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ABSTRACT OF THE DISSERTATION 

 

Emotion processing in the auditory modality: The time course and development of 

emotional prosody recognition 

 

by 
 
 
 

Lauren A. Cornew 
 
 

Doctor of Philosophy in Psychology 
 
 

University of California, San Diego, 2008 
 
 

Professor Leslie J. Carver, Chair 

 

 The studies in this dissertation investigated the recognition of emotional 

prosody in adults and children. Findings in the visual modality suggest a processing 

advantage for emotional stimuli, presumably due to their salience and survival value. 

However, there is limited research on this phenomenon in the auditory emotion 

 xv



processing literature, and findings are mixed. The studies presented here were 

designed to test for a potential advantage in recognizing emotional compared to 

neutral prosody via a gating paradigm, in which utterances spoken in emotional or 

neutral intonation were spliced into successively building segments, or gates, that 

provided increasingly more stimulus information.  

Chapter 2 presents two experiments: In Experiment 1, participants heard gated 

versions of sentences conveying happy, angry, and neutral emotion. After each gate, 

they indicated the emotion conveyed and rated their confidence in that decision. 

Measures of interest included accuracy, the number of gates necessary for accurate 

recognition, error patterns, and confidence. Contrary to hypotheses based on visual 

emotion processing, results indicated faster and more accurate recognition of neutral 

compared to emotional prosody, as well as error patterns and confidence ratings that 

suggested a bias for recognizing neutral prosody. To rule out a potential confound 

resulting from the number and nature of stimulus categories in Experiment 1, half of 

the participants in Experiment 2 discriminated happy from neutral prosody and half 

discriminated angry from neutral prosody. Results replicated those of Experiment 1: 

recognition speed and accuracy favored neutral prosody.  

Chapter 3 presents a study comparing children’s and adults’ recognition of 

happy, angry, and neutral prosody. Results indicated that children’s recognition was 

less accurate and slower than adults’, but improves with age. Across age groups, 

neutral prosody was identified faster than emotional prosody. Accuracy and error 

patterns demonstrated a bias for neutral prosody in young girls and adult women; 

 xvi



however, young boys showed a bias for recognizing happy prosody, whereas adult 

males showed a bias for angry prosody. Taken together, results from the studies in this 

dissertation suggest that emotion-related processing biases may differ between visual 

and auditory modalities, and that biases for emotional prosody are modulated by age 

and gender. 

 xvii



 

 

 

 

 

Chapter 1 

 

Introduction 
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The way in which humans perceive and recognize the emotional expressions of 

others is fundamentally important. This is the case from both a practical perspective, 

since correctly interpreting such signals is essential for social interaction, as well as 

from a basic science perspective, since the processes by which the brain accomplishes 

emotion recognition bear on the computational architecture of human information 

processing. Because of its far-reaching implications, emotion processing has been a 

topic of concurrent interest in numerous disciplines, including psychology, 

neuroscience, and anthropology. Scientists have begun to disentangle the cognitive 

and neural processes involved in recognizing others’ emotions, as well as the 

development of these processes. However, at present, much more is known about 

emotion recognition in the visual modality than in the auditory modality, and the 

extent to which the processes underlying emotion recognition are similar across 

modalities is not clear. The central aim of the work contained in this dissertation is to 

more fully understand how people decode emotion in others’ tone of voice. 

Specifically, the experiments were aimed at investigating the time course of emotional 

prosody processing and whether the emotional valence reflected in the prosody 

influences how quickly and accurately emotion is recognized in tone of voice.  

This chapter will begin with a discussion of emotion processing in adults. 

Research on emotion processing in the auditory modality will be reviewed, followed 

by research on visual emotion processing. The focus will then shift to considering the 

development of emotion processing. Relevant findings concerning the early 

emergence of emotion discrimination in infancy will be presented, followed by a 
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discussion of emotion recognition in school-aged children. Lastly, the studies 

contained in this dissertation will be outlined.  

Emotion Processing in the Auditory Modality 

 The literature on emotional prosody has historically reflected a focus on two 

main research areas: neural localization and acoustic correlates. With respect to the 

former, studies of patients with damage to the right hemisphere have demonstrated its 

crucial role in accurately identifying emotions in prosodically marked speech (Bowers, 

Coslett, Bauer, Speedie, & Heilman, 1987; Gorelick & Ross, 1987; Ross, 1981; Ross, 

Thompson, & Yenkosky, 1997). Results from some neuroimaging studies have 

supported right-hemisphere dominance of emotional prosody processing and shown 

that it is dissociable from other types of linguistic processing such as syntax and 

semantics (Buchanan et al., 2000; George et al., 1996), although other experiments 

have reported bilateral activation (Kotz et al., 2003; Wildgruber et al., 2004). 

 In terms of the acoustics of affective prosody, previous research suggests that 

variations in fundamental frequency, perceived by listeners as pitch, are crucial for 

producing and perceiving different emotions through speech (Bachorowski & Owren, 

2003; Monnot, Orbelo, Riccardo, Sikka, & Ross, 2003). A number of specific pitch 

measurements have been shown to contribute to prosodic variations between 

emotions, such as pitch mean, range, and variability (Mozziconacci, 2001; Scherer, 

1986). Other important parameters include intensity and speech rate (Murray & 

Arnott, 1993). Nevertheless, Scherer (1986) has noted that although human judges are 
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quite adept at identifying vocal emotions, acoustic analyses have been far less 

successful at pinpointing the cues which distinguish emotions from one another. 

 Few studies have investigated the effects of valence on the processing of 

emotion in speech; however, there are some studies that are relevant to these 

questions, albeit with mixed results. In one study (Alter et al, 2003), event-related 

potentials (ERPs) were recorded as participants judged the emotion conveyed by 

happy, angry, and neutral prosody. Results suggested enhanced processing of 

positively valenced intonation, as happy prosody elicited a greater amplitude P200 

response compared to angry and neutral prosody. However, results from other studies 

suggest that regardless of valence, the processing of emotional prosody is enhanced 

compared to neutral prosody. For instance, Grandjean and colleagues (Grandjean, 

Sander, Lucas, Scherer, & Vuilleumier, 2008) studied patients with parietal lobe 

damage suffering from auditory extinction, a deficit in attention in which auditory 

information presented to the contralesional side is not detected when auditory 

information is presented simultaneously to the ipsilesional side. They (Grandjean et al, 

2008) found that when emotional (positive and negative) prosody was presented to the 

contralesional side, patients were more likely to detect the auditory stimuli than when 

neutral prosody was presented. These results suggest that emotional prosody, 

regardless of valence, captures attention and enhances perception. However, there is 

also evidence suggesting a processing advantage for neutral prosody. Schirmer and 

Kotz (2003) conducted an experiment in which participants heard semantically 

positive, negative, and neutral words, spoken with positive, negative, or neutral 
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prosody. Participants categorized the emotion of the stimuli in terms of prosody in one 

block and semantics in another. Results demonstrated that participants were more 

accurate in recognizing neutral prosody than happy or angry prosody, suggesting that 

enhanced processing of emotional prosody is not ubiquitous.  

Emotion Processing in the Visual Modality 

Similar to results in the auditory modality, the effects of visual emotional 

content on perception and cognition tend to fall into two main categories: 1) the 

processing of emotional stimuli, irrespective of their valence, is enhanced compared to 

neutral stimuli, and 2) the effects of emotion are valence-specific. Consistent with the 

first category, perceptual identification has been shown to be better for visually 

presented positive and negative compared to neutral target words (Zeelenberg, 

Wagenmakers, & Rotteveel, 2006). In addition, emotional faces have been shown to 

elicit ERPs of larger amplitude than neutral faces, indicative of enhanced processing. 

For instance, in one study (Sato, Kochiyama, Yoshikawa, & Matsumura, 2001) the 

amplitude of the N270 component was larger for happy and fearful faces compared to 

neutral faces. Similarly, Balconi and Pozzoli (2003) found that emotional (happy, sad, 

angry, surprised, and fearful) faces elicited a larger amplitude negative component at 

230ms than neutral faces.   

The second main category of findings in the visual emotion processing 

literature suggests valence-specific effects. Some of these effects suggest a processing 

advantage for happy stimuli. For instance, some studies have demonstrated that people 

are faster (e.g., Kirita & Endo, 1995; Leppanen & Hietenan, 2004; Leppanen, 
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Tenhunen, & Hietenan, 2003) and more accurate (Calvo, Nummenmaa, & Avero, 

2008) at recognizing happy faces compared to faces expressing negative emotion. 

However, other studies suggest a processing advantage for negative stimuli, termed 

the ‘negativity bias’. Faster detection of negative content has been reported using a 

variety of paradigms, including dot probe (Mogg & Bradley, 1999) and Stroop-like 

(Pratto & John, 1991) tasks, different types of stimuli, including faces (Horstmann & 

Bauland, 1996) and words (Dijksterhuis & Aarts, 2003), and even in conditions of 

restricted awareness (Dijksterhuis & Aarts, 2003). Some ERP evidence also suggests a 

potential negativity bias. Batty and Taylor (2003) examined the time course of 

responses to faces expressing six emotions (anger, fear, disgust, happiness, surprise, 

and sadness) along with neutral faces, and found that the amplitude of the face-

sensitive N170 component was larger to fearful faces compared to faces expressing 

other emotions and to neutral faces.  

The Development of Emotion Processing 

 Rudimentary emotion recognition capabilities begin to develop in infancy. 

Although results are somewhat mixed concerning the exact age at which these 

capabilities emerge, in general infants are able to discriminate some basic facial 

expressions by the second half of the first year of life (e.g., Kestenbaum & Nelson, 

1990; Ludemann & Nelson, 1988, Bornstein & Arterberry, 2003; Schwartz, Izard, & 

Ansul, 1985; Barrera & Maurer, 1981). In addition, there are some data that speak to 

emotion-related processing biases in infancy. For instance, in an ERP study of 7-

month-olds, Nelson and de Haan’s (1996) results revealed differences in responses to 
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happy versus fearful faces. A larger amplitude negative component to fearful faces is 

suggestive of a potential negativity bias; however, amplitudes of early and late 

positive components were greater for happy faces. Thus it is unclear the extent to 

which a negativity bias or a more general emotion-related bias characterizes infants’ 

facial emotion discrimination.  

As is true in the adult literature, there are many more published studies of 

visual emotion processing compared to auditory emotion processing in infancy. 

Nevertheless, emotion discrimination appears to emerge at least somewhat 

concurrently across modalities, as there is ERP evidence for the ability to discriminate 

prosody conveying different emotions at seven months of age (Grossmann, Striano, & 

Friederici, 2005). Interestingly, Grossmann and colleagues’ (2005) results support 

both a negativity bias as well as an emotion-based (but valence-independent) bias: 

They observed a negative shift in a middle-latency component that was of 

significantly greater amplitude in response to angry prosody compared to happy and 

neutral prosody, suggesting a negativity bias. However, the amplitude of a later ERP 

component was greater for both happy and angry prosody compared to neutral 

prosody, suggesting a valence-independent emotion processing bias.  

 Although a growing body of evidence indicates that infants become capable of 

discriminating some emotions in the first year of life, the processes involved in 

emotion recognition appear to exhibit a protracted developmental trajectory. Findings 

from cross-sectional studies of emotion recognition in school-aged children generally 

suggest age-related improvements in emotion recognition through nine to ten years of 
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age (Doherty, Fitzsimons, Asenbauer, & Staunton, 1999; Friend, 2000; Leppanen & 

Hietanen, 2001; Vicari, Reilly, Pasqualetti, Vizzotto, & Caltagirone, 2000), and some 

results (Lenti, Lenti-Boero, & Giacobbe, 1999; Kolb, Wilson, & Taylor, 1992) suggest 

continuing development of these skills through adolescence.  

As in the adult and infant literatures, there are many more published studies 

investigating children’s recognition of emotion in facial expressions compared to 

speech prosody. Most studies of visual emotion recognition in preschool and 

elementary school-aged children have found that happy faces are recognized with 

greater ease than faces expressing other emotions, including anger, sadness, surprise, 

and fear (Kolb, Wilson, & Taylor, 1992; Lenti, Lenti-Boero, & Giacobbe, 1999; 

Vicari et al, 2000). The potential prosodic correlates of this effect remain under-

specified, as the recognition of specific emotions has not been teased apart in most 

studies of emotional prosody recognition in children. However, one study suggests 

that the recognition advantage for happy faces may not hold for happy voices: Saxby 

& Bryden (1984) reported that 5- to 14-year-olds were more accurate in recognizing 

neutral and sad prosody compared to happy and angry prosody. 

Gender differences have been another focus in research on children’s 

recognition of emotional expressions. Here again, more is known about facial emotion 

recognition than vocal emotion recognition. Although individual studies have yielded 

inconsistent results with regard to gender differences in children’s facial emotion 

recognition, a meta-analysis of a large number of studies (McClure, 2000) indicated a 

significant advantage in facial expression processing for girls over boys, from infancy 



 9

through adolescence. Few emotional prosody studies have examined potential gender 

effects. One study that did include gender in statistical analyses reported a null gender 

effect (Morton & Trehub, 2001); nevertheless, more work is needed to determine 

whether or not gender differences are present in the development of emotional 

prosody recognition. 

The Present Studies  

In sum, much less work has investigated a potential processing advantage for 

emotional stimuli in the auditory modality compared to the visual modality, and the 

studies that do address this question have yielded inconsistent findings. Thus, despite 

its theoretical importance, the extent to which the effects of emotion on perception are 

global versus modality-specific remains unclear. The studies in this dissertation are 

designed to contribute to this issue by investigating the recognition of emotional 

prosody. Study 1 consists of two experiments aimed at understanding the way in 

which emotional prosody is processed in adulthood, and Study 2 examines the 

developmental progression associated with the processing of emotional prosody. 

Study 2 also investigates potential gender differences in children’s recognition of 

emotional prosody. Specifically, in both studies, the processing of happy, angry, and 

neutral prosody is examined in order to tease apart the potential influences of valence 

and arousal level, as happiness and anger are both high in arousal but opposite in 

valence (Feldman Barrett & Russell, 1998).  

Study 1 
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Study 1 investigates the influence of emotional content on auditory processing 

in order to test for the existence of a negativity bias in the auditory modality. If 

emotion influences processing in a valence-independent fashion; that is, if the 

presence rather than the valence of the emotion is critical, then participants should be 

quicker and more accurate in their recognition of both happy and angry prosody 

compared to neutral prosody. If, however, a negativity bias governs processing of 

emotional prosody, then participants should recognize angry prosody more quickly 

and more accurately than happy or neutral prosody. In order to test these competing 

hypotheses, both experiments in Study 1 employ a gating paradigm (Grosjean, 1980, 

1996), in which Jabberwocky sentences spoken in happy, angry, and neutral intonation 

are presented in segments that successively increase in duration. After hearing each 

segment, participants make a forced choice decision as to the emotion that they 

believe the speech conveys. This paradigm enables the assessment not only of 

accuracy in detecting emotional prosody, but it allows for measurement of processing 

speed without introducing a speed-accuracy tradeoff. Results from Experiment 1 

indicate that participants are faster and more accurate at recognizing neutral prosody 

than happy or angry prosody, suggesting that neither a general bias for emotional 

stimuli nor a negativity bias characterizes the recognition of emotional prosody. In 

addition, detailed analysis of participants’ error patterns also unveiled a neutral bias. A 

detailed acoustic analysis indicates that these findings are not reducible to differences 

in stimulus acoustic properties between emotion conditions. 
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 In Experiment 1, each participant hears and responds to stimuli of all three 

emotion categories. However, the fact that participants have two emotion categories to 

choose between but only one neutral, or non-emotional, category introduces a 

potential confound, which is common to most emotion recognition studies: Perhaps it 

is easier to decide that a stimulus is or is not emotional than to decide which particular 

emotion it actually conveys. Experiment 2 rules out this potential confound because 

each participant is exposed to neutral prosody and prosody from only one emotion 

category (i.e., happy or angry, but not both). As in Experiment 1, a gating paradigm is 

employed, and participants make a forced choice emotional prosody categorization 

following each speech segment. Results of Experiment 2 replicated the results of 

Experiment 1: Again, participants demonstrated faster and more accurate recognition 

of neutral prosody compared to emotional prosody. These results again implicate a 

bias for neutral prosody and indicate that this bias is not a function of the number and 

nature of stimulus categories. 

Study 2 

 One goal of the larger research program of which this dissertation is a part is to 

understand the developmental trajectory of emotion recognition. However, it is 

informative to first establish the corresponding processing patterns in adults which 

will then serve as a template against which to compare infant and child data. In 

addition, understanding the development of a skill can provide a clearer picture of its 

underlying mechanisms. To that end, while Study 1 focuses on the processing of 

emotional prosody in adults, Study 2 examines emotional prosody processing in 
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children between the ages of 5 and 9 and compares it directly to a new sample of 

adults. Similar to Study 1, a gating paradigm is employed. However, fewer stimuli are 

presented and a series of interactive games precede the experimental task for child 

participants. This study sought to address whether children’s recognition of emotional 

prosody would show a neutral bias similar to adults in Study 1, and whether there 

would be gender- or age-related differences in emotion recognition capabilities.  

As might be expected, results indicated that adults categorized emotional 

prosody with greater speed and accuracy than children. In addition, the speed of 

processing results from Study 1 were replicated in adults and extended to children: 

neutral prosody was identified with greater speed than happy and angry prosody. 

Interestingly, when it came to accuracy, there was an effect of gender: women and 

girls were most accurate at recognizing neutral prosody, whereas this was not the case 

for men and boys. Furthermore, correlations revealed age-related changes within the 

sample of children. As expected, the older children achieved greater accuracy in 

recognizing emotional prosody than the younger children; however, that effect was 

driven primarily by a developmental improvement in recognizing neutral prosody. 

Analyses of error patterns revealed interesting findings: First, adults, regardless of 

gender, were more likely to mislabel prosody as neutral than as either happy or angry. 

Girls exhibited the same pattern as adults; however, boys tended to mislabel prosody 

as neutral and happy about equally often and more often than angry. Also, women and 

girls did not demonstrate a significant bias in either the positive or negative direction. 

However, males did demonstrate biased errors and the patterns differed between adults 
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and children, with adult men exhibiting a negative bias in their errors, whereas boys 

showed a positive bias.  

Taken together, the results of the reported studies provide new insight into how 

we recognize emotion in tone of voice. Although a bias for recognizing neutral 

prosody was observed in a previous study (Schirmer & Kotz, 2003), Study 1 in this 

dissertation is the first to fully examine this effect, by extending the bias in accuracy 

observed previously to speed of recognition and error patterns and also by ruling out a 

number of potential confounds. Furthermore, to the author’s knowledge, results from 

Study 2 provide the first evidence for gender differences in emotional prosody 

recognition in school-aged children. This work also has broader implications 

concerning the nature of emotion-cognition interactions. Results from the studies in 

this dissertation suggest that the processing biases for emotional content that are 

heavily reported in the visual emotion processing literature do not necessarily apply to 

auditory emotion processing. Instead, the effects of emotion on perception and 

cognition appear to be at least in part modality-specific.  
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Abstract 

 Research on emotion processing in the visual modality suggests a processing 

advantage for emotionally salient stimuli, even at early sensory stages; however, 

results concerning the auditory correlates are inconsistent. We present two 

experiments which employed a gating paradigm to investigate emotional prosody. In 

Experiment 1, participants heard successively building segments of Jabberwocky 

‘sentences’ spoken with happy, angry, or neutral intonation. After each segment, 

participants indicated the emotion conveyed and rated their confidence in their 

decision. Participants in Experiment 2 also heard Jabberwocky ‘sentences’ in 

successive increments, with half discriminating happy from neutral prosody, and half 

discriminating angry from neutral prosody. Participants in both experiments identified 

neutral prosody more rapidly and accurately than happy or angry prosody. Confidence 

ratings were greater for neutral sentences, and error patterns also indicated a bias for 

recognizing neutral prosody. Taken together, results suggest that enhanced processing 

of emotional content may be constrained by stimulus modality.  
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There’s more to emotion than meets the eye: A processing bias for neutral content in 

the domain of emotional prosody 

Perceiving emotional expressions is an essential component of social 

interaction and confers survival value by enabling us to discriminate friend from foe. 

As such, it is not surprising that our neural architecture supports interactions of 

cognition and emotion at a number of processing levels. Emotion has been shown to 

influence cognitive functions such as decision-making (Bechara, Damasio, & 

Damasio, 2003), categorization (Ito, Larsen, Smith, & Cacioppo, 1998), and memory 

(Hamann, Ely, Grafton, & Kilts, 1999). A growing body of research suggests that 

emotion influences information processing even at early attentional (Carretié, 

Hinojosa, & Mercado, 2003; Smith, Cacioppo, Larsen, & Chartrand, 2003) and 

perceptual (Phelps, Ling, & Carrasco, 2006) stages. While there is a substantial 

literature dedicated to understanding cognition-emotion interactions, much of this 

work has focused on visually presented emotional stimuli, leaving many open 

questions concerning emotion processing in the auditory modality. Nevertheless, 

auditory emotional signals are just as salient as their visual counterparts, perhaps even 

more so since they can be detected from a greater distance and in low lighting 

conditions. In fact, early in development, auditory emotional signals have been shown 

to take precedence over facial emotion cues in social referencing (Mumme, Fernald, & 

Herrera, 1996). The current study examines the recognition of emotional prosody, 

with the aim of investigating its time course and whether valence and/or arousal 

influences how quickly and accurately emotion is recognized in tone of voice.  
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Emotion Processing in the Auditory Modality 

 While the literature on affective prosody is substantial, the majority of studies 

have focused either on the neural localization of emotional prosody recognition or on 

its acoustic correlates rather than on potential processing advantages for emotional 

compared to neutral prosody. Nevertheless, results from a small number of studies 

bear on the influences of valence and arousal on emotional prosody processing. For 

instance, Alter and colleagues (2003) presented participants with utterances spoken 

with happy, angry, and neutral prosody. They recorded event-related potentials (ERPs) 

as participants judged the prosody on a scale of 1 (negative) to 5 (positive) and found 

that the amplitude of the P200 component, thought to index early sensory stages of 

feature detection (Luck & Hillyard, 1994), was larger in response to happy compared 

to angry and neutral prosody, indicating enhanced processing of positive emotion. 

Other studies have instead suggested enhanced processing of negative prosody. For 

instance, Wambacq and colleagues (Wambacq, Shea-Miller, & Abubakr, 2004) 

compared processing of negative and neutral prosody and found that the amplitude of 

the P3 ERP component (thought to reflect the categorization of anomalous, 

inconsistent or infrequent stimuli presented in a context of otherwise normal or 

frequent information; e.g., Katayama & Polich, 1996) was larger in response to 

negative prosody. In addition, in an fMRI study, Grandjean and colleagues (2005) 

found greater activation in several brain areas, including the superior temporal sulcus, 

when participants processed angry compared to neutral prosody. However, a positive 

emotion condition was not included in either Wambacq’s (2004) or Grandjean’s 
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(2005) study, so the data could reflect either a processing bias for negative prosody or 

a more general processing advantage for emotional (or high-arousal) compared to 

neutral input. Grandjean and colleagues (Grandjean, Sander, Lucas, Scherer, & 

Vuilleumier, 2008) recently reported findings consistent with the latter possibility in a 

study of brain damaged patients with auditory extinction, an attentional deficit in 

which patients fail to detect auditory information presented to the contralesional side 

when auditory information is presented simultaneously to the ipsilesional side. 

Grandjean and colleagues (2008) found that auditory extinction was attenuated for 

positive and negative compared to neutral prosody, suggesting that auditory emotional 

content, regardless of valence, captures attention and enhances perception. In addition, 

the amplitude of the mismatch negativity, an indicator of acoustic change detection, 

has been shown to be larger to both happy and angry compared to neutral prosody, 

although this effect was gender-dependent and emerged in women but not men 

(Schirmer, Striano, & Friederici, 2005).  

As the aforementioned studies illustrate, there is conflicting evidence in the 

emotional prosody literature regarding effects of valence and arousal on emotional 

prosody processing, with some studies suggesting specific valence effects that favor 

either positive or negative prosody and other studies suggesting more general arousal 

effects that favor emotional over neutral prosody. In fact, there is even behavioral 

evidence supporting a bias for neutral over emotional prosody. In a study by Schirmer 

and Kotz (2003), participants heard semantically positive, negative, and neutral words, 

spoken with positive, negative, or neutral prosody. Their task involved categorizing 
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stimuli as positive, negative, or neutral. In one block, they identified the emotion of 

the words themselves while ignoring the prosody, and in another block, they identified 

the emotional prosody while ignoring the semantics. Results indicated that participants 

were more accurate in recognizing neutral prosody than happy or angry prosody. 

Interestingly, this effect remained constant regardless of the semantics of the words, 

except when the semantics were angry, in which case the recognition accuracy of 

angry prosody was boosted closer to the accuracy level of neutral prosody. These 

results suggest that emotional prosody is not always privy to enhanced processing; 

instead, there appear to be circumstances in which neutral prosody is favored.    

Emotion Processing in the Visual Modality 

Similar to results in the auditory modality, the effects of visual emotional 

content on perception and cognition tend to fall into two main categories. In one, 

emotional stimuli, irrespective of their valence, are privy to enhanced processing 

compared to neutral stimuli. That is, positive and negative emotionality have similar 

facilitatory effects on processing. Consistent with this stance, results from a study by 

Zeelenberg and colleagues (Zeelenberg, Wagenmakers, & Rotteveel, 2006) 

demonstrated that performance in a perceptual identification task was better for 

positive and negative compared to neutral target words. Anderson (2005) found that 

the attentional blink, a phenomenon in which the detection of a second target word is 

suppressed when it is presented at a very short latency following the first target word, 

was attenuated when the second target was an emotional word, suggesting increased 

allocation of attention to emotional stimuli. Furthermore, this attenuation was 
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modulated by stimulus arousal level rather than valence. Results from a study in which 

pictures were used to test the influence of emotion on attention (Schimmack, 2005) are 

also consistent with the hypothesis that enhanced processing of emotional stimuli is 

due to their higher arousal levels compared to emotionally neutral stimuli.   

In contrast to the perspective that emotion enhances processing in a valence-

independent fashion, a second category of effects has indicated valence-specific 

effects. Some results suggest a processing advantage for happy stimuli. For instance, 

faster reaction times (e.g., Kirita & Endo, 1995; Leppanen & Hietenan, 2004; 

Leppanen, Tenhunen, & Hietenan, 2003) and greater accuracy (Calvo, Nummenmaa, 

& Avero, 2008) have been demonstrated when participants categorize happy faces 

compared to faces expressing negative emotion. However, other valence-specific 

findings suggest the opposite, namely that negative stimuli have a privileged status, 

termed the ‘negativity bias’. For instance, angry faces have been reported to be 

detected more efficiently than happy faces (Horstmann & Bauland, 1996; Ohman, 

Lundqvist, & Esteves, 2001). Faster detection of negative content has been reported 

using a variety of paradigms, including dot probe (Mogg & Bradley, 1999) and 

Stroop-like (Pratto & John, 1991) tasks, different types of stimuli, including words 

(Dijksterhuis & Aarts, 2003), and even in conditions of restricted awareness 

(Dijksterhuis & Aarts, 2003).  

The Current Study 

Despite myriad of reports of processing advantages for emotional stimuli in the 

visual modality, findings concerning the auditory correlates are scant. Thus, despite its 
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theoretical importance, the extent to which the effects of emotion on perception are 

global versus modality-specific remains unclear. The purpose of the current 

experiments was to investigate the influence of emotional content on auditory 

processing in order to probe the existence of emotion-related biases in the auditory 

domain. We focused on emotion recognition in prosodically marked speech for two 

reasons: (a) its importance in social interactions and (b) it serves as an auditory analog 

to conventionally investigated emotional facial expressions. We specifically chose to 

examine the processing of happy, angry, and neutral prosody in order to tease apart the 

potential influences of valence and arousal level, as happiness and anger are both high 

in arousal but opposite in valence (Feldman Barrett & Russell, 1998).  

A gating paradigm was employed to identify the time point at which 

participants identify different emotions. In the typical gating study (Grosjean 1980, 

1996), spoken words are spliced into segments, or gates, of increasing duration. After 

hearing each gate, participants guess the word they think they heard and rate their 

confidence in their decision. The isolation point, defined as the length (in 

milliseconds) of the gate at which participants correctly identify the word and don’t 

subsequently reverse their decision, is calculated across participants and/or items. 

These data are used to determine how much acoustic information is necessary for 

participants to accurately identify a word, with faster isolation points indicating faster 

word recognition. Although the gating paradigm has been employed primarily at the 

word level (Warren & Marslen-Wilson, 1987), it is directly applicable to the study of 

prosodic processing at the sentential level. For instance, Grosjean & Hirt (1996) 
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utilized a gating paradigm to investigate how people use linguistic prosody to predict 

the end of a sentence. Akin to this approach, here we use the gating paradigm to 

investigate the time course of recognizing emotional prosody. A major strength of this 

approach is that by controlling the amount of stimulus information provided to 

participants in each trial, we are able to conduct a fine-grained examination of the time 

course of emotional prosody recognition while eliminating any potentially 

confounding influence of a speed-accuracy trade-off. In sum, the gating paradigm’s 

temporal sensitivity allows for a detailed investigation of emotionally valenced 

prosodic information in spoken sentences; nevertheless, we are not aware of any 

previous applications of the paradigm to emotion processing research.  

In the current study, participants heard utterances spoken in happy, angry, and 

neutral prosody, which were spliced into gates of increasing duration. Each successive 

gate increased in duration by 250ms, so that gate 1 was 250ms long, gate 2 was 500ms 

long, gate 3 was 750ms long, and so on. After every gate, participants made a forced 

choice between the emotion categories. The logic behind this investigation is that if 

the negativity bias reported in the visual emotion recognition literature reflects a 

global and not a modality-specific advantage, then participants should be faster and/or 

more accurate in identifying angry compared to happy or neutral emotion in auditorily 

presented sentences, manifested in faster isolation points for angry prosody and 

greater overall accuracy once the entire sentence has been heard. Similar advantages 

would be expected for happy prosody if the happy bias reported with face stimuli 

carried over to emotional prosody. Alternatively, if either the presence or the arousal 
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level of the emotion, rather than its valence, is critical, then angry and happy prosody 

should be identified similarly, with greater speed and accuracy than neutral prosody. 

An additional possibility is that emotionally intoned speech differs from emotional 

visual stimuli with regard to early processing advantages. If so, then either, a) neutral 

prosody would be identified more quickly and accurately than emotional prosody, 

consistent with Schirmer and Kotz’s (2003) intriguing finding, or b) no differences in 

speed or accuracy between happy, angry, and neutral conditions would be expected.  

Experiment 1 

Method 

Participants 

 Fifty-one undergraduate students at UC San Diego (30 female, 21 male; mean 

age = 21 years, SD = 2.7) were awarded psychology course credit in exchange for 

their participation. Participants were screened and determined via self-report 

questionnaire to be monolingual native English speakers. They self-reported that they 

had normal hearing and no history of head trauma, psychiatric illness, or other 

impairment that would preclude them from participating. Data from eight participants 

were excluded; seven due to second language exposure before age six and one due to 

computer failure, leaving data from 43 (27 female, 16 male) participants to be 

analyzed.  

Stimuli 
 
 Stimuli were “Jabberwocky” sentences. Jabberwocky, named for Lewis 

Carroll’s (1871) poem consisting of nonsense verse, is a pseudo-language in which 
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English grammatical structure is maintained, yet utterances are semantically 

incomprehensible because many of the words are nonsensical. In the present study, 

English sentences were transformed into Jabberwocky by keeping closed class words 

and verbs intact but replacing the nouns with phonologically pronounceable non-

words of the same syllable length (noted in the following example in italics, “The 

hessups ate pea-chup after the sholt”). Sentences were recorded by an actress from 

UCSD’s Theatre Department who was instructed to use tone of voice to convey 

happy, angry, or neutral emotionality. Each sentence was recorded in all three emotion 

conditions. By utilizing Jabberwocky sentences, we ensured that many features of 

spoken English were preserved; however, semantic meaning (context) could not 

influence processing of the emotion. Instead, emotion was solely conveyed via 

prosody.   

Pretest 1: Confirmation of emotionality. A separate group of 40 participants 

(UCSD undergraduates receiving course credit) listened to a set of 110 Jabberwocky 

sentences spoken in happy, angry, and neutral prosody. Participants were randomly 

assigned to one of four stimulus lists, each containing 110 sentences of all emotion 

types presented in fixed random order. They were given a test booklet and told that 

they would hear nonsense sentences spoken in happy, angry, or neutral tones of voice. 

During a 7 second period of silence in between sentences, they were to first indicate if 

the tone of voice they heard was angry, happy or neutral by making an “x” in the 

appropriate emotion column. Second, they were asked to rate on a scale from 1 (very 

weakly) to 5 (very intensely) how strongly the sentence invoked that emotion.    
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Final stimulus set. For this study, we selected the 48 sentences that were most 

accurately recognized across all three emotion categories by participants in Pretest 1, 

yielding 144 total stimuli. The mean recognition percentage for the stimuli included in 

the final set was 95% (SD = 8). Subsequently, using Cool Edit Pro software, 

maximum sound amplitudes were roughly equated across all sentences. 

Perceived emotion strength. For the 48 sentences in the final stimulus set, 

ratings of perceived emotion strength, obtained in Pretest 1, were compared across 

emotions. Neutral items were rated as weaker (M = 3.3, SD = 0.42) than happy or 

angry items (Ms = 3.6 and 3.7 and SDs = 0.57 and 0.59, respectively). An analysis of 

variance (ANOVA) revealed a main effect of emotion, F2(2, 46) = 7.30, p = .001, ηp
2 = 

.134. Pairwise comparisons indicated lower emotion strength ratings for neutral than 

for happy (p = .005) and angry sentences (p = .002), whereas happy and angry 

sentences did not differ from one another (p = 1.00) (See Figure 1). 

Stimulus duration. In the final stimulus set, the average sentence duration was 

2.7s overall [range = 1.6s to 4.4s], with happy = 2.8s, angry = 2.9s and neutral = 2.5s. 

An ANOVA revealed a main effect of emotion on duration, F2(2, 46) = 43.56, p = 

.000, ηp
2 = .481, with neutral sentences shorter than happy and angry sentences (ps = 

.000). Rate of speech ranged from 3.3 to 5.9 syllables/second (M = 4.3), with happy 

sentences averaging 4.1, angry sentences 4.0, and neutral sentences 4.6. An ANOVA 

revealed that speech rate differed across emotions, F2(2, 46) = 37.12, p = .000, ηp
2 = 

.441, and was faster for neutral than happy and angry sentences (ps = .000) (See 

Figure 2).1 



 30

Stimulus acoustics for full sentences. Based on previous research suggesting 

the acoustic properties that are most crucial for conveying emotion in speech 

(Mozziconacci, 2001; Scherer, 1986), pitch minimum, maximum, range, mean, and 

standard deviation, as well as mean intensity of the 48 sentences included in the final 

stimulus set were extracted from the sound files via Praat 4.6.12 (Boersma & 

Weenink, 2007), a computer program for speech analysis. These properties were then 

compared across emotion categories using ANOVAs. Means and standard deviations 

are presented in Table 1. With respect to minimum and maximum pitch, ANOVAs 

revealed a significant effect of emotion, F2s(2, 46) = 6.91 and 33.27, ps = .003 and 

.000, ηp
2s = .128 and .414, respectively. Pairwise comparisons for minimum pitch 

demonstrated that the minimum pitch of happy utterances was significantly higher 

than angry utterances’ (p = .001), but no other comparisons reached statistical 

significance. For the maximum pitch variable, pairwise comparisons indicated that 

happy stimuli had a higher maximum pitch than both angry and neutral stimuli (both 

ps = .000), but that angry and neutral stimuli did not differ from one another (p = 

1.00). In addition, the effect of emotion was also significant for pitch range, F2(2, 46) 

= 15.62, p = .000, ηp
2 = .249. Here again, happy sentences were found to differ (with a 

greater range of pitch) from both angry and neutral sentences (both ps = .000), which 

did not differ from each other (p = .761). There was also a significant effect of 

emotion on mean pitch, F2(2, 46) = 217.34; p = .000, ηp
2 = .822. Pairwise comparisons 

indicated that the mean pitch of happy stimuli was significantly higher than that of 

angry stimuli (p = .000), which was in turn significantly higher than that of neutral 
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stimuli (p = .000). There was a similar effect of emotion on pitch variability 

(quantified as the standard deviation of pitch), F2(2, 46) = 91.04, p = .000, ηp
2 = .660, 

where the pitch variability of happy stimuli was significantly greater than that of both 

angry (p = .000) and neutral (p = .000) stimuli, and angry stimuli exhibited 

significantly greater pitch variability than neutral stimuli (p = .001). Lastly, there was 

a significant effect of emotion, F2(2, 46) = 37.30, p = .000, ηp
2 = .442, on mean 

intensity of the Jabberwocky sentences, which reflected higher values in the happy 

category than in angry or neutral categories (both ps = .000), which did not differ from 

one another (p = 1.00). 

Preparation of stimulus gates. Once chosen, the sentences were then prepared 

for the gating paradigm by editing each sentence into successive 250 ms clips, or 

gates. In between each gate was a 5 s period of silence (See Figure 3). Thus, for every 

sentence, gate 1 consisted of the first 250ms of the sentence, gate 2 consisted of the 

first 500ms of the sentence, gate 3 consisted of the first 750ms of the sentence, and so 

on until the end of the sentence. The number of gates ranged from 7 to 18, with a 

mean of 11 gates (SD = 2).  

 Stimulus acoustics for gates 1-4. Next, the same acoustic properties were 

analyzed separately for the first (250ms in length) through fourth (1000ms in length) 

gates of each sentence in order to examine potential differences in how the acoustics 

of emotional prosody built over the early part of the sentences. Means and standard 

deviations are presented in Table 1. First, ANOVAs with emotion (happy, angry, 

neutral) and gate number (1, 2, 3, 4) as within-subjects factors were carried out. The 
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most interesting results concern potential interactions of emotion and time. These 

effects bear on the ways in which the prosodic cues conveying each emotion unfold 

over time by elucidating the time points at which various acoustic properties 

corresponding to each emotion begin to diverge from one another. Follow-up 

ANOVAs for each variable were conducted to examine effects of emotion separately 

for each gate. Significance levels for main effects of these follow-up analyses were 

adjusted to α = .0125 according to a Bonferroni procedure, and violations of the 

sphericity assumption were treated with a Greenhouse-Geisser correction. Results 

from these follow-up analyses are presented in Table 2. 

 An ANOVA for minimum pitch revealed main effects of both emotion, 

F2(2,46) = 19.347, p = .000, ηp
2 = .292, and time, F2(3,45) = 40.724, p = .000, ηp

2 = 

.464, but no significant interaction of emotion and time (p = .782). When maximum 

pitch was considered, main effects of emotion and time again reached significance, 

F2(2,46) = 50.801, p = .000, ηp
2 = .519, and F(3,45) = 54.819, p = .000, ηp

2 = .538, 

respectively. Here, however, the interaction was also significant, F2(6,42) = 4.432, p = 

.003, ηp
2 = .086. Examination of the marginal means for each emotion at each time 

point indicates that the maximum pitch for happy stimuli was significantly greater 

than that of both angry and neutral stimuli for all gates analyzed (see Table 2 for 

results of all post hoc analyses). In the initial 250ms, angry and neutral stimuli did not 

differ, but their maximum pitches diverged in gates two and three. In gate four, the 

maximum pitch of angry and neutral stimuli no longer differed. For the pitch range 

variable, again both main effects were significant, F2(2,46) = 27.280, p = .000, ηp
2 = 
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.367 for emotion and F2(3,45) = 96.576, p = .000, ηp
2 = .673 for time, as was their 

interaction, F2(6,42) = 4.715, p = .003, ηp
2 = .091. Similar to the maximum pitch 

variable, pitch range for happy prosody was greater compared to neutral prosody at all 

points of comparison and greater compared to angry prosody in gates two, three, and 

four. Angry prosody demonstrated a significantly greater range of pitch than neutral 

prosody at gate 3 only. Analysis of mean pitch revealed a significant interaction of 

emotion and time, F2(6,42) = 8.387, p = .000, ηp
2 = .151 as well as main effects of 

emotion and time, F2(2,46) = 87,857, p = .000, ηp
2 = .651, and F2(3,45) = 24.539, p = 

.000, ηp
2 = .343, respectively. The interaction was clarified through additional 

ANOVAs to reflect greater mean pitch for happy than both angry and neutral stimuli 

at all gates, and greater values for angry than neutral stimuli for gates two, three, and 

four. An ANOVA on the standard deviation of pitch demonstrated significant main 

effects of both emotion, F2(2,46) = 31.918, p = .000, ηp
2 = .404 and time, F2(3,45) = 

19.804, p = .000, ηp
2 = .296, qualified by a significant interaction of emotion and time, 

F2(6,42) = 2.370, p = .030, ηp
2 = .048. The pitch variability for happy stimuli was 

greater than that of neutral stimuli for every gate and greater than that of angry stimuli 

for gates two, three, and four; angry and neutral stimuli did not differ at any point. 

Lastly, mean intensity was analyzed. Again, a significant interaction of emotion and 

time emerged, F2(6,42) = 8.842, p = .000, ηp
2 = .158, as well as main effects of 

emotion, F2(2,46) = 13.029, p = .000, ηp
2 = .217, and time, F2(3,45) = 97.073, p = 

.000, ηp
2 = .674. Additional ANOVAs indicated that happy prosody was more intense 

than angry or neutral prosody for gates two, three, and four. Neutral stimuli were more 
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intense than angry ones for the first gate, although the two emotions did not differ in 

subsequent gates. In sum, five out of six acoustic variables did exhibited significant 

interactions of emotion and gate length, which most frequently indicated that happy 

prosody differed from angry and neutral prosody along the chosen dimensions, similar 

to the results of analyses based on the full sentences, described above. 

Design 

In this mixed factorial design, all participants heard sentences expressing all 

three emotions. However, to minimize potential repetition effects and biases, they did 

not hear the same sentence across all three emotions. Thus, three lists were created, in 

which sentences and emotions were counterbalanced. Each list consisted of 48 

Jabberwocky sentences: sixteen were spoken in happy intonation, 16 in angry 

intonation, and 16 in neutral intonation. These sentences were presented in fixed 

random order, with the caveat that no more than three sentences expressing the same 

emotion occurred in a row.  

Procedure 
  
 Participants were randomly assigned to one of the three stimulus lists. They 

were given a test booklet and instructed that they would hear short audio clips of 

people speaking nonsense words in sentences. They were told that each sentence 

would be broken up into successively longer pieces, with the full sentence being 

presented as the final audio clip in that set. After hearing every clip, there would be a 

five-second period of silence which would serve as a cue for them to write a mark in 

the appropriate column in their test booklet to indicate whether the clip conveyed a 
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happy, angry, or neutral tone, and to rate their confidence in that decision on a scale 

from 1 (very unsure) to 5 (very sure). A sequence of three beeps signaled the 

beginning of the next sentence. 

 After receiving instructions, participants first responded to a practice sentence 

and were given feedback. Clips were presented to participants through stereo 

headphones in an individual sound-attenuated booth.  

Measures of Interest 
 

Analyses were focused on four main variables: First, we assessed participants’ 

accuracy in recognizing happy, angry, and neutral prosody, quantified as their 

percentage correct across items in each emotion condition. Second, to evaluate the 

time course of processing emotional prosody, we identified each participant’s isolation 

point for each item (Grosjean, 1980, 1996), operationalized as the length of the gate 

(i.e., 250ms, 500ms, 750ms, etc.) at which participants chose the appropriate emotion 

and did not subsequently change their decision. These lengths were then averaged for 

each participant across the sentences in each of the three emotion categories (happy, 

angry, and neutral).2 Third, we examined participants’ patterns of errors, as a 

negativity bias could be reflected in a propensity to label neutral prosody as angry or 

happy prosody as neutral. Fourth, we extracted participants’ confidence ratings (on a 

1-5 scale) for each sentence at two time points of interest: the isolation point and the 

final gate (when the sentence was heard in its entirety). For both time points, we 

averaged the confidence ratings of each participant separately for happy, angry, and 

neutral sentences. Confidence at the isolation point and at the final gate were analyzed 
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as a means of testing for a potential emotion-related bias in the degree of conviction 

with which participants identified happy, angry, and neutral prosody. When 

appropriate, additional analyses were conducted (see Data Analysis below) to further 

elucidate the nature of significant effects. 

Data Analysis 
 
 All data were analyzed using SPSS 11.5. We submitted variables of interest to 

repeated measures ANOVAs. We conducted two types of ANOVAs: standard subject 

(F1) analyses in which we collapsed across items, and also item (F2) analyses in which 

we collapsed across subjects. Just as results from subject analyses provide information 

on the generalizability of an effect across subjects, item analyses provide analogous 

information on the generalizability of an effect across stimuli. Emotion (happy, angry, 

and neutral) was a within-subjects factor in F1 and F2 analyses, and subject analyses 

also included stimulus list (1, 2, 3) and participant gender (male, female) as between-

subjects factors.3 Pairwise comparisons in conjunction with each variable of interest 

used a Bonferroni adjustment to preserve a family-wise α = .05.  

Results 
 
Percent Correct 
 
 In order to investigate whether emotional prosody would be recognized more 

accurately than neutral prosody, participants’ recognition accuracy was compared for 

happy, angry, and neutral sentences. Percentage correct was computed for all 43 

participants (M = 85%, SD = 9.0). Two participants were excluded as they scored 
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more than 2 standard deviations below the overall mean. Therefore, 41 participants 

remained for final analysis.  

Computed separately for each emotion, participants achieved an average 

percentage correct of 81% (SD = 12.6) for happy, 87% (SD = 11.1) for angry, and 

92% (SD = 10.1) for neutral stimuli. With percent correct as the dependent measure, 

repeated measures ANOVAs were performed with emotion as a within-subjects factor 

and stimulus list and participant gender as between-subjects factors in the subject 

analysis. There were no main effects of stimulus list (p = .89) or gender (p = .58). 

There was a main effect of emotion found in both the subject and item analyses, F1(2, 

34)= 7.87, p = .001, ηp
2 = .184; F2(2, 46)= 5.87, p = .004, ηp

2 = .111. Pairwise 

comparisons indicated that participants were more accurate when identifying neutral 

as compared to happy or angry prosody (ps = .001 and .045, respectively). There was 

no difference in accuracy between happy and angry sentences (p = .72) (See Figure 4).  

Isolation Point 
 
 By definition, the isolation point is the length (in milliseconds) of the gate at 

which participants first correctly identify the emotion conveyed without changing their 

mind at subsequent gates. Therefore, the isolation point for a given subject for a given 

sentence is a multiple of 250 (e.g., 250ms, 500ms, 750ms, etc.). To test whether 

emotional prosody was recognized faster than neutral prosody, we first identified each 

participant’s isolation points for all 48 sentences they heard. We then averaged each 

participant’s isolation points across happy, angry, and neutral categories. These 

numbers were at least 250ms but because they were averages, they were not limited to 
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250ms increments and instead usually fell somewhere in between gate lengths (e.g., 

600ms).  

Overall, participants isolated the emotion conveyed after hearing an average of 

802ms (SD = 258) for happy, 723ms (SD = 233) for angry, and 444ms (SD = 192) for 

neutral items. A repeated measures ANOVA revealed a significant effect of emotion 

on isolation point by participants, F1(2, 34)= 24.67, p = .000, ηp
2 = .413, and by items, 

F2(2, 46)= 13.81, p = .000, ηp
2 = .227 (See Figure 5). Pairwise comparisons indicated 

faster correct identification of neutral prosody compared to both happy and angry 

prosody (ps = .000 and .001, respectively, for subject and item analyses). Angry 

prosody was also identified faster than happy prosody (p = .04), although this contrast 

did not reach significance in the item analysis (p = .71). There were no effects of 

either stimulus list or gender in the subject analysis. 

Given the discrepancy in stimulus duration between emotions, perhaps the 

faster classification of emotion for neutral sentences resulted from their shorter length, 

with quicker isolation points reflecting an advantage of having heard more information 

by a given time point. To test this, we computed a ratio of isolation point to stimulus 

duration for each item and conducted an ANOVA with emotion as a repeated measure. 

A significant effect would rule out the possibility that the faster isolation points for 

neutral prosody were due to the shorter duration of those stimuli, as the ratio corrected 

for differences in length between emotional conditions. Indeed, the result remained 

significant, F2(2, 46) = 11.82, p = .000, ηp
2 = .201, and pairwise comparisons 

demonstrated that the ratio was significantly smaller for neutral than for happy and 
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angry items (ps = .000 and .01, respectively). Ratios for happy and angry items did not 

differ (p = .29). Therefore, the faster identification of neutral prosody cannot be 

accounted for by differences in sentence duration. 

 Neutral by default or a distinct processing advantage? To probe the faster 

isolation points for neutral sentences, we investigated whether participants selected 

neutral at the first gate more frequently than happy or angry, either due to a perceptual 

or response bias, or perhaps because the sentences may not have conveyed a definite 

emotion in the first 250ms. If participants disproportionately chose to label sentences 

as neutral following the initial gate, then it is possible that the effect of emotion on 

isolation point can be explained by a propensity to select neutral by default, rather than 

a processing advantage for neutral prosody. 

To examine this, the number of times participants incorrectly selected ‘neutral’ 

at the first 250ms gate was compared to chance performance, where chance was set at 

10.67, since participants were presented with 32 non-neutral items and three possible 

emotional labels. Incorrect selection of neutral was found to occur at chance level, 

t1(40) = -.036, p = .97 (2-tailed), d = .01, suggesting that participants were not using 

neutral as an initial default choice, because had that been the case, neutral would have 

been selected more frequently than chance occurrence. Thus, the results cannot be 

accounted for by a default tendency to label segments as neutral.  

Error Types 
 
 In order to investigate response patterns for the final gate and in particular to 

test for the presence of a bias for emotional over neutral prosody, participants’ errors 
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were quantified in two ways: (a) incorrect labeling of an emotion, (b) directionality of 

biases (see Table 3). 

 Incorrect labeling. This measure of interest was the number of errors that 

constituted incorrectly labeling an item as happy, angry, or neutral, ignoring which of 

the remaining emotions was incorrectly chosen. A negativity bias in this measure 

would be reflected as a propensity for participants to mislabel prosody as angry more 

than as happy or neutral, whereas a general emotion bias would be reflected as a 

propensity to mislabel prosody as happy or angry more than as neutral. A repeated 

measures ANOVA revealed a significant effect of error type by subjects, F1(2, 34)= 

36.13, p = .000, ηp
2 = .508, and items, F2(2, 46)= 28.13, p = .000, ηp

2 = .374. However, 

pairwise comparisons indicated that this effect did not reflect either a negativity bias 

or an emotion bias. Instead, sentences were incorrectly labeled as neutral more 

frequently than either happy or angry (both ps = .000), suggesting a bias for neutral 

prosody.    

 Directionality of bias. As stated earlier, a negative bias could be reflected by 

labeling neutral prosody as angry or happy prosody as neutral. Alternatively, a 

positive bias could be reflected in a propensity to label angry prosody as neutral or 

neutral prosody as happy. Each type of bias was operationalized as the sum of its 

component error types. A paired-samples t-test to compare these two types of biases, 

although not significant, suggested a trend toward a negative bias by subjects, t1(40)= 

1.65, p = .055 (1-tailed), d = .385, and items, t2(47)= 1.60, p = .06 (1-tailed), d = .304.  

Confidence Ratings 
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 We next tested for the presence of negativity and emotion biases in 

participants’ confidence ratings. Higher confidence ratings for angry stimuli compared 

to happy and neutral stimuli would indicate a negativity bias. Higher confidence 

ratings for angry and happy compared to neutral stimuli would indicate a more general 

bias for emotional prosody. Two analyses of confidence ratings were carried out: First, 

in order to validate the confidence ratings measure, we averaged ratings at the final 

gate for correct and incorrect items (collapsed across emotions) and compared these 

two conditions using a paired samples t-test. Mean ratings were 4.30 (SD = 0.48) and 

3.18 (SD = 0.83) for correct and incorrect items, respectively, and participants were 

more confident on items they labeled correctly than those labeled incorrectly, t1(38) = 

11.86, p = .000 (2-tailed), d = 1.632.  

 The second analysis had two aims: First, to further validate the confidence 

ratings measure, we tested, for correct items only, whether participants were more 

confident of the emotion conveyed at the final gate (after hearing the entire sentence) 

than at the isolation point. Second, we tested for emotion biases by analyzing whether 

confidence differed between emotions (see Table 4). Therefore, a repeated-measures 

ANOVA with emotion and time (isolation point, final gate) as within-subjects factors, 

and stimulus list and gender as between-subjects factors, was conducted. Results 

revealed a main effect of time, as predicted, with participants reporting greater 

confidence in their emotion classifications at the final gate (after hearing the whole 

sentence) than at the isolation point, F1(1, 35)= 266.54, p = .000, ηp
2 = .884, but no 

effects or interactions involving emotion, stimulus list, or gender (all ps > .15). An 
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ANOVA by items confirmed the main effect of time, F2(1, 47) = 2515.29, p = .000, 

ηp
2 = .982; however, here the main effect was qualified by a significant interaction of 

emotion and time, F2(2, 46) = 4.54, p = .01, ηp
2 = .088. Follow-up ANOVAs were 

conducted to elucidate the nature of this interaction. Although there was no effect of 

emotion on confidence ratings at the isolation point (p = .58), the effect was 

significant at the final gate time point, F2(2, 46) = 4.37, p = .02, ηp
2 = .085. Pairwise 

comparisons indicated that at the final gate, confidence was greater for neutral than for 

happy sentences (p = .02), and for neutral than angry sentences (p = .05). 

Discussion 

 Contrary to previous studies involving visual stimuli, which indicate a 

privileged role for emotional content in information processing, the present results 

suggest an advantage for neutral content in the processing of emotional prosody. By 

utilizing a gating paradigm to examine the time course of recognizing happy, angry, 

and neutral prosody in sentence form, we first demonstrated that participants were 

most accurate at identifying neutral rather than positive or negative emotional 

prosody. Neutral prosody was identified more rapidly than either happy or angry 

prosody, and this result remained significant after correcting for the difference in 

stimulus duration between emotions. This finding was not due to a propensity for 

participants to select neutral at the first segment and persist with that label unless 

strongly convinced otherwise, as the number of times neutral was selected following 

the first segment did not differ from what would be expected due to chance.  
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 Close examination of error patterns revealed differences between emotions. 

Specifically, participants were more likely to incorrectly label the prosody of a 

sentence as ‘neutral’ than as ‘happy’ or ‘angry’. These errors suggest a neutral bias in 

prosodic processing; however, the nature of this bias is unclear: Although the error 

patterns raise the possibility of a response bias, the aforementioned result that 

participants did not appear to identify prosody as neutral by default suggests that a 

response bias could not fully account for the data. Interestingly, more errors reflected a 

bias in the negative rather than the positive direction, which might be expected to 

result from a processing advantage for negative stimuli, although this comparison did 

not reach statistical significance. A potential negativity bias was also suggested by 

participants’ faster identification of angry compared to happy prosody (reference 

Figure 5). However, this finding was overshadowed by the fact that the fastest 

isolation points occurred in the neutral condition.  

Analyses on confidence ratings at the point of recognition and following the 

final gate validated the measure in two ways: As expected, participants were more 

confident on items they labeled correctly than incorrectly, and they were more 

confident after hearing the entire sentences than at their isolation points. There were 

no differences in confidence between emotions at either time point in the subject 

analysis; however, the item analysis revealed that confidence at the final gate was 

significantly greater for neutral compared to happy sentences and marginally greater 

for neutral compared to angry sentences. This finding suggests an advantage for 

neutral intonation; nevertheless, it should be interpreted with caution since it was 
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apparent only when collapsing across subjects and using items as the dependent 

measure.  

 One possible explanation for the findings in this experiment other than a true 

processing bias or advantage for identifying neutral prosody is task-related artifact. 

Here, participants had two emotion categories to decide between but only one neutral, 

or non-emotional, category. Perhaps the effects in Experiment 1 reflect greater ease in 

deciding whether or not a stimulus is emotional compared to deciding which particular 

emotion it conveys. It seems unlikely that this alternative could account for the results 

in Experiment 1, as analyses of error patterns revealed that participants were more 

likely to confuse both happy and angry prosody with neutral prosody than with each 

other. In addition, participants did not appear to label prosody as neutral by default, 

and the bias remained even after correcting for speech rate. Nevertheless, research on 

facial emotion recognition has demonstrated that the categories of emotional 

expressions presented to participants influence their judgments of those expressions, 

highlighting the role of context in studies of emotion recognition (Tanaka-Matsumi, 

Attivissimo, Nelson, & D'Urso, 1995). Therefore, if the same bias for neutral prosody 

observed in Experiment 1 were to emerge when participants heard and chose between 

neutral prosody and only one emotional prosody category, it would provide even more 

compelling evidence for a true bias in recognizing neutral prosody. Experiment 2 was 

designed to test whether a neutral bias would persist if participants were offered only 

two response categories. 

Experiment 2 
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 Results from Experiment 1 revealed greater accuracy and speed of recognition 

for neutral prosody as compared to happy or angry prosody; however, the reasons for 

this apparent neutral bias are not clear. Analyses suggest that the bias reflects a 

processing advantage for neutral intonation rather than an artifact of the stimuli or 

task. Importantly, however, the extent to which the findings were influenced by the 

number and nature of the response categories is unknown, and as mentioned above, 

context effects have been demonstrated in research on facial emotion recognition 

(Tanaka-Matsumi, Attivissimo, Nelson, & D'Urso, 1995). In Experiment 1, 

participants had to choose between two emotional categories (happy or angry) and one 

non-emotional category (neutral). One way to conceptualize the task is that in the 

emotional conditions, two decisions were required. Participants had to decide first, 

whether the stimulus sentence conveyed emotion or not, and second, if it did, whether 

that emotion was positive or negative. However, for neutral stimuli, only one decision 

was necessary, since once the participant decided the sentence did not convey 

emotion, no further decisions were necessary. One possible explanation for the 

advantage we observed for processing neutral over emotional stimuli, then, could be 

that the task was easier and less time-consuming in the neutral condition than in the 

emotional conditions. Experiment 2 reduced the number of emotion categories the 

participants received, thus ruling out this potential task-related artifact. Like the 

previous experiment, Experiment 2 employed a gating paradigm to investigate the 

processing of emotional prosody. However, whereas in Experiment 1 each participant 

responded to stimuli in all three emotion categories, here participants were asked to 
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correctly recognize prosody that fell into one of only two emotion categories: either 

happy or angry, and neutral. This experimental manipulation was designed to help 

determine whether (and if so, how) task-directed emotion processing differs depending 

on specifics of the response that is required. If the neutral bias evinced in Experiment 

1 reflected artifact due to the number of stimulus categories, then a neutral bias would 

not be expected when participants only chose between two categories of prosody. 

However, if Experiment 1 revealed a true neutral bias, we would expect the results of 

Experiment 2 to replicate those in the previous experiment, with more accurate and 

faster identification of neutral prosody than emotional prosody.  

Method 

Participants 

 Twenty-four undergraduate students at UC San Diego (15 female, 9 male; 

mean age = 22 years, SD = 2.3) were awarded psychology course credit in exchange 

for their participation. As in Experiment 1, participants were monolingual native 

English speakers who reported normal hearing and no history of head trauma, 

psychiatric illness or other impairment that would preclude them from participating. 

Stimuli 

 Stimuli were the same as in Experiment 1: Forty-eight Jabberwocky sentences, 

spoken in happy, angry, and neutral prosody, that were spliced into successive clips 

increasing in 250ms increments. (See Experiment 1 for additional details.) 

Design 



 47

Stimuli were divided across four lists, in which sentences and emotions were 

counterbalanced. Similar to Experiment 1, each list consisted of 48 Jabberwocky 

sentences, presented in fixed random order. Participants assigned to stimulus lists 1 

and 2 were presented with angry and neutral prosody, and participants assigned to 

stimulus lists 3 and 4 were presented with happy and neutral prosody.  

Procedure 

 Participants were randomly assigned to one of the four stimulus lists, seated in 

front of a computer, and given instructions that they would hear short audio clips of 

people speaking nonsense words in sentences. As in Experiment 1, instructions 

indicated that each sentence was broken up into successively longer pieces, with the 

full sentence being presented as the final audio clip in that set. A five-second period of 

silence following each segment served as a response prompt. After receiving 

instructions, participants first responded to and were given feedback on a practice 

sentence. After hearing each segment, participants responded by pressing the ‘<’ key 

on the keyboard with their dominant hand if they thought the emotion expressed was 

angry (stimulus lists 1 and 2) or happy (stimulus lists 3 and 4). All participants pressed 

the ‘?’ key with their dominant hand to indicate neutral prosody. Because the neutral 

bias observed in the previous experiment was most apparent in the accuracy and 

isolation point measures, confidence ratings were not obtained in the Experiment 2. 

Sound clips were presented to participants through stereo headphones.  

Measures of Interest 
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 The two measures of interest in Experiment 2 were the accuracy and speed 

(indicated by the isolation points) of identifying emotional versus neutral prosody. As 

in Experiment 1, accuracy was determined by whether the participant labeled the 

emotion correctly at the final gate (i.e., after having heard each sentence in its 

entirety), and the isolation point was determined for each participant for every item. 

Participants’ isolation points were averaged for items within each emotion category 

and compared across emotions.  

Data Analysis 

 Data were analyzed using SPSS 11.5. Matched pairs t-tests were carried out for 

both variables of interest. For participants assigned to stimulus list 1 or 2, accuracy 

and isolation points were paired across angry and neutral prosody to assess potential 

differences between the two emotion conditions. Likewise, for participants assigned to 

stimulus list 3 or 4, accuracy and isolation points for identifying happy versus neutral 

prosody were compared. T-tests were one-tailed due to our a priori hypothesis that the 

direction of any observed effects would favor neutral prosody. 

Results 

Percent Correct 

 Percentage correct was computed for all 24 participants (M = 88%, SD = 8.3). 

One participants’ data were excluded for scoring more than 2 standard deviations 

below the overall mean, leaving 23 participants in the final analysis. Of those 23 

participants, 11 heard angry and neutral prosody, and 12 heard happy and neutral 

prosody. 
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 The first analysis was aimed at determining whether neutral prosody was 

identified with greater accuracy than emotional prosody. To that end data from all 23 

participants were considered, regardless of whether the emotional prosody they were 

exposed to was happy or angry. Mean accuracy for recognizing emotional intonation 

(collapsed across happy and angry stimuli) was 79.35% (SD = 14.50), whereas mean 

accuracy for identifying neutral intonation was 96.01% (SD = 6.0). A matched pairs t-

test revealed that this difference reached statistical significance, t1(22) = 5.476, p = 

.000, d = 1.50. Next, accuracy data from participants assigned to stimulus lists 1 and 2 

were analyzed separately from data of participants assigned to stimulus lists 3 and 4 to 

examine angry and happy prosody individually. Participants assigned to lists 1 and 2 

correctly labeled 82.58% (SD = 13.02) of angry stimuli, on average. Their 

corresponding accuracy for neutral stimuli was 98.12% (SD = 4.32), which was 

significantly more accurate than that of angry prosody, t1(10) = 4.479, p = .001, d = 

1.60. The responses of participants assigned to lists 3 and 4 followed a similar pattern: 

mean accuracy was 76.39% (SD = 15.62) for happy sentences and 94.10% (SD = 

6.76) for neutral prosody. This difference was also statistically significant, t1(11) = 

3.522, p = .003, d = 1.47. 

Isolation Point 

 As with the percent correct variable, data from all participants were first 

compiled and considered in a single analysis that compared responses to emotional 

(happy or angry) versus neutral sentences. The mean isolation point was 763.41ms 

(SD = 520.45) for emotional prosody and 403.93ms (SD = 199.78) for neutral 
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prosody. A matched pairs t-test confirmed that participants were faster at recognizing 

neutral prosody than emotional prosody, t1(22) = 3.751, p = .001, d = .91.  Next, we 

analyzed the data separately for participants who heard angry and neutral prosody 

(stimulus lists 1 and 2) and those who heard happy and neutral prosody (stimulus lists 

3 and 4) in order to see whether the same patterns were evident in both cases. 

Participants assigned to lists 1 and 2 isolated angry prosody after hearing an average 

of 841.24ms (SD = 594.18) and neutral prosody after hearing an average of 437.94ms 

(SD = 262.40). A matched pairs t-test revealed that the isolation points were faster for 

neutral compared to angry prosody, t1(10) = 3.061, p = .006, d = .88. Mean isolation 

points for participants assigned to lists 3 and 4 were 692.07ms (SD = 457.36) for 

happy prosody and 372.75 (SD = 122.52) for neutral prosody. Here again, the two 

emotion conditions significantly differed from one another, t1(11) = 2.234, p = .024, d 

= .95, with faster isolation points occurring in response to neutral prosody. 

Discussion 

 Experiment 1 demonstrated that participants were more accurate and needed 

less auditory information to recognize neutral prosody compared to happy and angry 

prosody. After ruling out that these effects were due to stimulus artifact or a default 

tendency to select neutral, it remained possible that the neutral bias was an artifact of 

the stimulus categories: Specifically, we considered the possibility that perhaps it is 

easier and less time-consuming to make an initial decision regarding whether a 

stimulus is emotional or neutral but in cases where the stimulus is deemed emotional it 

may be more difficult to identify a specific emotion. If that were true, then neutral 
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prosody would be identified more accurately and quickly than either happy or angry 

prosody, not because of a neutral bias but rather because there were two emotional 

stimulus categories and only one neutral category. To test this hypothesis, we 

conducted a second experiment in which participants were only exposed to neutral 

prosody and prosody expressing one emotion. If we still found evidence for a neutral 

bias, then the results of Experiment 1 could not be accounted for simply by there being 

two emotional categories.   

 The results of Experiment 2 replicate the most compelling findings from 

Experiment 1: participants’ accuracy was greater and their isolation points were faster 

for the recognition of neutral prosody than happy or angry prosody. Importantly, 

results from the present experiment demonstrate the emergence of this neutral bias 

even when participants were presented with neutral stimuli and stimuli from only one 

emotion category. Therefore, the neutral bias was not due to the discrepancy of there 

being two emotional categories to decide between but only one neutral category.  

General Discussion 

 The current research was aimed at determining whether emotion-related biases, 

which are well-documented phenomena in the visual emotion recognition literature, 

would carry over to auditory emotion, and specifically to emotional prosody. In order 

to test this, we presented participants in Experiment 1 with semantically devoid 

Jabberwocky sentences, spoken in happy, angry, and neutral intonation. We utilized a 

gating paradigm, wherein the sentences were spliced into segments increasing in 

length, and participants indicated following every statement whether the emotion 
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conveyed was happy, angry, or neutral. This paradigm is uniquely suited for such 

investigations as its temporal sensitivity facilitates examination of the time course of 

processing at the sentential level (Grosjean & Hirt, 1996). We hypothesized that a bias 

for emotional or high-arousal content in prosodic processing would manifest as greater 

accuracy and/or faster isolation points for happy and angry compared to neutral 

intonation. Alternatively, a bias specific to negative content would reveal greater 

accuracy and/or faster isolation points for angry compared to both happy and neutral 

stimuli, whereas a bias specific to happy content would reveal greater accuracy and/or 

faster isolation points for happy compared to angry or neutral stimuli. Nevertheless, 

our data were not supportive of either hypothesis. Instead, our results indicate that 

accuracy, speed of processing, and error patterns favored neutral prosody over both 

happy and angry prosody.  

 Experiment 2 was designed to determine whether the neutral bias might have 

been an artifact of the number and nature of stimulus categories in Experiment 1. 

Because participants in the first experiment heard stimuli belonging to two separate 

categories expressing emotion but only one emotionally neutral category, it seemed 

plausible that perhaps the neutral bias resulted simply because deciding whether 

prosody was emotional or neutral was an easier decision than deciding which 

particular emotion was conveyed. To test this possibility, we conducted an experiment 

employing the same stimuli and paradigm, but half of the participants heard angry and 

neutral stimuli and the other half heard happy and neutral stimuli. If the accuracy and 

isolation point results replicated those of the first experiment, then the number of 
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stimulus categories could not account for the neutral bias we observed. The data in 

Experiment 2 did in fact replicate the original results, thus providing further evidence 

for a true processing bias that favors the recognition of neutral prosody. 

Taken together, results from Experiments 1 and 2 suggest a neutral bias in 

emotional prosody recognition. Even though findings concerning emotion-related 

biases in auditory emotion processing are inconsistent, our results were unexpected 

given the substantial literature demonstrating an emotion biases when emotional 

stimuli are presented visually and also because intuitively, emotional stimuli appear to 

be more salient than their neutral counterparts. We therefore anticipated a processing 

advantage, reflected in speed, accuracy, and possibly errors and confidence, either for 

angry prosody over happy and neutral prosody, or for emotional compared to neutral 

prosody. However, no such advantage was apparent. Instead, results using this gating 

paradigm demonstrated a substantial advantage for neutral prosodic stimuli as 

compared to emotionally charged stimuli. As mentioned previously, a similar ‘neutral 

bias’ emerged in a study examining gender differences in emotional prosody 

processing (Schirmer & Kotz, 2003): In a Stroop-like task in which participants 

labeled the prosody of semantically positive, negative, and neutral words that were 

spoken with positive, negative, or neutral intonation, accuracy was greatest for 

detecting neutral prosody regardless of the semantics of the words. However, because 

the study was focused on gender differences and the neutral prosody effect was not 

central to the aims of the study, the authors did not interpret the finding.  
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Although it is unclear how a neutral bias might be functionally or adaptively 

advantageous, one might be able to account for a neutral prosody advantage by a 

number of potential factors. One such candidate is speech rate. Research in 

psycholinguistics has demonstrated that slowing speech to less than 4 syllables/second 

disrupts normal reflexive sentence processing routines (Swinney, Love, Oliver, & 

Bouck, 1999). Here, we observed a difference between emotionally charged and 

neutral sentences with respect to speech rate, with neutral averaging 4.6 and happy and 

angry sentences averaging 4.1 and 4.0 syllables/s, respectively. Although all means 

were within the normal range, perhaps the slower rate of speech affected individuals’ 

identification or interpretation of angry and happy emotions. Conceivably, speech rate 

modulates many levels of auditory language processing, from syntax (Swinney et al., 

1999) to identification of semantically void emotional prosody. Furthermore, speech 

rate has been implicated as a factor in emotional prosody production (Monnot, Orbelo, 

Riccardo, Sikka, & Ross, 2003; Scherer, 1986). Nevertheless, because the faster 

identification of neutral prosody remained significant even after correcting for speech 

rate, this parameter cannot fully account for the current findings on its own.  

 We also considered the potential contributions of the acoustic properties of our 

stimuli to the observed effects. Previous research suggests that variations in 

fundamental frequency, perceived by listeners as pitch, are crucial for producing and 

perceiving different emotions through speech (Bachorowski & Owren, 2003; Monnot 

et al., 2003). Therefore, we analyzed six acoustic parameters pertaining to stimulus 

pitch and intensity for the full sentences as well as the first four segments of each. If 
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acoustic analyses had revealed patterns similar to the behavioral effects, with neutral 

stimuli showing distinct acoustics compared to happy and angry ones, especially at an 

earlier time point in the sentences, then we could have inferred that those acoustic 

differences contributed to the neutral bias. Although these analyses demonstrated 

significant differences between emotions, the observed differences tended to reflect 

the distinct acoustic properties of happy, as opposed to neutral, prosody. In no instance 

did the acoustic patterns mirror the behavioral patterns; therefore, they do not help to 

clarify the root of the apparent advantage for neutral prosody.  

 Another potential reason for the observed neutral bias concerns the degree of 

congruence between the prosody and the content of the utterance. Although our 

stimuli were Jabberwocky sentences, it is possible that their meaningless nature led 

them to be processed similarly to semantically neutral English utterances, thereby 

rendering the prosodic and semantic dimensions congruent in sentences spoken with 

neutral prosody but incongruent in sentences spoken with happy and angry prosody. 

Perhaps the incongruence of content and prosody in the happy and angry conditions 

delayed recognition of the emotion conveyed via prosody. Previous studies have 

reported reaction time costs for identifying emotional prosody in stimuli with 

conflicting lexicosemantic content (Mitchell, 2006; Schirmer & Kotz, 2003). Follow-

up work examining the effects of emotion on processing semantically neutral versus 

semantically devoid speech will help to clarify the nature of the current study’s results. 

 A third possible explanation for a neutral advantage or bias is that perhaps 

emotional prosody competes with other aspects of spoken language processing, such 
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as phonemic, syntactic, and semantic processing, for limited cognitive resources. If 

that were the case, then the presence of emotion in the intonation patterns might lead 

to slower and more error-prone processing compared to emotionally neutral prosody. 

Another possibility relates to task relevance: in the current study, participants were 

explicitly instructed to identify the emotion in each segment of speech that they heard. 

However, perhaps better and faster detection of neutral prosody is specific to 

voluntary, task-relevant conditions and a bias for emotional input would emerge in 

incidental or task-irrelevant conditions. A previous ERP study demonstrated that 

negative prosody was processed more rapidly under task-irrelevant compared to task-

relevant conditions but that the processing of neutral prosody did not differ between 

the two conditions (Wambacq et al., 2004). In addition, in a study using functional 

MRI, Grandjean and colleagues (2005) reported greater activation in the middle 

superior temporal sulcus in response to angry compared to neutral prosody in two 

tasks where the emotional content of the stimuli was irrelevant: subjects discriminated 

the speaker’s gender (Experiment 1) and decided whether two successively presented 

stimuli were the same or different (Experiment 2). These studies demonstrate that 

enhanced processing of emotional prosody emerges when the emotional content is 

irrelevant to the task. These results, along with those from the current study, in which 

a neutral bias emerged when subjects explicitly attended to the emotional aspects of 

prosody, do not rule out the possibility that processing biases for emotional prosody 

may be modulated by task-relevance, such that the presence of emotion is more likely 
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to enhance processing when participants’ attention is not focused on the emotion in the 

voice per se but on other stimulus properties.  

Further evidence for automatic processing of emotional prosody comes from a 

study investigating the integration of visual and auditory emotional information: de 

Gelder and Vroomen (2000) found that emotional prosody influenced participants’ 

recognition of emotional faces, even when participants were instructed to ignore the 

vocal stimuli. Indeed, processing biases favoring emotional stimuli that are outside of 

the immediate focus of attention would serve an important adaptive function by 

drawing attention to the emotional content for further processing. Additional research 

examining the effects of task relevance and valence (and their interaction) on the 

processing of emotional prosody is warranted, especially because with regard to the 

visual modality, it has been suggested that a negativity bias results when experimental 

tasks tap rapid allocation of attention, whereas a positive emotion advantage results 

when more detailed analysis of the emotional meaning of stimuli is required 

(Leppanen, Tenhunen, & Hietanen, 2003). Future research should flesh out the effects 

of different types of tasks on auditory emotion processing tasks. 

 In addition to the possibility that task-irrelevant emotional prosody or different 

tasks might furnish results unlike the faster and more accurate identification of neutral 

stimuli in the current experiment, it is also possible that different findings would 

emerge for classes of auditory stimuli other than prosody. Perhaps non-speech 

emotional vocalizations such as screams or laughter would elicit better identification 

than their neutral counterparts. The focus of the present work was prosody, as prosody 
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represents arguably the most ubiquitous type of auditory cue to others’ emotional 

states. Nevertheless, future studies which test for emotion-related processing 

advantages for non-speech stimuli are necessary to more fully determine the extent to 

which emotional versus neutral stimuli are differentially processed in the auditory 

modality. Furthermore, studies that test auditory processing of a wide range of 

emotions would help to clarify the degree of specificity in the neutral bias observed in 

the current experiments. Given the functional similarities argued in the literature for 

fearful and angry emotional expression (e.g., Adolphs et al, 1999; for opposing view, 

see Ohman & Mineka, 2001), we chose anger as the negative emotion because it is 

similar in intensity, but opposite in valence, to happiness, whereas fear might differ 

from happiness along both dimensions. However, it is possible that the observed 

pattern of results would differ had we chosen fearful rather than angry prosody for our 

negative emotion condition.  

 Although our results suggest that neutral prosody is identified more accurately 

and rapidly than emotional prosody and therefore neither a negativity bias nor a more 

general emotion bias extends to this domain, at present it is unclear whether the 

“neutral bias” reflects a bias in perception, attention, or is a by-product of a language 

processing parameter. We are currently conducting a series of experiments using ERPs 

to explore these alternatives. 
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Chapter 2, in full, has been re-submitted following revisions for publication as 

it may appear in Cognition & Emotion, Cornew, L., Carver, L.J., & Love, T. The 

dissertation author was the primary investigator and author of this paper. 
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Footnotes 
 

1 At the time of recording, it was felt that preservation of the naturalistic components 

of the speech samples was critical for this experiment. The differences in sentence 

length are considered in the analyses (see Results), and issues regarding rate of speech 

are addressed in detail in the discussion section. 

2 The term ‘isolation point’ was borrowed from the spoken word recognition literature, 

in the context of which the gating paradigm was initially developed. It is expected that 

there will be considerable individual differences in participants’ identification of 

emotional prosody. Those individual differences, coupled with the longer stimulus 

durations of full sentences compared to single words, will likely lead to increased 

variability in isolation points in the current experiments compared to word recognition 

studies. Nevertheless, the original terminology is retained for methodological 

consistency.  

3 Gender differences were not the focus in the current study; however, because such 

differences have been observed in some previous studies of emotional prosody 

processing (e.g., Schirmer, Striano, & Friederici, 2005), we included gender as a factor 

in data analyses. 
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Table 1. Means (SD in parentheses) of Acoustic Properties for Gates 1-4 and Overall 
(Full Sentences)  
 

 Happy Angry Neutral 

Minimum Pitch 

(Hz) 

Gate 1: 225.4 (45.5) 
Gate 2: 215.2 (35.6) 
Gate 3: 197.6 (38.9) 
Gate 4: 195.7 (40.2) 
Overall: 151.2 (35.9) 

Gate 1: 193.0 (28.2) 
Gate 2: 189.4 (26.0) 
Gate 3: 172.7 (31.9) 
Gate 4: 169.5 (30.0) 
Overall: 130.5 (22.1) 

Gate 1: 193.1 (21.2) 
Gate 2: 184.6 (13.8) 
Gate 3: 171.6 (24.8) 
Gate 4: 166.1 (27.8) 
Overall: 137.1 (24.7) 

Maximum 

Pitch (Hz) 

Gate 1: 348.8 (73.4) 
Gate 2: 413.5 (67.0) 
Gate 3: 417.4 (67.6) 
Gate 4: 419.9 (68.0) 
Overall: 458.1 (57.4) 

Gate 1: 294.8 (71.5) 
Gate 2: 325.7 (62.5) 
Gate 3: 326.5 (59.5) 
Gate 4: 341.9 (65.8) 
Overall: 369.1 (64.9) 

Gate 1: 268.1 (47.8) 
Gate 2: 295.2 (47.5) 
Gate 3: 296.7 (49.8) 
Gate 4: 316.3 (73.3) 
Overall: 356.3 (91.0) 

Pitch Range 

(Hz) 

Gate 1: 123.4 (67.6) 
Gate 2: 198.4 (68.2) 
Gate 3: 219.8 (74.1) 
Gate 4: 224.3 (76.4) 
Overall: 306.9 (72.2) 

Gate 1: 101.8 (66.6) 
Gate 2: 136.3 (61.0) 
Gate 3: 153.8 (59.3) 
Gate 4: 172.4 (68.6) 
Overall: 238.6 (72.3) 

Gate 1: 75.0 (42.6) 
Gate 2: 110.6 (45.9) 
Gate 3: 125.1 (53.3) 
Gate 4: 150.2 (77.9) 
Overall: 219.2 (102.3) 

Mean Pitch 

(Hz) 

Gate 1: 277.1 (52.5) 
Gate 2: 322.1 (41.4) 
Gate 3: 303.4 (36.5) 
Gate 4: 305.7 (46.5) 
Overall: 289.6 (23.1) 

Gate 1: 241.6 (41.3) 
Gate 2: 259.8 (32.4) 
Gate 3: 248.3 (30.3) 
Gate 4: 247.5 (29.2) 
Overall: 233.6 (19.3) 

Gate 1: 232.0 (28.4) 
Gate 2: 240.4 (18.9) 
Gate 3: 227.3 (15.7) 
Gate 4: 224.3 (14.3) 
Overall: 211.3 (9.5) 

Pitch SD (Hz) Gate 1: 44.3 (27.2)  
Gate 2: 58.6 (18.2) 
Gate 3: 66.7 (39.0) 
Gate 4: 59.8 (15.6) 
Overall: 72.9 (16.4) 

Gate 1: 32.8 (23.3) 
Gate 2: 38.8 (18.4) 
Gate 3: 41.6 (15.7) 
Gate 4: 42.5 (15.4) 
Overall: 47.7 (12.7) 

Gate 1: 28.7 (16.3) 
Gate 2: 35.3 (12.3) 
Gate 3: 37.4 (12.4) 
Gate 4: 38.4 (12.7) 
Overall: 38.7 (9.6) 

Mean Intensity 

(dB) 

Gate 1: 71.6 (4.6) 
Gate 2: 77.8 (1.9) 
Gate 3: 76.9 (1.7)  
Gate 4: 76.7 (1.6) 
Overall: 75.4 (1.2) 

Gate 1: 70.6 (4.8) 
Gate 2: 75.5 (2.6) 
Gate 3: 74.4 (2.4) 
Gate 4: 74.6 (2.3) 
Overall: 73.4 (1.6) 

Gate 1: 73.7 (4.5) 
Gate 2: 76.4 (1.6) 
Gate 3: 75.4 (1.5) 
Gate 4: 75.1 (1.5) 
Overall: 73.3 (1.3) 
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Table 2. Results of ANOVAs Examining the Effects of Emotion on Stimulus Acoustic 
Properties for Gates 1-4  
 
 Gate 1 Gate 2 Gate 3 Gate 4 
Minimum 
Pitch 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 

Main effect*** 
H > A** 
H > N*** 
A vs. N, ns 

Main effect*** 
H > A** 
H > N** 
A vs. N, ns 
 

Main effect*** 
H > A** 
H > N*** 
A vs. N, ns 
 

Maximum 
Pitch 

Main effect*** 
H > A** 
H > N*** 
A vs. N, ns 

Main effect*** 
H > A*** 
H > N*** 
A > N** 

Main effect*** 
H > A*** 
H > N*** 
A > N* 
 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 

Pitch Range Main effect** 
H vs. A, ns 
H > N*** 
A vs. N, ns 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 
 

Main effect*** 
H > A*** 
H > N*** 
A > N* 
 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 
 

Mean Pitch Main effect*** 
H > A** 
H > N*** 
A vs. N, ns 

Main effect*** 
H > A*** 
H > N*** 
A > N** 
 

Main effect*** 
H > A*** 
H > N*** 
A > N*** 
 

Main effect*** 
H > A*** 
H > N*** 
A > N*** 
 

Pitch SD Main effect** 
H vs. A, ns 
H > N** 
A vs. N, ns 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 
 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 
 

Mean Intensity  Main effect** 
H vs. A, ns 
H vs. N, ns 
N > A** 

Main effect*** 
H > A*** 
H > N** 
A vs. N, ns 
 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 
 

Main effect*** 
H > A*** 
H > N*** 
A vs. N, ns 
 

 
 
Note. Line 1 of each cell refers to the main effect of emotion, and lines 2-4 show the results of 

pairwise comparisons. Significance levels of pairwise comparisons reflect a Bonferroni correction 

for multiple comparisons. 

*** p < .001. ** p < .01. * p < .05. 
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Table 3. Mean Number of Times Participants Committed Two Types of Errors (SD in 
parentheses) 

 

p = .000 

Incorrect Label Bias 

Happy Angry Neutral Positive Negative 

 
0.8 (1.1) 

 
1.1 (1.6) 
 
 
 
 

 
4.4 (2.6) 

  
2.7 (2.1) 3.6 (2.6) 

p = .055 (1-tailed) 

p = .000 ns 
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Table 4. Mean Confidence Ratings (1-5) for Correct Items Only (SD in parentheses)  
 

 
Time*** 

 
 

Isolation Point Final Gate 
 

Happy 2.07 (0.90) 
 

4.17 (0.70) 

Angry 2.01 (0.90) 
 

4.10 (0.70) 

 
Emotion†

Neutral 2.01 (1.09) 
 

4.30 (0.64) 

*** Main effect of time, p < .001 
    † Main effect of emotion, ns 
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Figure Captions 

Figure 1. Mean perceived emotion strength of stimuli on a scale of 1 (very weakly) to 

5 (very intensely) for happy, angry, and neutral sentences. Ratings were obtained in 

Pretest 1. 

Figure 2. Mean rate of speech (in syllables/second) for happy, angry, and neutral 

sentences, with higher numbers indicating faster speech. 

Figure 3. Schematic of a spliced sentence with 250ms successive clips. 

Figure 4. Mean percentage correct for happy, angry, and neutral sentences. 

Figure 5. Mean isolation point (in milliseconds) for happy, angry, and neutral 

sentences, with lower numbers indicating faster identification of a particular emotion. 
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Figure 1. 
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Figure 2. 
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Figure 3. 

 

The hessups ate pea chup after the sholt. 
250m

500ms 

Schematic of a spliced sentence with 250ms successive clips. 
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Figure 4. 
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Figure 5.  
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Abstract 

 Previous research suggests that children’s ability to recognize emotions in both 

facial and vocal expressions improves during the elementary school years; however 

less is known about children’s recognition of emotional prosody than emotional faces. 

We investigated the development and time course of emotional prosody recognition. 

Children’s (5-9 years old) and adults’ recognition of happy, angry, and neutral 

prosody was compared via a gating paradigm, in which sentences of nonsense words 

were spliced into segments of increasing duration. After hearing each segment, 

participants selected the emotion they thought was conveyed. Results indicated that 

children’s recognition was less accurate and slower than adults’. Accuracy and error 

patterns demonstrated a bias for neutral prosody in young girls and adult women; 

however, young boys showed a bias for recognizing happy prosody, whereas adult 

males showed a bias for angry prosody. Across age groups and genders, neutral 

prosody was identified faster than emotional prosody. Correlation analyses revealed 

age-related improvements in emotional prosody recognition, primarily in girls. 

Overall, results suggest that recognition of prosody undergoes protracted development, 

and that gender differences emerge relatively early in development.  
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Boys Will Be Boys, and Girls Will Be Women? Development and Gender Differences 

in Emotional Prosody Recognition 

 The ability to recognize others’ emotional expressions is of paramount 

importance in human development. Not only is accurate emotion recognition crucial 

for avoiding danger, but it also enables children to form and maintain social 

relationships with peers. A considerable number of researchers have endeavored to 

understand when and how emotion recognition emerges ontogenetically, and as such, 

there is a growing body of work that speaks to these questions as well as to questions 

of potential gender differences in emotion recognition. However, the majority of these 

studies have focused on the recognition of emotion in facial expressions, with only a 

few studies investigating vocal prosody correlates. Therefore, much more is known 

about the developmental trajectory of facial emotion recognition than emotional 

prosody recognition. The current study examines the latter, with the following three 

aims: 1) to examine the development of emotional prosody recognition in early 

childhood and to compare children’s recognition to that of adults; 2) to investigate 

whether there are any emotion- or valence-based biases in children’s emotional 

prosody processing; and 3) to probe whether there are gender differences in emotional 

prosody recognition.  

 The limited number of published studies on the processing of emotional 

prosody in children suggests age-related improvements in performance on recognition 

tasks during the elementary school years. For example, in a study comparing the 

recognition of happy, sad, and angry prosody in children with left and right temporal 
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lobe epilepsy and neurologically healthy children, 11-year-old healthy children 

performed better than their 9-year-old counterparts (Cohen, Prather, Town, & Hynd, 

1990). In a study of younger children, Morton and Trehub (2001) found that 4-year-

olds were less accurate than 5- and 6-year-olds at recognizing happy and sad prosody 

that had been low-pass filtered to remove the semantic content of the utterances. 

Friend (2000) also examined children’s recognition of happy and angry prosody from 

filtered speech and found that 10-year-olds performed considerably better than 7-year-

olds, who in turn performed better than 4-year-olds. In another study, Doherty and 

colleagues (Doherty, Fitzsimons, Asenbauer, & Staunton, 1999) tested children aged 5 

through 9 years on their ability to recognize happy, sad, and angry prosody, with 

results indicating incremental improvements in recognition with age.  

 Aside from the number of published reports suggesting that children improve 

at recognizing emotional prosody between the ages of four and eleven, there are many 

aspects of the development of emotional prosody recognition that remain under-

explored. First, to our knowledge, there are no published reports concerning the time 

course of emotional prosody recognition in children, despite sizeable literatures on the 

time course of other linguistic domains, including word recognition (Garlock, Walley, 

& Metsala, 2001; Walley, Michela, & Wood, 1995) and syntactic processing (Hahne, 

Eckstein, & Friederici, 2004; Trueswell, Sekerina, Hill, & Logrip, 1999). In addition, 

most studies have considered all emotions together rather than teasing apart potential 

differences in how individual emotions are processed as well as whether their 

recognition emerges at similar or different times in ontogeny. As we describe below, 
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this has been a fruitful avenue of pursuit in facial emotion recognition, and would 

likely be so for vocal emotion recognition as well. One study of emotional prosody 

processing in 5- to 14-year-olds (Saxby & Bryden, 1984) did separately examine 

children’s recognition of happy, angry, sad, and neutral prosody, and results indicated 

more accuracy in recognizing neutral and sad prosody compared to happy and angry 

prosody. Not only is the question of when children become adept at detecting different 

emotions empirically interesting; it also reveals the importance of examining 

responses to each emotion separately. Otherwise, studies may yield quite different 

results about the development of emotional prosody recognition, simply due to the 

researchers’ choice of emotion categories for their stimuli.   

Facial Emotion Recognition Development 

 Although much remains to be learned about the development of vocal emotion 

recognition, the literature on facial emotion recognition provides a backdrop against 

which to assess potential differences between facial and vocal channels. Similar to 

studies examining the development of emotional prosody recognition, studies of facial 

emotion recognition demonstrate improving performance with age. Findings suggest 

that children become more adept at recognizing emotional facial expressions during 

the preschool years (Boyatzis, Chazan, & Ting, 1993) and that improvement continues 

through the elementary school years (Camras & Allison, 1985; Leppanen & Hietanen, 

2001; Markham & Adams, 1992) and even into early adolescence (Harrigan, 1984; 

Kolb, Wilson, & Taylor, 1992).  
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In addition to general age-related improvements, the ability to recognize 

certain facial expressions appears to develop earlier in ontogeny than the recognition 

of others. For instance, there is evidence that happiness is recognized with adult-like 

accuracy by six years of age, whereas the recognition of sadness, disgust, and surprise 

continues to develop until about 14 years of age (Kolb, Wilson, & Taylor, 1992). The 

early emergence of the recognition of happy faces has been replicated: Similar to Kolb 

and colleagues’ (1992) study, Lenti and colleagues (Lenti, Lenti-Boero, & Giacobbe, 

1999) report near-perfect accuracy in recognition of happiness in 8- to 16-year olds. 

There was no significant improvement in identification of happiness with age in their 

sample, although they observed incrementally greater accuracy in recognizing faces 

conveying surprise and sadness between 8-10 and 14-16 years of age. However, 

recognition of disgust did not appear to improve with age, as Kolb and colleagues 

(1992) had found. In a study of 5- to 10-year-old children, Vicari and colleagues 

(Vicari, Reilly, Pasqualetti, Vizzotto, & Caltagirone, 2000) found that there was very 

little difference in the accuracy with which children of different ages identified happy 

facial expressions; however, identification of disgust, surprise, and fear showed 

marked increases in accuracy between 5-6 and 9-10 years old. Additional studies 

corroborate the idea that facial recognition of happiness emerges sooner in 

development than that of other emotions (Camras & Allison, 1985; Markham & 

Adams, 1992). Even in infancy, processing of positive faces appears to be advantaged 

(Nelson & Dolgin, 1985).  
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The apparent positive bias in children’s facial emotion recognition could be 

due to a couple of potential factors: First, in most of the aforementioned studies, 

children were required to discriminate a number of different emotions, more of which 

were unequivocally negative in valence (e.g., fear, anger, sadness, disgust) than 

positive. Perhaps it is easier for children to discriminate emotional expressions based 

on valence than to decode a specific expression within a single valence category. 

There is some evidence for this phenomenon in infancy: In an event-related potential 

(ERP) study, 7-month-olds discriminated between happy and fearful faces, but not 

between angry and fearful faces, suggesting greater ease in discriminating between 

valences than between specific categories of emotion within a valence (Nelson & de 

Haan, 1996). Alternatively, better identification of happiness could reflect a 

processing bias in children’s recognition of emotions. From early in development, 

children reared in typical environments see substantially more positive than negative 

emotional displays, at least before the onset of locomotion (Campos et al., 2000). A 

processing advantage for positive emotions could emerge from differential experience 

with positive versus negative emotions. 

Gender Differences in Children’s Recognition of Emotions 

 A number of studies have examined gender differences with respect to 

children’s facial emotion recognition, with mixed results. In their study of children 

between 3.5 and five years of age, Boyatzis and colleagues (1993) found that girls 

performed significantly better in labeling the facial emotions conveyed in photographs 

than boys. However, Camras and Allison (1985) did not find gender differences in 
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their study of children in a similar age range. No gender differences were evident in 

Lenti and colleagues’ (1999) study of 8- to 16-year-old participants either, although 

the authors propose that culture might underlie their null gender effect, as their study 

was conducted in Italy. In other studies (Kolb et al., 1992; Markham & Adams, 1992; 

Vicari et al., 2000), gender was not included as a factor in data analysis, so it is 

unknown whether the performance of boys and girls in those samples differed. In a 

recent meta-analysis of gender differences in facial emotion recognition, McClure 

(2000) analyzed the data from 58 studies and concluded that females are significantly 

better at recognizing emotions from facial expressions than boys, and that this female 

advantage spans from infancy through adolescence.  

 Despite the substantial body of work on gender differences in the development 

of facial emotion recognition, few studies of emotional prosody recognition have 

examined gender effects. In one study that examined 7- to 10-year-olds’ emotion 

recognition in both facial and vocal domains (Leppanen & Hietanen, 2001), no 

accuracy-related gender differences were revealed. However, responses were 

collapsed across modalities, so it is possible that subtle gender differences were 

present in one modality but masked by a null effect in the other modality. Friend 

(2000) only included girls as subjects in her study, and several studies in which both 

boys and girls participated (e.g. Doherty et al., 1999) did not include gender as a factor 

in data analyses. Morton and Trehub (1991) did include gender as a factor in their 

experiment on children’s recognition of low-pass filtered happy and sad speech and 

failed to find a significant gender effect. Nevertheless, more work is needed to 
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determine whether or not boys and girls differ in their ability to recognize emotional 

prosody. 

Biases in Emotion Recognition  

 As reviewed above, many studies on facial emotion recognition in childhood 

suggest a potential advantage for positive, especially happy, stimuli, as happy faces 

are often recognized with greater accuracy than faces depicting negative emotions 

(e.g., Kolb, Wilson, & Taylor, 1992; Lenti, Lenti-Boero, & Giacobbe, 1999). Data 

from studies using a variety of methodologies to investigate infants’ discrimination of 

emotional facial expressions are consistent with the idea of a processing advantage for 

positive stimuli during the first six months of life; however, this effect appears to 

reverse thereafter (see Vaish, Grossmann, & Woodward, 2008, for a review). This 

later-emerging phenomenon is called the ‘negativity bias,’ in which stimuli with 

negative emotional valence have a privileged role in cognitive processing. The 

negativity bias presumably serves an evolutionarily adaptive purpose by helping 

individuals rapidly identify, and hopefully avoid, dangerous stimuli in the 

environment (e.g. Carretié, Hinojosa, & Mercado, 2003; Dijksterhuis & Aarts, 2003; 

Vaish et al., 2008).  

Despite some evidence that the negativity bias is present as early as infancy, 

the majority of supporting data come from adult studies suggesting enhanced 

processing of negative emotional content. For instance, in the domain of facial 

emotion recognition, adults have been shown to detect angry faces faster than faces 

conveying happy emotion (Hansen & Hansen, 1988), and angry faces are detected 
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with greater accuracy than happy or neutral faces (Ohman, Lundqvist, & Esteves, 

2001). However, studies concerning the presence of the negativity bias in emotional 

prosody processing have yielded inconsistent findings. Some data suggest enhanced 

processing of negative prosody (Wambacq, Shea-Miller, & Abubakr, 2004), whereas 

other results suggest enhancement for both positive and negative relative to neutral 

prosody, although in women but not in men (Schirmer, Striano, & Friederici, 2005). In 

fact, there is even evidence for greater accuracy in recognizing neutral prosody 

compared to emotional prosody. For instance, Schirmer and Kotz (2003) conducted a 

study in which participants heard semantically positive, negative, and neutral words, 

spoken with positive, negative, or neutral prosody. Their task involved categorizing 

stimuli as positive, negative, or neutral along either the prosodic dimension or the 

semantic dimension. Overall, participants were more accurate in recognizing neutral 

prosody than happy or angry prosody. In addition, in a recent study investigating 

emotion-related biases in emotional prosody recognition, we (Cornew, Carver, & 

Love, in review) found that adults were faster and more accurate at identifying neutral 

prosody compared to happy and angry prosody. Error patterns were also consistent 

with a neutral bias, in that participants were more apt to incorrectly label the prosody 

of a sentence as ‘neutral’ than as ‘happy’ or ‘angry’.  

To summarize, the literature suggests age-related improvements in emotion 

recognition (both facial and vocal) from the preschool years through early 

adolescence. Research on facial emotion recognition indicates that the recognition of 

some emotions appears earlier in ontogeny than others, with most studies indicating an 
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advantage during childhood for recognizing positive emotions. On the contrary, data 

from adult participants suggests a processing advantage for faces depicting negative 

emotions. Additional research that systematically compares emotion-related 

processing biases in children and adults would shed light on their developmental 

trajectory. Unlike children’s better recognition of positive facial expressions, there is 

some suggestion that there may not be an analogous advantage for recognizing 

positive vocal emotion (Saxby & Bryden, 1984); however, most studies of emotional 

prosody have failed to examine responses to specific emotions separately. Research on 

emotional prosody recognition in adults also suggests differences in emotion-related 

biases between facial and vocal channels, with at best scant support for the presence of 

the negativity bias in emotional prosody recognition. An additional area of interest in 

research on children’s emotion recognition is gender differences. A substantial body 

of work supports female superiority in facial emotion recognition from infancy 

through adolescence. However, few studies have examined gender differences in 

children’s emotional prosody recognition, and it remains unclear whether a female 

superiority is present in this domain as well. 

The Current Study 

 The current study was aimed at investigating the development of emotional 

prosody recognition in early childhood. In particular, we were interested in a) whether 

children would exhibit a neutral bias, similar to the adult pattern demonstrated in our 

previous work (Cornew, Carver, & Love, in review) or alternatively, whether emotion-

based (or no) biases would be evident; and b) whether any such biases would differ 
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based on children’s age or gender. To that end, we tested the recognition of happy, 

angry, and neutral prosody in children aged five through nine years and compared 

their speed of processing, accuracy, and error patterns to those of adult participants. 

Children in this age range were chosen because there is substantial developmental 

progression which occurs in various cognitive domains between the fifth and tenth 

birthdays, and children’s social and emotional experiences broaden greatly during the 

elementary school years. In addition, as confirmed by pilot testing, children in this age 

range are sufficiently old to understand instructions and perform the experimental 

task. 

 As in our previous work with adults (Cornew, Carver, & Love, in review), we 

utilized a modified gating paradigm in the present study in order to identify the time 

point at which participants identify different emotions. In the typical gating study 

(Grosjean, 1980, 1996), spoken words are spliced into segments, or gates, of 

increasing duration. After each gate, participants guess the word they think they heard. 

The isolation point, defined as the length (in milliseconds) of the gate at which 

participants correctly identify the word and don’t subsequently reverse their decision, 

is calculated across participants. These data are used to determine how much acoustic 

information is necessary for participants to accurately identify a word, with faster 

isolation points indicating faster word recognition. While the gating paradigm has 

been employed primarily at the word level (Warren & Marslen-Wilson, 1987), it has 

also been applied to the study of linguistic prosody at the sentential level (Grosjean & 

Hirt, 1996). In the current study, we use the gating paradigm to investigate emotional 
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prosody. A major strength of this paradigm is that its temporal sensitivity allows for a 

detailed investigation of the time course of emotional prosody processing. An 

additional strength of the paradigm is that the amount of stimulus information 

provided to participants in each trial is controlled, enabling fine-grained examination 

of the time course of emotional prosody recognition while eliminating any potentially 

confounding influence of a speed-accuracy trade-off. This is especially important 

when studying children in the age range of the present study, as speed-accuracy 

regulation has been shown to undergo substantial developmental change between 5 

and 9 years of age (Brewer & Smith, 1989).   

 We hypothesize that children in the current study will display age-related 

improvements in emotional prosody recognition, similar to what has been reported 

previously. The inclusion of adult participants will allow us to test whether children’s 

performance approaches adult-like competency in the elementary school years. Our 

paradigm and study design will also allow us to investigate emotion-related biases and 

gender effects in emotional prosody recognition. If children’s recognition of emotional 

prosody is similar to their recognition of emotional facial expressions, then results 

should indicate a) more accurate and/or faster recognition of happy compared to angry 

and neutral prosody, and b) greater accuracy and/or speed of recognition for girls than 

for boys. If, on the other hand, emotional prosody recognition differs from facial 

emotion recognition, then we would expect to see different patterns of results. For 

instance, if the processing advantage for neutral prosody that we observed in our 

previous work is also apparent in children, then we would expect more accurate and/or 
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faster recognition of neutral compared to happy and angry prosody. Likewise, if the 

negativity bias governs children’s emotional prosody recognition, then more accurate 

and/or faster recognition of angry compared to neutral and happy prosody would be 

expected. Also, if gender differences in emotion recognition are confined to the facial 

channel, then we would expect no differences between females and males in the 

current study. Furthermore, interactions between experimental variables (accuracy, 

speed of processing, and error patterns) and age and gender could produce different 

combinations of results and will be examined in detail.    

Method 

Participants 

 Participants included in this report were 25 children aged five through nine 

years (13 female, 12 male) as well as 35 undergraduate students (15 female, 20 male) 

at the University of California, San Diego. The mean age for children was 6.57 years 

(SD = .89), and that for adults was 20.52 years (SD = 1.34). Child participants were 

recruited through an existing pool of families who had previously participated in 

research as infants or toddlers, as well as through flyers posted around the San Diego 

community and online via Craigslist. All children were able to make discrete decisions 

regarding auditorily presented sounds (details provided in the Procedure section 

below). UCSD undergraduates were students in psychology courses who were 

awarded course credit in exchange for their participation. Parents of child participants 

were interviewed to ensure that all children were monolingual native English speakers 

with no history of hearing impairment, premature birth, or developmental disorders or 
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delays. Adult participants were screened via self-report and determined to be 

monolingual native English speakers, with normal hearing and no history of 

psychiatric or neurological illness.   

Stimuli 

Stimuli were “Jabberwocky” sentences which maintained English grammatical 

structure by keeping closed class words and verbs intact yet removing the semantics of 

the nouns (e.g., “The hessups ate pea chup after the sholt”). Nouns were replaced with 

phonologically pronounceable English non-words of the same syllable length. 

Therefore, semantic meaning (context) could not influence processing of the emotion. 

Sentences were recorded by an actress from UCSD’s Theatre Department who was 

instructed to use tone of voice to convey happy, angry, or neutral emotionality. 

Twenty-four sentences were selected from a larger set of 48 that were used in a 

previous study of emotional prosody processing in adults (Cornew, Carver & Love, in 

review). In order to maximize correct emotion identification in children and 

accommodate their shorter attention spans, the 24 sentences in the current study are 

those that adults previously labeled with the greatest accuracy (Cornew, Carver & 

Love, in review).  Each sentence was recorded in all three emotion conditions, 

rendering a total of 72 stimuli. Subsequently, using Cool Edit Pro software, maximum 

sound amplitudes were roughly equated across all sentences. Sentences were edited 

into successive clips, with duration increasing in increments of 250ms and 5s periods 

of silence in between (See Figure 1). 

Design 
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 In this mixed factorial design, all participants heard sentences expressing all 

three emotions. However, to minimize potential repetition effects and biases, they did 

not hear the same sentence across all three emotions. Thus, three lists were created, in 

which sentences and emotions were counterbalanced. Each list consisted of 24 

Jabberwocky sentences: eight were spoken in happy intonation, 8 in angry intonation, 

and 8 in neutral intonation. These sentences were presented in fixed random order.  

Procedure 

After informed consent/assent was obtained, participants were randomly 

assigned to one of the three stimulus lists. Child participants were introduced to the 

task via a detailed protocol. First, the experimenter introduced the concept of feelings 

and helped the child to ‘warm up’ with a card game involving categorizing facial 

expressions of happiness, anger, and neutrality (with neutrality labeled as feeling 

“okay” since it was felt that the word neutral would be too difficult for many children 

in this age range). Next, the experimenter engaged the child in a dialogue designed to 

help the child recognize, a) that people’s feelings change, and b) that emotions can be 

conveyed by the voice in addition to, or in lieu of, the face. The latter was clarified 

through an exercise in which the experimenter covered her face and said the word “hi” 

with happy, angry, and neutral intonation, asking the child to identify each of the three 

feelings. Following this exercise, the experimenter introduced a game in which short 

video clips from the Disney movie ‘Finding Nemo’ were presented. All three clips 

were of Nemo’s father, Marlin, saying the name “Nemo” with happy, angry, or neutral 

intonation. First, the experimenter showed an image on a touch screen of a happy face, 
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an angry face, and a neutral face in a vertical array and invited the child to press the 

face conveying the appropriate emotion after viewing each video clip. If a child 

labeled Marlin’s expression incorrectly or was unsure which emotion to choose, the 

experimenter provided context from the scene in the movie to facilitate the child’s 

recognition of the emotion. Next, the child heard only the audio line from the same 

movie clips and was asked to identify Marlin’s feelings based solely on his tone of 

voice.  

 If the child had trouble identifying emotions in any of the above introductory 

exercises, then the experimenter initiated an emotion comprehension task, which 

included brainstorming examples of times when the child had felt happy, angry, and 

“just okay.” However, if the child’s performance in the Finding Nemo game indicated 

a solid grasp of emotion recognition, the experimenter proceeded immediately to 

explaining the experimental task.   

 The task was introduced as a game that involved listening to aliens speaking 

their native language and deciphering their feelings. The child was informed that the 

aliens only have three possible feelings (happy, angry, and “okay”) but that just like 

humans, their feelings sometimes change. The experimenter next explained that the 

child would see a happy face, an angry face, and an “okay” face on a touch screen and 

that her job would be to press the face that corresponds to the way she believes the 

alien feels. The game was clarified so that participants understood that each alien 

‘conversation’ expressed a single emotion but that they were free to change their mind 

from clip to clip as they decided how the alien felt. The experimenter explained the 
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successive clips of each Jabberwocky utterance by claiming that it was a broken spy 

machine that enabled the child to listen in on the aliens’ conversations, and the well-

known sentence from Finding Nemo, “Fish are friends, not food” was played in 

successive clips as an example of the type of clips that would be heard during the 

experiment. Lastly, a practice item was presented, with the experimenter providing 

feedback. In a handful of cases in which children clearly could not grasp the 

procedure, data were collected for a subset of trials so as not to upset the child, but 

note that these incomplete data sets were not included in the final analysis. 

During the experimental task itself, short breaks were given after every six 

sentences (approximately every 6-8 minutes), during which the child was encouraged 

to use the restroom, have a snack and/or drink, draw, or watch segments of the 

animated film, Ice Age. The experimenter remained seated adjacent to the child 

throughout the experiment and when necessary interacted with the child to help her to 

remain focused on the task. However, when not helping the child to focus, the 

experimenter sat facing straight ahead with a blank expression so as not to divulge any 

cues concerning the correct responses. A second experimenter videotaped the 

experimental session and made notes concerning the child’s level of distraction and 

how well the child performed on the introductory games for later reference. At the 

conclusion of the experiment, the child was given the opportunity to select stickers or 

a small toy from a treasure chest as thanks for their participation. 

 Adult participants completed the same experimental task as child participants; 

however, the instructions given to adults and the lead-up to the task differed. The 
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introductory steps, such as the emotion matching card game and labeling of feelings in 

clips from Finding Nemo, were omitted and replaced by written instructions. 

Instructions stated that participants would hear short audio clips of people speaking 

nonsense words in sentences broken up into 7-18 successively longer pieces, with the 

full sentence being presented as the final audio clip in that set. The instructions then 

informed participants that each sentence could be categorized by how it is expressed 

emotionally—happy, angry, or neutral (indifferent) and that their job would be to label 

the emotion conveyed during a period of silence following every audio clip by 

pressing the face on the touch screen that displayed the emotion conveyed in the audio 

clip. Before beginning the task, participants responded to, and received experimenter 

feedback on, a practice sentence. 

Measures of Interest 

 Variables of interest included participants’ accuracy in recognizing happy, 

angry, and neutral prosody, as well as the amount of stimulus information required to 

correctly recognize each emotion. Accuracy was operationalized as the percentage 

correct for each emotion at the final gate of each sentence (i.e., after the entire 

sentence was heard), averaged across stimuli within each emotion category. With 

respect to the timecourse of recognition, for each sentence we calculated participants’ 

‘isolation point’, a measure borrowed from the word recognition literature that has 

shown to be sensitive to the timing of emotional prosody recognition (Cornew, Carver, 

and Love, in review). Each participant’s isolation points were then averaged across 
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sentences in each emotion category. In addition, patterns of errors were examined in 

order to test for any potential biases in emotional prosody recognition.    

Data Analysis 

Data were analyzed using SPSS 11.5. We submitted variables of interest to 

repeated measures ANOVAs. Emotion (happy, angry, and neutral) was a within-

subjects factor, and age group (child, adult) and participant gender (male, female) 

were between-subjects factors. Pairwise comparisons in conjunction with each 

variable of interest used a Bonferroni adjustment to preserve a family-wise α = .05. In 

addition, correlations between age and task performance variables were examined in 

order to investigate potential developmental patterns within the child data.  

Results 

Percent Correct 

 Collapsed across emotion categories, child participants achieved an average of 

59% (SD = 17.8) accuracy (where chance is 33%), whereas on average adults 

performed at a 90% (SD = 8.8) accuracy level. The performances of both groups were 

significantly above chance levels (for children, t(24) = 7.193, p = .000; for adults, 

t(34) = 38.351, p = .000). For sentences expressing each of the three emotions (happy, 

angry, and neutral), children’s accuracy was 60%, 54%, and 63%, and adults’ 

accuracy was 87%, 92%, and 92%, respectively. A repeated-measures ANOVA with 

emotion as a within-subjects factor and age group and participant gender as between-

subjects factors revealed a significant emotion by age group by gender interaction, 

F(2, 55) = 3.657, p = .029, ηp
2 = .061, as well as a main effect of age group, F(1,56) = 
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78.034, p = .000, ηp
2 = .582. The main effect of age group reflected that adults’ 

accuracy (at 90%) was significantly greater than children’s accuracy (at 59%).  

In order to better understand the significant three-way interaction described 

above (emotion by age group by gender), follow-up ANOVAs were conducted 

separately for adults and children, with gender as a between-subjects factor. The 

ANOVA on the children’s data revealed a marginally significant emotion by gender 

interaction, F(2, 22) = 2.508, p = .093, ηp
2 = .098, and no significant main effects. The 

means for boys and girls demonstrate that girls were more accurate in recognizing 

neutral prosody than happy and angry prosody. Boys, on the contrary, were more 

accurate in recognizing happy prosody compared to angry and neutral prosody (see 

Figure 2). The ANOVA on the adults’ data revealed a marginally significant main 

effect of emotion, F(2, 32) = 2.394, p = .099, ηp
2 = .068. Although the interaction of 

emotion and gender was not significant in this follow-up analysis, the means for men 

and women indicate that similar to the young girls, women were slightly more 

accurate in recognizing neutral compared to happy and angry prosody. However, 

whereas young boys were most accurate in recognizing happy prosody, adult men 

were least accurate in recognizing happy prosody (see Figure 2). Thus, the data 

demonstrate the like patterning of the young girls and the adult females. In contrast, 

the young boys showed a distinct pattern from their adult male counterparts. 

Isolation Point 

For child participants, the average isolation point was 1196ms (SD = 819) for 

happy sentences, 1408ms (SD = 920) for angry sentences, and 1014ms (SD = 731) for 
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neutral sentences. For adult participants, average isolation points were 654ms (SD = 

389), 781ms (SD = 365), and 395ms (SD = 175) for happy, angry, and neutral 

sentences, respectively. A repeated measures ANOVA with emotion as a within-

subjects factor and age group and participant gender as between-subjects factors 

revealed no interactions, but significant main effects of both emotion, F(2, 55) = 

15.198, p = .000, ηp
2 = .213 and age group, F(1, 56) = 20.476, p = .000, ηp

2 = .268. To 

clarify these main effects, when collapsed across age groups in the omnibus ANOVA, 

there was faster correct identification of neutral prosody compared to both happy and 

angry prosody (ps = .006 and .000) and faster correct identification of happy 

compared to angry prosody (p = .028). In looking at the overall patterns of the two age 

groups (collapsed across emotions), child participants required more stimulus 

information to correctly identify emotional prosody than adult participants (p = .000) 

(see Figure 3).   

Error Types 

 Participants’ errors were quantified in two ways: (a) incorrect labeling of an 

emotion, (b) and directionality of biases. All three measures were based on responses 

at the final gate (i.e. when the whole sentence was heard).  

 Incorrect labeling. This measure was the number of times each participant 

made an error that constituted incorrectly labeling an item as happy, angry, or neutral, 

without accounting for which emotion was the correct answer. A repeated-measures 

ANOVA with error type as a within-subjects factor and age group and gender as 

between-subjects factors revealed a significant 3-way interaction of error type, age 
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group, and gender, F(2, 55) = 3.544, p = .032, ηp
2 = .060, as well as a significant 

interaction of error type and age group, F(2, 55) = 5.419, p = .006, ηp
2 = .088, and a 

significant main effect of emotion, F(2, 55) = 11.363, p = .000, ηp
2 = .169. Follow-up 

analyses were conducted for each age group separately to clarify the nature of the 3-

way interaction. An ANOVA on incorrect emotion labeling in adults revealed a 

significant main effect of emotion, F(2, 32) = 10.861, p = .000, ηp
2 = .248, but no main 

effect of, or interaction involving, gender (ps > .17). Pairwise comparisons indicated 

that the main effect of emotion was driven by a propensity to erroneously label 

prosody as neutral significantly more often than happy (p = .000) and marginally more 

often than angry (p = .089). In addition, there was a trend for adults to mislabel 

prosody as angry more often than as happy (p = .082).  

An analogous follow-up ANOVA on the child data also revealed a significant 

main effect of emotion, F(2, 22) = 6.091, p = .005, ηp
2 = .209, as well as a marginally 

significant emotion by gender interaction, F(2, 22) = 2.453, p = .097, ηp
2 = .096. 

Pairwise comparisons showed that children were significantly less likely to 

erroneously label prosody as angry than as neutral (p = .006) and marginally less 

likely to erroneously label prosody as angry than as happy (p = .065). There was no 

difference in the frequency of mislabeling prosody as happy and neutral (p = 1.00). 

The means for each gender, considered separately to investigate the marginally 

significant interaction, suggest that female children were more likely to mislabel 

prosody as neutral (M = 4.39) than as happy (M = 2.54) or angry (M = 2.31), and 

about equally likely to mislabel prosody as happy and angry. However, male children 
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were about equally likely to mislabel prosody as happy or neutral (Ms = 4.5 and 4.0, 

respectively), and did so more than they mislabeled prosody as angry (M = 1.67). 

Thus, young girls exhibited error patterns similar to the adults, whereas young boys 

exhibited a unique pattern (see Figure 4).  

 Directionality of bias. These analyses were aimed at determining whether error 

patterns reflected a bias in either the negative or positive direction. Errors indicative of 

a negative bias were labeling neutral prosody as angry, or labeling happy prosody as 

neutral or angry. Conversely, labeling angry prosody as neutral or happy or labeling 

neutral prosody as happy would suggest a positive bias. The number of each type of 

error was summed for all participants. An ANOVA with bias type (positive, negative) 

as a within-subjects factor and age group and gender as between-subjects factors 

revealed a significant bias type by age group by gender interaction, F(1, 56) = 7.178, p 

= .010, ηp
2 = .114, as well as a significant interaction of bias type and age group, F(1, 

56) = 14.961, p = .000, ηp
2 = .211, and a significant main effect of age group F(1, 56) 

= 76.412, p = .000, ηp
2 = .577. As in the above analyses of error patterns, the main 

effect of age group reflected more errors on the part of child participants than adult 

participants.  

Follow-up analyses were conducted separately on adult and child data to 

elucidate the 3-way interaction. For adults, an ANOVA revealed a marginally 

significant interaction of bias type and gender, F(1, 33) = 2.963, p = .095, ηp
2 = .082 

and a significant main effect of bias type, F(1, 33) = 6.593, p = .015, ηp
2 = .167, with 

means indicating that the main effect was due to more errors reflecting a negative bias 
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than a positive bias. The bias type by gender interaction was further examined, with 

results revealing that women did not differ in the amount of negative vs. positive bias 

they exhibited (p = .437), whereas men demonstrated significantly more errors 

reflective of a negative bias than a positive one (p = .034). An ANOVA on child data 

also revealed a marginally significant interaction of bias type and gender, F(1, 23) = 

3.618, p = .070, ηp
2 = .136 and a significant main effect of bias type, F(1, 23) = 7.364, 

p = .012, ηp
2 = .243. Unlike the adults, children overall showed more of a positive than 

a negative bias. However, further analyses for each gender indicated a significantly 

greater positive than negative bias in boys’ error patterns, F(1, 11) = 8.208, p = .015, 

ηp
2 = .427, whereas similar to adult women, girls did not differ in the number of errors 

indicative of positive vs. negative bias (p = .518) (see Figure 5). 

Developmental Trends 

 Correlations between age and the measures of interest were examined for child 

data. These same correlations were also computed separately for boys (n = 12) and 

girls (n = 13) in order to assess potential gender differences in the developmental 

trajectory of emotional prosody recognition in five- to nine-year-olds. Results are 

summarized in Table 1. We first confirmed via an independent samples t-test that girls 

and boys did not significantly differ in age, t(23) = .307, p = .762. Therefore, any 

different patterns that emerged between girls and boys were not attributable to 

differences in age between genders.  

For accuracy and isolation point measures, 1-tailed statistics are reported due 

to a priori hypotheses that older children would recognize emotional prosody with 
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greater speed and accuracy than younger children. As expected, age was significant 

positively correlated with overall accuracy, r = .396, p = .025. However, interestingly 

that effect was driven primarily by a significant correlation with accuracy in 

recognizing neutral prosody, r = .392, p = .026, as the correlations did not reach 

statistical significance in the happy and angry conditions (both ps  > .142). When 

correlations in girls and boys were examined separately, only in girls was age 

significantly correlated with accuracy, both overall, r = .567, p = .022, and for neutral 

prosody, r = .530, p = .031. Age was also marginally significantly correlated with 

accuracy in recognizing happy prosody in girls, r = .470, p = .053. None of the 

accuracy measures were significantly correlated with age in boys (all ps > .107). 

These results suggest that between the ages of five and nine, there is age-related 

improvement in recognizing emotion conveyed via speech prosody. This improvement 

is most apparent in girls, and the greatest gains appear to occur with respect to 

recognizing neutral prosody.  

For the isolation point measure, when girls and boys were considered together, 

the only relation with age that approached significance was a marginally significant 

correlation in the angry condition, r = -.274, p = .093, reflecting faster recognition of 

angry prosody in the older children in the sample. When correlations were computed 

for boys and girls separately, this relationship was maintained in girls, r = -.444, p = 

.064, but did not approach significance in boys (p = .298). This suggests that the 

developmental improvement in speed of recognition of emotional prosody is most 

obvious in girls, although only for angry prosody. 



 101

 Correlations were also examined to examine possible relations between age 

and error types; however, here we report 2-tailed statistics because we did not have a 

priori predictions concerning the development of error patterns. Results revealed a 

marginally significant correlation between age and a negative bias in errors, r = -.392, 

p = .052 such that older children were less likely to exhibit a negative bias than 

younger children. When these correlation analyses were conducted separately for girls 

and boys, in girls, there was a marginally significant negative correlation between age 

and the number of errors consistent with a negative bias, r = -.541, p = .056, indicating 

that older girls were less likely to exhibit a negative bias than younger girls. In 

addition, in girls, the number of times that prosody was mislabeled as happy was 

marginally negatively correlated with age, r = -.490, p = .089, an effect which did not 

emerge when girls and boys were considered together. This result suggests that the 

older girls were less likely to mislabel prosody as happy compared to the younger 

girls. Again, no correlations approached statistical significance in boys (all ps > .296).   

Discussion 

 In the current study, we investigated the recognition of happy, angry, and 

neutral prosody in children from five to nine years old and compared it to that of 

college-aged adults. In particular, we addressed the following questions: 1) How does 

children’s recognition of emotional prosody differ from adults’? 2) Do children exhibit 

a bias for recognizing happy prosody, similar to the happy bias that has been reported 

for facial emotion recognition? 3) Do boys and girls recognize emotional prosody 

differently, and do any gender differences in childhood persist into adulthood? 4) Does 
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children’s recognition of emotional prosody change during the elementary school 

years, and if so, how?  

Differences in Child and Adult Emotion Recognition 

 With respect to the first question, we examined how accurate children and 

adults were in recognizing emotional prosody as well as how fast participants in each 

age group were able to correctly recognize emotions, which was indexed by the 

isolation point measure. Consistent with previous research indicating that vocal 

emotion recognition improves at least through 11 years of age (Cohen et al., 1990), 

results indicated that children between five and nine years of age were significantly 

less accurate than adults at identifying happy, angry, and neutral prosody. In addition, 

children’s isolation points were significantly longer than adults’, indicating that 

children required more stimulus information than adults to attain accurate recognition. 

Although this result is not surprising, we are unaware of any previous studies that have 

reported this effect. 

Gender Biases in Accuracy for Adults and Children 

 Results concerning a potential happy bias revealed interesting interactions 

involving gender: Boys were more accurate in recognizing happy prosody than angry 

or neutral prosody, which suggests a happy bias in emotional prosody recognition, 

although only for boys. Interestingly, this effect appears to flip by adulthood, with 

adult males recognizing happy prosody less accurately than angry and neutral prosody. 

However, unlike male participants who demonstrated different patterns between 

children and adults, females appear to process emotional prosody similarly regardless 
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of age group. Females in both age groups exhibited a strong advantage in recognizing 

neutral prosody, as indicated by significantly greater accuracy for identifying neutral 

compared to happy and angry prosody. It is not clear what mechanisms might underlie 

the different biases across genders and age groups; nevertheless, the finding that only 

males’ emotion-related accuracy biases appear to change between childhood and 

adulthood indicates that perhaps females achieve adult-like processing of emotional 

prosody earlier in development than males. This possibility is consistent with previous 

evidence suggesting a female advantage in emotion recognition (McClure, 2000). 

Gender Bias in Error Patterns for Adults and Children 

Similar to accuracy measures, participants’ patterns of errors also revealed a 

positive bias, which was apparent only in boys. Boys’ error patterns tended to be 

indicative of a positive bias; that is, they were more likely to mislabel prosody as 

happy when it was angry or neutral or as neutral when it was actually angry. However, 

girls’ errors showed neither a positive bias nor a negative bias. Interestingly, adult 

females were similar to girls in that their errors did not show a bias in the positive or 

negative direction; however, adult males exhibited the opposite pattern of boys: Their 

error patterns were indicative of a negative bias, similar to that which emerged in 

measures of accuracy.   

Neutral Bias in Isolation Point Patterns for Adults and Children 

 It is intriguing that despite the gender differences that emerged in accuracy 

data and error patterns, no gender differences were evident in the isolation point data, 

nor was there evidence for a happy bias in that measure, even in boys. Instead, there 
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was evidence for a bias favoring neutral prosody. Across children and adults, males 

and females, participants’ isolation points were shorter in the neutral condition than in 

happy and angry conditions, indicating that less stimulus information was sufficient 

for correct recognition of neutral prosody than happy and angry prosody. This effect 

replicates what we previously observed in two separate groups of adults (Cornew, 

Carver, & Love, in review) and extends the result to children from five to nine years 

old. 

Developmental trends in emotion recognition 

 To address the final question of interest concerning developmental trends in 

emotional prosody recognition between five and nine years of age, we examined 

correlations between children’s age and each of the experimental variables: accuracy, 

isolation point, and error patterns. Correlations were computed for all children 

together and also for girls and boys separately. As expected based on previous 

research indicating age-related improvements in emotion recognition during the 

elementary school years, older children were significantly more accurate in identifying 

happy, angry, and neutral prosody. However, when broken down by gender, this 

correlation was only significant in girls. Of particular interest is the finding that the 

effect was primarily driven by the positive relationship between age and accuracy in 

recognizing neutral prosody, both overall and in girls alone. Researchers in the visual 

emotion recognition domain (e.g. Thomas et al., 2001) have suggested that for 

children, neutral emotional displays may be difficult to interpret due to their 

ambiguity. Results from the present study are consistent with this idea and suggest that 
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the categorization of neutral prosody undergoes significant development between five 

and nine years of age, at least in girls. Perhaps this development reflects growing 

adeptness in interpreting increasingly subtle aspects of social interaction.  

In addition to the correlations between children’s age and accuracy, it appears 

that children in this age range become somewhat faster at identifying angry prosody, 

another result that was driven by girls but did not reach statistical significance in boys. 

Overall, the correlation analyses revealed a consistent pattern: the relationships 

between age and various aspects of emotional prosody recognition were stronger in 

girls than in boys. This is consistent with the results of several other analyses in the 

present study, in which girls’ response patterns tended to closely resemble their adult 

female counterparts’, whereas boys often exhibited response patterns that were 

opposite to those of adult men. Together these results suggest that compared to boys, 

perhaps girls’ emotional prosody recognition capabilities undergo more rapid 

development and become more adult-like during the elementary school years. 

Conclusions 

 Taken together, results from the present study suggest that children’s 

recognition of emotional prosody undergoes developmental improvement during the 

elementary school years, yet this skill does not reach adult-like accuracy and speed 

until sometime after nine years of age. Future research examining emotional prosody 

recognition in adolescence would help to elucidate more fully the developmental 

trajectory of this ability. With respect to the time course of recognizing emotional 

prosody, results indicate that like adults, children need less stimulus information to 
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accurately identify neutral prosody compared to happy and angry prosody. As we have 

proposed elsewhere (Cornew, Carver, & Love, in review), one potential explanation 

for this effect relates to processing load. Spoken language is processed simultaneously 

at a number of different levels, including phonemic, syntactic, and semantic, and 

prosodic. It is possible that the addition of emotional content in the prosodic 

dimension increases the processing load to such an extent that identifying happy or 

angry prosody becomes more effortful than identifying emotionally devoid, or neutral, 

intonation. Future research in which processing demands are systematically 

manipulated in tests of emotional prosody recognition will likely shed light on this 

hypothesis.  

 Although our results indicate that speed of processing appears to universally 

favor emotionally neutral prosody, accuracy and error patterns revealed age- and 

gender-dependent effects. An interesting comparison to the facial processing literature 

emerges: Currently, the literature suggests that children show a positive bias in 

emotion recognition. Here, only the young boys demonstrated that pattern. This bias 

was not found for the young girls. Additionally, evidence in the literature 

demonstrates that adults often tend toward a negativity bias. This pattern again was 

only revealed for the adult males in the present study, not the adult females. In both 

cases, the male groups tended to pattern with the published reports on visual emotion 

processing. Interestingly, the females in our study showed a bias towards the neutral 

stimuli. This pattern is in line with our current work on adult emotion processing 
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(Cornew, Carver, & Love, in review) and suggests that the gating task is sensitive to 

gender-specific auditory emotion processing patterns.  

One possible explanation for the gender-specific patterns we observed comes 

from previous work that has demonstrated gender differences in brain areas recruited 

in language processing. Whereas males tend to show greater activation of left 

hemisphere temporal regions during speech processing, females show more diffuse 

bilateral activation, in adulthood (Kansaku, Yamaura, & Kitazawa, 2000) as well as in 

late childhood and adolescence (Burman, Bitan, & Booth, 2008). A great deal of 

evidence indicates that emotional prosody recognition relies disproportionately on the 

right hemisphere (Mitchell, Elliott, Barry, Cruttenden, & Woodruff, 2003; Ross, 

Thompson, & Yenkosky, 1997; Wildgruber et al., 2005); perhaps the greater 

recruitment of the right hemisphere in speech processing in girls confers a subtle 

developmental advantage in emotional prosody recognition, reflected in their adult-

like strategies. Future studies using fMRI to examine the development of emotional 

prosody processing would help to address that possibility.    

 Unlike the present study, previous investigations of emotional prosody 

processing in children have not yielded gender effects. However, in the case of null 

results, it is difficult to discern whether a true null effect reigns, or whether there was 

simply not enough statistical power to detect a true difference. McClure’s (2000) 

meta-analysis of children’s facial emotion recognition demonstrated that despite 

numerous individual studies reporting null gender effects, a substantial female 

superiority was evident when data were considered together. McClure (2000) posits 
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that this female superiority may result from emotional scaffolding, in which compared 

to boys, girls’ interactions with adults tend to be more focused on emotion, thus 

enabling them to be sensitive to subtle social and emotional cues from an early age. 

The adult-like patterns that emerged in young girls in the current study are consistent 

with this idea. The current study adds to the literature on the development of 

emotional prosody recognition and provides evidence for age-related improvement 

during the elementary school years as well as gender differences in this capability. 

However, compared to the sizeable body of literature on facial emotion recognition 

and its development, a great deal remains to be learned about emotional prosody 

recognition and its developmental trajectory.  

 

Chapter 3, in full, has been submitted for publication as it may appear in 

Developmental Psychology, Cornew, L., Carver, L.J., & Love, T. The dissertation 

author was the primary investigator and author of this paper. 
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Table 1. Relations between Age and Emotional Prosody Recognition  

 All Children Boys Only Girls Only 

Accuracy Overall r = .296, p = .025† ns r = .567, p = .022†

Neutral Accuracy r = .392, p = .026† ns r = .530, p = .031†

Happy Accuracy ns ns r = .470, p = .053†

Angry Isolation Point r = -.274, p = .093† ns r = -.444, p = .064†

Negative Error Bias r = -.392, p = .052^ ns r = -.541, p = .056^

Errors Mislabeling 

Prosody as Happy 

ns ns r = -.490, p = .089^

† 1-tailed statistics 

^ 2-tailed statistics 
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Figure Captions 

Figure 1. Schematic of a spliced sentence with 250ms successive gates. 

Figure 2. Mean percentage correct for recognizing happy, angry, and neutral prosody 

across age groups and genders, illustrating the significant 3-way interaction effect of 

emotion, age group, and gender. 

Figure 3. Mean isolation point (in milliseconds) for happy, angry, and neutral 

sentences, with lower numbers indicating faster identification of a particular emotion. 

Figure 4. Mean number of errors reflecting mislabeling of prosody as happy, angry, or 

neutral, illustrating the significant 3-way interaction effect of error type, age group, 

and gender. 

Figure 5. Mean number of errors reflecting a positive bias versus a negative bias, 

illustrating the significant 3-way interaction effect of bias type, age group, and gender. 
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Figure 1. 

 

The hessups ate pea chup after the sholt. 
250m

500ms 

Schematic of a spliced sentence with 250ms successive gates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

750ms 

Entire Sentence 

... 



 116

Figure 2. 
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Mean percentage correct for recognizing happy, angry, and neutral prosody across age 

groups and genders, illustrating the significant 3-way interaction effect of emotion, 

age group, and gender. 
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Figure 3.  
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Mean isolation point (in milliseconds) for happy, angry, and neutral sentences, with 

lower numbers indicating faster identification of a particular emotion. 
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Figure 4.  
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Mean number of errors reflecting mislabeling of prosody as happy, angry, or neutral, 

illustrating the significant 3-way interaction effect of error type, age group, and 

gender. 
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Figure 5. 
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Mean number of errors reflecting a positive bias versus a negative bias, illustrating the 

significant 3-way interaction effect of bias type, age group, and gender. 
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 The studies in this dissertation were aimed at investigating the recognition of 

emotional prosody in adults (Studies 1 and 2) and children (Study 2). Specifically, we 

examined the time course of emotional prosody processing and potential influences of 

valence on speed and accuracy in recognizing emotion from tone of voice. Compared 

to facial emotion recognition, this area of research is under-represented in the emotion 

literature, and consequently, much less is known about the processes involved and 

how they develop. Studies of emotional prosody processing in adults have yielded 

mixed results concerning valence effects: While some evidence suggests enhanced 

processing of positive and negative compared to neutral prosody (Grandjean, Sander, 

Lucas, Scherer, & Vuilleumier, 2008), other findings only favor positive prosody 

(Alter et al, 2003), and some data even suggest a neutral bias (Schirmer & Kotz, 

2003). In the majority of developmental studies, all emotions tested were combined 

during data analysis, precluding the opportunity to uncover potential valence effects. 

Therefore, it is unclear how emotional prosody interacts with perceptual and cognitive 

processes over the course of development.  

Each of the studies in this dissertation employed a gating paradigm, in which 

sentences conveying happy, angry, and neutral prosody were spliced into successive 

segments increasing in duration, and participants indicated after hearing each segment 

which emotion they believe was conveyed. The sentences were made up of nonsense, 

“Jabberwocky” words in order to eliminate any potential influence of semantic content 

on emotional prosody processing. The main variables of interest were participants’ 

accuracy in identifying each emotion, participants’ isolation points (i.e., the average 
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stimulus duration necessary to recognize each emotion, an index of speed of 

processing), and their error patterns. These variables were compared across happy, 

angry, and neutral stimulus categories in order to determine, a) whether prosodic 

processing is biased to favor emotionally valenced content, and if so, whether these 

biases would favor positive or negative prosody, and b) how children’s recognition 

patterns would differ from adults’.  

Chapter 2 presented data from two experiments which addressed emotional 

prosody processing in college-aged adults. In Experiment 1, participants responded to 

successively building segments of Jabberwocky ‘sentences’ spoken with happy, angry, 

or neutral intonation. After hearing each segment, they indicated the emotion 

conveyed and rated their confidence in that decision. We first compared participants’ 

percent correct for each emotion. Results indicated that participants were more 

accurate in recognizing neutral compared to happy and angry prosody and that 

accuracy for happy and angry prosody did not differ. We next compared participants’ 

isolation points across emotions and found that neutral prosody was recognized faster 

than angry and happy prosody and that angry prosody was recognized faster than 

happy prosody. The faster recognition of neutral prosody was not due to the shorter 

duration of neutral stimuli, as the effect persisted even after correcting for stimulus 

length; nor could the faster recognition of neutral prosody be accounted for by a 

propensity to label the initial segment as neutral by default.  

We examined two types of errors and compared them across emotion 

categories: First, for each participant we compared the number of errors that 



 123

constituted incorrectly labeling an item as happy, angry, or neutral, with results 

indicating that stimuli were more likely to be mislabeled as neutral than as happy or 

angry. Second, we investigated whether errors reflected either a negative or a positive 

bias, and found a trend for a negative bias. Lastly, confidence ratings were compared 

across emotions for two time points, the isolation point and the final gate (i.e. the 

entire sentence). Analyses demonstrated that confidence was higher once the entire 

sentence was heard than at the isolation point and an item (F2) analysis indicated that 

neutral prosody was recognized with greater confidence than happy or angry prosody.  

Taken together, the results of Experiment 1 suggest an advantage or bias for 

recognizing neutral prosody. The potential confounds of stimulus duration and default 

labeling were ruled out, and a detailed analysis of stimulus acoustic properties showed 

that acoustic differences between happy, angry, and neutral prosody could not account 

for the neutral bias we observed. Nevertheless, the design of Experiment 1 was such 

that participants were required to discriminate between two emotional categories 

(happy and angry) and a single non-emotional (neutral) category. It seemed possible 

that deciding between emotional and neutral prosody might have been easier than a 

decision between two specific emotions. If that were the case, then the neutral bias 

that emerged could have been an artifact of the number and nature of the stimulus 

categories. Furthermore, given that the number of stimulus categories has been shown 

to affect facial emotion recognition (Tanaka-Matsumi et al, 1995), it was important to 

rule out this potential confound. Experiment 2 was designed specifically for this 

purpose. 
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 In Experiment 2, a new group of participants were tested. The stimuli and 

paradigm were identical to those in Experiment 1; however, half of the participants 

heard happy and neutral prosody, and the other half heard angry and neutral prosody. 

If neutral prosody was again recognized with greater accuracy and speed than happy 

or angry prosody, this would provide evidence that the stimulus categories did not 

drive the results in Experiment 1. Indeed, the neutral bias re-emerged in Experiment 2: 

Participants were more accurate and faster in recognizing neutral compared to 

emotional prosody, indicating that the neutral bias was not an artifact of the stimulus 

categories. 

 Chapter 3 presents a study which examined the development of emotional 

prosody recognition in five- to nine-year-old children and compared their recognition 

to that of a new sample of college-aged adults. Previous research had shown that 

children improve in recognizing emotional prosody at least through 11 years of age 

(Cohen, Prather, Town, & Hynd, 1990). However, despite a number of studies that 

examined age-related improvements during the elementary school years, many 

questions remained regarding the development of emotional prosody. For instance, 

what is the time course of recognition in children? Do children exhibit biases for 

positive or negative emotions? Are there gender differences in the development of 

emotional prosody processing?  

The study presented in Chapter 3 was designed to address these questions. 

Stimuli were a subset of the happy, angry, and neutral ‘Jabberwocky’ sentences used 

in Experiments 1 and 2. A subset was used in order to accommodate the shorter 
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attention spans of children, and the 24 sentences labeled with the greatest accuracy in 

Study 1 (Experiment 1) were chosen so as to maximize correct emotion identification 

in children. As in Experiments 1 and 2, sentences were edited into successive clips, 

with duration increasing in increments of 250ms, and a gating paradigm was utilized. 

Children indicated the emotion conveyed in each clip by pressing a happy face, an 

angry face, or a neutral face on a touch screen computer, while adults responded via 

designated computer keys. Measures of interest were similar to those used in 

Experiment 1: accuracy, isolation points, and error patterns. For all measures, we 

compared age groups (children and adults) and genders (males and females). In 

addition, within the children’s data we examined correlations between age and each 

measure of interest to elucidate the developmental progression of emotional prosody 

recognition between five and nine years of age.  

Results revealed that children were less accurate than adults at recognizing 

emotional prosody and that age group and gender interacted. Specifically, boys were 

more accurate in recognizing happy prosody than angry or neutral prosody, which 

suggests a happy bias in emotional prosody recognition, whereas adult males were less 

accurate in recognizing happy compared to angry and neutral prosody. Regardless of 

age group, females were more accurate in recognizing neutral compared to happy and 

angry prosody. Analyses of error patterns revealed a similar pattern of effects, in that 

boys showed a positive bias and adult men showed a negative bias, whereas neither 

girls nor adult women displayed emotion biases. With respect to speed of recognition, 

analyses of isolation points revealed that children were slower at recognizing 
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emotional prosody than adults and that similar to the results of Experiments 1 and 2, 

participants demonstrated faster recognition of neutral prosody than happy and angry 

prosody. This was true across age groups and genders.  

When relations between age and emotional prosody recognition were 

considered for the children, results indicated that older children were more accurate 

than younger children; however, interestingly, this result was driven primarily by age-

related improvements in recognizing neutral prosody. When correlations for boys and 

girls were examined separately, it became clear that the correlation effects were 

primarily driven by girls. This suggests that between the ages of five and nine, 

emotional prosody recognition may undergo more pronounced developmental change 

in girls than in boys. Research on facial emotion recognition indicates that from a 

young age, females exhibit superior performance compared to males, possibly 

resulting from social interactions and experiences that enable girls to interpret more 

subtle social cues from an earlier age than boys (McClure, 2000). Results from the 

current work suggest that perhaps a similar phenomenon plays a role in the recognition 

of emotional prosody. 

It is interesting that while the results of Study 2 (Chapter 3) revealed gender 

differences in emotional prosody recognition in children and adults, no significant 

gender effects were found in Study 1. One possible reason for this apparent 

discrepancy is a lack of sufficient statistical power to reveal such effects in Study 1. 

Because the emotional prosody literature contains some reports of gender differences 

(e.g., Schirmer & Kotz, 2003), we included gender as a between-subjects factor in our 
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analyses; however, potential gender differences were not a focus of Study 1. As a 

result, we did not attempt to balance the number of male and female participants in the 

sample, and, our sample contained more women than men (42 females and 23 males, 

in Experiments 1 and 2 combined). In addition, in Study 2, gender differences 

emerged as three-way interactions with emotion and age group; there were no 

significant main effects of gender in the adult data. Our sample size in the experiments 

comprising Study 1 may not have been sufficiently large to detect a gender effect 

among adult participants only. Therefore, it is possible that a real gender effect was 

present in Study 1, but there was not enough statistical power to detect it due to an 

unbalanced gender ratio and/or a small sample size. 

Future Directions 

The findings presented in this dissertation demonstrated that adults and 

children identified neutral prosody more rapidly than emotional prosody. 

Nevertheless, it is unclear whether this “neutral bias” reflects a bias in perception, 

attention, decision/response, or in a language processing or acoustic parameter. A 

follow-up study is underway, which utilizes event-related potentials (ERPs) to explore 

these alternatives in college-aged adults. Because the temporal resolution of ERPs is 

on the order of milliseconds, and because ERPs facilitate the decoupling of 

participants’ responses from perceptual, attentional, and other cognitive processes, 

they can provide further insight into the behavioral patterns observed in the studies 

reported here. Participants in this follow-up study hear the same Jabberwocky 

sentences spoken in happy, angry, and neutral prosody that participants in the present 
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studies heard; however, the sentences are presented in their entirety rather than spliced 

into gated form. These prosody stimuli alternate with tone sequences of the same 

length that ascend, descend, or remain constant in pitch. All participants hear the same 

stimuli, but half are assigned to the emotion condition and half are assigned to the tone 

condition. Both conditions utilize a target detection task, in which one type of stimulus 

is the target and all others are non-targets; however, in the emotion condition, the 

target is always a type of prosody (happy, angry, or neutral), whereas in the tone 

condition, the target is always a type of tone sequence (ascending, descending, or 

constant). This manipulation enables investigation of the role of task-relevance, which 

may modulate biases for emotional prosody processing (See Chapter 2, General 

Discussion, for a more thorough discussion of this issue). 

Results from this ERP study will shed light on the electrophysiological 

correlates of emotional prosody recognition in adults, and they may also pave the way 

for studies of the early emergence of emotional prosody discrimination in infancy. As 

in the adult emotion processing literature, there are many more published reports of 

facial emotion discrimination in infancy compared to auditory emotion discrimination. 

However, the development of the auditory system is accelerated compared to that of 

the visual system (Joseph, 2000), and research suggests that when infants perceive 

information presented simultaneously to both modalities, auditory processing 

dominates visual processing (Lewkowicz, 1988a, 1988b). Auditory emotion 

processing in infancy is an important avenue of pursuit that bears on broad issues 

surrounding the role of experience in emotion processing.  
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An additional future direction is to extend this line of research to children with 

autism spectrum disorders (ASD). ASD is characterized by impairments in social 

functioning, and a growing body of research suggests that children with ASD perceive 

social stimuli differently from typically developing children (e.g., Dawson et al, 

2002). Impairments in production and comprehension of emotional prosody have been 

reported in adults with ASD (Kujala et al, 2005; Shriberg et al, 2001); however, more 

research is necessary to elucidate the mechanisms, neural basis, and development of 

these abnormalities. 

 In conclusion, the studies in this dissertation reflect an innovative approach to 

investigating the recognition of emotional prosody. The use of the gating paradigm to 

assess emotion processing allowed for an investigation of the time course of emotional 

prosody recognition and provided valuable information about accuracy and error 

patterns. A number of novel results emerged from this work: First, it appears that 

emotionally valenced material does not always enhance processing; rather, there are 

contexts in which emotionally neutral information is favored. In addition, this work 

shows that there are gender differences in children’s recognition of emotional prosody, 

which to our knowledge has not been reported previously. Taken together, the studies 

in this dissertation suggest that while some effects of emotion on perception and 

cognition appear to differ between auditory and visual modalities, others (such as 

gender differences during childhood) may occur similarly across modalities. This 

work sets the stage for much exciting research to come, with implications for basic 

science research as well as clinical applications.   
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