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ABSTRACT 

Changes in the spectral energy balance may be employed 
for linguistic as well as non-linguistic purposes. For some 
languages enhancement of the upper part of the speech 
spectrum has been shown to contribute to perceived 
emphasis or linguistic focus. It is also a well known fact 
that classically trained singers make use of a singer's 
formant, that will enable them to vocally compete with an 
orchestral accompaniment. Only a few attempts have been 
made to identify some corresponding speaker's formant. 
Considering linguistic demands on spoken language, 
however, there is potential conflict between the 
employment of a speaker's formant and the need for mere 
linguistic signalling, mainly on a suprasegmental level. 

1. INTRODUCTION 

Over the past decade speech research has developed a 
growing interest in the way spectral balance may be 
utilized, mostly for linguistic purposes. Enhancement of 
energy in the upper part of the speech spectrum has been 
explored within varying languages, by means of slightly 
different ways to measure the observed phenomena [1, 2, 3, 
4, 5, 6, 7].Various terms are being used as descriptors of, or 
in connection with this speech feature, e.g.: spectral tilt, 
spectral envelope, spectral emphasis, and spectral balance. 
When the terms spectral tilt or envelope are used, they 
mainly represent the momentary manifestation of intensity 
sloping over frequency, pertaining to a single sound 
segment. Spectral emphasis more clearly implies potential 
variability over time, as well as a linguistic purpose to make 
systematic use of such variation. The term spectral balance, 
however might be interpreted as having an even farther 
reaching dynamic potential, since the notion of 'balance' 
can be associated with the ongoing act of balancing 
between powers of varying magnitude. 

Spectral balance may be employed for linguistic purposes 
at the word or phrase level (often in interaction with other 
features: overall intensity, duration, intonational gestures). 
Moreover, it may well be actively utilized over longer 
stretches of speech, where a whole utterance or even an 
entire monologue might be characterized by consistent 
enhancement of the upper parts of the spectrum. In such a 
case this feature would be regarded as being indicative of 
voice quality rather than having a direct linguistic function. 
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scriptions of voice quality the notion of spectral 
e is however rarely mentioned, although the 
menon as such has been observed in research on 
g already in the 1930's [8]. The singer's formant, on 
her hand, is a well established concept among both 
and music acoustics researchers [9, 10, 12, 13]. 
ly explained, by clustering formants 3-5 a great 

tudinal peak is formed approximately around 3kHz 
, from a perceptual point of view, makes it easier for 
ger to "compete" with an orchestral accompaniment. 
strategy adheres to musical performances by 
sionally trained classical singers, although it does not 

 for voices with relatively high fundamental 
ncies, such as sopranos. The effect is achieved 

y by adjustment of larynx height ; lowering the larynx 
xpand the epi-laryngeal tube, thus also entailing an 
sion of the vocal tract. Subglottal pressure also plays 
portant role, although a strong singer's formant is 
tually more effective than a mere increase of the 
ttal pressure [eg.11]. Furthermore, there is a direct 
nship between the occurrence of a singer's formant 
specific phonatory mode with a steeper slope in the 
g phase of the glottal wave, i.e. higher closing speed 
 vocal folds [12, 14]. 

oken language, the demands are somewhat different 
those that govern singing. When words and phrases 
ung the musical rhythm usually overrides the 
dical patterns we would require in a spoken version. 
istic demands will impose greater constraints on the 
ction of speech as compared to singing, making it 
complicated to make predictions about the character 
rresponding speaker's formant. A few attempts have 

made to empirically assess some spoken counterpart 
 singer's formant, sometimes based on an assumption 
ossible transfer from singer-formant strategy into the 
n language produced by the same individual. 
sional singers are compared to non-professionals, in 
g as well as in speaking or reading-aloud tasks. 
ences between those two categories are usually found 
aking/reading-aloud as well as in singing. However, 
ed transfer of a singer's-formant strategy into the 

n language is by no means proof of the existence of a 
er's formant. It rather suggests that a professionally 
d singer may have adopted a vocal strategy for 
g purposes, that could also have an impact on his/her 
ction of spoken language. 



Some fundamental productional differences between 
singing and speaking would have to be taken into 
consideration, before drawing any conclusions about the 
possible character and behavior of a speaker's formant. In 
singing phonation is required to be maintained throughout; 
pitch variations, phrasing and rhythmical structuring are 
highly restricted by the music. This does not seem to leave 
much choice: manipulation of the spectral balance may be 
the only strategy available for the singer, in order to obtain 
a 'carrying voice'. In naturally spoken language, on the 
other hand, you may freely use pitch as well as rhythmical 
features to convey both linguistic and extralinguistic 
information to the listener - even voiceless effects may be 
employed, at any level, for communicative purposes. Such 
a freedom is of course relative, as we are subject to quite 
heavy linguistic constraints; grammatical, phonological, 
and above all: language-specific demands that must not be 
compromised, or else our message will not get through. 
According to some studies [1, 2, 3, 4, 5, 6, 7], spectral 
balance may be used for linguistic purposes, however with 
different strategies between languages. Also, variations in 
speaking style may reflect the way spectral emphasis would 
interact with a feature such as overall intensity as a signal of 
linguistic focus [6]. 

The aim of this study is exploring the use of spectral 
balance manipulation as characteristic of different speaking 
styles. We have no reason to believe that there is some kind 
of speaker's formant behaving exactly like the singer's 
formant. We assume that there are differences due to 
language-specific, and maybe even regional constraints. 
We expect there to be individual differences, following the 
differences in vocal register as well as other behavioral 
idiosyncrasies of voice and speech character. We would be 
happy to find any indications of a systematic strategy to 
differentiate between speaking styles, as far as spectral 
balance is concerned. 

In pursuit of this, we have chosen to study the speech of 
professionally trained speakers (actors) using varying 
speaking styles, in longer stretches of speech. A 
professional speaker may employ a different speaking 
strategy, and even a different technique in production of 
public speech, as compared to the normal conversational 
speech produced at close range. Especially when speaking 
on stage, s/he will need some extra power to reach out 
properly to an entire audience.We would expect to find an 
enhancement of energy in the upper part of the speech 
spectrum in a speaking style appropriate for speech in 
public, produced without any external means for 
amplification. Nowadays microphones are becoming 
regular even in the dramatic theaters, but similar demands 
have been met without any electronic amplification over 
thousands of years before us. Demosthenes (380-322 B.C.) 
was one of the most skilled political speakers in ancient 
Greece. He used to exercise at the seaside, trying to make 
his voice heard through the noise of the roaring sea. He may 
actually have been one of the earliest speech researchers 
exploring the production of a speaker's formant, although 
the term was not to be invented for yet another 2300 years. 
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2. METHOD 

hoice of professional actors as speakers was made 
number of reasons. You may ask a non-professional 
er to use different speech tempi or to speak with more 
ser power of voice, and s/he might behave just the 
ou wanted – if you are lucky. But you can hardly ever 
t a "naïve" speaker to keep up such appearences 
hout a longer stretch of speech. Normal/ordinary 

ers usually do not need to consciously monitor their 
s the way an actor has to. Actors must be able to 
r an array of different voice and speech varieties, 
y because such traits are part of the tools they use for 
ying a role character. Furthermore, an actor also has 
 sensitive to the varying productional demands 
ent to acoustic characteristics of different rooms, as 
s to the differing conditions for speech produced in 
nt media (on the air, on screen, and on stage). This 

 the need for using varying speech techniques 
ding on a variety of external conditions governing the 
 situation; whether you are speaking indoors or 

ors, if there is any amplification device or if the 
 is "unplugged", if you are facing a bigger audience 
ing a private conversation with a single interlocutor, 

The different techniques employed for speech 
ction under such varying conditions will here be 
ed to as different speaking styles. On the one hand 
ill emerge as a consequence of the speech setting; on 

her hand they are indicative of that setting, which will 
erve as part of the information conveyed to the 
r. 

ly, our choice of speaking styles is yet another factor 
rting the choice of actors as speaking subjects in this 
 Obviously, there may be other categories of 
sional speakers that would make suitable subjects for 

arison between different speaking styles, such as: 
ians, lecturers and priests. However, the spoken 

age produced on a theater stage, is dealing with two 
ngly conflicting demands: it should be powerful 
h to be perceived by everyone in the audience – still, 
t be able to maintain its character of naturally spoken 
age. You should not get the impression of people 
ng or calling, unless this is actually intended and 
tically accounted for. Following this, an actor must 
le to use all kinds of necessary nuances in speech, 
he most intimate murmur, not to destroy the illusion 
yed to the audience. To handle this potential conflict 
or will develop a certain speaking strategy, maybe a 
nt phonatory or articulatory technique serving as a 
or communicative enhancement. We believe that 
que to be the closest we could come to obtaining 
hing like a speaker's formant. 

2.1 SUBJECTS 

peakers were three professional actors, two females 
ne male, all between the age of forty and fifty. The 
males had received professional training at (different) 
 colleges, while the male was more or less self-taught. 



In the present part of the study only the female results will 
be commented on. 

2.2 MATERIAL 

The text was chosen to be fairly neutral, in order not to 
generate any overly dramatic interpretation by the speakers. 
We chose a short story, written in the form of a monologue, 
although not originally created for stage performance. It 
served both the purposes alright, as a monologue given on 
stage as well as at the more personal conversational level. 
Only part of the story was used, corresponding to 10 min of 
speech, in all per subject. 

2.3 PROCEDURE 

The recordings were made on stage in a theater (built 1859, 
no. of seats: 414). The actors were performing individually; 
conditions were rehearsal-like, although they were 
employing a normal speech effort with respect to the 
'on-stage speaking style'. They were wearing a red dot 
microphone attached to a headset, which enabled them to 
move around freely on stage. The speech signal was 
registered by a DAT recorder. 

First, the actor was asked to perform the text by use of the 
speaking style s/he would ordinarily use in a performance 
on stage. For this part of the recording session the research 
leader was seated in one of the back rows, far away from 
the stage, posing as a receiving target for the spoken text. 

Next, the research leader joined the actor on stage, once 
again posing as a target for the speech to be directed to. The 
actor was then asked to perform a shorter (3 min) part of the 
text, using the conversational speaking style one normally 
would use at close range. 

3. RESULTS 

Preliminary results for the two female speakers were 
obtained by means of LTAS, Long Term Average Spectrum 
analysis. This was done as a first step, in order to detect any 
tendency toward the formation of some kind of speaker's 
formant in any or both of the speaking styles. LTAS was 
applied separately to portions of the recorded speech, by 
varying length. The reason for this is the sligthly varying 
character of different parts of the text. Under these 
conditions we consider it unwise to completely rely on the 
averaged measures for longer portions of speech, without 
giving justice to any local deviations. 

Figs 1 and 2 presented in this paper will merely serve as 
examples of the different strategies employed by the 
speakers, producing identical pieces of text in two different 
speaking styles. – We apologize for the poor quality of 
these graphs! Due to technicalities we had to settle for these 
in our paper, but for those interested we may offer better 
and more detailed diagrams electronically, on demand. 
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revious study [15] analysis was made of f0-range as 
s –distribution for the same speakers. Since the data 
ir respective fundamental frequency utilization will 
e an important background for interpretation of the 
t data from LTAS analysis, those will be given here: 

ct B (cf Fig.1) in her 'on-stage style' has an effective 
ge of 150-290 Hz. Mean f0: 222 Hz , Mode: 169 Hz. 
 her 'close-range style' she has an effective range of 
80 Hz. Mean f0: 185 Hz , Mode: 188 Hz. 

ct G (cf Fig. 2) in her 'on-stage style' has an effective 
ge of 130-270 Hz. Mean f0: 186 Hz , Mode: 155 Hz.    
 her 'close-range style' she has an effective range of 
60 Hz. Mean f0: 195 Hz , Mode: 160 Hz. 

: LTAS analysis diagrams for speakers B and G , 
cing identical pieces of text (approx 2 min) in the two 
nt speaking styles: 'on-stage' & 'close-range'. 

 

 Subject B. On-stage (upper), Close-range (lower) 

 

 Subject G. On-stage (upper), Close-range (lower) 

4. DISCUSSION 

esults must be regarded separately for each subject. 
o speakers are behaving somewhat differently, with 

t to their fundamental frequency utilization and their 
nt levels, as well as in the ways the differentiate 



between the two speaking styles. Subject B has higher f0 
values altogether ; her fundamental frequency distribution 
is different from subject G, and the two women appear to be 
using quite different speaking strategies on the whole. 
While subject G might be compared to an alto singer, as far 
as her vocal register is concerned, subject B would be more 
of a soprano. According to musical voice research [10, 11] 
sopranos do not make use of a singer's formant, due to their 
very high f0 and a subsequent scarceness in their overtones. 
They seem to employ some other strategy to obtain a 
carrying voice. This may be a possible explanation for the 
different strategies displayed in the results for our two 
subjects in this study. 

Subject G shows a much greater difference in overall 
intensity between the two styles; as well as via more than 
one extra peak in the higher frequencies, not only between 
2-3 kHz (in the same range as the singer's formant), but in 
two additional frequency ranges: one at 4-5 kHz, and one at 
5-6 kHz. These findings are intriguing, even if there is no 
risk for conflict with any linguistic demands at those levels. 

Further analysis will be made on this material, in order to 
reveal possible conflicts between the need for a generally 
enhanced speaking style, on the one hand, and appropriate 
linguistic signalling, on the other. 
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