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ABSTRACT 

 

Children with cochlear implants show deficits in identifying emotional intent of 

utterances without facial or body language cues. A known limitation to cochlear implants 

is the inability to accurately portray the fundamental frequency contour of speech which 

carries the majority of information needed to identify emotional intent. Without reliable 

access to the fundamental frequency, other methods of identifying vocal emotion, if 

identifiable, could be used to guide therapies for training children with cochlear implants 

to better identify vocal emotion. The current study analyzed recordings of adults speaking 

neutral sentences with a set array of emotions in a child-directed and adult-directed 

manner. The goal was to identify acoustic cues that contribute to emotion identification 

that may be enhanced in child-directed speech, but are also present in adult-directed 

speech. Results of this study showed that there were significant differences in the 

variation of the fundamental frequency, the variation of intensity, and the rate of speech 

among emotions and between intended audiences.
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I.  Introduction 

The ability to recognize the emotion of a speaker is a critical aspect of communication. 

Recognition of emotion of a speaker involves being able to detect spectral and loudness cues and 

their variation (Banse & Scherer, 1996). This task becomes much more difficult on the basis of 

auditory-only information and without context, yet there are many situations in which visual cues 

are not available. In normal-hearing people, recognition of emotional intent is always degraded 

when visual cues are eliminated (Most, et al., 1993, Chen, et al., 1998, Wallbott & Scherer, 

1986).  For those with hearing loss or listening to a degraded speech signal, such as through a 

cochlear implant, voice emotion recognition becomes even harder as they may not be able to 

detect the spectral and loudness cues (Luo, et al., 2007, Chatterjee & Peng, 2008, Most & 

Aviner, 2009, Deroche, et al., 2012, Oster & Risberg, 1986). Since 2000, thousands of deaf or 

hard-of-hearing children have been implanted with a cochlear implant. These children are using 

the implant as their only access to sound, using it to learn to speak and understand language and 

interact socially. 

Chatterjee and colleagues have been studying voice emotion recognition in children and 

adults with normal hearing and those with hearing loss or listening through cochlear implants 

(Chatterjee, et al., 2015, Chatterjee, et al., 2015 (JASA)). These studies utilize recordings of non-

actors producing sentences chosen from the Hearing in Noise Test (HINT) for their lack of 

emotional connotations in an array of five emotions chosen based on the literature (anger, 

happiness, neutrality, sadness, fear). The participants recording the stimuli were instructed to use 

child-directed speech because of the well-known enhanced (even exaggerated) prosody present 

in child-directed speech (e.g. Ferguson, 1964, Fernald, 1991). The researchers wanted stimuli 
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with easily identifiable emotional intents such that even young children could recognize these 

intents. The goal of these studies is to determine developmental trends in voice emotion 

recognition as well as differentiate the cues used by normal-hearing listeners and those with 

cochlear implants to identify voice emotion.  

Previous work, presented at the American Auditory Society in 2015 (Tinnemore & 

Chatterjee), showed that increasing the spectral resolution of cochlear-implant-simulated speech 

(noise-band vocoded) from 8 channels to 16 significantly improved the identification of intended 

emotion in young, normal-hearing children (ages 6-9), children 10-19, and also in normal-

hearing adults. The amount of improvement in emotion recognition provided by increased 

spectral resolution was approximately the same regardless of age. This means that even the 

youngest child can improve their ability to recognize voice emotion when provided with more 

spectral resolution. If child with a cochlear implant’s access to spectral information can be 

improved, their access to voice emotion may also improve, and thus improve social-emotional 

and pragmatic development and communication abilities.  

In a related study, presented at Association for Research in Otolaryngology (Tinnemore 

and Chatterjee, 2015), the role of the fundamental frequency contour, commonly thought to carry 

the most information about voice emotion was evaluated. The study tested the hypothesis that if 

the fundamental frequency defined voice emotion and the lexical content of the words was 

irrelevant, listeners should be able to identify the intended emotion using only the fundamental 

frequency contour without words. Sound files were created from emotionally neutral sentences 

spoken in a child-directed manner, that is, with increased prosody.  The listeners heard only the 

fundamental frequency contours for each speech sample that also included changes in intensity 

level and duration. Normal-hearing adult listeners correctly identified 99.5% of the intended 
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emotions from the original recordings, but only 85% of the intended emotions from these 

“hummed” recordings. Clearly, the fundamental frequency contour does not carry all of the cues 

needed for optimum voice emotion recognition. A low-pass filter at 500 Hz (24 dB per octave), 

however, did allow for near ceiling voice emotion recognition (97.8%). This indicates that within 

the signal allowed by this low-pass filter, enough information – beyond the fundamental 

frequency contour – is available to normal-hearing listeners to correctly determine voice 

emotion. Therefore, a focus solely on access to fundamental frequency (commonly inaccessible 

to cochlear implant listeners (Shannon, 1983)) would not provide all of the necessary cues for 

identifying voice emotion to those with hearing loss and those listening through cochlear 

implants. 

Nevertheless, the fundamental frequency contour clearly is important in vocal emotion 

recognition. Previous analyses have attempted to isolate collections of acoustic features which 

can be used to identify emotional speech (e.g. Scherer, 1986, Scherer, et al., 1991, Frick, 1985). 

The fundamental frequencies’ mean, minimum, maximum, range, contour, and variation (defined 

as standard deviation) have all been investigated as cues to identify emotion. Scherer, et al. 

(1991) also investigated intensity (loudness) by carefully controlling recording conditions and 

reporting on each utterance’s mean, minimum, maximum, range, and variation (defined as 

standard deviation) of intensity. Rate of speech, as part of prosody has been shown to be useful 

in identifying emotional intent (Vroomen, et al., 1993). No one has yet come up with a reliable 

set of acoustic parameters that can be used to specifically identify emotions, although the area is 

still a topic of interest, especially in the area of human-computer interaction. A computer’s 

ability to correctly identify emotions such as anger or fear could greatly enhance a home security 

system’s notification to the appropriate authorities, for example. 
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The current study sought to shed new light on the use of acoustic cues for determining 

vocal emotion through the use of a unique corpus that incorporates both child-directed emotional 

speech and adult-directed emotional speech. Child-directed speech has long been known to 

utilize enhanced prosody, even across languages and cultures (e.g. Ferguson, 1964, Fernald, 

1991). Trainor, et al. (2000) proposed that the enhanced prosody of child-directed speech is 

actually due to more freely expressed emotions whose expressions are inhibited when speaking 

to adults. Regardless of the reason for the differences apparent between child-directed and adult-

directed speech, a corpus that allows for direct comparison between these two intended 

audiences could allow for the identification of acoustic cues enhanced in child-directed speech 

and still present in adult-directed speech.  

Another benefit of the unique corpus used was the ability to compare gender differences 

in expressing emotion to children and adults. Warren-Leubecker & Bohannon III (1984), 

Garnica, 1977, and Fernald, et al. (1989) looked at the acoustic differences between mothers and 

fathers speaking to their children and found very few. Indeed, the mean fundamental frequency 

was significantly different, but that is due to the physical and anatomical properties of male 

versus female vocal tracts, and the range of fundamental frequencies was greater for mothers. 

This measurement is problematic when comparing male and female fundamental frequencies 

because frequency is measured on a logarithmic (rather than linear) scale. A range of equal size 

(in Hertz) would not portray the same amount of variation around a lower mean fundamental 

frequency than a higher mean fundamental frequency. 

The aim of the current study was to determine what acoustic cues differentiate emotional 

intent in a speech sample in this unique corpus. The hypothesis was that emotional intent, 

speaker sex, and intended audience (adult- vs. child directed) would have significant and 
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interactive effects on the acoustic parameters of speech. Parsing out these effects could 

ultimately prove useful in designing speech processing strategies and listening therapies for those 

with cochlear implants.   
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II.  Methods 

A. Speech Samples 

Recordings were made of native English-

speaking, normal hearing adults (ages 22-58 years, mean 

= 34.6 years) producing twelve emotion-neutral 

sentences in each of five separate emotions: angry, 

happy, neutral, sad, and scared. There were a total of 15 

speakers, 7 female and 8 male. These speakers were not 

trained actors, but were asked to record each sentence 

three times. The middle sentence was chosen for 

analysis as the most likely to be error-free. Each speaker 

was able to get used to the sentence and emotion in the 

first utterance, record the second with some degree of 

confidence before any fatigue that might show up in a 

third utterance was apparent. Three of the participants 

were parents and an additional six worked with children 

on a daily basis. The remaining participants did not explicitly work with children, but had 

occasional work or family situations where they interacted with children. The order of sentences 

and emotions recorded was randomized (e.g. A speaker might be asked to record sentence 12 in 

an angry manner (3 times), and then sentence 4 in a happy manner (3 times).) The list of 

sentences is found in Table 1.  Five male and five female speakers were instructed to produce the 

sentences in a child-directed manner. "Say the following sentences in a child-directed way. 

Imagine you are interacting with a child and utter the following sentences in the five different 

Sentences (6 syllables each) 

1. Her coat is on the chair. 

2. The road goes up the hill. 

3. They're going out tonight. 

4. He wore his yellow shirt. 

5. They took some food outside. 

6. The truck drove up the road. 

7. The tall man tied his shoes. 

8. The mailman shut the gate. 

9. The lady wore a coat. 

10. The chicken laid some eggs. 

11. A fish swam in the pond. 

12. Snow falls in the winter. 

Table 1. List of emotion-neutral 
sentences from the Hearing In Noise 
Test (HINT) Corpus 
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emotions.” Likewise, five male and five female speakers were instructed to produce the 

sentences in an adult-directed manner.  This resulted in a corpus of approximately 1200 

utterances. The majority of the recordings were made in a double-walled sound booth at Boys 

Town National Research Hospital with the speaker at a uniform 12 inches from the SHURE 

SM63 microphone with a Marantz PMD661 solid state recorder (44.1 kHz sampling rate, 16 bit). 

The same microphone and set-up was used to record two of the child-directed speakers at the 

University of Maryland. Table 2 shows the number of sentences included for each emotion, 

gender of speaker, and intended audience.   
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B. Analysis of Speech Samples 

The recordings were then analyzed using Praat (Boersma, 2013). First, the silent periods 

at the beginning and end of each sample were trimmed in order to better represent the spoken 

portion of the recorded sample (Till, 2007). The duration of the remaining sample was then 

measured. 

The fundamental frequency contour was calculated with a measurement of the 

fundamental frequency at 10 ms intervals throughout the recording.  Praat uses an auto-

correlation algorithm to determine the most likely candidates for determining the fundamental 

frequency of a speech sample. Sometimes the algorithm picks one of the formants as the most 

Table 2. Count of sentences analyzed split by emotion, gender of speaker, and adult- and child-

directed. 
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likely fundamental frequency for a short time leading to odd, abrupt jumps in the F0 contour. 

The weight of “octave jumps” and “voiced/unvoiced” were increased in the algorithm to reduce 

these errors. The mean and standard deviation of the fundamental frequency was determined 

from the frequency contour information.  

The intensity was also measured at 10 ms intervals throughout the recordings. The mean 

intensity and standard deviation was calculated for each utterance.   

Because female speakers have fundamental frequencies that are on the order of twice that 

of a male speaker, a comparison of the absolute mean for a male speaker could not meaningfully 

be compared to that of a female speaker. In order to make a more meaningful comparison, a 

normalized value was calculated: the coefficient of variation (CV). This is simply the ratio of the 

standard deviation to the mean. The result is a unit-less number between zero and one that 

describes the variation. The speech sample intensity values were also transformed into 

coefficients of variation. 

C.  Statistical Analyses 

Analyses of variance (ANOVAs) were used to test the hypothesis that acoustic 

parameters of duration, fundamental frequency and intensity would vary with respect to 

emotional intent, speaker gender and intended listener age group.  
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III.  Results 

A.  Duration 

Duration is conceptualized as a proxy measure of rate of speech.  Figure 1 shows a line 

graph in which mean duration of utterance is shown as a function of emotion, gender of speaker, 

and intended audience. 
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We observed significant differences in duration (p<.0001) for each of the independent 

variables: gender of speaker, intended emotion and intended audience.  A search of the literature 

revealed that differences in male vs. female speaking rates are not well-established, although one 

study found men’s speaking rates to be significantly faster (Byrd, 1992), another found “small, 

less consistent” differences in the same direction (Jacewicz, et al., 2009). Our results also show 

that men’s speaking rates are faster than women’s. For intended emotion, “sad” had significantly 

longer durations than any other (confirming Scherer, et al., (1991)’s findings), and child-directed 

speech was longer than adult-directed. The slower rates of speech for infant- or child-directed 

Figure 1.  Mean duration as a function 
of emotion, gender of speaker, and 

intended audience. 
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speech are well known (e.g. Fernald, 1992, Cooper & Aslin, 1990) and are confirmed by our 

analysis. Table 3 summarizes the results of the analysis of variance.  The three-way interaction 

between independent variables was significant (p=.0034). The interaction between emotion and 

intended audience was also significant (p = 0.0082) and this is illustrated in Figure 2.  

1 11.953 11.953 101.050 <.0001 101.050 1.000

4 11.934 2.984 25.222 <.0001 100.889 1.000

1 3.265 3.265 27.601 <.0001 27.601 1.000

4 1.054 .263 2.227 .0641 8.908 .652

1 .016 .016 .137 .7109 .137 .065

4 1.634 .409 3.454 .0082 13.815 .867

4 1.870 .468 3.953 .0034 15.812 .916

1179 139.463 .118

DF Sum of Squares Mean Square F-Value P-Value Lambda Power

Gender

Emotion

Directed

Gender * Emotion

Gender * Directed

Emotion * Directed

Gender * Emotion * Directed

Residual

ANOVA Table for Duration
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B.  Fundamental Frequency 

The mean coefficient of variation (CV) of the fundamental frequency is plotted as a 

function of emotion, gender of speaker and audience in Figure 3. We observed significant 

differences for intended emotion and intended audience, but not for gender of speaker. While the 

literature shows differences in mean fundamental frequency and even standard deviation 

Table 3. Analysis of variance for duration. 

 

Figure 2. Interaction between emotion 

and intended audience for duration 
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measurements between male and female speakers, no research was found that reported results 

using a normalized measure such as coefficient of variation. Variation of fundamental frequency 

is well established in emotional speech (Williams & Stevens, 1972) and child-directed speech 

(e.g. Fernald, 1992, Shute, 1987). Previous studies have found that females utilize a wider range 

of frequencies than males when speaking to children (Warren-Leubecker & Bohannon III, 1984, 

Fernald, et al., 1989) and adults (Fitzsimons, et al., 2001). In this study, with the normalized 

measures of variation, female speakers have no more fundamental frequency variation than 

males, but child-directed speech had more variation than adult-directed. Murray & Arnott 

(1993), Scherer & Scherer (1981), and Cowan (1936) describe greater frequency variation 

(defined by range) for “emotional” versus “neutral” speech, with the greatest frequency variation 

for “anger” and “happiness”. Scherer, et al. (1991) defined frequency variation as the standard 

deviation of the fundamental frequency and found main effects for neither gender, nor emotion. 

The emotion of happiness resulted in greater variation than other emotions.  These effects were 

statistically significant, and are summarized in Table 4. Bonferroni/Dunn post-hoc analysis 

shows “happy” significantly different from all other emotions and “neutral” significantly 

different from “sad” (p<.0012). “Angry” was not significantly different from other emotions in 

our analysis of frequency variation. This may be due to the normalized measure used. The 

previous studies that showed greater variation for happiness and anger, showed much greater 

variation (in terms of range) for happiness than they did for anger. Our normalized measures 

show the robustness of the frequency variation cue used in the happy recordings and remove the 

significance of any difference in variation for the angry recordings. 
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1 .056 .056 4.708 .0302 4.708 .574

1 .019 .019 1.605 .2054 1.605 .230

4 2.348 .587 49.714 <.0001 198.855 1.000

1 .157 .157 13.316 .0003 13.316 .971

4 .302 .075 6.387 <.0001 25.548 .995

4 .070 .017 1.478 .2066 5.911 .453

4 .151 .038 3.194 .0127 12.775 .834

1179 13.922 .012

DF Sum of Squares Mean Square F-Value P-Value Lambda Pow er

Directed

Gender

Emotion

Directed * Gender

Directed * Emotion

Gender * Emotion

Directed * Gender * Emotion

Residual

ANOVA Table for Coefficient of Variation of Fundamental Frequency

-.014 .012 .0306 S

Mean Diff. Crit. Diff. P-Value

adult, child

Bonferroni/Dunn for F0 CV

Effect: Directed

Significance Level: 5 %

-.008 .012 .2028

Mean Diff. Crit. Diff. P-Value

female, male

Bonferroni/Dunn for F0 CV

Effect: Gender

Significance Level: 5 %

-.108 .028 <.0001 S

.017 .028 .0952

-.016 .028 .1130

-.003 .028 .7935

.125 .028 <.0001 S

.092 .028 <.0001 S

.105 .028 <.0001 S

-.032 .028 .0012 S

-.019 .028 .0538

.013 .028 .1863

Mean Diff. Crit. Diff. P-Value

angry, happy

angry, neutral

angry, sad

angry, scared

happy, neutral

happy, sad

happy, scared

neutral, sad

neutral, scared

sad, scared

Comparisons in this table are not signif icant unless the

corresponding p-value is less than .005.

Bonferroni/Dunn for F0 CV

Effect: Emotion

Significance Level: 5 %

  

Figure 3. Coefficient of variation of 

fundamental frequency (F0) as a 

function of emotion, audience, and 

gender of speaker. 

Table 4. Analysis of variance for coefficient of variation of fundamental frequency with 

Bonferroni/Dunn analysis. 
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C.  Intensity 

Figure 4 displays the coefficients of variation of intensity as a function of emotion, 

gender of speaker and audience.  We observed significant differences in the coefficient of 

variation of intensity for intended emotion and age group, but not for gender of speaker (Table 

5). A search of the literature on infant- or child-directed speech yielded few reports on the 

intensity of speech, nor is intensity commonly reported in the emotion literature except as a 

measure of valence or “intensity of emotion”, perhaps due to the difficulty in controlling for 

microphone sensitivity and placement. For example, Fónagy (1981) describes “anger” as being 

“tense” with increased intensity over other emotions, but this is not a measure of intensity in 

terms of decibels such as performed in this study. Scherer, et al. (1991) carefully controlled for 

microphone placement and reported on intensity variation (defined as standard deviation – not 

normalized) and found no significant main effects (p=.076). The main effects we found for 

emotional intent and intended audience (p<.0001) are new and may be unique to this corpus or 

this measure of variation. 

Bonferroni/Dunn post hoc tests indicates that “happy” and “scared” are different from 

“angry”, “neutral”, and “sad”, but not from each other, with larger coefficients for angry, neutral 

and sad emotions.  There was less variation in intensity when speaking to a child compared to an 

adult.  
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1 .003 .003 1.543 .2144 1.543 .223

4 .079 .020 11.787 <.0001 47.147 1.000

1 .094 .094 55.758 <.0001 55.758 1.000
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Table 5. Analysis of variance for coefficient of variation of intensity 
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IV.  Discussion 

The hypothesis that speaker gender, intended emotion and intended audience age-group 

would affect acoustic parameters of speech was, for the most part, supported by the data for 

those acoustic parameters tested in this study. The significant interactions found suggest several 

useful cues, which when taken together can help determine the intended emotion of the speaker.   

Our analysis of duration as a measure of speaking rate confirms previous analyses that 

show differences between male and female speakers, adult- and child-directed speech, and the 

expression of different emotions. Our analysis further highlights significant interactions between 

these variables in this corpus. While Scherer, et al. (1991) found significant main effects for 

gender and emotion, they did not find interactions (but their measure was of articulation rate – 

excluding all pauses within an utterance).  

Our analysis of variation of fundamental frequency using the normalized values provided 

by calculating the coefficient of variation removed the previously described gender differences 

(greater variation in female speakers) showing that both male and female speakers manipulate 

their fundamental frequencies in a similar manner when trying to express emotion. The analysis 

confirmed the known child-directed enhancements (greater variation in child-directed speech). In 

our corpus, only happiness was differentiated by the variation of the fundamental frequency. 

Our analysis of variation of intensity yielded unique results not previously reported in the 

literature. This is most likely due to the normalized measure used and the paucity of analyses 

previously conducted on this variable. One somewhat surprising result showed that intensity 

variation was greater for adult-directed than child-directed speech. After listening to many of the 

recordings, we believe this may be due to the tendency to drop intensity at the end of an 
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utterance which is inhibited when speaking to a child (i.e. an adult speaking to a child maintains 

intensity (loudness) throughout the utterance, while, when speaking to an adult, they will drop 

off in the later part of the same utterance). 

One of the weaknesses of this study was that the emotional utterances have not been 

validated, that is, no cohort of people have been asked to determine the intended emotions of the 

adult-directed and most of the child-directed speech. It is important to know how normal-hearing 

adults interpret the intended emotions of this corpus to discover whether the intended emotion is 

able to be accurately detected by experienced listeners. In addition to validation, developmental 

trends in the ability to recognize voice emotion could be revealed by testing the ability of 

children of various ages to correctly identify the emotion portrayed in both the child-directed and 

adult-directed manners. If children show deficits in recognizing the adult-directed expressions of 

emotion, it would highlight the value of the enhanced prosody in child-directed speech for 

social-emotional development, and perhaps therapies could be developed involving listening to 

child-directed speech that could help older children and adults with difficulties identifying voice 

emotion to practice identifying the cues relevant to determining emotion. 

In another potential social experiment, further analysis of the performance of adults on 

this task could provide insight into communication between and within genders and highlight the 

potential for communication break-downs. How does an adult male perform listening to a 

woman speaker directing her speech to an adult versus a male speaker? Are female listeners able 

to determine intended emotion regardless of the gender of the speaker? It is possible that this 

research could reveal the fallacy or truth behind stereotypes of sensitivity to emotions between 

genders. 
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Because our utterances are so short (most less than 2 seconds in length), it is difficult to 

fully realize the acoustic features of the various emotions. It has been suggested that longer 

utterances (paragraph length) would provide better data for determining coefficients of variance 

for the acoustic features being investigated. Yet, we were still able to determine statistically 

significant differences between some of the emotions. There is also the issue of real versus 

simulated emotion. How one uses their voice to convey emotion in a simulated context can be 

very different from what one actually does in an emotional situation. This conundrum is present 

in all vocal emotion studies and has yet to be resolved without losing the controls desired for 

targeted research (Murray & Arnott, 1993). 

In order to analyze the acoustic information in a way relevant to cochlear implants, a 

future analysis could look at the spectral information of each channel as determined in the 

cochlear implant processor in a comparison to a single, reference channel. This would allow for a 

normalized comparison and perhaps give insight into the cues available to listeners with cochlear 

implants for emotion identification. 

The findings of this study are relevant for design of speech processing strategies for 

cochlear implants used for infants and children as it is known that better voice emotion 

recognition is correlated with better self-perceived quality of life (Schorr, et al., 2009).  Ensuring 

that the cues necessary for emotion recognition are accessible to cochlear implant listeners can 

maximize those users’ ability to identify emotion. Furthermore, these findings may inform 

therapy strategies for others who have difficulty understanding the emotional intent of speech, 

such as those with autism spectrum disorders (Macdonald, et al., 1989) and those with 

Parkinson’s disease (Dara, et al., 2008). 
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While this study showed that some emotions are easier to differentiate than others based 

on the parameters investigated (e.g. sadness – long duration, happiness – greater fundamental 

frequency variation, angry/neutral/sadness – greater intensity variation), it also showed that these 

limited parameters are not able to completely describe the differences in even this basic set of 

emotions. After validation of the corpus, further analyses may confirm Scherer and other 

researcher’s attempts to identify unique acoustic parameter sets to describe vocal emotion. While 

these parameter sets may be most beneficial to computers attempting to identify vocal emotion, 

some people may find these results helpful in classifying emotions they are otherwise unable to 

comprehend. In addition, processing strategies, such as loudness equalization, that remove 

acoustic cues such as intensity variation, may be reconsidered for use in those who are having 

difficulty identifying emotion. 

This study embodies another step toward improving understanding of emotional speech 

acoustic content and introduces a unique corpus that can be helpful in identifying those acoustic 

cues which are enhanced in child-directed speech. 
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