity (n=63).  

RTs Inattention/ 

Hyperactivity 

Angry 0.13 

Happy 0.14 

Neutral 0.14 

 Difference Scores   

Angry – Neutral -0.01 

Happy - Neutral 0.01 

Note, *p<.05, **p<.01, ***p<.001.  

  



 

309 
 

 

Figure F.1 

Scatter Graph Showing Difference Scores for the Cue-P2 Amplitude for Happy Voices with the 

Cue-P2 Amplitude for The Neutral Voices as Baseline   
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Table F.13  

Pearsons’s Correlations (One-Tailed) Between the Target-P1 and Inattention/Hyperactivity 

With and Without Controlling for Conduct Problems (CP). 

 Inattention/ 

Hyperactivity 

Inattention/Hyperactivity 

(controlling for CP) 

Angry 0.12 0.08 

Happy 0.04 0.01 

Neutral 0.08 0.26* 

Difference Scores   

Angry-Neutral 0.07 -0.18 

Happy-Neutral -0.03 -0.24* 

 Note, *p<.05, **p<.01, ***p<.001. However, none of these correlations survived corrections 

for multiple testing. 
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Target C1 Literature Review and Analysis 

Literature Review 

An exploratory analysis investigated possible effects of congruency and emotion 

earlier than the P1 component to the visual target. For these exploratory analyses we focused 

on the C1 component, which appears between 50 and 100ms in midline parietal sites within 

the present data, consistent with previous literature (Foxe & Simpson, 2002; Rauss et al.., 

2011). The C1 is thought to reflect the earliest activation of the visual cortex (V1) prior to the 

Target-P1 component, which reflects further occipital cortex activity (Foxe & Simpson, 2002; 

Rauss et al.., 2011). Findings from intracranial recordings in monkeys support the view that 

early activation of the visual cortex occurs as early as 40-60ms (Raiguel et al. 1989; Givre et 

al. 1994). To explore the topography and latency of the C1, Foxe and Simpson (2002) 

employed a selective-attention paradigm in which they presented bilateral red disks centred 

to the left and right of a fixation cross for 280ms. These target stimuli were preceded by a 

central word cue which instructed participants to either attend to the visual target or attend 

instead to an auditory target. Results revealed an early C1 component at approximately 50-

62 ms as a negativity at POZ, this was followed by the next phase of the C1 between 60-80ms, 

which was a positive current at PO3 and PO4. The C1 component continued between 80 and 

100ms.  

There is debate within the literature as to whether an early C1 component may be 

influenced by attentional modulations, similar to the P1 component (Hillyard et al., 1998). For 

instance, Rauss and colleuges (2011) reviewed the effect of top-down mechanisms on the C1 

component and reported evidence in favour of both sides of the debate. In favour of 

attentional mechanisms influencing the C1 amplitude, studies with monkeys found that when 
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their attentional focus was manipulated, very early modulations of visual processing have 

been reported, as early as 50ms in the visual cortex (Motter, 1994; Ito & Gilbert, 1999). 

Additionally, Kelly et al (2009) reported effects of endogenous attention on the C1 in adult 

participants, in a spatial cueing paradigm which presented a centrally presented arrowhead 

which covertly directed attention to the left or right side of the screen. Findings revealed 

enhanced C1 amplitudes when actively attending to the location of a subsequently presented 

grating target stimulus (Kelly et al., 2009). Despite this, few studies have reported similar 

congruency effects on the C1 (as found on the P1) with prior auditory cues in spatial cueing 

paradigms. For example, McDonald et al (2005) presented a nonpredictive spatial auditory 

cue prior to visual targets in a spatial cueing paradigm, and although a C1 was evident in the 

waveforms (mean latency 72ms) in parietal occipital site, it was not altered by congruency of 

the auditory cue.  

To add to the debate on congruency effects on the C1 component, Slotnick (2020) 

reviewed the literature on spatial attention effects on the C1 component. Specifically, Slotnick 

(2020) suggested what experimental conditions are most likely to produce spatial attention 

effects on the C1. For example, Slotnick (2020) concluded that exogenous orienting is more 

likely to elicit C1 attentional modulation with SOA between 69 – 300ms. Moreover, some 

studies only reported effects of attention when the target was presented in the upper visual 

field. Additionally, Slotnick (2017) suggested the C1 has its peak magnitude at midline 

parietal-occipital sites, and were specifically strong at sites POZ, Pz and CPZ.  

In addition, Rauss et al (2011) reviewed some studies which explored effects of 

emotion on the C1 component. Notably, in a dot-probe study which presented fearful, happy 

and neutral faces prior to a visual target, Pourtois et al (2004) reported a larger C1 amplitude 
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to fearful and happy facial cueing stimuli at 80-100ms at parietal sites. These C1 modulations 

correlated with greater P1 effects on the subsequent target stimuli. However, no effects of 

emotion on the C1 were observed to the target stimulus. In support of emotion effects 

modulating the C1 component, Stolarova et al (2006) conditioned neutral stimuli (small black 

and white squares) with unpleasant or arousing photographs, and other neutral stimuli with 

low arousing pictures. Findings revealed the C1 component (65-90ms), was significantly more 

negative to the conditioned stimuli compared to baseline at the posterior sites. This provides 

evidence that the emotional significance relating to a stimulus can lead to changes in early 

visual processing at the amplitude of the C1 component.  

Overall, congruency (attention) and emotion effects could influence initial visual 

processing, reflected in an early C1-like component within our paradigm. This would appear 

in parietal-occipital sites (centrally presented – POZ, PO3, PO4, O1, OZ, O2, PZ, CPZ) between 

50 and 100ms. However, the C1 according to Slotnick (2017) component may not be as robust 

as in other studies because stimuli were presented centrally (not upper visual field), and 

perceptual load was low in our study. In summary, we identified a C1-like component in the 

visual target ERP data and investigated effects of congruency and emotion on the C1. Results 

and a brief discussion are presented below.  

Results 

A 2 x 3 repeated measures ANOVA revealed there was no significant main effect of 

congruency on the C1 amplitude (F(1,59)= 3.55, p=.065). There was a significant main effect 

of emotion on the C1 amplitude (F(2,118) = 7.57, p<.001). There was no congruency x emotion 

interaction (F(2,118) = 0.42, p=.657) on the C1. Post-hoc tests revealed a significantly larger 

C1 (i.e., more positive) amplitude for targets preceded by happy compared to angry voices 
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(MD=0.60, p<.001). There was no significant difference between the C1 amplitude to targets 

preceded by angry compared to neutral voices (MD=0.39, p=.084), or between targets 

preceded by happy compared to neutral voices (MD=0.21, p=.596).  

Discussion 

Overall, there were no significant effects of congruency on the C1, although these 

effects were close to significance and in the right direction. Interestingly, there was a main 

effect of emotion on the C1. Participants displayed a more positive C1 amplitude to happy 

compared to angry voices. It is interesting that emotion effects in the present ESC paradigm 

appear as early as the C1 component. Angry voices elicited a more negative amplitude as early 

as 50ms, which is consistent with a more negative amplitude compared to neutral voices 

observed at the P1 component. This suggests the effect of vocal anger on early visual 

processing occurs as early as 50ms after the onset of the visual target in the ESC paradigm. 

However, overall, the analysis of the C1 did not provide evidence for congruency or emotion 

x congruence interaction effects during target processing.  
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Target Categorical Analysis 

Table F.14  

Sample Characteristics for Adolescents with High and Low Levels of ADHD Traits 

 

  

 Low ADHD Traits 

(n=13) 

High ADHD Traits 

(n=12) 

Age 13.69 (1.31) 13.67 (1.23) 

Gender (% Male) 46% 69% 

Handedness (N Left) 0 Left 1 Left 

IQ 110.31 (10.70) 97.33 (11.48) 

Hyperacuity 10.31 (8.90) 17.50 (9.99) 

Hearing Threshold 12.86 (6.36) 10.91 (6.25) 

Psychopathology   

SDQ   

     Inattentive and hyperactivity 1.23 (0.38) 8.96 (0.70) 

     Conduct Problems 0.81 (0.73) 4.17 (1.77) 

GHQ Depressive Symptoms 1.61 (2.36) 2.47 (2.46) 

ERQ   

    Emotion Reappraisal 19.67 (4.18) 16.36 (4.20) 

    Emotion Suppression 11.00 (2.65) 11.63 (4.21) 
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Data Processing 

There were fewer artefact-free epochs for adolescents with High trait compared to 

the Low trait group for the target (p=.028). There were no other differences in the number of 

artefact-free trials between conditions for either group (p>.20). The mean (SD) number of 

artefact-free epochs were as follows: HIGH TRAITS: Angry Congruent: 40.54 (6.45), Happy 

Congruent: 40.46 (6.19), Neutral Congruent: 40.62 (4.48), Angry Incongruent: 41.08 (5.84), 

Happy Incongruency: 40.15 (6.45), Neutral Incongruent: 39.85 (5.71); LOW TRAITS: Angry 

Congruent: 45.00 (2.23), Happy Congruent: 45.27 (1.79), Neutral Congruent: 44.18 (3.54), 

Angry Incongruent: 44.91 (2.55), Happy Incongruent: 44.18 (2.96), Neutral Incongruent: 43.91 

(3.24).  

Behavioural Data Treatment 

A Kolmogorov-Smirnov test indicated that most RT variables for both groups of 

participants were normally distributed (See Table F.1). However, the RT scores for the angry 

incongruent condition for the low traits group was not normally distributed (D=0.24, p=.047). 

Additionally, Kolmogorov-Smirnov tests indicated that within the subset sample, behavioural 

characteristics (hearing threshold, IQ, age, hyperacuity) and psychopathology characteristics 

(conduct problems, depressive symptoms) were not normally distributed (p<.05). Spearman’s 

rho correlations revealed that age significantly correlated with RTs (r=-0.62, p=<.001), 

therefore age was explored as a covariate in analyses. No other associations reached 

significance (all ps >.05).  

Kolmogorov-Smirnov tests indicated that the Target-P1 and P3 were normally 

distributed for all emotion x congruency conditions in both Low and High ADHD groups. 

Spearmans’ rho correlations revealed no significant correlations between behavioural (IQ. 
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hyperacuity, age, hearing threshold) and P1 amplitudes (ps>.05). In addition, Spearman’s rho 

correlations revealed a significant correlation between the Target-P3 to incongruent trials 

preceded by happy voices and hyperacuity (r=0.39, p=.018). Therefore, hyperacuity was 

added as a covariate in Target-P3 analyses. 

Results 

Reaction Times. A 2 (ADHD group) x 2 (congruency) x 3 (emotion) ANOVA revealed no 

main effect of group on RTs (F(1,24)= 0.55,p=.467). There was no congruency x group 

interaction (F(1,24) = 0.29, p=.590), or emotion x group interaction (F(2,48) =0.01, p=.995) or 

emotion x congruency x group interaction (F(2,48) = 1.88, p=.164). When age was added in as 

a covariate, the pattern of results did not change (p>.05).  

Target-P1. A 2 (group) x 3 (emotion) x 2(congruency) mixed ANOVA was performed on 

the Target-P1 amplitudes values. Results revealed no additional effects of group on the 

Target-P1 (F(1,22)=1.32, p=.263). There were no group by emotion, group by congruency or 

group by emotion by congruency interaction effects on the Target-P1 (all ps > .05).  

Target-P3. A 2 (congruency) x 3 (emotion) x 2 (ADHD group) ANOVA was performed on 

the Target-P3 amplitudes values. There was no main effect of group on the Target-P3 (F(1,22) 

= 0.46, p=.507). Finally, there were no congruency by group, emotion by group or congruency 

by emotion by group interaction effects on the Target-P3 (all ps>.05). 
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Appendix G. Comparative Analysis between Adolescents and 

Adults  

Participants 

To conduct comparative analysis between adult and adolescent participants, we 

applied the same inclusion criteria to both sets of data. Therefore, we excluded seven 

participants from the adolescent dataset who had a clinical diagnosis of ADHD or other 

diagnoses. Additionally, to ensure dataset met criteria to conduct parametric tests, we 

ensured equal sample sizes in both adult and adolescent groups by only including the first 25 

adolescent participants who met the inclusion criteria. In total, 25 adolescent and 25 adults 

were included in this analysis. Sample characteristics are provided in Table F.15. 
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Table F.15  

Sample Characteristics for Adolescents (n=25) and Adults (n=25) 

 

 

  

 

  

 Adolescents 

(n=25) 

Adults 

(n=25) 

Age 13.84 (1.43) 24 (5.73) 

Gender (% Male) 40 32 

Handedness (% Right) 92 96 

IQ 108.52 (11.48) 110.68 (10.00) 

Hyperacuity 12.28 (9.51) 15.29 (8.61) 

Psychopathology   

CBS   

       Adult Inattentiveness - 2.12 (2.57) 

       Adult Hyperactivity - 1.84 (1.52) 

SDQ   

      Adolescent Inattention and Hyperactivity 3.04 (2.31) - 

      Adolescent Conduct Problems 1.06 (1.08) - 

GHQ Depressive Symptoms 2.20 (2.80) 2.92 (3.17) 

ERQ   

         Emotion Reappraisal 18.73 (4.76) - 

         Emotion Suppression 12.75 (2.79) - 
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Results 

RTs. A 2 (congruency) x 3 (emotion) x 2 (Age group) ANOVA was conducted. Results 

revealed a main effect of emotion (F(2,96) = 4.69, p=.011), a main effect of congruency 

(F(1,48) = 15.62, p<.001) on RTs. Additionally, there was a main effect of age group on RT 

(F(1,48) = 6.65, p=.013). Adults presented with faster reaction times to the visual target than 

adolescents. There were no emotion x age group, congruency x age group or emotion x 

congruency x age group interaction effects on RTs (p>.05). Post hoc tests revealed slower RTS 

to angry compared to both happy (p=.039) and neutral (p=.018) voices. 

Cue-P2. A 3 (emotion) x 2 (age group) ANOVA revealed a main effect of emotion 

(F(2,96) =40.59, p<.001) on the P2 amplitude to the vocal cue. There was no main effect of 

age on the P2 amplitude (F(1,48) = 0.31, p=.574). In addition there was no emotion x age 

group interaction effect on the P2 amplitude (F(2,96) = 1.43, p=.246).  

Target-P1. A 3 (emotion) x 2 (congruency) x 2 (age group) revealed a main effect of 

emotion on the P1 amplitude to the visual target (F (2,96) = 3.45, p=.036). There was no main 

effect of congruency on the P1 amplitude (F (1,48) = 0.01, p=.918). There was no main effect 

of age group on the P1 (F (1,48) = 0.59, p=.445). There was a close to significant emotion x 

age group interaction effect on the P1 amplitude (F (2,96) = 2.99, p=.055). Post hoc tests 

confirmed that the larger P1 to angry compared to happy and neutral voices was found only 

in adolescents (p=.014, p=.053) but not adults. There was no other significant congruency x 

age group or emotion by congruency x age group interaction effects on the P1 amplitude (all 

ps>.05).  

Target-P3. A 3 (emotion) x 2(congruency) x 2 (age group) revealed no main effect of 

emotion on the P3 amplitude to the visual target (F (2,96) = 0.69, p=.502. There was also no 
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main effect of congruency (F (1,48) = 0.05, p=.834, or emotion by congruency interaction 

effect on the P3 amplitude (F (2,96) = 1.52, p=.224). There was no main effect of age group 

on the P3 amplitude (F (1,48) = 0.01, p=.969). Finally, there were no other significant 

congruency x age group, or age group by emotion, or age group by emotion by congruency 

interaction effects on the P3 amplitude (all ps>.05).   
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Appendix H. Exploratory Associations Between Dependent 

Variables (RTs and ERPs) and Adult Inattention and 

Hyperactivity 

Data Processing and Initial Data Treatment 

A Kolmogorov-Smirnov test indicated that adult hyperactivity and inattention were 

not normally distributed (D=0.19, p=.021; D=0.27, p<.001). Therefore, non-parametric tests 

were conducted. Preliminary Spearman’s rho correlations identified significant positive 

correlations between depressive symptoms and adult inattention (r=0.50, p=.012) and adult 

hyperactivity (r=0.43, p=.043). In addition, hyperacuity positively correlated with adult 

inattention (r=0.62, p=.001) and adult hyperactivity (r=0.49, p=.013). Therefore, both 

depressive symptoms and hyperacuity were added as covariates in analysis. No other 

significant correlations were found between adult hyperactivity and inattention and age or IQ 

(ps>.05). 

RT Results 

For consistency with the adolescent correlational analyses, correlations were 

conducted to explore the relationships between RTs (for all emotion conditions), the angry-

neutral RT difference score, and adult inattention and hyperactivity. When conducting 

Spearman’s rho correlations, no significant correlations between RTs and inattention or 

hyperactivity were found (all ps>.05). When conducting Pearsons’s correlations and 

controlling for hyperacuity and depressive symptoms, this did not change the pattern of 

results (all ps>.05). 
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Cue-P2 Results  

For consistency with the adolescent correlational analyses, correlations were 

conducted to explore the relationships between the Cue-P2 (for all emotion conditions), the 

P2 difference scores (angry-neutral; happy-neutral), and inattention and hyperactivity. 

Spearman’s rho correlations revealed no significant correlations between the P2 amplitude 

and inattention or hyperactivity (all ps>,05). When conducting Pearson’s correlations and 

controlling for depressive symptoms, the correlation between the P2 amplitude for neutral 

voices and hyperactivity was close to significance (r=0.40, p=.058), but no other correlations 

were significant (all ps>.05). Similarly, no correlations were significant when controlling for 

hyperacuity (all ps>.05).  

Target-P1 Results 

For consistency with the adolescent correlational analyses, correlations were 

conducted to explore the relationships between the Target-P1 (for all spatially congruent 

emotion conditions), the P1 difference scores (angry congruent -neutral congruent; happy 

congruent-neutral congruent), and inattention and hyperactivity. When conducting 

Spearman’s rho correlations, no significant correlations between the Target-P1 and 

inattention or hyperactivity were found (all ps>.05). When conducting Pearsons’s correlations 

and controlling for hyperacuity and depressive symptoms, this did not change the pattern of 

results (all ps>.05). 

Target-P3 Results 

For consistency with the adolescent correlational analyses, correlations were 

conducted to explore the relationships between the Target-P3 (for all emotion conditions), 
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the P3 difference scores (angry-neutral congruent; happy-neutral), and inattention and 

hyperactivity. When conducting Spearman’s rho correlations, there was a close to significance 

correlation between adult inattentiveness and the angry-neutral P3 amplitude (r=0.37, 

p=.069), but no other significant correlations between the Target-P3 and inattention or 

hyperactivity were found (all ps>.05). When conducting Pearsons’s correlations and 

controlling for hyperacuity and depressive symptoms, this did not change the pattern of 

results (all ps>.05). 
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