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1. INTRODUCTION

To date, only a handful of studies have investigated the 
acoustic parameters of affect in speech (Hammerschmidt & 
Jürgens, 2007; Pell, 2001; Banse & Scherer, 1996; Williams 
& Stevens, 1972). They have demonstrated an increase in 
fundamental frequency (Williams & Stevens, 1972; 
Hammerschmidt & Jürgens, 2007; Banse & Scherer, 1996) 
and amplitude when speakers used a hot angry voice 
compared to a neutral voice or other affective states 
(Hammerschmidt & Jürgens, 2007; Banse & Scherer, 1996).

The present study sought to identify changes in three 
acoustic parameters when participants adopted a hot angry 
affective state. This study investigated changes in 
fundamental frequency, amplitude, and nasalance in two 
sentence types, a real oral sentence (without any nasal 
phonemes) and a non-word balanced sentence (with oral 
and nasal phonemes).

We hypothesized that mean fundamental frequency (f0) and 
sound pressure level (SPL in dB) would increase in 
sentences spoken with a hot angry affect. Conversely, we 
expected nasalance to decrease with a hot angry affect. We 
posited that increases in vocal cord tension would entail a 
higher f0 and dB SPL. Also, synergistic recruitment of 
velopharyngeal muscles would result in a tighter 
velopharyngeal port closure and less transmission of 
acoustic energy through the nasal passage.

2. METHOD

We chose to investigate if the parameters mean f0, dB SPL 
and nasalance conformed to these physiologically driven 
hypotheses in the speech of normal speakers. We recruited 
10 speakers with prior acting experience by posting 
billboard advertisements at the University of Toronto. The 
participants were six female and four male speakers with a 
mean age of 28.9 years (range 18 to 43 years). All spoke 
standard Canadian English.

The participants read two repetitions of each sentence in the 
two experimental conditions. The sentences were 
counterbalanced according to emotional state (neutral versus 
hot angry) and type (non-nasal versus balanced). Each set 
contained four sentences, i) the neutral non-nasal sentence, 
“He had two rock lizards” (Lewis & Watterson, 2003), ii) 
the neutral balanced non-word sentence, “Hat sundig pron 
you venzy” (Banse & Scherer 1996), iii) the hot angry non
nasal sentence, “He had two rock lizards” and iv) the hot

angry balanced non-word sentence “Hat sundig pron you
venzy”.

Participants recorded the sentences using the NasalView 
headset (22.05 kHz, 16 bit recording, Tiger Electronics Inc., 
Seattle, WA). This headset has a sound separation plate 
positioned on the participant’s prolabium to permit separate 
recordings of speech sounds from the nose and the mouth. 
Preamplification and soundboard settings were constant for 
both sets and experimental conditions. We used the Praat 
speech analysis software to analyse mean f0 and amplitude 
in dB (Boersma & Weenink, 2004). The NasalView 
software was used to extract the nasalance values for all 80 
sentences.

3. RESULTS

We computed differences in mean f0, dB SPL and nasality 
using repeated measures ANOVAs with two factors, 
emotion and sentence type (SAS, 9.1; see Table 1).

Table 1. Two factor ANOVA table for three dependent 
measures (pitch, amplitude and nasalance)

Measure Emotion Type Emotion by

Type

Pitch (f0) p<.01
(F=278.50)

NS NS

Amplitude p<.01 p<.01 NS

(dB SPL) (F=109.12) (F=63.08)

Nasalance p<.01 p<.01 p<.01

(dB SPL) (F=12.54) (F=935.01) (F=268.67)

There were significant differences in mean f0, dB SLP and 
nasalance for emotion. Similarly, there were significant 
differences in mean amplitude and nasalance according to 
sentence type. The ANOVA for nasalance also revealed an 
interaction between sentence type and emotion (see Figure 
1).

A review of the changes in mean values according to 
sentence type and emotion revealed higher f0 and dB values 
with a hot angry affect in both the non-nasal sentence and 
the non-word phonemically balanced sentence (see Table 2). 
Nasalance, on the other hand, remained unchanged in the 
hot angry non-nasal sentence, but decreased in the angry
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non-word sentence. An incidental finding was the higher 
mean dB value in the non-word sentence.

Table 2. Mean f0, dB SLP and nasalance values by sentence 
type.

Measure Real Oral 
Sentence

Non-word 
Balanced Sentence

Neutral Angry Neutral Angry

Pitch (f0) 165.71 218.92 165.64 211.68

Amplitude 

(dB SPL)

64.42 74.14 67.06 76.21

Nasalance 

(dB SPL)

23.72 22.04 47.57 38.62
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Figure 1. Interaction between sentence type and emotion.

4. DISCUSSION

The findings that mean f0 and dB increase with a hot angry 
affect support the previous literature (Williams & Stevens, 
1972; Hammerschmidt & Jürgens, 2007; Banse & Scherer, 
1996) and confirm our hypothesis. The incidental finding of 
a mean increase in dB in the non-word sentence in both the 
neutral and hot angry condition may relate to increased 
effort producing an unfamiliar sentence without semantic 
content.

The decrease in the mean nasalance in the hot anger 
condition in the phonemically balanced non-word sentence 
points to a more tightly sealed velopharyngeal port, also 
suggestive of increased physiological effort. There was no 
similar decrease in nasality in the non-nasal sentence for the 
hot angry condition.

Given that there was no nasal consonant in the real sentence, 
the velopharyngeal port was already maximally closed in 
the non-nasal condition. Consequently, an even tighter seal

in the hot angry condition did not lead to decreased nasal 
emission.

These findings reflect velar-laryngeal interactions. Adopting 
a hot angry affective state or repeating a non-word phrase 
resulted in increased amplitude. The hot angry affect led to a 
concomitant increase in pitch and decrease in nasalance.

Further research needs to be conducted to determine if 
adopting a more relaxed or calmer affective state alters 
speech acoustics such that amplitude and pitch decrease 
with a concomitant increase in nasalance.

In the future, this type of research may prove useful in the 
remediation of impaired interactions between subsystems, 
such as the larynx and the velum. Using non-word sentences 
or adopting a hot angry affective state may provide a means 
to stimulate increased vocal amplitude or decreased 
nasalance.
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