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1.

Introduction: research framework
and questions

1.1. Introduction
In the Rikbaktsa language, 'I' (first person singular) is expressed by two distinctly
different words by women and men: 'ikiza' is used by female speakers to refer to
themselves, whereas male speakers use 'uta' to do so (Wieseman 1986:360).1 Such a
lexical marker has nothing to do with voice quality (the subject of this thesis) but it
does illustrate that speech communication between people is linked to their identity,
and in this case their gender.
Voice quality is related to gender characteristics of speakers, although in a
different way than in the Rikbaktsa example. In Rikbaktsa, women and men are
obliged to use different words for self-reference; it reflects their membership of the
female or male group. Such strict categorial differences do not exist in the field of
voice quality and gender. Most people can reliably tell whether a voice belongs to a
man or a woman. However, it is not so self-evident precisely what the differences
are. The impression that men generally have a lower voice than women is probably
shared by the majority of listeners. Phoneticians will point out in addition the
difference in formant frequencies of vowels of women and men.2 Previous research
showed that, apart from a lower voice, men have a more creaky and tense voice than
women have (e.g. Van Rie 1993; Tielen 1992)3. However, these differences indicate
differences in the average voices of men and women; for both sexes the voice can
be e.g. high or low, fast or slow, harsh or not harsh, loud or soft, tense or not tense.
Women and men have the option to vary their voice quality in which case they will
sound more similar (a woman with a low-pitched voice and a man with a highpitched voice) or more different (a woman with a high-pitched voice and a man with
a low-pitched voice) depending on the direction this variation takes. The sex of the
speaker, therefore, cannot predict exactly what her/his voice will sound like, in
contrast to the pronoun 'I' in Rikbaktsa, which is unequivocally coupled to the
female/male difference.
In Rikbaktsa, the difference between male and female individuals is the
sole basis for the different use of self-reference terms. However, for voice quality
this is not the case. In addition to the female/male difference, voice quality is also
influenced by social context. It denotes not only the biological female/male
difference, but also socio-culturally constructed differences in femininity / masculi1

Rikbaktsa is spoken by approximately 800 speakers in Brazil.
Formants "represent the acoustic consequences of the changing shapes of the mouth and pharynx in
terms of the varying frequency-values of the resonances of the vocal tract." Laver (1994:103).
3
Previous studies on voice quality and gender are discussed more elaborately in chapter 2.
2
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nity. Characteristics of the voice stress the femininity and/or masculinity of
speakers. For instance, a woman who speaks with a high, smooth, husky, slow, and
soft voice consciously or unconsciously projects another gender image than a
woman who speaks with a low, rough, fast, and loud voice. Margaret Thatcher is
supposed to have had speech therapy to lower her voice, in order to sound more
authoritative and less feminine (Graddol & Swann 1989:38). Previous research
shows that voice quality variation has a strong effect on the way listeners perceive
the personality of speakers. Van Bezooijen (1995) studied gender associations of
listeners while they were listening to voices. She found that Dutch and Japanese
female speakers are perceived as shorter, weaker, more dependent, and more modest
when speaking at a high pitch than when speaking at a low pitch.3
A study of voice quality and gender will have to take into account the
gender influence, both of belonging to the group of females or males (biological
gender influence) and of masculine and feminine connotations of voices (social
gender influence). In the past, the combined influence of these aspects has not
received much attention. Most studies have restricted gender to the female/male
difference, and have concerned themselves with mapping out the differences in
voice quality between these two groups, thereby incorrectly treating voice quality in
the same way as the categorial phenomenon of self-reference in Rikbaktsa. Social
gender influences on voice quality have been addressed on a limited scale through
attribution studies, i.e. attributing personality traits to speakers on the basis of their
voices. These studies generally focussed on the differences in attributions to male
and female speakers, thus again referring to the dichotomous biological sex
difference.
The present study aims to provide a more complete picture of the
relationship between voice quality and gender. First, both biological and social
gender aspects will be incorporated into the research. Social gender is
operationalised as gender identity, i.e. the extent to which gender-prototypical
behaviour, thoughts, or feelings are part of a person's identity (explained further in
sections 1.3.4 and 3.3). The influence of the biological female/male difference and
socially constructed connotations of femininity/masculinity on voice quality will be
considered simultaneously. Second, both the perspectives are employed of
describing voice quality differences (between female/male and feminine/masculine
individuals) and of having personality traits attributed to speakers. A combination of
these perspectives provides information about which aspects of gender are important
at what point in the communication process (see further section 1.4).
The speech data for this study are taken from 30-minute interactions
between pairs of speakers. These naturalistic data correspond much better to real-life
conversations than data collected through reading tasks or interviews. Conclusions
about the relationship between voice quality and gender based on the speech
behaviour of participants in the recorded interactions therefore reflect this
relationship in real life better than conclusions on the basis of read speech or
interviews. The nature of the interactions is described in chapter 3.
In order to be able to study the relation between voice quality and gender
more completely from different perspectives, the theories, methodologies, and core
concepts in the present study are taken from four fields: sociolinguistics, phonetics,
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gender studies, and social psychology. The basic theoretical background is
sociophonetic (a combination of sociolinguistics and phonetics), because the
research attempts to establish a relation between social variables and speech
variables. An appropriate definition of 'gender' will be taken from the field of gender
studies. Social psychology contributes the theoretical construct of 'identity', and the
experimental paradigm of 'attribution studies'.
The rest of this chapter is structured as follows. First the two core concepts
of this study are discussed, voice quality in section 1.2, and gender in section 1.3.
Section 1.4 explains the research model according to which this study is structured.
Section 1.5 identifies the questions that will be addressed in this study. The chapter
concludes with an overview of the structure of this thesis in section 1.6.
1.2. Voice quality research
In the field of voice quality research, the phoneticians Laver (1980; 1994) and
Abercrombie (1967) have developed the most influential theory. Voice quality is the
ensemble of properties in a person's speech that allows a listener to recognise the
voice as belonging to a unique individual. Laver (1980:1) defines it as "the
characteristic auditory colouring of an individual speaker's voice". It involves "those
characteristics which are present more or less all the time that a person is talking: it
is a quasi-permanent quality running through all the sound that issues from the
mouth" (Abercrombie 1967:91). Examples of voice quality characteristics are
breathiness, creakiness, harshness, nasality, pitch, and loudness.
Within sociophonetics, the variation in voice quality in relation to gender is
described by means of acoustic measurements and perceptual descriptions by
phoneticians or phonetically naive listeners. The majority of research has
concentrated on biological gender differences in pitch (mean, range, and variation)
(e.g. Tielen 1992; Van Rie & Van Bezooijen 1995; Krook 1988). Much more
sporadically, characteristics such as breathiness, creakiness, harshness, loudness,
and tempo have been studied (e.g. Henton & Bladon 1985; Van Rie 1993;
Kraayeveld 1997). An extensive overview of this research is given in chapter 2.4
Voice quality differences related to social gender have been largely ignored. An
exception is the research by Tielen (1992), who studied the differences in perceptual
descriptions of voice and pronunciation characteristics for male and female
representatives of three profession categories that differ in the number of men and
women working in them: nurses (more women), managers (more men), and
information agents (equal distribution). The female managers and male nurses had
the most divergent voices compared to same-sex speakers from the other
professions, a result that points to the gender-markedness of these two groups.
Within social psychology, the relation between voice quality and gender is
studied through attribution studies: the attribution of personality traits by listeners to
4

The lack of attention paid to studying the relation between voice quality and gender at large is reflected
in the various textbooks in the fields of phonetics and sociolinguistics; the relation between voice quality
and gender is not mentioned (Holmes 1992; Hudson 1996), only the possibility of research in this area is
mentioned (Laver 1994:425), or only a small selection of voice quality characteristics is named
(Chambers 1995:107; Boves & Gerritsen 1995:217, Rietveld & Van Heuven 1997:318).
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speakers on the basis of their voices. In most studies, the relation between gender
and voice is only implicitly made. The majority of studies did not aim to explicitly
research gender differences; they just happened to include both female and male
speakers in the sample, with the result that comparisons between the two biological
gender groups could be made (e.g. Brown, Strong & Rencher 1974; Scherer 1978;
Pittam 1987). However, the personality traits that the listeners had to judge, were not
specifically selected to be relevant for social gender purposes, i.e. they did not
purposefully include gender-related traits. An exception is the study of Van
Bezooijen (1995) about differences in the evaluation of mean pitch of Dutch and
Japanese female speakers by Dutch and Japanese listeners. She had the listeners
judge gender-relevant personality traits, such as dependent, tall, strong, and
arrogant. An overview of relevant attribution studies is given in chapter 2.
Considering the fact that previous research can be seen as biased (i.e.
predominantly about pitch, and predominantly concerned with biological gender
differences) and not very systematic, the conclusion is warranted that the relation
between voice quality and gender has been studied far from exhaustively.
1.3. Theories of gender
Language and gender research is carried out against a wide range of theoretical
backgrounds: linguistics, gender studies, anthropology, psychology, sociology,
etcetera. Within these fields, often more than one research paradigm exists. Needless
to say then, there is not one theory that is subscribed to by all language and gender
researchers. Researchers' points of view are closely connected to their theoretical
background and the methodological path their research takes. The present section
outlines some of these theories, in addition to which the view on gender in the
present study is presented. The purpose of this section is to provide background
information about the study of (language and) gender, and to specify the position of
the approach taken in the present study within the entire field. This section is
structured as follows:
• First, theoretical ideas about gender within the field of gender studies are
described, thus introducing some rather abstract basic concepts.
• Second, theories about language and gender within the field of sociolinguistics
are summarised. These theories are concerned with language in a broad sense:
not speech per se but also phonology, morphology, and syntax.
• Third, the relation between gender and voice in the field of phonetics is
discussed. This section deals explicitly with voice and voice quality in relation to
gender.
• Fourth, an account is given of how gender is defined and theorised about in the
present study. For the present research context, relevant and irrelevant ideas
about gender from the previous three sections will be identified, and will be
supplemented by a view on gender identity.
1.3.1. Gender studies
The term gender was introduced as a reaction to the essentialist way of thinking that
femininity and masculinity are determined by biology, and thus are fixed by nature.
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The distinction between the sex we are born with ('nature') and the gender we
acquire ('nurture' or 'culture') is said to have been made first by Oakley in 1972
(Jackson 1998; Brouns 1995). Oakley defined sex as "the anatomical and
physiological characteristics which signify biological maleness and femaleness" and
gender as "socially constructed masculinity and femininity. Masculinity and
femininity are defined not by biology but by social, cultural and psychological
attributes which are acquired through becoming a man or a woman in a particular
society at a particular time" (Jackson 1998:133).
When sex is seen as a fixed biological division, and gender as acquired
masculinity and femininity, sex and gender are regarded as two relatively distinct
concepts. However, not every gender theorist subscribes to this view. Mathieu
(1996, summarised in Cameron 1997) identified three main paradigms for
conceptualising the sex/gender relationship:
1. HOMOLOGY This is the equivalent of the essentialist view that gender is
determined by sex. Biological differences between the sexes, such as
differences in hormone distribution and brain anatomy, directly influence the
behaviour of men and women. Socio-culturally associated differences, such as
the greater tendency for boys to be aggressive compared to girls, may be
acquired socially but are founded on the biological tendency for men to be
physically more aggressive than women.
2. ANALOGY Gender is a symbolic marker of sex. Gender roles are learnt in a
particular society at a particular moment in time. Therefore, gender is variable.
The socio-cultural roles of men and women can shift through history, or they
can vary from culture to culture, although the biological differences between
men and women remain the same. Oakley's definition of sex and gender given
above is an example of the symbolic nature of gender in relation to sex.
3. HETEROGENEITY Gender constructs sex. The biological sex distinction per se
does not have consequences for the social, economic, and political ordering of
women and men in distinct groups. Classifying people and ordering them into
groups is done for socio-cultural reasons. The significance of the sex difference
is brought about by the significance of gender in the organisation of our
societies. Gender shapes our ideas about biological sex. This viewpoint can be
exemplified by the way the biological difference between men and women has
been conceptualised in history. By examining philosophical and medical texts
from the Greeks to the 18th century, Laqueur (1990) shows that until the
eighteenth century men and women had a different socio-cultural status, but this
was not related to physical differences. He identifies a significant shift in the
eighteenth century from a 'one-sex' view of the body to a 'two-sex' view. In the
earlier view, the female body was seen as an inferior version of the male body
(e.g. the female sexual organs were less developed and internally situated
versions of the male sexual organs), whereas after the shift the female body was
regarded as a distinct biological entity. Laqueur claims that the new way of
looking at female and male bodies is related to socio-cultural transformations at
the time in the lives of women and men: the biological body becomes a social
construct.
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The views expressed in these paradigms are all of a rather abstract nature. Theories
with regard to the relation between language and gender cannot be directly derived
from them. However, the views mentioned above (apart from the strict essentialist
position) emphasise one important point: gender is not a fixed dichotomy, it is
variable. There is not a strict division into two separate and unchangeable gender
groups, not on a socio-cultural level and not on a biological level. Socially, the
interpretation of gender is subject to change over time (gender roles in the 19th
century or even a few decades ago are different from gender roles now) and between
cultures (gender roles in eastern countries differ from those in western countries).
Biologically, the way in which the distinction between female and male bodies is
conceptualised changes over time (cf. Laqueur 1990). Moreover, the existence of
intersexed individuals (women and men with additional sexual organs of the
opposite sex) points to the hazy boundaries of the two prevailing sexual categories.5
The variability of gender is a central concept in the present research.
1.3.2. Sociolinguistics
The example at the beginning of this chapter, the different words for 'I' used by
women and men in Rikbaktsa, reflects an absolute language difference between the
sexes. Absolute language differences are those differences where women always use
a different language form from men. However, the differences with which
sociolinguistics is mostly concerned are gradual, i.e. differences in the extent to
which a specific language form is used by women and men. For instance, Brouwer
(1989) studied the use of the standard Dutch variants of amongst others /a/, /e/, and
/o/ versus their non-standard Amsterdam dialect counterparts by women and men
from Amsterdam, and found that women use the standard Dutch variants more often
than men, whereas men use the Amsterdam dialect variants more often.
Before sociolinguistics became concerned with language and gender,
several scholars had made observations about language differences between men
and women. These differences were seen as an inevitable result of the innate
differences between men and women (cf. the essentialist and homologic view on
gender in the previous subsection). In his book on language, Jespersen (1922)
devotes a whole chapter to 'The Woman' (note that there is no such chapter on 'The
Man'). Also Van Ginneken (1913) reserves a separate chapter for the language of
women. Both agree that women use language differently than men (e.g. less coarse,
less vivid, with fewer words and shorter and less complicated sentences) because
their minds are more vacuous than those of men and work differently.
The starting point of sociolinguistic research into language and gender is
often linked to the anecdotal observations of language differences between men and
women by Lakoff (1975). Her introspective remarks about gender differences in
word choice in the areas of e.g. requests, curses, and modifiers have started a host of
systematic sociolinguistic studies. Theoretically, the research in these last decades
can be divided into four paradigms:

5

Fausto-Sterling (1993) indicates that "intersexuals may constitute as many as 4 percent of births".
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1. Deficit
This approach is mostly associated with Lakoff (1975). In the deficit model, women
are seen as disadvantaged speakers. Because of their gender-role socialisation, they
have learnt to use language forms that communicate uncertainty, such as tag
questions (“isn’t it?”).
2. Dominance
The context of this viewpoint is the second feminist wave in the 1960’s. In the
dominance approach language differences between men and women are related to
power. In society at large, women are in a subordinate position compared with men:
they have less access to political and economic resources, and therefore hold a less
powerful social position than men do. This less powerful position is reflected in their
language use. In interactions, women and men interact along the lines of a
powerful/powerless dimension. Women’s speech connotes tentativeness, deference,
and lack of authority. An example of research conducted within this framework is
Zimmerman & West (1975). They found that men interrupted more frequently than
women and that women were interrupted more frequently than men were, and they
related this to power.
3. Difference
The difference model is a reaction to the deficit and dominance models. In the
deficit model, male speech behaviour is regarded as a norm from which women
deviate. In the dominance model, the speech style of women is not valued in its own
right, but instead compared with that of men and then regarded as powerless. In the
difference approach, language differences between women and men are explained
by analogy to cultural differences. When growing up, boys and girls interact mostly
in single-sex peer groups, and that is where they learn their conversational strategies.
The structure of these groups differs: boys form hierarchical groups in which
competition is important, girls have more equally organised groups which are more
directed towards co-operation. This difference in structuring is reflected in language
behaviour: the language of boys is more competitive and assertive (e.g.
interruptions, attempts to gain the floor), whereas the language of girls is more cooperative and supportive (e.g. using hedges, aim towards equal speaking turns).
Female and male speech is of equal value, but different because of the socialisation
of boys and girls in different subcultures. Maltz & Borker (1982) provide an
example of the difference approach: they state that men and women possess
different conversational rules which cause miscommunication between the sexes,
e.g. women regard questions as part of conversational maintenance, whereas men
see them as requests for information. The advice books by Tannen (e.g. 1990), about
how women and men can learn to understand each other’s different communication
strategies, are popularisations for the greater public of the difference approach.
4. Construction
The construction approach is the most recent view on language and gender. The
issues that the dominance and difference models raise are still seen as important, i.e.
the influence of inequality of power in interaction, and the equality of male and
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female speech styles. However, the research questions asked in the field of language
and gender take a different direction.
Cameron (1995:39) states that the earlier approaches produce
“overgeneralization (men do this, women do that) and stereotyping (men are
competitive, women are co-operative)”. According to Cameron, this is caused by the
fact that gender is seen as fixed. Linguists have tried to answer the question: ‘What
are the language differences between men and women?’. The differences are then
related to the inequality between the sexes, or their different socialisation. The basic
premise of this approach is that socialisation and social structures are fixed and
invariable.
In contrast, according to the construction approach people’s identity as
female or male is constantly being constructed by their behaviour, including their
linguistic behaviour. Gender is not seen as an attribute, but as an activity or
performance. Women’s language and men’s language do not exist. Instead, specific
speech styles are associated socio-culturally with masculinity and femininity, and by
employing them speakers assert themselves as gendered subjects. The research
question to be asked then becomes: ‘How do individuals use linguistic resources to
produce gender differentiation?’.
Two core ideas of the construction approach are expressed by Eckert &
McConnell-Ginet (1992:461) as “think practically and look locally”. By 'thinking
practically' they mean that research should concentrate on linguistic practices,
activities, acts, which construct relations between and within the sexes. 'Looking
locally' means that the context of language behaviour is important. Global
statements about the language of women or men are not possible, because women
and men do not constitute two homogeneous and coherent social groups. The
relations between people are also defined by other characteristics, such as being a
mother, a neighbour, a co-worker, and being of a certain age, and this also
influences language behaviour. All aspects of context have to be taken into account
when interpreting language behaviour.
In line with this argument, Eckert (1989:246) has pointed at the
incompatibility of conducting research on the social variable gender and at the same
time operationalising this as the biological sex difference: "Although differences in
patterns of variation between men and women are a function of gender and only
indirectly a function of sex […], we have been examining the interaction between
gender and variation by correlating variables with sex rather than gender differences.
[…] As a result, […] researchers […] tend to fall back on unanalysed notions about
gender to interpret whatever sex correlations emerge in the data […]". However,
what has to be related to language variation, in her opinion, is the construction of
gender in that community, and how language behaviour contributes to that. In
addition, Eckert (1989:247) states that “there is no apparent reason to believe that
there is a simple, constant relation between gender and variation”.
An important point of criticism against the constructionist approach is that it denies
most people's experience of reality that the world is divided dichotomously into men
and women. As Coates (1997:126) puts it: "While we need to avoid crude binary
oppositions in our analysis of gender-related patterns of talk, we should also
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remember that we belong to societies where the hegemonic ideologies represent
gender as binary […] We as actors actively engaged in the construction of our social
world inevitably perform gender in our daily interactions as either 'being a woman'
or 'being a man'. Even when we attempt to subvert the dominant patterns, our
performance will usually be read in an either/or way, that is, as doing either
masculinity or femininity, but not something other".
Holmes (1996; 1997) noted the effect that the constructionist approach has
had on the methodology of sociolinguistic language and gender research.
Quantitative research methods have had to make way for qualitative methods, in
which the contextualized construction of gender through conversation can be
analysed utterance by utterance. Holmes regards the devaluation of quantitative
research as not entirely justified by the notion that the meaning of language
behaviour with regard to gender can only be established within a particular social
context. She has “no argument with this in terms of inherently meaningful structures
such as tag questions, imperatives, or pragmatic particles. […] But this argument
cannot hold for the level of sound. Sounds gain their social significance from their
contribution to a wider pattern in the sociolinguistic system. Without quantitative
research, we cannot identify that contribution. […] The social significance of the
choice of a particular sound is rarely inferable from an isolated example. It is the
contribution the sound makes to an overall pattern which is important […].”
(Holmes 1996:316). Qualitative research needs an interpretative framework that is
derived from the language norms for particular social groups. “Distributional norms
need to be established so that it is possible to explain how a particular use achieves
its effect” (Holmes 1997:317). In Holmes’ view, qualitative and quantitative
research supplement each other.
The relevance of the construction approach for the present research lies in the
observation that the operationalisation of gender should incorporate social gender
differences instead of biological ones. However, the present research cannot be
conducted from a constructional paradigm. The reason for this is the specific nature
of the phonetic voice quality variables under study, which will be discussed in the
next section.
1.3.3. Phonetics
Two perspectives are important with regard to voice quality variation and gender:
• A distinction is made in anatomical and social influences on voice quality. The
anatomical build of speakers largely determines their voice quality. In addition,
social notions about gender influence the way in which people speak.
• Variation in voice quality is found between men and women, but also within
these two groups a wide range of variation exists in pitch level and other vocal
attributes; both men and women can use a high or low voice, rough or smooth
voice, slow or fast way of speaking, etc.
These two perspectives combine into four sources of voice quality variation with
regard to gender. Examples of these four sources are:
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ANATOMICAL DIFFERENCES BETWEEN THE SEXES On average, women have a
smaller larynx and vocal tract than men, and therefore a higher pitch and higher
vowel formant frequencies.
2. ANATOMICAL DIFFERENCES WITHIN THE GROUPS OF WOMEN AND MEN An
individual, whether woman or man, with relatively large vocal cords tends to
have a lower pitch than a person with relatively small vocal cords.
3. SOCIAL DIFFERENCES BETWEEN THE SEXES Graddol & Swann (1989:18) point to
the fact that the voices of boys and girls already differ in pitch and formant
frequencies (vocal tract resonances) before they develop sex-specifically in
puberty. Speakers consciously or subconsciously aim to produce the appropriate
biological gender voice.
4. SOCIAL DIFFERENCES WITHIN THE GROUPS OF WOMEN AND MEN Pitch, and voice
quality in general, are culturally variable. Van Bezooijen (1995) shows that
Japanese women have a higher pitch than Dutch women, which she relates to
the universal association of high pitch with attributes of physical and
psychological powerlessness, and a preference for high pitch for women in
Japan and a medium or low pitch for women in the Netherlands. Within one
culture, Tielen (1992) shows that the voices of female managers and male
nurses differ from the voices of men and women in other professions (section
1.2).
Because voice quality variation has both biological and social sources, the
distinction between sex (the biological difference) and gender (the socially
constructed difference) as formulated by Oakley (cf. the section on gender studies)
is relevant for its analysis. For some phonetic variables such as pitch, the sex
difference defines the borders of possible variation within the sexes. Because of
anatomical reasons, the mean pitch of female speakers varies roughly between 170
and 210 Hz, whereas that of male speakers varies roughly between 90 and 140 Hz:
variation in the means is possible but limited. As was pointed out earlier, the
variation within a group of female or male speakers can be caused by anatomical
differences between speakers or the influence of the socially constructed difference
of gender. However, this latter influence should not be exaggerated. For a person
whose anatomical build allows her to speak around an average of 210 Hz, it will
require a considerate amount of effort to maintain a lower pitch level around an
average of 170 Hz while speaking. Therefore, the influence of the social gender
component can be seen to modulate the pre-existing differences between speakers
caused by their anatomical differences. In the field of phonetics it is not possible to
state that only the social component of gender, and not the biological part,
determines language and speech, as was maintained in the sociolinguistic
construction approach.
Although the distinction between biological differences and social
differences with regard to the voice has been made in phonetics, this has not
influenced the operationalisation of gender. Gender is still represented by the two
distinct biological categories male/female. The variation existing within the gender
groups, and the variation caused by the modulation of the voice due to socio-cultural
reasons, is difficult to address in this way. The research that has looked into this,
mostly aims at finding differences across cultures, e.g. examining the pitch levels of

IN T R O D U C T IO N : R E S E AR C H F R A M E W O R K AN D Q U E S T IO N S

11

speakers of different cultures (Van Bezooijen 1995) or examining pitch levels of
speakers when speaking different languages (Ohara 1999). Voice quality variation
within one culture and one language caused by sociocultural gender influences has
hardly been addressed (an exception is Tielen (1992) mentioned earlier). The present
research aims to include all four sources of variation mentioned at the beginning of
this section, i.e. variation caused by biological and social gender influences both
between and within the two biological gender groups.
1.3.4. Gender in the present research
In the previous sections, I argued that gender is not a fixed dichotomy; it is variable
(gender studies). Moreover, it is important not to operationalise gender as a
biological sex difference, when in fact social differences are studied
(sociolinguistics). In addition, all sources of voice quality variation with regard to
gender have to be taken into account (phonetics), i.e. biological and social gender
differences between and within the sexes.
In this study, the terms biological gender and social gender will be used to
refer to the anatomical and physiological characteristics that signify biological
maleness and femaleness (biological gender) and socially constructed masculinity
and femininity (social gender) respectively. Biological gender is operationalised
simply by asking the participants in the research to indicate whether they are male or
female. To operationalise social gender, the notion gender identity is used.
The term gender identity was introduced by Goffman (1977:304): "In so far as the
individual builds up a sense of who and what he is by referring to his sex class and
judging himself in terms of masculinity (or femininity), one may speak of gender
identity". The notion gender identity is based on a prototypical concept of gender.
Individual persons can comply with the feminine or masculine prototype to a greater
or lesser extent. Someone is prototypically feminine if s/he has certain
characteristics that agree with the characteristics of most of the other feminine
members of the social group. The same applies to masculinity, of course. Fischer,
Van Frankenhuyzen, Rojahn & Willemsen (1993:304) state: "What we define as
masculine or feminine is a sliding scale and dependent on cultural prototypes, that
form a common denominator to which all variations of masculinity and femininity
are related" (my translation). The extent to which a person's identity is prototypically
feminine or masculine depends on her/his socialisation as a child, plus the way s/he
develops as an adult in interaction with the outer world. Prototypes are used to assert
ourselves as feminine or masculine persons, but they are also used to judge the
behaviour of others as masculine or feminine.
Gender identity provides a means to assess the social gender characteristics
of speakers. The prototypical views behind it ensure that the variability of gender
can be captured. After all, individuals differ in the extent to which they conform to
the masculine and feminine prototypes. In addition, gender identity is independent
of biological gender: both men and women can have characteristics of both the
masculine and feminine prototypes. Willemsen & Fischer (1996; 1997) have
developed a questionnaire for the Netherlands that measures gender identity, i.e. the
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extent to which gender-prototypical behaviour, thoughts, or feelings are part of a
person's identity. The questionnaire is discussed elaborately in section 3.3.
Gender identity has been useful in the past to explain variation in language
behaviour between the sexes or within the groups of female and male speakers.
Drass (1986) investigated interruption behaviour in same-sex dyadic interactions.
She measured the gender identity of all participants by means of a questionnaire. For
both female and male speakers she found that the more masculine their gender
identity, the more likely they were to interrupt their interaction partner.
Gender identity has been related previously to voice quality by Smith
(1985).6 Smith had 200 subjects indicate what they thought were masculine and
feminine personality traits, and to what extent they had these traits themselves. He
selected eight speakers (four men and four women) with widely ranging gender
identities (e.g. very feminine, very masculine, not feminine, not masculine). A group
of listeners was asked to indicate on the basis of the speakers' voices what
personality traits they attributed to the speakers. The self-assessed gender identity by
the speakers and the attributed gender identity by the listeners correlated well
(correlations between .65 and .81). On the basis of speech alone, listeners seemed to
form valid impressions of speakers' gender identity. Smith did not identify specific
voice quality characteristics that could have been responsible for the results. Instead,
he refers to the impression of the voice in its entirety. In the present research,
however, such specific voice quality features will be analysed.
1.4. Research model
Already, a few studies have been mentioned that looked at the relation between
voice quality and gender. These studies can be categorised according to their
methodology:
• Acoustic measurements, such as Van Rie (1993) and Tielen (1992). These
studies describe the voice quality variables acoustically.
• Perceptual descriptions, such as Van Rie (1993) and Tielen (1992). These studies
describe the voice quality variables through the ears of trained or untrained
listeners (expert phoneticians versus phonetically naive listeners).
• Attribution studies, such as Van Bezooijen (1995). These studies list the
personality traits that listeners associate with specific voice quality variables.
Typically, listeners hear a voice and have to indicate which personality traits the
speaker has and to what extent.
Each of these perspectives provides a different view on the relation between voice
quality and gender. The acoustic measurements indicate the effect of gender on the
actual speech signal, the perceptual descriptions indicate the relation between gender
and how speech is perceived by listeners, and the attribution studies indicate the
inferences made by listeners of the personality of the speaker in terms of gender.
6

Smith (1985) also gives an thorough account of the instruments that have been used in the past to
measure masculinity and femininity, and the methodological problems involved. For an overview see
chapter 5 in his book.
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All three perspectives are interesting in themselves, and provide insight into
how gender is related to voice quality. However, a combination of these perspectives
provides valuable additional information. For instance, it is possible that acoustic
measurements do not indicate a relation between gender and a specific voice quality
feature such as loudness. On the basis of that information alone, one would then
conclude that loudness has no relation with gender. However, it is possible that a
perceptual description by naive listeners would reveal a difference with regard to
gender, and that an attribution study would show that a number of gendered
personality traits were associated with loudness. This would lead to the more
interesting conclusion that the loudness differences could not be measured in the
speech signal itself, but were perceived by listeners and were associated with
personality traits. The opposite is also possible: a loudness difference is measured
acoustically, but is not perceived by listeners, and is not associated with differences
in gendered personality traits. To summarise, speech can have masculine or
feminine connotations without being based on actual differences in the speech of
women and men, or differences can be present which do not evoke connotations in
listeners. Therefore, combining the perspectives presents us with a more complete
picture of the exact way in which gender is related to voice quality.
In the present study, acoustic measurements, perceptual descriptions, and
attributions are all included. For a discussion of the relations between these types of
perspectives a framework is needed which indicates the coherence between them.
This coherence was found in the model of impression formation by Scherer (1978;
1979).
Scherer's model was designed to study systematically the inference of
personality from voice. He states that an impression of a person is based largely on
the observation of non-verbal behaviour, both vocal (e.g. pitch, intonation, pausing),
and non-vocal (e.g. facial expression, body movement). His aim was to investigate
the accuracy of the voice-based personality judgements. Most other research in that
field had concluded that those judgements were largely stereotyped and inaccurate.
Scherer attempted to improve on the methodological shortcomings by introducing a
model of the inference process based on the Lens Model from the judgement
analysis theory of psychologist Egon Brunswik (Cooksey 1996). A simplified
version of Scherer's model is given in Figure 1.1.
perceptual
representation

externalisation
traits

cues

inference
percepts

attributions

Figure 1.1
A simplified version of the model of impression formation as formulated by Scherer (1978;
1979).
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The model in Figure 1.1. is applicable to more aspects of behaviour than vocal
communication. However, for the sake of clarity the stages of the model will be
described for vocal communication only and specifically in the context of gender.
• A speaker has specific characteristics, e.g. his or her gender. This is indicated by
the term traits in Figure 1.1. These traits can be assessed by a questionnaire that
is filled out by the speaker.
• The speaker-specific traits are externalised through speech behaviour. The
speaker expresses his or her gender through vocal communication. This may be
intentional or unintentional.
• The externalisations are called cues, e.g. pitch height or the amount of
breathiness. These cues can be assessed by measuring them acoustically in the
speech signal, or by having expert phoneticians judge them objectively.
• The cues invoke a perceptual representation in listeners. The speech signal is
heard, processed in the brain, and understood.
• The results of the perceptual representation are percepts, e.g. the impression of
voice height or the amount of breathiness by the listener. These percepts can be
assessed by judgements by phonetically naive listeners.
• On the basis of the percepts, personality characteristics of the speaker are
inferred. The listener associates specific percepts with specific traits, e.g. a high
pitch with femininity.
• The percepts lead to the inference of gender attributions, e.g. the listener thinks
the speaker is feminine because of her high pitch. These attributions can be
assessed by having listeners judge the personality traits of the speakers on the
basis of listening to their voices.
In this description of Scherer's model, the three perspectives identified above, i.e.
acoustic measurements, perceptual descriptions, and attribution studies, are all
included and linked in a coherent way. Figure 1.2 is an implementation of the model
of Scherer for the purposes of the present research. Throughout this thesis, Figure
1.2 is the model that will be referred to as the framework for this research.
The model in Figure 1.2 has five stages that represent, from left to right:
I
The speaker characteristics 'biological gender' and 'social gender' as
obtained from the speakers through self-assessment (the traits in Scherer's
model in Figure 1.1).
II
Voice quality descriptions through acoustic measurements (the first
assessment of the cues in Scherer's model).
III
Voice quality descriptions by expert listeners through perceptual ratings
(the second assessment of the cues in Scherer's model).
IV
Voice quality descriptions by naive listeners through perceptual ratings (the
percepts in Scherer's model).
V
Social gender attributions by naive listeners through perceptual ratings (the
attributions in Scherer's model).
The differences between the model of Scherer in Figure 1.1. and the present research
model in Figure 1.2 is that in Figure 1.2 the arrows between the different stages have
been left out, and that the second stage of Scherer's model ('cues') has been split up
into two separate stages (II and III).
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IV

REPRESENTATION

biological and
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speakers

III
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naive

naive

perceptual
ratings

Figure 1.2
The framework of the present research. This model is an implementation of the model for
impression formation by Scherer (1978; 1979). This Figure summarises the various stages of
the present research and gives an overview of the different perspectives (acoustic
measurements, perceptual descriptions, attributions) that are incorporated.

The five stages of the model in Figure 1.2 are divided into three categories: identity,
representation, and impression. Stage I describes speakers' biological and social
gender identity. Stages II through IV are a representation of voice quality
characteristics through various descriptions. Stage V describes listeners' voice-based
social gender impressions.
The three ways of describing the voice quality characteristics differ in the degree of
influence of the social context on the description. Acoustic measurements have a
maximal correspondence with the speech signal. However, they do not have an
unambiguous one-to-one relation with perceptual speech impressions by listeners.
For instance, fundamental frequency can be regarded as a fairly good representative
of the perceptual impression of pitch, but the degree of spectral tilt might be an
indication of a wider range of voice quality features such as whisperiness,
creakiness, tension, and loudness (section 4.2.2). For acoustic measurements, there
is minimal certainty that what is described is what listeners actually perceive. The
acoustic measurements are produced largely automatically by computer; the results
are not influenced by listeners' impressions.
For the voice quality descriptions by naive listeners, maximal influence of
social context is expected. Phonetically naive listeners are not experienced in
describing voice quality. Therefore, their descriptions might not correspond with
voice quality definitions and categories of phonetic theory. Their descriptions are a
reflection of the layperson's ideas about voices, on the one hand with regard to voice
quality itself (e.g. pitch and loudness will be rather familiar concepts, breathiness
and nasality may be less clear), and on the other hand with regard to their
impressions of how people of a certain gender, age, or social group (should) sound
(e.g. women speak with a high and shrill voice, older people speak with a slow,
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trembling voice). Both their lack of experience and their (stereotypical) ideas about
speakers may influence their descriptions, but in doing so, the descriptions will give
an accurate image of what listeners perceive in normal life.
The expert descriptions are in between the acoustic measurements and the
naive listeners' descriptions with regard to the influence of social context. Expert
listeners are trained in describing voice quality in the context of phonetic theory, so
their descriptions will reflect those theoretical notions. However, because they are
also human, their knowledge of stereotypical and/or actual voice quality differences
between persons of a certain gender, age, or social group might influence their
ratings. Because of their training, the latter influence is expected to be much less
than with phonetically naive listeners, but it cannot be ruled out entirely.
1.5. Research questions
The aim of this thesis is to clarify the relation between voice quality and gender, by
operationalising both biological gender and social gender (gender identity), and by
including different perspectives in the research (acoustic measurements, perceptual
descriptions, personality attributions). To study the relation between voice quality
and gender, three questions will be answered and the results related to one another:
1.

2.

3.

How is gender expressed in the voice, i.e. what is the relation between
gender (both biological and social) and voice quality from 'identity' to
'representation' in Figure 1.2?
Do speakers' gender characteristics correspond to listeners' voice-based
gender impressions, i.e. what is the relation between gender (both
biological and social) and voice quality from 'identity' to 'impression' in
Figure 1.2?
How does voice quality give rise to gender impressions, i.e. what is the
relation between gender (both biological and social) and voice quality
from 'representation' to 'impression' in Figure 1.2?

Question 1 is addressed in chapters 4, 5, and 6 through acoustic measurements,
perceptual voice quality descriptions by expert phoneticians, and perceptual
descriptions by phonetically naive listeners respectively (stages II, III, and IV of
Figure 1.2 in relation to stage I). In addition, in the first part of chapter 8 the three
descriptions will be compared for similarities and differences (stages II, III, and IV
related to each other). Question 2 is adressed in chapter 7, in which personality
attributions are related to the speakers' gender characteristics (stage V in relation to
stage I). Question 3 is adressed in the second part of chapter 8 as well as in chapter
9; in chapter 8 as regards the acoustic measurements, perceptual expert descriptions,
and perceptual naive descriptions (stages II, III, and IV in relation to stage V), and in
chapter 9 through an experiment using speech fragments in which pitch and tempo
are manipulated.
At the beginning of each chapter, specific research questions will be
formulated pertaining to the topic of that chapter. Results will be summarised and

IN T R O D U C T IO N : R E S E AR C H F R A M E W O R K AN D Q U E S T IO N S

17

related to each other in chapter 10, in order to reach a final conclusion about the
relationship between voice quality and gender.
1.6. Structure of this thesis
Chapter 2 discusses voice quality. Voice quality is defined within the framework of
the theory of Laver (1980; 1994). The selection procedure for the voice quality
features in the present study is explained. Next, all voice quality features are defined
perceptually, physiologically, and acoustically, and an overview is given of previous
research on the relation of gender and the voice quality feature at stake. The chapter
concludes with a summary of the voice quality features selected for further analyses
in the present research.
Chapter 3 first describes the selection of the speakers and their relevant
characteristics, such as gender, age, and level of education. Next, the way in which
their social gender was assessed is explained, i.e. their gender identity (stage I of the
research model). The questionnaire that was used is outlined, as well as the scores of
the speakers on this questionnaire. The second part of the chapter concerns the
speech material that was collected. The recording procedure and speech tasks are
described, as well as the reduction of this recorded speech material to the speech
fragments that were used in this study.
Chapters 4 through 7 reflect the stages II through IV of the research model presented
in section 1.4.
• Chapter 4 is the implementation of stage II: the acoustic description of voice
quality features in the speakers' voices.
• Chapter 5 is the implementation of stage III: the perceptual description by expert
listeners of voice quality features in the speakers' voices.
• Chapter 6 is the implementation of stage IV: the perceptual description by naive
listeners of voice quality features in the speakers' voices.
• Chapter 7 is the implementation of stage V: the attribution of gender-related
personality characteristics by naive listeners on the basis of the speakers' voices.
These four chapters are all structured along similar lines. First, the speech material
and the raters (when applicable) are described, and an account is given of the
descriptive categories and the description procedure. Next, results of statistical
analyses are presented and discussed, starting with the reliability of the descriptions
(if relevant) and some descriptive statistics. A factor analysis is provided of the
descriptions, which indicates a possible clustering of measures or scales. Next,
multiple regression analyses and discriminant analyses are used to relate the
descriptions to the speakers' biological and social gender characteristics established
in stage I of the research model. Multiple regression analyses give insight into
whether speakers' gender characteristics predict voice quality characteristics.
Discriminant analyses attempt to use the voice quality characteristics to classify the
speakers into gender subgroups. Each chapter ends with a discussion of the findings,
and relates these to the literature described in chapter 2.
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Chapter 8 is divided into two parts, which each investigates the relations between
the stages of the research model that have not been discussed yet.
• In the first part, the acoustic and perceptual voice quality descriptions of stages
II, III, and IV of the research model (chapters 4 through 6) are related to each
other, to see what they have in common, and if they can be related to each other
in a meaningful way.
• In the second part, the personality attributions of stage V of the research model
are related to the voice quality descriptions of stages II, III, and IV, to see if the
personality attributions can be predicted from the voice quality characteristics of
the speakers.
In chapter 9 an experiment is described in which speech fragments of which the
pitch and tempo characteristics were manipulated served as the trigger for
personality attributions. This experiment complements the correlational data of the
preceding chapters. The experiment is roughly similar to the second part of chapter
8, the differences being that manipulated speech was used, and only the personality
traits feminine and masculine were judged.
Chapter 10 discusses the combined results of chapters 4 through 9. The results are
used to answer the research questions formulated in section 1.4. In addition, general
conclusions are presented, and suggestions for further research are given.

2.

Voice quality

2.1. Introduction
The purpose of this chapter is to define voice quality and voice quality
characteristics as they are used in the present research and to provide an overview of
the relevant literature findings with regard to voice quality and gender.
The term 'voice quality' is defined in section 2.2. Although this definition
provides a framework for the type of characteristics to be looked at in this study, still
a wide variety of voice characteristics remains available to choose from. The
criterion for the eventual selection of characteristics from this range of possibilities
was that the characteristics should already have been related to gender in earlier
research. The goal of the present study is not to broaden the number of features
related to gender, but to deepen our knowledge of the known relevant characteristics
and to explore the relationships among them. The selection of characteristics is
described in section 2.3, along with the results of previous research. Section 2.4
contains some concluding remarks.
2.2. A definition of voice quality
'Voice quality' is a confusing term, because it is used for a variety of concepts.
Sometimes it refers to laryngeal qualities or a specific phonation type, e.g. breathy
voice, and sometimes it is used in a broad sense as the total vocal image of a
speaker, including for instance pitch, loudness, and phonation types. In the present
study, 'voice quality' is used in the latter sense. This definition was taken from the
work of Laver (1980; 1994), who defined, described and studied voice quality
characteristics. In turn, his work is founded on work by Abercrombie (1967). The
definitions and descriptions given here are in line with this theoretical framework.
Voice quality is described on the basis of two aspects: time frame and settings.
Time frame
The first notion that is important for our definition of voice quality, is the time frame
of the vocal characteristics. Voice features can be short-term, medium-term, or longterm. These three time domains have different functions attached to them: linguistic,
paralinguistic, and extralinguistic respectively (Laver & Trudgill 1979; Laver
1994:21).
• Short-term features signal linguistic information. They convey meaning through
the sequential ordering of phonological and grammatical units in larger
structures, i.e. consonants, vowels, words, and longer utterances. This has a
communicative and informative function. It is communicative, because it is
consciously used by the speaker to make the listener aware of something. It is
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informative, because it is used by the listener to infer information about the
speaker, regardless on the intention of the speaker.
• Features with a medium-term time frame have a paralinguistic function. They
convey the emotional state of the speaker (e.g. anger, happiness,
disappointment). For instance, anger can be communicated by using a harsh,
loud, and high voice. These features are indicated with tone of voice. Just as
linguistic features, paralinguistic features have a communicative and informative
function. But in contrast with linguistic features, they lack sequential structure:
the choice of tone of voice on a specific moment during speaking does not have
an obligatory relation with tone of voice on other moments.
• Long-term speech features are an indication of extralinguistic speech behaviour,
and consist of elements which are more or less permanently present in a
speaker's voice. An example is the mean pitch level a speaker tends to use. All
long-term voice features characterising a speaker's voice combined are called
her/his voice quality. Extralinguistic information is informative but not
communicative: the information is inferred by the listener irrespective of the
intentions of the speaker. On the basis of extralinguistic information a listener
attributes personality characteristics to a speaker and assesses age, gender, and
regional background. These may characterise the individual her/himself, or the
social/regional group s/he belongs to. Long-term voice characteristics are by
definition suprasegmental, i.e. "all factors which can potentially be prolonged
beyond the domain of the segment" (Laver 1994:152).
Settings
Abercrombie (1967) and Laver (1980) give the following definitions of voice
quality:
" The term "voice quality" refers to those characteristics which are
present more or less all the time that a person is talking: it is a quasipermanent quality running through all the sound that issues from the
mouth." (Abercrombie 1967:91).
"Voice quality is conceived here in a broad sense, as the characteristic
auditory colouring of an individual speaker's voice, and not in the more
narrow sense of the quality deriving solely from laryngeal activity. Both
laryngeal and supralaryngeal features will be seen as contributing to
voice quality." (Laver 1980:1).
In the above definition, Abercrombie intentionally uses 'quasi-permanent' instead of
'permanent'. He states that voice quality can be altered at will (Abercrombie
1967:94). Laver and Trudgill (1979) refine the concept of changeability when they
make a distinction between two types of long-term speaker-characterising voice
features: anatomically induced voice characteristics and vocal settings. The first
cannot be changed, the second are influenced by speakers.
• Anatomically induced voice characteristics arise from anatomical differences
between speakers. These differences can explain voice quality differences
between individual speakers or groups of speakers. For instance, in the case of
biological gender, the average differences in size and mass of the vocal cords of
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female and male speakers produce distinct differences in the average pitch levels
they use.
• Extralinguistic vocal settings can be defined as the way in which an individual
speaker habitually speaks. More specifically, settings are constituted by a
tendency for the vocal apparatus to maintain a given configuration over longer
stretches of segments. For instance, a speaker may habitually use a nasal voice
quality. The nasal characteristic then is shared by segments throughout her/his
speech. The difference between a linguistic use of nasality (on nasal sounds such
as /m/ or /n/) and a nasal setting is that in the latter case nasality is used on nasal
and non-nasal sounds.
The span of a setting can range from short-term, via medium-term, to long-term.
A short-term, linguistic example of a setting is co-articulation, when, for
example, the rounded properties of a vowel (e.g. [o]) are transferred to a
consonant preceding it. An example of a medium-term type of setting is when a
speaker pronounces an utterance in a whispery voice, thus marking the utterance
as confidential.
For the present research, extralinguistic voice quality settings are the most
interesting ones. In the course of their lives, "speakers have acquired phonetic
habits that confer a recognisably personal style on their production of speech"
(Laver 1994:398). Voice quality settings can be idiosyncratic to the speaker. A
speaker may choose to pronounce all her/his speech with a slight whispery voice
quality, perhaps because s/he thinks that sounds attractive. Settings may also be
part of a particular regional or social accent, e.g. British Received Pronunciation
is characterised by a nasal voice quality (Laver & Trudgill 1979). In addition,
settings can indicate the membership of a specific social group, e.g. women are
said to use a breathy voice quality more often than men, without there being a
physiological need to do so.
Anatomically induced voice characteristics and voice quality settings share the same
acoustic parameters. For instance, the limits of a speaker's pitch range in speaking
(the lowest and highest pitch values a speaker produces while talking) are limited by
the physical properties of the vocal cords. But pitch range can also be a voice quality
setting; for personal or social reasons, the speaker may use a specific part of her/his
pitch range to speak within. The extreme values of settings are limited by the
anatomical possibilities of the speaker's vocal apparatus.
The difference between anatomical voice quality features and voice quality
settings is that the first consist of permanent features which are not under the
influence of the speaker. They mark physical differences between speakers.
However, voice quality settings can be learned and adapted. They serve as social
and psychological markers.
To summarise this section, voice quality can be defined as long-term,
extralinguistically used suprasegmental speech characteristics. On the one hand, it is
constrained by anatomical differences between speakers. On the other hand, voice
quality is modulated within these physical boundaries on the grounds of sociolectal
settings (preferences of the socio-cultural community) or idiosyncratic settings
(personal preferences).
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2.3. Voice quality variables: selection, definition, and previous research
The previous section explained that voice quality consists of physically induced
voice characteristics and vocal settings, and that both make use of the same acoustic
parameters. To classify voice quality characteristics, Laver's distinction of different
groups of settings is used, as this will also automatically incorporate physical voice
characteristics.
Laver (1994:399,535) distinguishes between the following four groups of
settings: phonatory, articulatory, tension, and prosodic settings. The different setting
groups are defined as follows:
• Phonatory settings Habitual configurations of the laryngeal system (vocal cords
and surrounding parts). Examples are creaky voice or whispery voice (section
2.3.1).
• Articulatory settings Habitual configurations of the pharynx, external parts of the
larynx, lips, jaw, tongue, and velum. Examples are lengthening of the vocal tract
by lowering the larynx or rounding the lips, a relatively opened jaw, a nasal
voice (section 2.3.2).
• Tension settings Habitual configurations of the degree of muscular tension
throughout the vocal apparatus. Two major groups of tension settings are
distinguished: laryngeal tension and supralaryngeal tension, which manifest
themselves in lax versus tense phonation or articulation (section 2.3.3).
• Prosodic settings Habitual configurations of pitch, loudness, and tempo
characteristics. Examples are using a large pitch range, speaking in a soft voice,
and speaking very fast (section 2.3.4).
A literature survey was done to list all voice quality features that have previously
been related to gender. In the introduction to this chapter, it was already stated that
the goal of this study is to deepen the knowledge about voice quality characteristics
with an already known relevance for gender. In this section, the voice quality
characteristics that have been related to gender in the past, will be defined
perceptually, physiologically, and acoustically. The voice quality variables are
ordered according to the four groups of voice quality settings listed above.
The literature discussed in the next section will not include studies on
pathological voice quality. A harsh voice in a pathological context might be much
rougher than a harsh voice from a speaker without vocal pathologies. The range of
possible qualities is not comparable. In addition, when a pathology is present, the
cause for the harsh voice is clear. For non-pathological speakers, an extralinguistic
voice quality most probably has to be seen as a marker of social identity. Without
further information about the speaker, the harshness cannot be interpreted
unambiguously.
The studies that will be discussed in the present section include different
languages. This difference in cultural background of the studies might influence the
results. It is conceivable that differences will not be found for a specific language in
a specific culture, whereas for another language or in another culture, differences are
present. When interpreting the results, cross-cultural differences therefore have to be
taken into account.
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Along with the definitions of the voice quality characteristics, previous research
results regarding the relation between these characteristics and gender are described.
Research on voice quality and gender makes use of different research
methodologies. In this section, four types of research will be distinguished. Three of
them were already mentioned in chapter 1, when explaining the research model of
this study: acoustic measurements, perceptual descriptions, and attribution studies.
This section also includes results from stereotyping studies. These four types of
studies are characterised as follows:
• Acoustic measurements describe the voice quality variables phonetically through
speech analysis software.
• Perceptual descriptions describe the voice quality variables through the ears of
trained or untrained listeners (i.e. expert phoneticians or phonetically naive
listeners).
• Attribution studies describe the personality traits that listeners associate with
specific voice quality variables. Typically, listeners hear a voice and have to
indicate which personality traits they think the speaker has and to what extent.
• Stereotyping studies describe the ideal or typical voice of women and men.
Without speech stimuli, i.e. without listening to any voice material, subjects are
asked to describe the ideal or typical voice.
The following four sections (2.3.1, 2.3.2, 2.3.3, and 2.3.4) give an overview of
phonatory, articulatory, tension, and prosodic settings. For each type of setting,
voice quality features relevant with regard to gender are defined, and the literature
findings with regard to that feature are discussed.
2.3.1. Phonatory settings
Phonatory settings were defined as habitual configurations of the laryngeal system
(vocal cords and surrounding parts). In the literature, four phonatory settings were
found which seem to have a relevance for gender differences: breathy/whispery
voice, creaky voice, and harsh voice.
Breathy voice and whispery voice
Definition
Breathy voice and whispery voice share the characteristic of audible friction: when
listening to a breathy or whispery voice, the air escapes audibly through the vocal
folds. The major difference between the two phonation types is the amount of
tension in the voice (Laver 1980:133). Breathy voice is accompanied by lax vocal
muscles, whereas in whispery voice the muscles are tense. Breathy voice can be
characterised as a 'bedroom voice', a husky, relaxed, sexy way of speaking.
Whispery voice is characterised as a 'library voice', a voiced way of whispering.
When speaking with a breathy voice, muscle tension is low. This prevents
the vocal cords from closing during vibrating, as a result of which they do not touch
in the middle portion of the folds. Therefore, the air stream through the vocal folds
increases, which causes air turbulence and audible friction.
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When speaking with a whispery voice, the muscle tension is high. The
middle portion of the vocal cords is tightly closed. However, on the side of the
arytenoids (the cartilaginous part of the folds) a triangular opening is maintained
through which the air escapes. The size of the opening corresponds inversely with
the amount of audible friction; the opening is smaller in a perceptually more salient
whispery voice.
Most literature on gender differences focuses on breathy voice, and less on
whispery voice. However, the two are fairly easily mixed up, terminologically
speaking. Whenever there is audible friction, either of the two terms breathy or
whispery is applicable. Only the tension level in the voice can distinguish further
between these two. An example of a mix-up of the terms is found in Batstone &
Tuomi (1981). The listeners in their research reported a lot of tension in what
Batstone and Tuomi labelled breathy voice. However, with the presence of tension
in the voices, it is probable that they in fact studied whisperiness, and not
breathiness.
Laver (1980:133) also points out that often the term breathy is used where
whispery would be more appropriate. Breathy voice requires a very lax laryngeal
muscle system, one that cannot be combined with, for instance, creak or harshness,
for which much more tension is needed. Any compound phonation type that
includes audible friction therefore has to be described using the term whispery and
not breathy, e.g. harsh whispery voice. Because the term whispery is therefore much
more widely applicable than the term breathy, whispery voice will be used in the
present study instead of breathy voice.
In the literature, acoustic measures of whispery voice are not often
explicitly described. Most acoustic research uses the term breathy voice for a voice
quality with friction components. An exception is De Krom (1994:104), who
mentions "the level of the first harmonic, which is typically high for lax breathy
voices, and low for tense breathy voices" as the major difference between breathy
(lax) and whispery (tense) voice. The relatively high amplitude of the first harmonic
in breathy voices is also noted by among others Sluijter (1995:99), Trittin & de
Santos (1995), Hillenbrand, Cleveland, & Erickson (1994), and Klatt & Klatt
(1990). In addition, several studies mention a larger bandwidth of the first formant
(Sluijter 1995:100; Trittin & De Santos 1995; Klatt & Klatt 1990). The height of the
first harmonic and the first formant bandwidth are related physiologically to the
fraction of the glottal period during which the glottis is open (open quotient) and to
the amount of minimal glottal airflow respectively: an increase in open time is
reflected in an increase in the amplitude of the first harmonic, an increase in glottal
airflow during the closed phase in a larger first formant bandwidth. Klatt & Klatt
(1990) also mention the occurrence of additional poles and zeros in the vowel
spectrum associated with the tracheal and lung system below the glottis due to the
tracheal coupling caused by the relatively open glottis in breathy vowels.
In addition, several studies mention the increase in interharmonic noise in
higher spectral regions (Mendoza, Valencia, Muñoz & Trujillo 1996; De Krom
1994:75; Hillenbrand et al. 1994; Klatt & Klatt 1990). This reflects turbulent
aspiration noise at the glottis caused by the increased airflow through the glottis due
to its incomplete closure in breathy/whispery voice. Some studies specifically
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position the increase in interharmonic noise in the area around the third formant
(Mendoza et al. 1996; Klatt & Klatt 1990). The incomplete closure of the glottis also
causes an attenuation of the higher frequencies, resulting in a steeper spectral tilt in
breathy/whispery voice (De Krom 1994:75; Klatt & Klatt 1990). The level of
spectral noise can be indicated by means of the Harmonics-to-Noise-Ratio (HNR),
the difference in decibels between the periodic (harmonic) components and the noise
components in the spectrum.
Previous research
Breathy voice is more often studied in the context of gender than whispery voice.
ACOUSTIC MEASUREMENTS were all done under the nominator of breathy voice. On
the basis of measurements of several of the acoustic criteria mentioned for breathy
voice previously, a number of studies conclude that women speak more breathy than
men. This conclusion is reached for American (Klatt & Klatt 1990), British (Henton
& Bladon 1985), Dutch (Günzburger 1991), and Spanish (Trittin & De Santos y
Lleó 1995; Mendoza et al. 1996) speakers. The number of speakers in these studies
range from 5 women and 5 men (Trittin & De Santos y Lleó 1995) to 32 women and
29 men (Henton & Bladon 1985). They were all adults, whose age ranged between
18 and 60. The speech material consisted mostly of vowels extracted from a reading
exercise (Klatt & Klatt 1990; Henton & Bladon 1985; Günzburger 1991; Trittin &
De Santos y Lleó 1995). Only Günzburger had the speakers read a passage in a
sexually charged way, because this was expected to provoke a breathy voice. All
other material was 'normal' speech. Klatt & Klatt (1990) mentioned a lot of variation
in the data: within the two gender groups, speakers varied considerably as to the
amount of breathiness in their voice. Furthermore, some of the male speakers were
found to be more breathy than some of the female speakers. Cross-culturally, some
differences were noticed in the salience of the difference between women and men:
Trittin & De Santos y Lleó (1995) remark that the difference for their Spanish
speakers is smaller than the difference Klatt & Klatt (1990) found for their
American subjects.
In addition to the acoustic measurements, Klatt & Klatt (1990) also made
PERCEPTUAL EXPERT DESCRIPTIONS of breathiness in the voices of their speakers.
Female speakers were perceived as more breathy than male speakers, but as with the
acoustical measurements, a lot of variation within one gender and overlap between
the genders was found. PERCEPTUAL EXPERT AND NAIVE DESCRIPTIONS for
whisperiness in Dutch were done by Van Rie (1993) and Tielen (1992) respectively.
In the first study, the speech material consisted of spontaneous recordings of 90
women and 90 men between 9 and 85 years old. In the second study read speech
was recorded from 30 women and 30 men between 20 and 60, which was judged by
20 female and 20 male students. Neither the phoneticians nor the naive listeners
heard a significant difference in whisperiness between women and men.
In addition, Dutch STEREOTYPING STUDIES also did not find a significant
difference in whisperiness for female and male speakers. This null result was
obtained in judgements of the typical voice of three professions groups (nurses,
managers, and information agents) in the study of Tielen (1992) mentioned earlier,
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and in judgements of the ideal voice of female and male speakers by 96 female and
72 male students (Boves, Fagel, & Van Herpt 1982).
Pittam (1987) included both breathiness and whisperiness in his
ATTRIBUTION STUDY. He had 6 female and 6 male Australian speakers read a text
with different voice qualities, including breathy and whispery voice. This speech
material was judged by 80 Australian and 80 American students on status
(profession, ambition, intelligence, dominance etc.) and solidarity (friendly,
sympathetic, likeable, trustworthy, etc.). Breathy voice in female speakers scored
significantly higher on solidarity than other voice qualities in female speakers. In
addition, breathy voice in female speakers scored significantly higher on solidarity
than breathy voice in male speakers. Whispery voice did not produce significantly
different results between male and female speakers. The same procedure had been
followed by Addington (1968), who had 2 female and 2 male speakers read texts in,
among other things, a breathy voice. Personality traits of the speakers were then
judged by 320 listeners. Relatively high significant correlations (>.40) were found
for female speakers between breathy voice and the judgements young, feminine,
immature, good looking, and sensitive. Relatively low significant correlations (<.40)
were found for female speakers between breathiness and, for instance, small,
idealistic, skinny, polite, emotional, friendly, and naive. Only two of the personality
traits correlated relatively poorly (<.40) with breathiness for the male speakers,
namely young and artistic. The judgement of personality traits thus was more often
based on the presence of breathy voice for female speakers than for male speakers.
Section 2.2 stated that voice quality characteristics may have a physical and a social
basis: on the one hand, they are determined by physical differences between
speakers, and on the other hand by membership of certain sociolinguistic groups or
by expressing a personal image. Henton & Bladon (1985) seek to explain
differences between female and male speakers in the use of breathy voice on the
basis of the perceptual effect of voice quality. They state that breathy voice is
inefficient compared to 'normal' phonation (modal voice), and that it diminishes
intelligibility through the addition of friction noise. In their view, the reason why
women nevertheless use this arguably inefficient and less intelligible voice quality
more often than men, lies in the association of a breathy voice with a sexy voice:
they thus sound more attractive to the opposite sex. Key (1975) also calls
breathiness a female signal to the opposite sex in English. Laver (1980:135) more
generally refers to "the communication of intimacy" in English, without remarking
about gender differences.
Javkin, Hanson & Kaun (1991) make an argument for the effectiveness of
friction in female voices. They state that the friction noise in breathy voice is not a
form of background noise, but is generated at the vocal folds. This turbulent
airstream then is modulated by the vocal tract, so it carries information about
resonance characteristics, consonant transitions, etc. Furthermore, the presence of
breathiness in female voices might even enhance intelligibility: the noise component
might fill in the relatively large space between the harmonics in the spectrum. In two
experiments with synthetic speech, they found no effect of breathiness on
intelligibility.
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To summarise, acoustic measurements and perceptual descriptions found women to
have a more breathy voice than men for a number of languages, whereas no
difference was found between the sexes for whisperiness in Dutch. Attribution
studies for English showed that breathiness was related to personality judgements
more for women than for men. Again, whisperiness did not produce significant
results. These results should be seen in the light of a possible mix-up of terms: some
of the studies that focussed on breathiness might have been studying whisperiness
instead.
Creaky voice
Definition
Creaky voice (Laver 1980:122) is a locally very low pitch. The listener can actually
hear the separate vocal fold vibrations: short boosts, abrupt, and periodically. It
gives the perceptual impression of running a stick along a fence, or slowly opening a
door with creaky hinges.
Creaky voice is produced with thick, compact vocal cords. Probably, the
folds above the vocal cords (the 'false' vocal folds) come into contact with the vocal
cords, which has a dampening effect on the vibrations.
As acoustic measures for creaky voice, Klatt & Klatt (1990) and Laver
(ibid.) mention a narrow glottal pulse, a low fundamental frequency and possibly
double periodicity caused by diplophonic irregularities in the fundamental period.
The first characteristic, a narrow glottal pulse, will result in a relatively flat
spectrum, because the higher harmonics are enhanced. The steepness of the spectral
tilt therefore may serve as an indicator of the presence of creaky voice.
Previous research
In a Dutch STEREOTYPING study, the creakiness of the ideal voice of female and
male speakers was rated by 96 female and 72 male students (Boves et al. 1982). On
a 7-point scale (1=creaky, 7=non-creaky), the mean scores for female and male
speakers were both clearly on the non-creaky side of the scale: 6.46 and 6.20
respectively. Therefore, the ideal voice for both male and female speakers is noncreaky. However, the difference in mean scores was significant; it appeared that a
creaky voice for male speakers is more acceptable than for female speakers.
In the ATTRIBUTION STUDY by Pittam (1987), the methodology of which
was described in the breathy/whispery voice subsection, creaky voice got
significantly higher solidarity ratings for male speakers than for female speakers.
Male speakers with a creaky voice are judged as more friendly, sympathetic,
likeable, and trustworthy than female speakers with a creaky voice. This means that
a creaky voice is judged more positively for male speakers than for female speakers.
Pittam suggests that a creaky voice is more characteristic for male speakers because
of the low pitch involved with this setting.
PERCEPTUAL EXPERT DESCRIPTIONS were done for spontaneous speech
samples of 90 female and 90 male Dutch speakers between 9 and 85 years old (Van
Rie 1993) and for read speech of 40 female and 40 male adult British speakers
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(Henton & Bladon 1988). In both studies, the voices of the male speakers were
described as significantly more creaky than those of the female speakers.
To summarise, creaky voice is related more often to male speakers than to female
speakers. Perceptual expert descriptions for Dutch and English show that male
speakers speak more creaky than female speakers. Stereotyping and attributions
studies suggest that a creaky voice is more acceptable for men than for women in
Dutch and English.
Harsh voice
Definition
Harsh voice is also called rough or throaty voice. Harshness is perceived as a rough,
rasping sound. Often, phonation starts with a hard glottal attack instead of a more
softer aspirated beginning.
Harsh voice can be characterised acoustically as irregularity of the glottal
wave-form and by spectral noise (Laver 1980:127). The irregularities consist of
aperiodicity in the frequency and/or amplitude of the acoustic signal. Aperiodicity is
defined as short-term period-to-period fluctuation in period duration. Aperiodicity of
the fundamental frequency is called frequency perturbation or jitter. Aperiodic
amplitude variation is called amplitude perturbation or shimmer. Aperiodicity in
frequency and amplitude are not heard as fluctuations in fundamental frequency or
loudness, because the fluctuations are too small. The short-term irregularities are
superimposed on the larger intonation and loudness contours of continuous speech.
Instead, the fluctuations are heard as a component of voice quality, i.e. harsh voice.
A harsh voice is also related to an increase in the spectral noise level, whereby an
increase in interharmonic noise in the lower frequency regions seems to be more
indicative of harsh voice than noise in higher spectral frequencies (De Krom
1994:76,111). In addition to jitter and shimmer measurements, the amount of
interharmonic noise therefore may serve as an indicator of harsh voice.
Previous research
The ATTRIBUTION STUDY by Addington (1968), which was described in the section
about breathy/whispery voice, showed that male speakers with a harsh voice get
attributed more positive personality traits than female speakers with a harsh voice.
Men with a harsh voice were judged as mature, well adjusted (r>.40), realistic,
artistic, and old (r<.40). In contrast, women with a harsh voice were seen as stupid,
masculine, lazy, boorish, unemotional, ugly, sickly, careless, inartistic, naïve,
humble, neurotic, quiet, uninteresting, and apathetic (r>.40).
The Dutch STEREOTYPING STUDY by Boves et al. (1982) showed that Dutch
students (96 women and 72 men) rate the ideal voice for men as being significantly
harsher than the ideal voice for women. However, the PERCEPTUAL EXPERT
DESCRIPTIONS of 90 female and 90 male Dutch voices by Van Rie (1993) found no
significant difference in harshness between the two genders.
Kraayeveld (1997:126) made ACOUSTIC MEASUREMENTS of jitter and
shimmer for male and female Dutch speakers. His results were inconclusive: for
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some of the data and some of the measures women were shown to have more jitter
and shimmer in their voice (e.g. pitch perturbation quotient was larger for women),
whereas for other data and other measures, men spoke with more jitter and shimmer
(e.g. amplitude perturbation quotient was larger for men). For American speakers,
Sorensen & Horii (1983) showed that female speakers, compared to male speakers
in the study by Horii (1980), had less shimmer than men, but the results fell short of
significance.
To summarise, the attribution and stereotyping studies for Dutch and English
showed that harsh voice is judged more positively in men than in women, and is
expected to be present in the voices of men rather than those of women. However,
perceptual descriptions and acoustic measurements for Dutch fail to reveal a distinct
difference in harshness between the voices of men and women.
2.3.2. Articulatory settings
Articulatory settings were defined as habitual configurations of the pharynx,
external parts of the larynx, lips, jaw, tongue, and velum. In the literature, two
articulatory settings were found which seem to be relevant to gender differences:
nasality and articulatory range.
Nasality
Definition
Nasality (Laver 1980:68) is predominantly an auditory concept. Nasality is achieved
by opening the barrier between the oral and nasal cavities, i.e. by lowering the
velum. Nasality is an overall term for auditorily equal but articulatory not always
identical phenomena. During speaking, the velum is usually lowered more or less,
without immediately giving the impression of nasal voice. Important is the ratio of
the opening from the oral cavity to the nasal cavity to the opening from the pharynx
to the oral cavity. If the first (oral to nasal) is larger than the second (pharynx to
oral), the speech sounds nasal. An airflow through the nose does not have to be
present for a nasal resonance to occur.
Acoustically describing nasal voice is not a question of identifying one or
two parameters which are indicative of nasality. The acoustic properties can be
described in terms of the occurrence of a nasal formant, anti-formants or formant
shifts and/or formant reductions, but the descriptions vary widely (Hawkins &
Stevens 1985; Van Reenen 1981:27; Laver 1980:91). It is not very clear which
property identifies nasality best. Presumably, because a nasal voice quality can be
linked to diverse articulatory settings, the exact details of the acoustic spectrum are
highly dependent on the specific configurational state of the vocal tract (Laver
1980:92).
Previous research
Key (1975:109) STEREOTYPES nasality as a masculine trait in English: "nasality is a
characteristic of the speech of teen-age boys and men trying to appear tough".
Toughness can have positive and negative connotations: sometimes it enhances a
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person's status (for example, in teen-age groups), sometimes it is seen as immature
and childish behaviour.
The two ATTRIBUTION STUDIES of Addington (1968) and Pittam (1987), the
methodology of which was described in the section on breathy/whispery voice,
included nasal voice quality. Nasality appeared to invoke negative associations, both
for male and female speakers. Listeners judge nasal speaking men as e.g. stupid,
lazy, ugly, and uninteresting, and nasal speaking women as e.g. stupid, boorish, and
inartistic (Addington 1968). In addition, nasality is negatively related to ratings of
status and solidarity (Pittam 1987).
To summarise, nasality seems to be stereotyped as masculine, and is associated with
negative personality traits in English.
Articulatory range
Definition
Laver (1994:415) distinguishes three types of articulatory range settings: labial
range (excursion size of movements of the lips), mandibular range (excursion size of
movements of the jaw), and lingual range (excursion size of movements of the
tongue). Research into gender differences in articulatory range focuses on
differences in the peripheral articulation of vowels. In a more peripheral articulation,
the tongue makes large and wide movements from its neutral resting position, and
the jaw is opened fairly wide. A large setting thus results in a more peripheral
articulation of the vowels (and therefore covers a large vowel space), a small setting
in a more central articulation (and a small vowel space). To put it simply, the
differences in articulation position between an [a], an [i], and an [u] increase when
the lingual, labial, and mandibular range increases.
Because of the different sizes, on average, of the vocal tract of men and
women, the size of their vowel space inherently already differs. To make fair
comparisons between the vowel spaces of men and women, therefore, the effects of
these physical differences have to be minimalised. This problem is also referred to
as speaker normalisation, a process which listeners subconsciously seem to perform
when listening to speech.
Previous research
ACOUSTIC MEASUREMENTS show that the vowel space of women is significantly
larger than that of men. Koopmans-Van Beinum (1980:71) showed that Dutch
female speakers produce larger acoustic contrasts than Dutch male speakers. She
calculated the Acoustic System Contrast, a measure for the dispersion of the vowel
system as a whole. For the two female and two male speakers in her study, the
women had a larger ASC than the men (even after logarithmic scaling). Henton
(1985;1995) re-examined data from previous studies on American English, two
varieties of British English, Swedish, French, and Dutch. In all studies, a larger
formant space for women compared to that of men was found, especially in the
dimension of the first formant (all studies used some form of speaker normalisation
to account for anatomical gender differences).
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Articulatory range is related to precision of articulation: a larger
articulatory range will result in a more precise articulation, and vice versa.
PERCEPTUAL EXPERT DESCRIPTIONS of 90 female and 90 male Dutch speakers show
that Dutch women articulate more precisely than Dutch men (Van Rie 1993).
STEREOTYPING STUDIES show diverse results. 168 Dutch, 90 Mexican, and
128 American students are of the opinion that the ideal female and male voice do
not differ with respect to precision of articulation (Boves et al. 1982; Valentine &
Saint Damian 1988). However, Kramer (1977) found a different result for 466
American students when they were asked to list speech differences between typical
female and male speakers. The students listed clear enunciation as a typically female
speech characteristic.
To summarise, both acoustic measurements and perceptual descriptions point to
women having larger acoustic contrasts between their vowels (even after logarithmic
scaling) and more precise articulation than men in both Dutch and English.
Stereotyping studies for Dutch and English showed diverse results, although the
majority concludes that men and women do not differ with regard to precision of
articulation.
2.3.3. Tension settings
Definition
Tension settings were defined as habitual configurations of the degree of muscular
tension throughout the vocal apparatus. A tense voice quality can be demonstrated
by speaking while simultaneously lifting something heavy. Two major groups of
settings can be distinguished: laryngeal tension and supralaryngeal tension, which
manifest themselves in lax versus tense phonation or articulation. In earlier work,
Laver did not distinguish between laryngeal and supralaryngeal tension, but
considered tension settings as "settings of overall degrees of muscular tension which
exercise their effect throughout the vocal system" (Laver 1980:141). Tense voice
was characterised as a loud, high-pitched, harsh voice, with high subglottal pressure,
slightly raised larynx, tensed velum, extensive movements of the tongue, and highly
mobile jaw. Lax voice consists of the opposite characteristics. A fair proportion of
the previous research into tension and gender does also not distinguish between
laryngeal and supralaryngeal tension, but instead considers overall degrees of
tension.
More recently, however, the distinction in laryngeal and supralaryngeal
tension has been made (Laver 1994:416). A key aspect of laryngeal tension is the
amount of tension in the vocal cords. Earlier in this section, breathy voice was
linked to low tension, and whispery and harsh voice to high tension. But it is not
always the case that a lax voice is breathy and a tense voice is whispery or harsh.
The vocal cords can be slightly tense or lax, without the voice having a breathy,
whispery, or harsh quality.
The key aspect of supralaryngeal tension is the amount of tension in the
muscles in the pharynx and oral cavity. Supralaryngeal tension can be related to
nasality and vowel space, two voice quality settings discussed earlier. A
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supralaryngeally lax voice may cause the muscles around the velum to relax. This
lowers the velum and a nasal quality may be heard. Supralaryngeal tension can also
influence tongue movements: tense and lax voice often is accompanied by a large
and small vowel space respectively. Of course, these relations are not compulsory:
supralaryngeal tension does not necessarily influence nasality or vowel space.
Acoustically, the major difference between lax voice and tense voice is the
relative amount of energy in the higher frequencies: tense voice has stronger upper
harmonics than lax voice (Laver 1980:142; Van Bezooijen 1984:67). Therefore,
spectral slope may be an indicator of tension, with the spectrum of tense voices
being flatter than that of lax voices.
Previous research
Only one study on tension and gender explicitly distinguishes between laryngeal and
supralaryngeal tension. Van Rie (1993) made PERCEPTUAL EXPERT DESCRIPTIONS of
the voices of 90 female and 90 male Dutch speakers, including the amount of
laryngeal tension. The study showed that the male speakers spoke with more
laryngeal tension than the female speakers.
Two ATTRIBUTION STUDIES on tension and gender provide differing results
(the methodology of both is described in the breathy/whispery voice section). In
Pittam's study (1987), male speakers with tense voices got significantly higher status
and solidarity scores than female speakers with tense voices. Tense voice thus was
rated more positively for male speakers than for female speakers. In contrast,
listeners attributed negative traits to male speakers with a tense voice quality in
Addington's study (1968). They were seen as e.g. uncooperative, boorish, cruel,
inartistic, and neurotic. Female speakers with a tense voice got attributed a mixed set
of positive and negative traits, e.g. immature, short, feminine, stupid, energetic,
sensitive, and enthusiastic.
Boves et al. (1982) included in their STEREOTYPING STUDY also a
judgement (of 168 students) on the amount of tension in the ideal voices of Dutch
men and women. No significant difference was found. Kramer's study (1977) also
did not show a difference with regard to tension when she had 466 American
students indicate which traits they thought were typical for female and male voices.
To summarise, perceptual description of Dutch showed that men speak with a more
tense voice than women. The Dutch stereotypes with regard to tension did not point
at a difference between male and female speakers. Attributions of personality traits
in English were inconclusive: sometimes tension was judged more negatively in
male speakers than in female speakers, sometimes more positively.
2.3.4. Prosodic settings
Prosodic settings were defined as habitual configurations of pitch, loudness, and
tempo characteristics. All three are relevant to gender research.
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Pitch
Definition
The term pitch refers to a perceptual impression of voice height. In gender research,
two aspects of pitch have been studied. The first is the average pitch level on which
a person usually speaks, which will be called average pitch in this study. Listeners
refer to average pitch when they indicate that the voice of a speaker is low or high.
The second aspect is pitch variability, the amount by which speakers vary
their pitch around the average pitch. Pitch variability is related to perceptual
impressions of a monotonous versus a varied voice height. The impression of
variability in pitch is caused acoustically by the size of the pitch movements and the
number of pitch movements per time unit.
In the acoustical domain, pitch is related to the fundamental frequency of
the voice (F0).7 The fundamental frequency is the number of periodic movements the
vocal folds make per second. The number of movements is related to the length and
mass of the vocal folds: if a person speaks on a higher pitch, the vocal folds will
shorten and become thinner (Hollien 1960; Hollien & Curtis 1960).
F0 is often scaled in hertz, which is the number of periodic cycles per
second. Pitch (a perceptual impression of voice height) rises when F0 (a physical
parameter of vibration) rises. However, this relation is not linear.8 A frequency rise
from 100 to 200 Hz results in a larger change in pitch impression than a rise from
2000 to 2100 Hz. Scaling F0 in Hz, a linear frequency scale, therefore does not very
well represent our perception of pitch. Therefore other scalings are in use as well. A
familiar one is the logarithmic scale, which is widely used in music. In such a scale,
the distance between two tones is expressed in semitones and octaves. An octave is
the interval between two tones whose frequencies are in the proportion of 2 to 1; a
semitone is 1/12 octave, or a 6% change in frequency. A third option, next to hertz
and semitones, is the use of psycho-acoustic scaling. Stevens, Volkmann & Newman
(1937) introduced the psycho-acoustic mel-scale. The mel-function was defined by
asking subjects to adjust the frequency of a variable tone to half the pitch of a
stimulus tone. A related scale is the bark-scale, which is approximately linear below
500 Hz and logarithmic at higher frequencies. This scale was derived from
measurements of the frequency selectivity of the human auditory system, as
measured by the so-called critical bandwidth (1 bark = 1 critical band). The scale is
related to distances between frequencies on the basilar membrane in the ear (Hermes
& Van Gestel 1991). Hermes & Van Gestel use a variant of the Bark-scale, the
Equivalent-Rectangular-Bandwidth-rate (ERB-rate) scale. The ERB-rate scale is
intermediate between a linear and logarithmic scaling. In Hermes & Van Gestel's
research the subjects were required to adjust pitch movements in different registers
with the objective to perceptually give them equal prominence. The average size of
7

The perception of pitch not only depends on the fundamental frequency, but is also related to the
intensity, duration and spectral characteristics of sound. However, these correlates will not be considered
here.
8
The non-linear relation between an acoustic measure and a perceptual impression of voice quality holds
not only for F0 / pitch, but also for other relations, e.g. between breathiness and HNR. However, for other
measures besides pitch not much is known about this non-linear relation, with the possible exception of
formant frequencies. Therefore, the perceptual scaling is only taken into account with the pitch measures.
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the movements in the differing registers was the most constant when expressed in
ERB.
Previous research
Of all voice quality characteristics, pitch differences between women and men have
received the greatest amount of attention in the gender and voice quality literature.
The difference in average pitch is a very salient characteristic of the voices of
women and men. Pitch is also one of the voice features that can be measured
acoustically rather reliably. In addition, it has a clear link with physiology; pitch
differences can be directly related to differences in physical build and condition of
the larynx and vocal folds.
A large number of studies report ACOUSTIC MEASUREMENTS of the average pitch and
pitch variability of men and women from different language backgrounds. Tables
2.1 and 2.2 provide data of a selection of these studies. In this selection the
following criteria were used:
• The measurements had to be done on connected speech, i.e. spontaneous
interactions or read speech, rather than isolated words or sounds.
• The studies had to be fairly recent, i.e. after 1975.
• Only adult speakers between 20 and 50 years should be included; adolescents
and older people were excluded. The speakers in the present study are also of
this age group.
• All studies should measure pitch for both female and male speakers. Because of
methodological differences it is difficult to compare data across studies, but a
comparison within one study is valid.
Table 2.1 shows that average pitch values for female speakers range between 180
and 220 Hz, with the majority of values around 195 Hz. For male speakers, the
average pitch values range between 100 and 125 Hz, with the majority of values
around 115 Hz. There is obviously a clear difference in the average pitch of men and
women.
It is important to note, again, that these average pitch values pertain to adult
speakers of between 20 and 50 years old. Pitch varies considerably with age. Infants
vocalise at 350-400 Hz (Baken 1987:159). Until puberty, the pitch of boys and girls
decreases inversely with body length, weight, and age (Linders, Massa, Boersma &
Dejonckere 1995; Van Bezooijen 1993). During puberty the voices of boys suddenly
decrease by one octave, while the voices of girls decrease more gradually by a half
octave (Hollien & Hollien 1972; Hollien & Paul 1969; Duffy 1970). After puberty
the pitch more or less stabilises (Van Rie & Van Bezooijen 1995; Stoicheff 1981) or
gradually drops a little more (Hollien & Ship 1972; Brown, Morris, Hollien &
Howell 1991). After middle-age, the male pitch increases again, probably under the
influence of ageing processes (Mysak 1959; Hollien & Shipp 1972; Krook 1988;
Van Rie & Van Bezooijen 1995), although a further decrease in pitch is also
reported (Benjamin 1981). After middle-age, the female pitch lowers, probably
under the influence of menopause (Russell, Penny & Pemberton 1995; De Pinto &
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Hollien 1982; Awan & Mueller 1992; Stoicheff 1981; Krook 1988; Brown et al.
1991; Morgan & Rastatter 1986; Benjamin 1981).
Because children speak at a higher pitch than adults, and women at a higher pitch
than men, the relation of pitch with physical build is readily established. Two
aspects are important here: the relation between pitch and the size of the larynx and
vocal folds, and the relation between pitch and body size.
If a person is speaking on a high pitch, her/his vocal cords will be shorter
and thinner than when that person is speaking on a low pitch. Hollien (1960a),
Hollien (1960b), and Hollien & Curtis (1960) showed that this intra-speaker effect
also could be observed between speakers. They showed a significant difference in
size and mass of the vocal folds for male speakers with relatively high and low
pitches and female speakers with relatively high and low pitches, by using, among
other things, X-ray technology. However, the difference in larynx size between the
men with relatively high voices and the women with relatively low voices was
disproportionally large when compared with the differences in larynx size which
existed within the two gender groups. The difference in larynx size therefore could
not explain the pitch differences between men and women. In contrast to these
studies, Hollien & Jackson (1973) showed, again using X-ray technology, that
within a large group of 157 male speakers larynx size did not have a significant
correlation with the average pitch of the speakers.
The relation between body size and pitch level was studied for 75 Dutch
and Belgian women between 20 and 50 years old (Van Bezooijen 1993), 105
German men and 78 German women between 19 and 61 (Künzel 1989), 15 male
and 15 female American students between 17 and 28 (Majewski, Hollien &
Zalewski 1972), and 157 American men between 17 and 25 (Hollien & Jackson
1973). None of these studies showed a significant relation between body size and
pitch level.
In Tables 2.1 and 2.2, pitch variability is indicated in terms of standard deviation
and range. The standard deviation is a statistical measure which indicates the
average size of the deviations around the mean. The range (commonly referred to as
speaking range) is the difference between the highest and lowest frequency a
speaker uses while speaking. Sometimes the speaking range is determined as the
90% or 95% range, i.e. the range which encompasses the central 90% or 95% of all
measured frequency values.
Because of the non-linear relation between the perceptual impression of
voice height and the frequency properties of speech, women have a larger speaking
range in hertz than men. Hertz is a linear measure, and women have a higher
fundamental frequency. Therefore, to achieve an identical perceptual impression of
speaking range, the excursions in hertz have to be larger in a female voice than in a
male voice. Table 2.2 shows that women have larger values for the speaking range
in Hz than men, and Table 2.1 shows that women have larger standard deviations in
Hz than men.
However, the preceding text about the definition of pitch explained that
also non-linear scalings are used, such as semitones. Semitones more realistically
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represent the human perception of pitch. Some of the studies that measured range in
semitones show that women have a larger speaking range and standard deviation in
semitones than men, other studies show the opposite (cf. the last columns of Table
2.2). In a large-scale literature review and with new data, Henton (1989) addressed
the issue of the difference in pitch variability between female and male speakers.
She reviewed 17 previous studies on pitch range and added her own measurements
to the group. Ranges between men and women were compared in semitones. Henton
concluded that female and male speakers use either very similar ranges, or male
speakers use greater ranges, when range is measured in semitones.
Table 2.1
A selection of fairly recent studies (after 1975) that measured mean pitch and standard
deviation on connected speech for both female and male adult speakers between 20 and 50
years old.
N Language Speech
Mean pitch
Standard
Reference
M/F
Age
material
(Hz) deviation
(mean /
range)
Lass & Brown F
15 American
18 Hz
197
18-25
read
15 English
120
17 Hz
1978
M
Awan 1993
F
10 American
207
15 Hz
21
read
M
10 English
123
13 Hz
Britto & Doyle F
24 20 Canadian spont.
17 Hz
199
199
20 Hz
1990
English
read
M
25 20
116
14 Hz
spont.
115
11 Hz
read
Tielen 1992
F
10 Dutch
217
45 Hz
spont.
40-50
10
122
35 Hz
M
Van Rie & Van F
20-29 10 Dutch
191
31 Hz
30-39 10
178
28 Hz
Bezooijen 1995
40-48 10
177
31 Hz
spont.
M
22-29 10
117
15 Hz
30-40 10
112
20 Hz
42-49 10
107
22 Hz
Künzel 1989
F
15 German
211
17 Hz
19-61
read
M
15
116
17 Hz
Boë, Contini & F
30 French
207
20 Hz
118
18 Hz
Rakotofiringa
read
M
30 30
1975
Krook 1988
F
20-29 35 Swedish
196
26 Hz
30-39 100
195
19 Hz
40-49 83
190
20 Hz
read
M
20-29
7
112
8 Hz
30-39 20
110
12 Hz
40-49 12
108
14 Hz
Brown et al.
F
20-35 20 American
192 2.0
st
40-55 10 English
195 3.4
st
1991
read
M
20-35 15
118 2.6
st
40-55 15
100 2.6
st
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Table 2.2
A selection of fairly recent studies (after 1975) that measured speaking range on connected
speech for both female and male adult speakers between 20 and 50 years old.
N Language
Speech
Speaking
Reference
M/F
Age (mean
material
range
/ range)
Van Rie & Van F
20-29 10 Dutch
239 Hz
30-39 10
254 Hz
Bezooijen 1995
40-48 10
286 Hz
spont.
22-29 10
169 Hz
M
30-40 10
191 Hz
42-49 10
160 Hz
Ohara 1992
F
22-29
6 Japanese
83 Hz
read
21-31
6
47 Hz
M
Benjamin 1981 F
21-32 10 American
st
7.7
read
21-32 10 English
8.7
st
M
Henton 1989
F
5 American
read
8.3
st
25-37
5 English
7.8
st
M
Awan 1993
F
10 American
read
6.2
st
21
M
10 English
7.3
st
Tielen 1992
F
10 Dutch
9.6
st
spont.
40-50
10
8.2
st
M
Boë et al. 1975 F
30 French
6.4
st
read
30
30
5.9
st
M
Hudson &
F
100 African
spont.
st
6.2
5.6
st
Holbrook 1982
American
read
18-29
100 English
6.3
st
M
spont.
5.7
st
read

Most ATTRIBUTION STUDIES make use of manipulated speech fragments, i.e. speech
fragments of which the pitch level is lowered or raised artificially. The manipulated
speech fragments only differ in respect to pitch, while other characteristics remain
constant. This way, differences in personality attributions can be coupled to
differences in pitch level with greater certainty than when 'natural' speech fragments
with different pitch levels are used.
Using manipulated speech, Brown et al. (1974) found that American male
speakers were perceived as less competent and benevolent when speaking with a
higher pitch and with less pitch variability. The manipulated voices of 27 American
male speakers judged by 20 listeners in the study of Apple, Streeter & Krauss (1979)
showed that a higher pitch was associated with less truthful, smaller, thinner, slower,
less persuasive, and more nervous. In Bond, Welkowitz, Goldschmidt & Wattenberg
(1987) female and male speakers were judged by 149 American students to be less
competent, less honest, and less persuasive when speaking with a higher pitch. The
Dutch, Belgian, and Japanese female speakers in Van Bezooijen (1993; 1995) were
judged by Dutch listeners as large, relaxed, arrogant, prestigious, masculine,
insensitive, independent, strong, adult, rational, and not modest when speaking with
a low pitch.
Aronovitch (1976) used the natural voices of 25 male and 32 female
American speakers, which were judged by 100 raters. A high pitch in female voices
was associated with kind, humorous, immature, and emotional, while no effects
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were found for male speakers. Pitch variability in male speakers was associated with
self-confident, extraverted, bold, and dominant, while no significant effects were
found for female speakers.
Addington's study (1968) was already discussed in the section on
breathiness. He had speakers read the same text with different pitch variabilities. For
female speakers, a large variability was associated with tall, healthy, proud,
talkative, and enthusiastic. For male speakers, a large variability was associated with
talkative, enthusiastic, feminine, energetic, polite, emotional, kind, artistic, sensitive,
sense of humour, and interesting.
Most of the studies show that high pitch in female speakers is associated
with positive characteristics, but high pitch in male speakers with negative
characteristics. In addition, a large pitch variability is looked upon favourably for
both female and male speakers.
Ohala (1983:15) offers an explanation for the existence of these
associations between pitch level and personality traits. The basis for his theory is the
'frequency code': "a cross-species sound/meaning correlation whereby vocalisations
consisting of high frequencies signal the vocaliser's apparent smallness and, by
extension, his non-threatening, submissive, or subordinate attitude and by which
low-frequency vocalisations signal apparent largeness and thus threat, dominance,
self-confidence". He states that the meanings that have become attached to the high
pitch and low pitch signals have become much wider, in the sense that a low pitch
not only means large but also aggressive, assertive, self-confident, dominant, selfsufficient, etcetera, and a high pitch means small, non-threatening, submissive,
subordinate, polite, etcetera. In western society, the first group of adjectives is more
readily associated with masculinity, and the second group with femininity.
STEREOTYPING STUDIES have results in the expected direction, with the ideal or
average voice of male speakers being low, and the ideal or average voice of female
speakers being intermediate or high. This was shown for Dutch students (Boves et
al. 1982; Tielen 1992), for American students (Valentine & Saint Damian 1988;
Kramer 1977), and for Mexican students (Valentine & Saint Damian 1988). In
addition, the stereotypical idea exists that women have a larger pitch range than men
(Kramer 1977; Henton 1989).
To summarise, acoustic measurements show that women speak higher than men, but
that the pitch range probably does not differ significantly between the two gender
groups. The ideal or average voice of female speakers is high, and of male speakers
low. Personality traits are attributed according to this pattern: more positive traits are
assigned to female speakers with high voices and male speakers with low voices. In
addition, in both genders low voices are associated with dominant and self-confident
personalities. Pitch variability is also regarded positive for both gender groups.
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Loudness
Definition
Perceptually, loudness indicates how strongly or how weakly a person is perceived
to speak. An important acoustic correlate of the perceptual impression of the
loudness of a sound is intensity. Intensity is related to sound pressure. Usually this is
not expressed in Pascal, the measure for sound pressure in physics, but in decibel, a
logarithmic scale more directly related to the perception of loudness than Pascal.
The decibel is a relative measure: 0 dB roughly stands for the weakest sound we can
hear, 120 dB corresponds with the pain threshold of the ear. The intensity of a
recorded sound can be measured by determining the RMS amplitude (root-meansquare) over a short time period.
Loudness is also related to the amount of effort a speaker puts into
producing speech (Glave & Rietveld 1975; Brandt, Ruder & Schipp 1969). More
effort results in a larger intensity but also in a change in glottal waveform, with a
shorter closing phase and therefore a steeper glottal pulse. As a result the intensity
distribution in the sound spectrum shifts: the lower frequencies are hardly affected,
but the energy in the higher frequencies is enhanced (Sluijter 1995:42; Van
Bezooijen 1984:67; Glave & Rietveld 1975). The result is a change in spectral tilt:
the slope becomes less steep. Spectral tilt may therefore provide an indication for the
loudness of the speech signal.
The most widely accepted way of measuring effort is the method of
Zwicker & Feldtkeller (1967), which measures the perceptual loudness level in sone
on the basis of the excitation pattern of the basilar membrane in the ear. The method
is explained in Moore (1989:55) as involving "splitting the complex stimulus into a
number of frequency bands […], and the determination of the level in each one. The
level in each band is then converted to a 'loudness' […], and the loudness in each
band is summed to give the total loudness".
Previous research
STEREOTYPING STUDIES (Boves et al. 1982; Tielen 1992:22) of the ideal voice of
Dutch women and men reveal that students, 168 and 40 female and male judges
respectively, are of the opinion that men should speak louder than women. 466
American students shared this opinion in the study of Kramer (1977), when they
were asked to list speech differences between men and women.
ATTRIBUTION STUDIES show that, for male speakers, a loud voice is
associated with dominant (Harrigan, Gramata, Lucic, & Margolis 1989; Aronovitch
1976), self-confident, bold, cruel (Aronovitch 1976), extraverted (Aronovitch 1976;
Scherer 1978), powerful, competent (Peng, Zebrowitz, & Lee 1993), and aggressive
(Rose & Tryon 1979). For female speakers, a loud voice is associated with dominant
(Harrigan et al. 1989; Aronovitch 1976; Page & Balloun 1978), self-confident,
extraverted, bold, energetic, mature (Aronovitch 1976), and aggressive (Rose &
Tryon 1979).
To summarise, studies show that for Dutch and English the stereotypical idea is that
men speak louder than women. For male and female speakers, loudness is associated
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with e.g. dominance, self-confidence, and extravertedness in English attribution
studies.
Tempo
Definition
Two aspects of tempo can be discerned: continuity and speech rate (Laver
1994:534). Continuity concerns the presence or absence of filled ("uh"; "hm") or
unfilled (silent) pauses in speech, and prolongations ("thennnnn I think…").
Continuity has hardly been related to gender, although some studies mention
differences in pausing behaviour (Mulac & Lundell 1986; Oyer & Deal 1985).
Continuity and pausing behaviour will not be looked at in the present research,
speech rate is.
The perceptual impression of speech rate is related to the amount of speech
a speaker produces in a specific period of time. The number and length of pauses is
relevant: a different impression of speech rate is obtained when a speaker talks fastly
for a few seconds, pauses, and then says something in a fast way again than when a
speaker says the same in the same amount of time in a slower pace without pausing.
The difference is expressed in two measures: speaking rate versus articulation rate
(Goldman-Eisler 1968). In measuring speaking rate, pauses are included in the
duration time of the utterance; it is the number of spoken syllables divided by the
duration of the entire utterance. Articulation rate excludes pauses; it is the number of
spoken syllables divided by the duration of the utterance minus the pause time. To
be able to measure articulation rate, therefore, a definition of pause has to be given.
It is possible to define the speech frames that do not reach a certain threshold
intensity as pause-frames. However, an undesirable side-effect is that the silent
intervals in plosives then also will be seen as pause time, which of course is not the
case. A better way of to define a pause, therefore, is calling a silence a pause only if
it exceeds a duration threshold of, say, 200 ms. This time period should be long
enough not to include the silent intervals of plosives as pause time.
Previous research
Studies that used ACOUSTIC MEASUREMENTS to determine tempo differences
between women and men, calculated different measures, such as words per second,
words per interview time, syllables per second, words per minute, and total reading
time. Despite the different measures, the conclusion remains the same: no difference
is found in speaking tempo between women and men. This holds for spontaneous
speech (Brotherton & Penman 1977; Kimble, Yoshikawa, & Zehr 1981) and read
speech (Terango 1966; Snidecor 1951; Oyer & Deal 1985). Only Snidecor (1951)
excluded the possible influence of pausing behaviour; he calculated how much of
the total reading time speakers had actually spoken (vocalisation time). Men
vocalised slightly more than women, but the differences were not tested statistically.
It might be that women use more silent pauses than men. This was found in the
study by Mulac & Lundell (1986) who described the pausing behaviour of 49
speakers between 11 and 69 years old. Female speakers used more silent pauses,
male speakers more filled pauses. However, Oyer & Deal (1985) found that men
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more frequently used silent pauses than women. The total duration of pausing time
did not differ significantly between men and women.
The PERCEPTUAL EXPERT DESCRIPTIONS in Van Rie (1993) of 90 female and
90 male Dutch speakers between 9 and 85 years old showed no significant
difference between women and men. However, the experts judged the male speakers
to speak with more tempo variation and to use more pauses than the female
speakers. In contrast, PERCEPTUAL NAIVE DESCRIPTIONS did find a significant
difference between men and women. Feldstein, Dohm & Crown (1993) had 23 male
and 28 female students rate the voices of 5 male and 5 female speakers on speech
tempo. Male speakers were rated as speaking faster than female speakers, although
the average words per minute were matched across gender. The effect therefore is
purely perceptual. Tielen (1992:35) had 20 male and 20 female listeners rate the
speech tempo of 30 women and 30 men between 20 and 60 years old. The female
speakers were perceived as speaking faster than the male speakers. Unfortunately,
no data were given on the actual speech tempo of the speakers.
STEREOTYPING studies provide a diverse picture of tempo differences
between women and men. Kramer (1977) and Tielen (1992:22) asked 466 American
and 40 Dutch students respectively to rate the average voice of men and women,
and found that the students thought that women speak faster than men. In contrast,
Tielen (ibid.) and Boves et al. (1982) found that 40 and 168 Dutch students
respectively rated the speech tempo of the ideal voice of men and women as
identical.
The majority of the ATTRIBUTION STUDIES ask for personality judgements
with regard to competence, dominance, and power. American listeners judged a high
speech tempo in male speech as more competent (Lee & Boster 1992; Peng et al.
1993; Brown et al. 1974; Smith, Brown, & Rencher 1975; Brown 1980), more
powerful (Peng et al. 1993), and more dominant (Harrigan et al. 1989). A slow way
of speaking in male speakers was seen as passive (Apple et al. 1979). Korean
listeners judged male speakers as more competent when speaking more slowly (Lee
& Boster 1992). Female speakers were judged in one study by American speakers as
more dominant when speaking fast (Harrigan et al. 1989), but in another study no
relation was found between speech tempo and personality ratings (Lee & Boster
1992). More diverse personality ratings were used by Aronovitch (1976) and
Addington (1968). Aronovitch (1976) showed that a fast speaking rate in female
speakers was judged as self-assured, extraverted, bold, energetic, dominant, and
unemotional. For male speakers, a fast speaking rate was judged as self-assured and
cautious. In the study of Addington (1968), female speakers who talked fast were
judged as co-operative, energetic, realistic, and talkative; male speakers as energetic,
sense of humour, talkative, and enthusiastic.
To summarise, acoustic measurements and perceptual expert descriptions show no
significant differences in speech tempo between men and women for Dutch and
English. Perceptual naive descriptions did find differences, but in one study the
women were judged as speaking faster, and in another study the men were judged as
speaking faster. Attribution studies for English and Korean showed that a wide
range of personality traits are associated with speech tempo. Sometimes,
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contradictory results were found, i.e. speaking fast was seen as dominant and not
dominant in different studies. However, on the whole, a fast speaking tempo was
more associated with competence, dominance, and self-assured than with
characteristics of the opposite nature.
2.3.5. Summary of voice quality characteristics in the present research
In section 2.2.2, definitions were given of voice quality characteristics relevant for
the present research. In some cases, a choice was made for the use of a specific term
(e.g. whispery instead of breathy; vowel space instead of articulatory range). To
recapitulate, the eleven voice quality characteristics selected to be studied are:
PHONATION
• whispery
• creaky
• harsh
• laryngeal tension
ARTICULATION
• nasality
• vowel space
• supralaryngeal tension
PROSODY
• average pitch
• pitch variability
• loudness
• tempo
2.4. Conclusion
Conclusions on the basis of the literature overview in section 2.3.4 have to be
regarded with caution. The studies differ widely in methodology and cultural
background of the speakers. The results might be culture specific, especially when
judgements are made of personality attributions of speakers on the basis of voice
quality or stereotypical judgements about the ideal or typical voice. In addition, the
methodology of the studies differ with regard to the number of speakers, the type of
speech material, etc. Overall conclusions about whether a specific voice quality is
regarded as masculine or feminine are therefore not straightforward.
In addition, the different types of studies sometimes point in different
directions when deciding if a certain voice quality characteristic is typically
masculine or feminine. For instance, the literature overview showed that harshness
is associated more with male voices than with female voices, although
measurements do not seem to indicate a significant difference in harshness between
women and men.
For Dutch, the overall picture emerges that voice quality descriptions (acoustic and
perceptual) show that women have more breathiness, a higher pitch, and a larger
vowel space than men, whereas men have more creak and tension in their voice. For
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whisperiness, harshness, and tempo no differences were found. Attributions and
stereotyping studies show that women are expected to have less creaky, harsh, and
loud voice than men, and no differences are expected for precision of articulation
and tension. However, these statements are based on only a few studies (Günzburger
1991; Van Rie 1993; Tielen 1992; Boves et al. 1982; Kraayeveld 1997; KoopmansVan Beinum 1980; Van Rie & Van Bezooijen 1995; Van Bezooijen 1995).

3.

Speech material and speakers

3.1. Introduction
To be able to conduct the present study, speech data is needed. The collection of
speech data entails that speakers have to be sought, an appropriate speech task has to
be designed, and the resulting speech material has to be prepared for further analysis.
A fair number of decisions had to be made with regard to the speakers, tasks, and
speech material, which are described in this chapter.
Two important general points were taken into account with regard to
collecting the speech data. First, the aim was to record naturalistic speech data. Most
of the research discussed in chapters 1 and 2 that studies the relation between gender
and voice quality is based on data from read speech or interviews. Those situations
are rather artificial compared to real-life conversations. In the present study,
therefore, interactions between two people (i.e. dyadic interactions) were recorded.
Collecting naturalistic speech requires a lot of effort. The pay-off is the
generalisability of the research results; the relation between voice quality and gender
that is found in interactions most probably reflects the same relation in real-life
situations much better than the relation between voice quality and gender in read
speech or interviews.
Second, the aim was to record speech data from a relaxed setting. In this
study, the connection is made between speakers' long-term, stable gender
characteristics and their long-term, stable voice quality characteristics. Ideally, the
speech behaviour of the speakers in the interactions reflects their typical speech
behaviour in daily life, and is not adapted under the influence of the recording
setting. The speakers were not supposed to react in an instantaneous and temporary
stereotypically feminine or masculine way to each other, lest the relation with their
stable gender (identity) characteristics would get lost. It was assumed that the least
influence on the speech behaviour of the participants would occur in a maximally
relaxed setting. To achieve this, interactions were recorded of two persons who knew
each other beforehand; they were acquaintances, i.e. fellow students, friends,
members of a sports team, etc. Stereotypical reactions will be much less likely when
the speakers are familiar with each other than when they do not know each other
beforehand.
Further technical and methodological details of the interactions are
discussed in section 3.4.1.
This chapter is organised as follows. Section 3.2 is a description of the speakers who
participated in the research. It sums up the criteria on the basis of which they were
selected. Section 3.3 describes the gender identity of the speakers and the way in
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which this was assessed. In section 3.4 the speech fragments used in the research are
dealt with. Section 3.4.1 describes the recording procedure and the speech tasks, and
section 3.4.2 gives a detailed account of the reduction of the recorded speech
material to the speech samples used in the research. The chapter's concluding
remarks are found in section 3.5.
3.2. Speakers
In total, 57 interactions between two speakers were recorded. Interactions were
recorded in three types of dyads: 19 female-female dyads, 19 female-male dyads,
and 19 male-male dyads.9 10 The total number of speakers was 114: 57 females and
57 males (Table 3.1). The speakers were contacted through notices in the local
media, via bulletin boards at the university, schools for higher education, and the
local library, and through personal mediation. To select the speakers, a number of
criteria were formulated. These will be described next. For each criterion I will
indicate how well the speakers who eventually were selected fitted them.
Table 3.1
Total number of speakers, broken down by biological gender of the speakers and by dyad
type.
Number
Number of speakers
of dyads
women men total
female-female
19
38
38
female-male
19
19
19
38
male-male
19
38
38
total
57
57
57
114

1. Biological gender
One of the independent variables in the research is biological gender. Half of the
speakers are female, and half of the speakers are male, distributed equally over the
three dyad types female-female, female-male, and male-male (Table 3.1).
9
On the one hand, the number of interactions should not be too small, for statistical reasons. On the
other hand, the number should not be too large from a practical point of view, because of the amount of
work involved with recording them. Originally, 75 interactions were recorded of which 20 interactions
for each dyad type were to be selected, but only 19 interactions per dyad type were found suitable for
analysis.
10
We originally aimed to assess whether the interaction partners influenced each other with regard to
their scores on the gender identity questionnaire and their voice quality. In the course of the research
project it was decided not to analyse this influence. This influence can be assessed by applying the
statistical techniques described in Kenny (1988). For this analysis, twice as much mixed-sex dyads than
same-sex dyads are needed, which was not the case in the present study. In addition, it would
considerably complicate the statistical analyses, which already include many variables. In order to obtain
a small indication of the degree of partner influence, for each dyad type (female-female, female-male,
male-male) intraclass correlations were calculated for the scores on the gender identity questionnaire
described in section 3.3. Six of the eighteen correlations were significant, but they did not provide a
systematic pattern, i.e. none of the gender identity scales (e.g. feminine traits, masculine behaviour)
provided a significant result for all three dyad types.
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2. Age
Differences in voice quality between different age groups were not studied in the
present research. The research was conducted on adult voices that have more or less
stable characteristics, not voices in development (children) or voices undergoing
changes because of ageing (middle-aged or older people). The most prominent
characteristic of the development of the voice in children is the lowering of
fundamental frequency and formant frequencies from infancy up to and including
puberty, but other characteristics such as an increase in speech rate are also
mentioned (e.g. Bennett 1983; Haselager, Slis & Rietveld 1991; Van Rie & Van
Bezooijen 1993). Some characteristics of voices of middle-aged and older people
include the lowering of mean pitch for women due to menopause, a rising of mean
pitch for men, a more variable fundamental frequency, a less stable voice in terms of
frequency and amplitude perturbation (jitter and shimmer), and increasing
creakiness, (e.g. Decoster 1998; Van Rie & Van Bezooijen 1995; Hollien 1991).
With these ageing effects in mind, the age limits for participants in the research were
set on well after puberty (ca. 20 years old) to just before middle age (ca. 45 years
old). The distribution of the age of the participants is shown in Figure 3.1. The
average age of the female speakers is 28, that of the male speakers 27.
women

men

12

Number of speakers

10
8
6
4
2
0
18

21

24

27

30

33

36

39

42

45

48

Age
Figure 3.1
Ages of the speakers, broken down by biological gender.

3. Level of education
Socio-economic status (SES) can have an effect on voice quality, e.g. on the amount
of creakiness and nasality (Van Bezooijen 1984; Esling 1978; Trudgill 1974). To
operationalise SES, most research uses level of education and type of profession. Of
these two indices, profession has the most gender-linked disadvantages: women are
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often difficult to classify when they stay at home and take care of the children, or, for
the same reason, work part-time in jobs with a lower status than the jobs they were
originally trained for. Classifying them according to their (marriage) partners'
professions does not seem a satisfactory solution either (Boves & Gerritsen
1995:213). Therefore, in the present research level of education was used.
The participants had to have a more or less homogeneous level of
education; SES might have an effect on voice quality, and on how gender identity is
defined and communicated, which in turn might influence the scores of the listeners
on the gender identity questionnaire (see section 3.3). The speakers' level of
education had to be fairly high, because the gender identity questionnaire was
developed for persons with a higher education. To assess level of education, a list of
school types was adopted from the research project Sociaal-Culturele
Ontwikkelingen in Nederland ('Socio-cultural developments in the Netherlands'
1994) (Table 3.2). All participants were at least educated at level 5, but most were
educated at level 9 (Figure 3.2).11
Table 3.2
Levels of education in the Netherlands, adopted from SCON (1994). Speakers from levels 5
through 10 participated in the present research.
Level Abbreviation
School type
unfinished primary education, special primary education
1 loprimary education
2 lo
pre-vocational education
3 lbo/lhno
4 mavo, 3-year hbs junior general secondary education
senior secondary vocational education
5 mbo
senior general secondary education
6 havo, mms
pre-university education
7 vwo, 5-year hbs
higher professional education
8 hbo
university education
9 wo
post-graduate education (PhD, MD)
10 wo+

The discipline or profession of the participants can be divided roughly into seven
areas: medical (e.g. doctor), economical (e.g. accountant), linguistic (e.g. translator),
social (e.g. anthropologist), psychological (e.g. psychologist), and exact sciences
(e.g. engineer), and a rest category (e.g. musician). All disciplines or professions
were distributed more or less evenly over men and women and the three dyad types.

11
The distributions of the ages and levels of education of the speakers in Figures 3.1 and 3.2 is skewed,
i.e. younger speakers and speakers with a university degree are present in greater number than older
speakers and speakers without an academic education. Originally, the aim was to include speakers from
all age groups and levels of education. However, it was very difficult to find persons of the older age
groups and the lower levels of education who were willing to participate in the interaction task at hand,
i.e. talking with an acquaintance for a period of time in front of a microphone. In the end, we were forced
to further include only university students.
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Figure 3.2
Levels of education of the speakers, broken down by biological gender. An explanation of the
levels is given in Table 3.2.

4. Relationship between participants
(Marriage) partners or members of the same family (siblings, mother-son, unclenephew, etc.) were excluded from participation as dyads. Within these family
relations specific types of interaction may develop which could interfere with the
research (one person considers him/herself spokesperson; always checking opinions
with the other person "don't you think so"; etc.). In addition, family members might
have more similar voice qualities than 'outsiders'. Typical interaction patterns might
of course also develop between close friends. However, on a scale from total
strangers to (married) partners, the likelihood of typical interaction increases; friends
or acquaintances are somewhere in between.
The type of relationship between the speakers turned out to be diverse: they
knew each other through university, mutual friends, work, sport, hobbies, or were
housemates in a student home. On average, they had known each other for 5 years,
with outliers at two months and 23 years. They met regularly, at least once a month,
but usually more often. They participated together in a number of activities, such as
talking, going out to a bar or a cinema, watching television, participating in sport
activities, studying, going on a holiday. No clear differences in type of relationship
between the speakers could be detected among the three dyad types.
5. Language variety
All speakers had to be native speakers of Dutch, using the standard language;
speakers with e.g. a Surinamese or Turkish accent were not allowed to participate in
the research, because their voice quality may be different than that of standard Dutch
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speakers (Doeleman 1998). The same may hold for dialects and regional accents
(Van Bezooijen 1985).
The speakers came from all over the Netherlands, with an emphasis on the
region around Nijmegen / Arnhem and the eastern part of the province of NoordBrabant (Figure 3.3). Their regional origin was defined as the place were they had
lived for the better part of their lives and/or received secondary education (if they
had moved around a lot).

Women
Men
Groningen
NORTH SEA

Amsterdam

Nijmegen

Maastricht
BELGIUM

GERMANY

Figure 3.3
Regional origin of the speakers, broken down by biological gender.

3.3. Gender identity
A very important speaker characteristic in the present research is gender identity.
This section gives a description of the gender identity questionnaire that was used to
assess the gender identity of the speakers. The speakers' responses are discussed in
the second half of this section.
3.3.1. Description of the gender identity questionnaire
The questionnaire used in the present research is the 'Nederlandse Sekse-Identiteit
Vragenlijst' (NSIV, Dutch gender identity questionnaire) developed in the early
nineties (Willemsen & Fischer 1996, 1997). It can be found in appendix A. The
questionnaire is based on the following theoretical concepts:
• Masculinity and femininity are cultural constructs: the content and meaning of
these concepts varies across culture and time. They are not objective dimensions
that are resistant to change. Masculinity and femininity are the extent to which a
person has incorporated into her/his identity the culturally prevalent ideas about
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masculinity and femininity. Because of the changeable nature of these concepts,
it is not advisable to take, for instance, the well-known Bem Sex Role Inventory
(Bem 1974) and translate that into Dutch. This questionnaire is 20 years old and,
more importantly, was developed for the United States and not for the
Netherlands.
• Gender identity is not dichotomous. Masculinity and femininity are not two poles
on a bi-polar continuum. Instead, masculinity and femininity are two independent
dimensions. A person is never only masculine or feminine, but has both
masculine and feminine characteristics in a greater or lesser extent. These are not
coupled to biological maleness or femaleness.
• Gender identity does not only consist of a set of personality traits but is also
defined by behavioural aspects, i.e. appearances, interests, skills, social relations
and sex role behaviour. Therefore, the questionnaire contains two parts: one in
which personality traits are assessed and one that assesses behaviour.
The development of the questionnaire resulted from several experimental and
theoretical studies (Willemsen & Fischer 1996). A first pilot study, among readers of
a Dutch psychological magazine, was used to test whether the behaviour part of the
questionnaire provided additional information about gender identity to the part on
personal traits, which it did. The researchers optimalized the questionnaire's validity
in a second pilot study. Adults with stereotypically masculine, stereotypically
feminine and gender-neutral professions filled out an extended version. Questions on
which the masculine, feminine, and gender-neutral groups differed in the expected
direction were included in the questionnaire. The personality traits that were
included in the final version of the questionnaire were based on recent Dutch gender
stereotype research among first year psychology students, students of schools for
higher professional education, and a group of adults. In all studies the traits had to be
judged clearly as masculine or feminine. Explicitly negative traits (e.g. aggressive)
were not included, because people rarely admit to having these traits when filling out
a questionnaire. The resulting masculinity and femininity scales are internally
consistent, but not totally independent of each other. For the behaviour part of the
questionnaire no previous Dutch research results were available. The researchers
used questions from an American questionnaire, which they supplemented with
questions based on their own personal knowledge and a small-scale study on
stereotypically masculine and feminine behaviour. The resulting masculinity and
femininity scales are again internally consistent. As a final step the two parts of the
questionnaire, on traits and behaviour, were fine-tuned to be consistent, according to
the results of the two pilot studies.
The part about personal traits lists 15 stereotypically feminine and 15 stereotypically
masculine traits. A participant is asked to indicate to what extent s/he has a particular
quality. The answers are given on 5-point scales, which go from I am not ... (1) to I
am very ... (5). The scores for feminine traits and masculine traits are the averages of
the scores for the separate questions, and can therefore vary between 1 and 5.
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The behaviour part has 28 questions, half of which assess feminine
behaviour and half masculine behaviour. For each question, there are five possible
answers, which are ordered in such a way that the most feminine or masculine
answer is on the right end of the page, and the least feminine or masculine answer is
on the left end. From left to right the five possible answers are attributed the scores 1
to 5. The scores for feminine behaviour and masculine behaviour are the averages of
the scores for the separate questions, and can therefore vary between 1 and 5.
There are four ways of using the masculinity and femininity scales for
research (cf. Willemsen & Fischer 1996):
• The first is leaving the scales intact, which results in four scales: feminine traits,
masculine traits, feminine behaviour and masculine behaviour. This method will
be adopted in the present research, for use in the correlational statistics and
multiple regression analyses.
• The second method is combining the score for feminine traits with the score for
feminine behaviour in one scale of femininity, and combining the scores for
masculine traits and masculine behaviour in one scale of masculinity. In the
present research, this method will not be used, because of the design of the
research. Only traits and not behaviour can be studied throughout the research
model presented in section 1.4, i.e. in stage V attributions of traits are elicited,
and not attributions of behaviour. Therefore, the traits and behaviour scores are
kept separated.
• The third method is assigning each participant to one of four gender types. This
typology is made on the basis of a combination of the femininity and masculinity
scores as explained in the previous point. For both the femininity and masculinity
scores a median score is calculated, based on the scores of the entire sample, i.e.
women and men combined. Both scales are split into half according to this
median score (median-split method). For all participants it is assessed whether
they score high or low on the femininity and masculinity scales, i.e. above or
below the median. The participants can then be assigned to one of four groups
(see Figure 3.4):
1. Androgynous
high feminine and high masculine
2. Feminine
high feminine and low masculine
3. Masculine
low feminine and high masculine
4. Undifferentiated
low feminine and low masculine
This method will be used in the present research in the discriminant analyses.
• The fourth method is a further reduction of this fourfold classification into sextyped persons (women that are feminine and men that are masculine) and non
sex-typed persons (androgynous and undifferentiated women and men). This
method will not be used in the present research.
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masculine
MASCULINE

ANDROGYNOUS

method will be

UNDIFFERENTIATED

FEMININE

feminine
Figure 3.4
The classification of the participants into four gender types based on their scores for
femininity and masculinity on the gender identity questionnaire.

All speakers filled out the gender identity questionnaire about themselves (selfassessment). In addition, they also filled out the part on personal traits for their
interaction partner (partner assessment). Therefore, when relating the measurements,
descriptions, and evaluations in chapters 4, 5, 6, 7, and 8 to gender identity, for each
speaker six overall scores for gender identity are available:
1. Feminine traits (self-assessment): the average score for the femininity questions
in the traits part of the questionnaire, filled out by the speaker her/himself.
2. Masculine traits (self-assessment): the average score for the masculinity
questions in the traits part of the questionnaire, filled out by the speaker
her/himself.
3. Feminine behaviour (self-assessment): the average score for the femininity
questions in the behaviour part of the questionnaire, filled out by the speaker
her/himself.
4. Masculine behaviour (self-assessment): the average score for the masculinity
questions in the behaviour part of the questionnaire, filled out by the speaker
her/himself.
5. Feminine traits (partner assessment): the average score for the femininity
questions in the personal traits part of the questionnaire, filled out by the
speaker's interaction partner.
6. Masculine traits (partner assessment): the average score for the masculinity
questions in the personal traits part of the questionnaire, filled out by the
speaker's interaction partner.
3.3.2. Speakers' social gender according to the gender identity questionnaire
For each speaker, scores were computed for feminine traits, masculine traits,
feminine behaviour, and masculine behaviour (self-assessment) and their interaction
partner's assessment of feminine traits and masculine traits (partner assessment).
Figure 3.5 gives boxplots of the scores for these six scales for all speakers. The
boxplots provide an overview of the distribution of the scores of the female and male
speakers on all scales.
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For each scale a t test for independent samples12 was conducted to test
whether female and male speakers differed significantly on that scale. The results
can be found in Table 3.3, along with the mean scores and score ranges. On two of
the six scales, the female speakers differed significantly from the male speakers. In
their self-assessment of feminine behaviour, female speakers scored significantly
higher than male speakers, i.e. the female speakers attributed themselves more
feminine behaviour than male speakers did. In the partner's assessment of feminine
traits, female speakers scored significantly higher than male speakers, i.e. the
interaction partners attributed significantly more feminine traits to female speakers
than to male speakers.
The results from the t tests are comparable to the results of Willemsen & Fischer
(1996, 1997), who also found that women and men had more similar scores on
masculinity than on femininity. Women scored significantly higher on femininity
than men. Apparently, femininity is a more marked concept than masculinity. It is
acceptable for both genders to exhibit a certain degree of masculinity, but it is less
acceptable for men to exhibit a relatively high degree of femininity. In short, it is
more acceptable for women to be masculine than for men to be feminine.

5,0
4,5
4,0
3,5
3,0
2,5
2,0
1,5
1,0
female

male

masc. traits
fem. traits
masc. behaviour
fem. behaviour
masc. traits partner
fem. traits partner

Figure 3.5
Boxplots of the scores on the gender identity questionnaire, for female and male speakers
separately. The scales range from 1 to 5. Median (thick line), interquartile range (box), range,
and outliers (dots) are shown.

12

Footnote 10 explains why it was decided not to apply a more complicated statistical analysis.
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Table 3.3
Mean, minimum, and maximum scores of the female and male speakers on the gender identity
questionnaire. Results of t tests for the difference between female and male speakers are
given in the last three columns.
Female speakers
Male speakers
Difference
t
df
p
mean min. max. mean min. max.
feminine traits
3.4
2.2
4.4
3.3
2.1
4.3 1.70
112
.09
masculine traits
3.1
2.2
3.9
3.2
2.0
4.0 -1.71
112
.09
feminine behaviour
2.7
1.9
3.6
2.5
1.7
3.1 3.65
112
.00
masculine behaviour
2.7
1.6
3.7
2.7
1.7
3.8 -.259
112
.80
feminine traits
3.4
2.4
4.4
3.2
2.3
4.4 2.62
112
.01
partner assessment
masculine traits
3.1
1.9
4.5
3.3
2.5
4.0 -1.56
112
.12
partner assessment

According to the median-split method described previously in this section all
speakers were assigned to one of the four gender types androgynous, feminine,
masculine, and undifferentiated. The number of speakers assigned to each group is
listed in Table 3.4, broken down by biological gender. Not surprisingly, more female
speakers than male speakers are typed feminine, and more male speakers than female
speakers are typed masculine. In addition, more female speakers than male speakers
are androgynous, whereas more male speakers than female speakers are
undifferentiated. The differences between female and male speakers are significant
(!2 = 9.39, df = 3, p < .05) and comparable to the results of Willemsen & Fischer
(1996, 1997).
Table 3.4
Number of speakers assigned to each of the four gender types (Figure 3.4), for female and
male speakers separately and combined.
Female speakers
Male speakers
All speakers
N
%
N
%
N
%
androgynous
18
31
12
21
30
26
feminine
16
28
7
12
23
20
masculine
9
16
20
35
29
26
undifferentiated
14
25
18
32
32
28
total
57
100
57
100
114
100

It is not very surprising that differences between the two sexes are present in the
results of the questionnaire. Although masculinity and femininity are not
unequivocally associated with biological maleness or femaleness, it is to be expected
that masculine traits and behaviour are associated more with the male gender and
feminine traits and behaviour with the female gender.
However, the results of the questionnaire also indicate that it is not futile to
make a distinction between biological and social gender. The distribution of the
scores for masculinity is comparable for female and male participants, meaning that
both these groups incorporate people whose scores ranged widely for masculinity.
The difference between female and male speakers for femininity is somewhat more
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pronounced, but still the scores for both gender groups are distributed fairly widely
across the possible values these scores might have. This entails that the femininity
and masculinity scales do not coincide with the biological gender distinction in
women and men; they supplement the biological distinction with social gender
information.
3.4. Speech samples
3.4.1. Procedure and speech tasks
In the introduction to this chapter it was stated that the interactions had to be as
natural and relaxed as possible, but on the other hand certain requirements had to be
met: on a technical level the speech quality had to be suitable for acoustic analysis,
and on a methodological level the content of the speech should not be related to
gender, because this might influence the reactions in the attribution experiments.
Therefore, the recording conditions and the interactional content had to be controlled
to some extent.
Because of the technical requirements (i.e. the speech material had to be of good
quality for the acoustic measurements) the recording of naturally occurring
interactions was not feasible. Therefore, real-life interactions were imitated by
having two people interact in a more or less controlled setting. Most recordings took
place at the homes of one of the two participants; the informality and familiarity of
the home environment would increase the likelihood of spontaneous and informal
speech behaviour by the speakers. A few recordings took place at the Department of
General Linguistics and Dialectology at Nijmegen University or at the Phonetics
Laboratory of Leiden University. The recordings that were not made at home
involved students or university employees, who were familiar with the university
surroundings. The author made all recordings.
After the introductions, the recording equipment was set up. During this
stage, casual conversation took place between the experimenter and the speakers,
among other things about the purpose of the research project. The project was
presented as an investigation about the way people interact, and whether this is
related to how long they have known each other. This explained the use of recording
equipment, but did not draw any attention to voice quality. Most people were
interested and eager to participate, and the casual interaction almost always resulted
in a friendly atmosphere.
The two speakers were seated at opposite sides of, in most cases, a diningtable, each with a microphone in front of them (Sennheiser MD421N/MD441N).
The two microphones were connected to separate channels of a Sony TCD-D7 DATrecorder, which recorded the two signals on DAT-tapes with a sampling frequency of
48 kHz. Special care was taken to minimise background noise. When making the
appointment, the experimenter requested the recording to take place at the most quiet
of the two speakers’ homes. In addition, next to the normal recording precautions
such as placing a tablecloth under the microphones and instructing the speakers not
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to make disturbing sounds, the influence of for example ticking clocks, pets,
telephones, and intruding family members was cancelled out as much as possible, by
removing them from the scene, unplugging the telephone, etc.
The two speakers were asked to talk for thirty-five minutes about topics that were
handed to them in a small booklet. There were seven topics, which had to be talked
about in a fixed order (see appendix B). All topics were tested in trial interactions.
For each topic, the speakers had to reach consensus on one or more discussion points
or questions. If they were finished discussing a certain topic, they moved on to the
next one; the speakers themselves determined the course of the interaction. The
number of topics discussed varied between two and seven per interaction. The
experimenter was only present during the first minute, to check the recording
equipment and adjust the recording level. After that she sat elsewhere reading a
book, often in another room.
After thirty-five minutes the experimenter ended the interaction. Next, the speakers
filled out the gender identity questionnaire, which was discussed in detail in section
3.3. They also filled out a few questions about their relation to each other and their
age, level of education, etc. During this stage, the experimenter cleared away the
recording equipment. At the end, the speakers were paid for participating.
3.4.2. Reduction of the speech material
All speech material was copied digitally from the DAT-recorder to a Silicon
Graphics computer (Indy) and was subsequently downsampled to 16 kHz. For each
interaction, the first minute was discarded because it contained a relatively large
amount of 'start-up' speech. Starting after the first minute, thirty minutes of speech
was read into the computer. This had to be reduced to approximately one minute of
speech for each speaker. The reduction required a number of steps, which are
summarised in Table 3.5.
Step 1
Step 1 is the total amount of speech material that was read into the computer. The
number of files is 57, because there were 57 interactions. In total, they lasted 1705
minutes, or over 28 hours.
Step 2
Step 2 was an elaborate step, which consisted of first cutting the entire interaction
into separate utterances, and second determining which of the utterances contained
speech from speaker one, which contained speech from speaker two, and which
contained overlapping speech from the two speakers simultaneously. For cutting the
utterances, a special Unix program was written.13 This program determined which
13
The segmentation and channel identification programs were developed by Jos Pacilly (Phonetics
Laboratory, Leiden University). Recall that the interactions were recorded with two microphones on two
separate channels of the DAT-recorder. The first Unix program determines for each channel separately
when the sound level exceeds the noise level. If the sound on one channel exceeds the noise level for a
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stretches of speech could be seen as utterances separated by a 200 ms pause. There
were three reasons why pauses between utterances were set on 200 ms. First, 200 ms
is the smallest possible pause between utterances without marking the silent phase of
obstruents as pauses (Goldman-Eisler 1968). Second, pauses of 200 ms are large
enough to be perceived by listeners as pauses (ibid.). Third, 200 ms is short enough
to ensure that overlapping speech of two speakers is present in as few speech files as
possible.
The first Unix program produced two types of speech files: one with speech from
only one speaker and one with overlapping speech. To separate the files with
overlapping speech from the files with non-overlapping speech, a second Unix
program was used.14 The amount of non-overlapping and overlapping speech and the
amount of silence in the total interactions are shown in Table 3.5. The nonoverlapping speech that was selected by step 2 had a total duration of 668 minutes,
or over 11 hours (39.1% of the total interaction time).
Step 3
Step 3 was a selection on the basis of the duration of the speech files. The length of
the utterances might play a role in the attribution experiments. A speaker with
systematically long utterances may be attributed different personality characteristics
than a speaker with systematically short utterances. This effect is not desirable,
because the listeners had to base their judgements solely on voice quality. Therefore
an upper and lower boundary of file length was set on 5 and 1 seconds, respectively.
The upper boundary of 5 seconds was chosen to exclude long utterances without
losing too much speech material. Listening to the short fragments motivated the
lower boundary of 1 second. These contained almost no connected speech, only
short vocalisations such as 'yes' or 'no' or backchanneling sounds ('hm'). Furthermore
they contained a lot of noise such as laughter, coughing, and knocking against the
table. As a result, all utterances used in the research have a length ≥ 1 second and ≤ 5
seconds. The amount of speech used in the research was thereby reduced to 481
minutes, or approximately 8 hours (28.2% of the total amount of speech material)
(Table 3.5).

period of 100 ms, the program marks at which point the noise level was exceeded, i.e. when an utterance
started. If the sound on one channel no longer exceeds the noise level for a period of 200 ms, the program
marks when the noise level was exceeded last, i.e. when an utterance ended. Thus a stretch of speech was
seen as a separate utterance when it was preceded and followed by a pause of minimally 200 ms.
14
In the files with overlapping speech, both channels are simultaneously recording sound (speech or
noise). These files cannot be used in the research. They therefore have to be as short as possible, to
preserve as much speech as possible to be used for analysis. With a larger pause time, for example 500
ms, there is the risk of putting relatively long stretches of non-overlapping speech together in a speech
file with overlapping speech. During the interaction, sound is received through both channels. When both
channels record sound, the segmentation program mentioned above saves two speech files, one for each
channel. Each utterance is saved with information about which channel it was recorded on and time of
begin and end. When only one speaker is talking, only one channel receives sound that exceeds the noise
level, so the begin and end times of that utterance are unique. When the two speakers are talking
simultaneously, the begin and end times of their utterances overlap. This characteristic was used to
distinguish files with overlapping speech from files with non-overlapping speech.
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Table 3.5
Reduction in six steps of the speech material from 30-minute interactions to approximately 45
seconds of selected speech per speaker.
Step Description
Number Duration in
Percent of the
of files
total duration
minutes
1 30-minute interactions
57
1710
100
2 separating files with overlapping and
non-overlapping speech
18268
+ overlap
476
28
- overlap (➙ step 3)
31963
668
39
silence
561
33
3 discarding short and long fragments
< 1 second
17504
128
8
> 5 seconds
562
59
3
13897
481
28
≥ 1 and ≤ 5 seconds (➙ step 4)
4 automatic randomisation and selection of
max. 2 minutes
5260
228
13
5 manual auditory selection of max. 90
seconds
3280
147
9
6 content neutrality experiment
2691
87
5

Step 4
After step 3, approximately 8 hours of speech remained. This was too much material
to process in steps 5 and 6. Further reduction was achieved by randomly selecting a
maximum of two minutes of speech fragments for each speaker. This resulted in 228
minutes of speech, or almost 4 hours (13.4% of the total amount of speech) (Table
3.5).
Step 5
Next, in step 5, all fragments were listened to by the author and auditorily judged on
sound quality. All fragments with laughter, coughing, knocking against the table and
other noises were discarded. From the remaining files, for each speakers as much
speech as possible was selected with a maximum of 90 seconds (the average length
was 77 seconds). The total amount of speech material remaining was 147 minutes, or
approximately 2.5 hours (8.6% of the total amount of speech) (Table 3.5).
Step 6
In step 6 a final reduction of the material was achieved by means of a pen-and-paper
neutrality experiment. Ten subjects participated, four women and six men between
20 and 24 years old. The subjects were students at Nijmegen University, mostly from
the Social Sciences and Arts faculties (e.g. political science, history, philosophy).
Their task was to judge each separate written-out utterance with respect to the degree
of masculinity and/or femininity it suggested. In the instructions the terms
'masculinity' and 'femininity' were defined according to the results of the factor
analysis and item-total correlations of the gender identity questionnaire described in
section 7.2.3. Masculinity was defined as having self-assured, adventurous,
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independent, enterprising, and technical characteristics, and femininity as having
emotional, sensitive, caring, romantic, and warm-hearted characteristics. The
subjects made their judgements on two 8-point scales, ranging from 0 to 7. The
instructions furthermore stated that they did not have to choose between either a
masculinity judgement or a femininity judgement; they could give a score for both at
the same time. Some fragments indeed received scores on both scales.
The total number of utterances to be judged was 2691. This is too much for
one person to score. Each utterance was therefore judged by three of the ten raters.
On average each subject scored 807 utterances ((2691 utterances * 3 subjects) / 10
raters). This took about 1.5 hours per subject. The subjects were not informed as to
which utterances belonged to which speaker. The subjects were paid for
participating.
For each utterance an average masculinity/femininity score was computed.
Masculinity and femininity scores were combined to form a general score for genderrelatedness. The scores for masculinity and femininity for each utterance were added
up and divided by two. Subsequently, the utterances with the lowest mean scores for
gender-relatedness were selected, up to a total duration of 45 to 49 seconds per
speaker. The average gender-relatedness score per speaker was 0.48. The neutrality
experiment reduced the total amount of speech to 87 minutes, or approximately 1.5
hours (5.1% of the total amount of speech) (Table 3.5). For each speaker, on average
24 speech fragments were selected (minimum 17, maximum 32). They constitute the
speech material that was used for the acoustic measurements, perceptual descriptions
and attributions in the entire research, reported on in chapters 4, 5, 6, 7, and 8.
3.5. Conclusion
In the present chapter, the speakers and the speech material were described. Fairly
long interactions between acquaintances were recorded, mostly at the speakers'
homes, and from these naturalistic interactions speech material for each speaker was
selected through an elaborate procedure. This effort has resulted in standard Dutch
speech data of 57 female and 57 male speakers that is reasonably representative of
real-life conversations of young adults with a high level of education. Conclusions
about the relation between gender and voice quality reached on the basis of this data
can be argued to be valid also outside the research context, in daily life.

4.

Acoustic description of voice quality

4.1. Introduction
This is the first of three chapters which together provide descriptions of the voice
quality characteristics of the speakers' voices. In this chapter, the characteristics will
be described on the acoustic level, followed in the following two chapters by
perceptual descriptions by expert and naive raters. Of these three types of
descriptions, the acoustic descriptions are the least influenced by the social context
of speech, whereas descriptions by expert and naive listeners will increasingly be
affected by the social context: listeners have a grasp of the stereotypical and actual
speech differences with relation to gender which may influence their ratings, but
acoustic measures do not.
The acoustic voice quality descriptions constitute stage II of the research
model in section 1.4. They will be related to the speakers' gender characteristics
from stage I (Figure 4.1).

I

II

IDENTITY

instrumental

acoustic
measurements

V
IMPRESSION

voice quality

social gender

listeners
experts

self-assessment

IV

REPRESENTATION

biological and
social gender
speakers

III

naive

naive

perceptual
ratings

Figure 4.1
The research model described in section 1.4. The stages that will be dealt with in this chapter
are indicated in grey: the acoustic voice quality measurements in relation to the speakers'
gender characteristics.

The aim of this chapter is to answer the following question: How are the biological
and social gender characteristics of speakers related to their voice quality
characteristics as described by acoustic measures? More specifically, the following
questions will be answered:
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• How do acoustic measures relate to speakers' biological and social
gender characteristics (i.e. female/male, feminine and masculine traits,
and feminine and masculine behaviour)?
• What (combination of) acoustic measure(s) optimally categorise
speakers into biological gender (female/male) or social gender
subgroups (androgynous, feminine, masculine, undifferentiated)?
In section 4.2 the methodology is described: the speech material (4.2.1), and the
acoustic measurement methods (4.2.2). Section 4.3 contains the results of the
analyses, with some descriptive statistics (4.3.1), a factor analysis of the acoustic
measures (4.3.2), and an analysis of the relation of the measures with the speakers'
gender characteristics (4.3.3). The concluding remarks for this chapter can be found
in section 4.4.
4.2. Method
4.2.1. Speech material
In section 3.4.2 a detailed description was given of the reduction of all recorded
speech to about 45 seconds of speech fragments per speaker. This material was used
for the acoustic measurements.
4.2.2. Acoustic analysis
On the basis of a literature review, in section 2.3 eleven voice quality characteristics
were selected to be used in the present research: whispery voice, creaky voice, harsh
voice, laryngeal tension, vowel space, nasal voice, supralaryngeal tension, pitch
(average and variability), loudness, and tempo. That section also described a
summary of acoustical measures for each of the voice quality features. Not all
measurement techniques were applicable in the present research. This section
describes first which measurement techniques were chosen, and second how the
measurements were done.
The following list provides an overview of the acoustic measurements employed in
the present study. The exact measurement techniques are described in section 2.3.
The list of general terms from the present section is summarised in Table 4.1.
Whisperiness
Section 2.3 identified five acoustic measures for the amount of friction in the voice.
Most of these measures are related in the literature to breathiness. In the present
study, these measures will be taken as measures for whisperiness also for two
reasons. First, in section 2.3.1 the possible terminological confusion between
breathiness and whisperiness was pointed out. Second, the difference between
whisperiness and breathiness lies in the amount of tension in the voice. The friction
components are always present. Therefore, measures that indicate the amount of
friction are most probably applicable for both.
The three spectral measures level of the first harmonic, bandwidth of the
first formant, and spectral poles and zeros are not applicable to the data of the
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present study, because they require single phoneme (vowel) data, and are not suited
for the analysis of a sample of continuous speech. The amount of interharmonic
noise and the steepness of the spectral tilt are suitable measures for the speech
samples used in this study, and were therefore used as voice quality indicators of
whispery voice. Whispery voice is related to a large amount of interharmonic noise
and a steep spectral tilt.
Creakiness
The steepness of the spectral tilt was used as indicator of creaky voice. Creaky voice
is related to a relatively flat spectrum, i.e. relatively strong upper harmonics.
Harshness
Jitter and shimmer measurements and the amount of interharmonic noise were used
as indicators of harsh voice. Harsh voice is related to large amounts of jitter,
shimmer, and interharmonic noise.
Tension
Spectral tilt indicates tension. The spectrum of tense voices is flatter than that of lax
voices.
Nasality
Acoustic properties of nasal voice are hard to describe. As a general rule, only voice
quality measures with generally accepted, relatively uncontroversial and welldocumented acoustic correlates were included in this study. Therefore, no attempt
was made to identify nasal voice acoustically in the present study.
Vowel space
Vowel space is measured on the basis of formant frequencies of vowels. Initially, it
was planned to incorporate measurements of formant frequencies of selected vowels
in the research. The vowels were to be taken from the one minute of speech material
available for each speaker. However, it was found that in this one minute, not
enough tokens of the point vowels ([a], [i], [u]) were present to enable
measurements. It would have been possible to select vowels from other parts of the
30-minute interactions, but then the measurements would not have been
representative for the one minute of speech material used in the rest of the research,
and the comparability of the data would have been diminished. Therefore, acoustic
correlates of vowel space were not measured in the present research.
Pitch
Average pitch and pitch variability were measured in ERB. The exact acoustic
measurements are described further below.
Loudness
Direct intensity measurement, i.e. measuring loudness in dB, was not advisable for
the data in the present study. For a fair comparison of the intensities of the speech
across speakers, these direct measures require calibrated recording conditions that
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were not available.15 In the present study, perceptual loudness in sone was measured
according to the method of Zwicker & Feldtkeller (1967) (as implemented in the
PRAAT speech processing software, see below).
Tempo
In the present research speech samples containing pauses larger than 200 ms were
excluded: pauses will not be present in the data. Therefore, speech rate is not a
relevant measure, and only articulation rate can be computed.
Table 4.1
The acoustic measures
present study.
Voice quality feature
whisperiness
creakiness
harshness
tension
nasality
vowel space
pitch
loudness
tempo

(general terms) selected to represent the voice quality features in the
Acoustic measures (general terms)
HNR, spectral tilt
spectral tilt
jitter, shimmer, HNR
spectral tilt
pitch central tendency and variability in ERB
spectral tilt, perceptual mean loudness in sone
syllables per second excluding pauses

An unambiguous 1:1 relation between acoustical measures and perceptual
impressions does not exist; a specific measure may provide information about
several voice quality features. For instance, spectral slope might be an indication of
the whisperiness, creakiness, tenseness, or loudness of a voice. The opposite is also
true: the presence of a specific acoustic feature in the voice does not necessarily
imply the perceptual impression of a certain voice quality. For instance, noise levels
in the acoustic signal may be high without the speech giving the impression of
breathy or harsh voice quality.
In the next paragraphs, the measuring techniques used in the present study
are described. Unless stated otherwise, all analyses are performed with the speech
signal processing software package PRAAT (Boersma & Weenink 1996; 2000) on a
Unix platform (Silicon Graphics Indy).
Spectral measures
The three acoustic measures Harmonics-to-Noise-Ratio (HNR), spectral tilt, and
loudness in sones are spectral measures: for their calculation at some point in the
process a sound spectrum is needed.

15
Recording a calibration sound along with the interactions was not an option, because the recording
level was set during the first minute of the interactions. Stopping an interaction to record an unrelated
sound would have been too interrupting. In addition, for a fair comparison of intensity levels mouth to
microphone distance should be constant, which would result in a severe restriction of the freedom of
movement of the speakers. Head-mounted close-talking microphones were not available at the time of the
recordings.
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Harmonics-to-Noise-Ratio (HNR)
HNR can only be measured on voiced speech signals. The speech samples in the
data set of course also contain unvoiced parts. The measurement of HNR therefore
requires the selection of the voiced speech parts. First, by means of a forward crosscorrelation method the fundamental frequency was obtained separately for all short
speech fragments which together formed the approximately 45 seconds of speech
material for each speaker (range 50-350 Hz for male speakers, 100-450 Hz for
female speakers). Next, using the fundamental frequency information a voicedunvoiced decision was made for each frame. All voiced samples were concatenated
to form a continuous stretch of voiced speech, on which HNR could be measured (in
dB).
Section 2.3 described that e.g. for whispery voices the noise levels are
increased specifically in higher spectral regions. Therefore, frequency bands had to
be determined in which HNR was to be measured. In research into spectral measures
such as spectral energy levels and spectral tilt, many differing frequency bands have
been proposed. For instance, Löfqvist (1986) and Kitzing (1986) take the ratio of the
energy below and above 1 kHz. Kitzing in addition also calculates the quotient of
0.3-0.8 kHz and 1.5-3.0 kHz. Hammarberg, Fritzell, Gauffin, Sundberg & Wedin
(1980) and Boves (1984:119) divide the spectrum into five frequency bands of
below 0.4 kHz, 0.4-0.6 kHz, 0.6-1.5 kHz, 1.5-5 kHz, and above 5 kHz. Van
Bezooijen (1984:63) distinguishes between slopes in the region of F0, around the
centre frequency of 1.6 kHz, at the level of 5 kHz, and above 5 kHz. However, these
studies did not look at HNR.
De Krom (1994:81) did study HNR. He distinguished between four
frequency bands of 0.06-0.4 kHz, 0.4-2.0 kHz, 2.0-5.0 kHz, and 5.0-8.0 kHz. We
decided to follow the division by De Krom, and chose the band below 0.4 kHz (with
the lowest harmonics), between 0.4-2.0 kHz (with broadly the first two formants),
and between 2.0-5.0 kHz (with the upper formants). However, the band above 5 kHz
was disregarded, because it contains mostly noise components. The HNR-algorithm
in the software package PRAAT performs an acoustic periodicity detection on the
basis of forward cross-correlation pitch determination.
Spectral slope
Just as with HNR, measuring spectral slope also required the selection of voiced
parts of the speech signal. However, an extra analysis step was required, because the
spectral tilt had to be measured on the combined spectrum of the entire 45 seconds
stretch of speech. Therefore, on the basis of the voiced speech samples first a longterm average spectrum (LTAS) was made. An LTAS is the averaged intensity or
amplitude spectrum across a selected frequency range for continuous speech. The
LTAS was made in 32 contiguous frequency bands of 250 Hz for the entire
frequency range of 8 kHz (the maximally possible range as the sampling frequency
of the material was 16 kHz). The slope of this spectrum was determined for the
signal between 0 and 5 kHz, since no relevant information is found beyond 5 kHz, at
least not for vowel(like) sounds. The slope is expressed in dB/Hz as derived from
the B-coefficient of the regression function fitted through the intensity levels of the
consecutive 250 Hz frequency bands.
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Loudness
For calculating loudness, the method of Zwicker & Feldtkeller (1967) was followed,
which measures the perceptual loudness level on the basis of the excitation pattern
of the basilar membrane in the ear (e.g. Glave & Rietveld 1975). The method is
explained in Moore (1989:55) as involving "splitting the complex stimulus into a
number of frequency bands […], and the determination of the level in each one. The
level in each band is then converted to a 'loudness' […], and the loudness in each
band is summed to give the total loudness".
For the entire 45 seconds of speech, the mean loudness in sones was
calculated, using the Zwicker and Feldtkeller computation as implemented in
PRAAT. One sone is defined arbitrarily as the loudness of a 1 kHz tone at 40 dB
Sound Pressure Level (Moore 1989:55).
Perturbation measures
Frequency perturbation
Frequency perturbation can be determined in an absolute and a relative way.
Frequency perturbation shows considerable correlation with mean fundamental
frequency (Baken 1987:173): higher fundamental frequencies tend to have smaller
perturbations. Absolute perturbation measures do not account for this effect: they
calculate the mean difference in period length for adjacent periods. Relative
measures, however, do take the fundamental frequency effect into account. The
optimal frequency perturbation measures therefore are a ratio of some form of mean
perturbation to mean period.
An additional disturbing factor next to fundamental frequency is the fact
that fundamental frequency variation not only occurs on a very fast, short-term
basis, but also more slowly as part of the intonation contour. The ideal frequency
perturbation measure will have to rule out this effect of intonation in its calculation.
One way of achieving that is by calculating a moving average: for a group of
successive periods, the mean is determined and compared with the duration of the
middle period. Then the window shifts one period and the process is repeated. The
size of the moving window is important: a larger-size window smoothes the
intonation contour and therefore diminishes the effects of intonation on the
perturbation measure. However, the window should not be too large, because then
the pitch perturbation is overestimated.
In the majority of studies a five-point averaging window is employed, so
that will also be used here (Kraayeveld 1997:28). The frequency perturbation
measure used in this study is the Period Perturbation Quotient (PPQ) (Baken
1987:178; Kraayeveld 1997:29; the algorithm from the latter study was used). The
period durations were determined by means of a cross-correlation method. Crosscorrelation is pitch synchronous, and does not employ a window. Autocorrelation
(and subharmonic summation) uses a fixed window, in which a larger or smaller
number of pitch periods are taken for measurement. Using autocorrelation,
smoothing of the contour within the window occurs. The real jitter cannot be
measured then.
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The description above is a way of measuring the extent (magnitude) of the
perturbation. Other measures calculate the rate of changes (frequency) of the
perturbation, i.e. the number of sign changes from period to period, irrespective of
the values themselves. These measures of perturbation rate are, however, not
independent of measures of perturbation extent (Pinto & Titze 1990). In this study,
only the extent-measures will be used, because these are also more common in usage
than the rate-measures.
1 N −2 1 2
∑ | ∑ Pi+ j − Pi |
N − 4 i =3 5 j = −2
PPQ =
1 N
∑ Pi
N i =1

Pi = duration of the ith period
N = number of periods in the speech sample

Amplitude perturbation
Measures of amplitude perturbation are analogous to measures of frequency
perturbation. Analogous to pitch perturbation determination, the measure should
consider long-term changes in vocal intensity, because they are bound to increase its
magnitude. Amplitude perturbation was measured with the Amplitude Perturbation
Quotient, which is analogous to the PPQ for frequency perturbation (APQ) (Baken
1987:117; Kraayeveld 1997:32; the algorithm from the latter study was used). As for
frequency perturbation, it is also possible to determine amplitude perturbation rate,
next to amplitude perturbation extent. However, for the same reasons as described
for frequency perturbation, the rate measures will not be employed in this study.
20 N − 2
APQ =
∑ | log
N − 4 i =3

1
5

2

∑A

j = −2

Ai

i+ j

|

Ai = maximum amplitude in the ith period
N = number of periods in the speech sample

Fundamental frequency measures
The fundamental frequency measures should provide information on the central
tendency and variability of F0. To determine the average F0, median F0 was
calculated. This measure is more robust than mean F0, because it is less influenced
by outliers. For frequency detection the autocorrelation method from PRAAT was
used, which is a relatively robust method, because it determines the F0 within an
analysis window which contains several periods. To start with, the theoretical
frequency range for women was set between 100 Hz and 450 Hz, and for men
between 30 Hz and 350 Hz. All pitch contours were then checked visually, after
which for each speaker individually the most optimal frequency range for measuring
the frequency contour was determined. This was done to minimise the chance of
octave jumps. The calculation of all frequency measures is based on this
individualised frequency contour. All measurements were done in ERB (Hermes &
Van Gestel 1991, see also section 5.2.2).
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For the measurement of fundamental frequency variability, three measures were
calculated.16
• Range. The speaking range was calculated by subtracting the minimum
frequency value in the frequency contour from the maximum frequency value.
The minimum and maximum frequencies were determined by disregarding the
bottom and top 2.5% respectively for sake of measurement mistakes, outliers, or
octave jumps. The range therefore constitutes the 95% range of all values in the
frequency contour (Figure 4.2).
• Coefficient of variation. This is the ratio of the standard deviation to mean F0.
Range and standard deviation are often closely related to F0: high mean values of
F0 in Hz are often accompanied by high values of range and standard deviation.
The coefficient of variation is calculated relative to F0, so it is supposed to be
independent of F0.
• Median in range. This measure was calculated by subtracting the difference
between the maximum frequency and median F0 from the difference between the
median F0 and minimum frequency (Figure 4.2). The larger the difference
between A and B in Figure 4.2, the lower the median is situated in the range.
The three variability measures serve different purposes. Range is a measure
commonly used in pitch variability studies, but it gives an indication of variability,
which is related to the average F0 (in Hz). This does not allow for a fair comparison
between female and male speakers, because female speakers on average have a
much higher average F0 than male speakers. Therefore the coefficient of variation
also was included. This measure is employed less frequently than range, but it is
independent of average F0. The median in range served to indicate the position of
the median F0 in relation to the speaking range. Median F0 can be influenced by
speakers to project a certain vocal gender image. In theory, speakers might adopt a
higher or lower voice within their speaking range. For this measure it is assumed
that the speaking range of the speakers stays in place, but that the median F0 within
the range shifts. It is also possible, of course, that the entire speaking range shifts up
or down within a speaker's total vocal range, and then the distance between the
minimum frequency and median F0 would remain the same, although gender would
have had an influence on the speaking range. Therefore, calculating a measure
indicating the position of the median F0 within the vocal range was attempted, but
this was not successful (footnote 16).

16
In addition to the three measures mentioned here, two additional measures were calculated, which were
not included in the rest of the analyses. The first was the standard deviation, which correlated .97 with the
range and was therefore seen as redundant. The second was the median in vocal range. This measure
indicated the distance between the median F0 and the lowest frequency a speaker was able to produce.
This latter value was determined by having speakers produce an [a] at their lowest attainable pitch in the
modal register (i.e. without creak). However, only 86 speakers, 41 women and 45 men, could complete
this task somewhat satisfactorily. The other speakers either produced creak, or an unstable or too short
[a], or changed the vowel into an [(]. Because the measure was not available for all speakers, and because
for a lot of speakers only a very short instance of [a] could be recorded, it was discarded.
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Figure 4.2
Visual representation of the fundamental frequency measures. The thin outer lines indicate the
highest and lowest frequency values that are measured in the frequency contour. The thick
outer lines indicate the maximum and minimum frequency values, after the bottom and top
2.5% of values are discarded. The distance between maximum and minimum is called the
range. The dotted line indicates the median F0. A and B indicate the distance between
maximum / median and median / minimum respectively. The difference between A and B is
the position of the median F0 in the range.

Articulation rate
As is explained earlier in this section, articulation rate will be computed here, and
not speech rate, because in the material no pauses larger than 200 ms were present.
Of all speech samples orthographical transcripts were made, which presented the
syllables that were actually pronounced by the speakers. Filled pauses (e.g. 'uh') and
]). Words were not
repetitions were included, as were insertions (e.g. [
supplemented with unpronounced syllables: deleted syllables were not counted. The
number of syllables was divided by the total duration of the segments to produce the
measure articulation rate.

PO?N

The problem of fundamental frequency
There might be a problem in determining the relationship between gender
characteristics of speakers and some of the acoustic measures. In some of the
algorithms, fundamental frequency (F0) is referred to in some form. For instance, in
the calculation of HNR, the minimum frequency of a speaker's speaking range is
used. This minimum frequency correlated significantly with a speakers' mean F017.
F0 has a strong relation with biological gender. When determining the relation
between, for instance, a HNR-measure and biological gender, one cannot be sure
that a possible significant relation only reflects a gender effect. It could also indicate
17

Correlations were calculated between the median F0 in ERB and the minimum frequency in ERB. The
minimum frequency was defined as the lowest point in a speaker's speaking range, disregarding the
bottom 2.5%. For female speakers the correlation was .79, for male speakers .88. Both correlations are
significant at p< .01.
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a linear relation between the measure and F0 within the sexes, i.e. within groups of
speakers of the same biological gender. In section 4.3.1 the effects are separated by
calculating partial correlation coefficients. In discussing the results of the analyses in
section 4.3, these effects will have to be taken into account.
Summary of the acoustic measures
Table 4.2 sums up the exact acoustical measures in this study, and indicates the
voice quality features with which they theoretically can be linked.
Table 4.2
Summary of the acoustical measures (exact terms) in the present study and their associated
voice quality features.
Acoustic measures (exact terms) Unit
Voice quality features
HNR 0-400
dB
whispery
HNR 400-2000
dB
harsh
HNR 2000-5000
dB
spectral slope
dB/Hz
whispery
creaky
tension
loudness
loudness
sones
loudness
PPQ
harsh
APQ
harsh
median F0
ERB
pitch
range
ERB
coefficient of variation
median in range
ERB
articulation rate
syllables/second tempo

4.3. Results
4.3.1. Descriptive statistics
In Table 4.3 the means and standard deviations are given for all acoustic measures,
broken down by biological gender and for female and male speakers combined. The
values for the different measures of course differ widely, because the units of
measurements are diverse. For instance, median F0 and range are given in
semitones, HNR is given in dB, and PPQ is given in percent. The average values
differ clearly for most of the measures between female and male speakers. This
difference is addressed in the correlation Table 4.4.
Between all biological and social gender variables and all acoustic measurements
correlations were calculated. The correlations are shown in Table 4.4. For the female
and male speakers taken together, Table 4.4 shows that of the gender identity
variables, biological gender has the most and largest significant correlations with the
acoustic measures. Only coefficient of variation and loudness do not correlate
significantly with biological gender. For the measures articulation rate and APQ
men have significantly higher scores than women (positive correlation coefficient).
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For the measures PPQ, spectral slope, HNR 0-400, HNR 400-2000, HNR 20005000, median F0, range, and median in range women have higher scores (negative
correlation coefficient).
Hardly any of the acoustic measures correlate significantly with any of the
masculinity scales. The only exception is the coefficient of variation which
correlates significantly with masculine behaviour. On the other hand, the femininity
scales correlate significantly with many of the acoustic measures. This holds
especially for the scale feminine behaviour, which correlates significantly with all
measures except range, median in range and loudness.
From the point of view of the acoustic measures, only loudness does not
correlate significantly with any of the gender variables. The remaining measures
correlate between once (range) and four times (HNR 0-400, HNR 2000-5000) with
one of the gender variables.
Table 4.3
Means and standard deviations for all acoustic measures, broken down by biological gender
and for female and male speakers combined.
Male speakers
All speakers
Female speakers
sd
sd
sd
articulation rate
5.95
.66
6.30
.65
6.13
.68
PPQ
1.46
.37
1.13
.31
1.30
.38
APQ
.62
.09
.78
.11
.70
.13
spectral slope
-.0054 .0011
-.0060 .0011
-.0057 .0011
HNR 0-400
19.23
2.04
14.11
1.98
16.67
3.26
HNR 400-2000
15.17
1.86
10.83
2.07
13.00
2.93
HNR 2000-5000
8.37
1.81
6.58
1.52
7.48
1.89
median F0
5.13
.36
3.29
.40
4.21
1.00
range
2.38
.64
1.63
.62
2.01
.73
coefficient of variation
.12
.03
.12
.04
.12
.03
median in range
.79
.47
.54
.37
.66
.44
loudness
11.30
2.82
11.08
3.07
11.19
2.93

For the female and male speakers separately, the picture is different from the
combined correlation matrix. For female speakers, five scattered significant
correlations remain. The largest is the one between HNR 0-400 and feminine traits.
For male speakers, seven significant relations were found. Most of them are related
to masculine behaviour. When splitting the correlations for female and male
speakers, the significant correlations with the femininity scales from the combined
part of the table have almost all disappeared. This may be explained by the fact that
female speakers scored significantly higher on the femininity scales than male
speakers (section 3.3). A difference between the sexes may be underlying the
significant correlations with femininity. In addition, when splitting the scales, for
male speakers some correlations with masculine behaviour become significant,
while for female and male speakers together, only one significant correlation with
masculine behaviour was found. However, female and male speakers did not score
significantly different for masculine behaviour.
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Table 4.4
Correlations of the biological and social gender variables with all twelve acoustic measures
(bold indicates p < .05).
Masc.
Fem.
Masc.
Fem.
Masc.
Fem.
Biol.
Female and male
gender
Traits Traits Behav. Behav.
Traits
Traits
speakers combined
Partner Partner
articulation rate
-.01
-.18
.04
.04
.01
.26
-.26
PPQ
.03
-.04
.04
.09
-.23
-.22
-.45
APQ
.05
-.14
.05
.10
-.09
.63
-.30
spectral slope
.02
.00
-.02
-.05
.18
.22
-.27
HNR 0-400
-.08
.03
-.12
.32
.26
-.79
.29
HNR 400-2000
-.05
.15
-.02
-.03
.13
.34
-.74
HNR 2000-5000
.01
.02
-.08
.29
.23
-.48
.22
median F0
-.11
.16
-.02
-.15
.30
.26
-.93
range
.01
.11
.16
.02
-.05
.16
-.51
coefficient of variation
.14
.08
.03
.07
.01
.23
-.19
median in range
-.09
.11
.02
-.09
-.07
.04
-.29
loudness
-.04
-.07
.15
.12
.12
.01
.11
Masc.
Fem.
Masc.
Fem.
Masc.
Fem.
Female speakers
Traits Traits Behav. Behav.
Traits
Traits
Partner Partner
articulation rate
.03
-.09
.01
-.26
-.05
.09
PPQ
.04
-.04
-.05
-.23
.02
-.19
APQ
.09
-.24
-.01
-.05
-.17
-.34
spectral slope
-.01
-.01
.25
-.04
.15
-.29
HNR 0-400
.07
.13
.21
.04
.44
.26
HNR 400-2000
.20
.04
.09
.17
.17
-.13
HNR 2000-5000
.18
.06
.22
.10
.07
.26
median F0
.09
-.07
-.13
.07
-.08
.03
range
.05
-.12
.01
-.14
-.02
-.03
coefficient of variation
.02
-.10
.03
-.12
.04
-.05
median in range
-.15
.04
-.11
-.16
-.11
-.02
loudness
.02
.02
-.03
.16
.21
-.15
Masc.
Fem.
Masc.
Fem.
Masc.
Fem.
Male speakers
Traits Traits Behav. Behav.
Traits
Traits
Partner Partner
articulation rate
-.14
-.19
.07
-.10
.09
.07
PPQ
-.04
.13
.16
-.04
.02
-.01
APQ
-.19
.11
.09
.08
.07
.30
spectral slope
.13
-.07
.01
.03
.10
.27
HNR 0-400
.08
.07
.02
-.04
-.07
-.04
HNR 400-2000
.03
.05
-.09
.15
.06
-.02
HNR 2000-5000
-.10
.15
-.01
.08
-.21
.23
median F0
.12
.15
.15
-.11
.01
.18
range
.15
.20
-.24
.09
.12
.42
coefficient of variation
.08
.17
-.19
.08
.12
.40
median in range
.08
.11
.22
.11
-.04
-.28
loudness
-.14
.06
-.24
.27
.26
.34
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Section 4.2.3 mentioned the problem of F0, i.e. that the measurement of some of the
acoustic parameters in this chapter could well be related to fundamental frequency.
To provide an indication of the strength of this influence, correlations were
calculated between the median F0 and the other acoustic measures (Table 4.5).
Table 4.5
Correlations between median F0 and the other acoustic measures (bold indicates p < .05).
Median F0
Median F0
articulation rate
-.28 HNR 2000-5000
.58
PPQ
.40 range
.56
APQ
-.13
-.61 coefficient of variation
spectral slope
.29 median in range
.27
HNR 0-400
.08
.82 loudness
HNR 400-2000
.80

When the correlation coefficients in Table 4.5 are compared to those in Table 4.4, it
becomes clear that they are in the same order of magnitude. This is to be expected,
as the correlation between biological gender and median F0 is -.93. Some of the
correlations are fairly large, e.g. the one between HNR 0-400 and median F0 is .82,
which means that these two measures share a lot of variation.
Table 4.6
Partial correlations between biological gender and the acoustic measures, controlling for
median F0 (bold indicates p < .05).
Biol. gender
Biol. gender
articulation rate
.02 HNR 2000-5000
.21
PPQ
.00
-.23 range
APQ
.05
.20 coefficient of variation
spectral slope
.00 median in range
-.10
HNR 0-400
-.13 loudness
.09
HNR 400-2000
-.02

Table 4.7
Partial correlations between median F0 and the eleven other acoustic measures, controlling for
biological gender (bold indicates p < .05).
Median F0
Median F0
articulation rate
-.09 HNR 2000-5000
.43
PPQ
-.05 range
.25
APQ
-.11 coefficient of variation
-.00
spectral slope
.12 median in range
.01
HNR 0-400
.12
.39 loudness
HNR 400-2000
.44

It is difficult to conclude from Tables 4.4 and 4.5 what linear relation forms the
basis of the correlations: that between the acoustic measures and biological gender
or that between the acoustic measures and median F0. To separate the two effects,
partial correlation coefficients were calculated. These provide a single measure of
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linear association between two variables while adjusting for the linear effect of
another variable. Table 4.6 shows partial correlations between biological gender and
the acoustic measures, controlling for median F0. Three of the eleven relations in
Table 4.6 are significant. The table shows that, regardless of the fundamental
frequency difference, the measures PPQ, APQ, and HNR 2000-5000 differ
significantly between the sexes. In further analyses, these differences can be
regarded as gender differences unrelated to median F0.
Table 4.7 shows partial correlations between median F0 and the acoustic
measures, controlling for biological gender. Five of the eleven relations in Table 4.7
are significant. The Table shows that in the calculation of the HNR-measures and the
range the median F0 plays a significant part. In other words, these measures show a
relation with median F0 that cannot be accounted for by differences in F0 between
female and male speakers. When interpreting results of further analyses that include
these measures, their relation with median F0 has to be accounted for.
4.3.2. Factor analysis
Some of the acoustic measures are probably related to each other. For instance,
range might correlate with median in range, because they are both related to pitch
variation. Therefore, the acoustic measures were factor analysed, to discover clusters
of intercorrelated measures. The purpose was to get an indication of the
dependencies between the measures.
A principal components analysis with varimax rotation extracted four
factors with an eigenvalue larger than 1, explaining 78% of the total variance (Table
4.8). To be representative of a factor, an acoustic measure must have a relatively
high factor loading on that factor whereas its factor loadings on other factors should
be relatively low. In the present study, thresholds were set at .6 and .5 respectively.
The loadings that meet these criteria are printed in bold in Table 4.8.
Table 4.8
Results of a factor analysis of the acoustic measures. Loadings > .6 on the primary factor and
simultaneously < .5 on the other factors are indicated in bold. Loadings < .1 have been left
out.
Factors
1
2
3
4
HNR 400-2000
.13
.93
.12
HNR 0-400
.90
.25
.22
median F0
.89
HNR 2000-5000
.41
.72
APQ
-.64
-.22 -.56
.31
.11
range
.91
-.36
.17
coefficient of variation
.86
.14
median in range
.85
.35
.47 -.37 -.30
PPQ
loudness
.81
-.32 -.10 -.67
articulation rate
spectral slope
.90
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Table 4.8 shows that the first factor is made up of the three HNR-measures and
median F0. The clustering of these measures is caused by the relatively strong
correlation between the HNR-measures and median F0 (Table 4.7). The second
factor consists of a combination of pitch range measures, i.e. range, median in
range, and coefficient of variation. The common denominator of these measures is
pitch variation. The third factor is formed by the two measures loudness and
articulation rate. The last measure has a negative factor loading; a loud voice is
coupled with a slow way of speaking, and a soft voice with speaking fast. The fourth
factor consists of the measure spectral slope.
Factors 1 and 3 are conceptually not very clear-cut. Harmonics-to-noise ratio and
fundamental frequency are not necessarily linked to each other. The relation might
be caused by the algorithm that is used to calculate HNR, since it incorporates a
frequency value. For the third factor, an explanation is somewhat strained: both slow
and fast ways of speaking can be done in a soft and loud voice. In addition, the
measures APQ and PPQ do not load unambiguously or very strongly on any of the
factors. The conclusion is that the factor analysis does not seem to produce a
satisfactory reduction of the measures into a few conceptually clear underlying
dimensions. In further analyses, therefore, the separate measures will be analysed
independently of each other.
4.3.3. Relation of voice quality with biological and social gender
The relation between the acoustic measurements on the one hand and biological and
social gender on the other was analysed in two ways. First, to assess how well
gender predicts speech behaviour, a multiple regression analysis was applied. This
technique analyses the variability of the dependent variable (a voice quality
characteristic) as a function of the variability of the independent variables
(biological and social gender characteristics). The advantage of this multivariate
analysis is that the effect of a combination of independent variables on the
dependent variable can be studied, rather than studying the effect of one independent
variable at a time. In this way it can be analysed how a combination of gender
characteristics is related to variation in a specific voice quality feature, for example,
range.
The disadvantage of multiple regression is the fact that only one speech
feature or one speech factor from a factor analysis can be used in the analysis.
Therefore, a second statistical technique will also be applied: discriminant analysis.
Discriminant analysis is, in a way, the opposite of multiple regression analysis. It
forms combinations of dependent variables (voice quality characteristics) which
serve as a basis for classifying speakers into one of the subgroups of the independent
variable (biological or social gender). This results in a gender classification of
individuals according to their voice quality. Although multiple regression analysis
and discriminant analysis are two sides of the same coin, they do not always produce
identical results.
Multiple regression analyses and discriminant analyses will be employed in all the
data analytic chapters, i.e. the present chapter 4 on acoustic measurements, chapter 5
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on the expert judgements of voice quality, chapter 6 on the phonetically naive
listeners' judgements of voice quality, and chapter 7 on the phonetically naive
listeners' judgements of personality traits. The multiple regression analyses are done
with the factors of the factor analysis as criterion variables, in addition to the
separate dependent variables. However, in the present chapter, the factor analysis
did not produce a satisfactory result (see the previous section). Therefore, in this
chapter the criterion variables for the multiple regression analyses will be only the
separate acoustic measurements.
Predicting voice quality variation from gender variation
In this section, multiple regression analyses seek to explain the variance in the
acoustic measurements by a combination of the speakers' gender characteristics, i.e.
biological gender, self-assessment of feminine and masculine traits, self-assessment
of feminine and masculine behaviour and the interaction partner's assessment of
feminine and masculine traits. The results of the analyses (probability criterion of F
to enter < .05 and F to remove > .10) can be found in Table 4.9.
Table 4.9
Results of multiple regression analyses with the speakers' biological and social gender as
predictor variables and the acoustic measures as criterion variables. The acoustic measures are
arranged according to the amount of explained variance.
Acoustic measurements Predictors
β R2
median F0
biological gender
-.93 .86
HNR 0-400
biological gender
-.76
.65
.17
feminine traits
HNR 400-2000
biological gender
-.74 .55
APQ
biological gender
.63 .39
range
biological gender
-.52
.29
.17
masculine behaviour
HNR 2000-5000
biological gender
-.48 .23
PPQ
biological gender
-.45 .20
median in range
biological gender
-.35
.12
-.21
feminine behaviour
articulation rate
biological gender
.20
.10
-.19
feminine behaviour
spectral slope
biological gender
-.27 .07
coefficient of variation
masculine behaviour
.23 .05
loudness
-

The variance in most of the measures is predicted using biological gender, except for
the measures coefficient of variation and loudness. This was to be expected, in light
of the results of the correlations from Table 4.4, in which these measures did not
correlate significantly with biological gender. For the acoustic variables that only
have biological gender in the model, the standardised regression coefficient (β) and
therefore also the amount of explained variance (R2) is identical to the correlation
coefficients given in Table 4.4.
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Table 4.9 shows that the acoustic measures with the largest amounts of
explained variance (≥ 20%) are pitch measures (median F0, range), noise measures
(HNR 0-400, HNR 400-2000, HNR 2000-5000), and perturbation measures (APQ,
PPQ). These measures have the strongest relations with gender. For all of these
measures, the relation with biological gender is stronger than with any of the social
gender variables. For HNR 0-400 and range also feminine traits and masculine
behaviour are used as predictors. However, the correlations in Table 4.4 show that
the relation between these social gender variables and the acoustic measures is much
weaker than with biological gender.
Speaker classification into gender subgroups on the basis of voice quality
measurements
Stepwise discriminant analyses (method: Wilks' lambda, F entry 3.85, F removal
2.71) were applied to find out whether a combination of acoustic measurements
could categorise speakers into gender subgroups significantly above chance. Two
analyses were done: one to classify the speakers according to biological gender, and
one to classify speakers according to social gender.
Biological gender
To classify speakers according to biological gender, a stepwise discriminant analysis
was done with biological gender as the dependent variable, and the twelve acoustic
measures as independent variables. Prior classification was set to equal group size.
Table 4.10 gives the results.
Table 4.10
Results of a stepwise discriminant analysis with biological gender as dependent variable and
the acoustic measures as independent variables.
p
Model
Percent correct Wilks' Lambda
classification
median F0
.11 .00
99
PPQ
APQ
HNR 2000-5000

Table 4.10 shows that a combination of the measures median F0, PPQ, APQ, and
HNR 2000-5000 was able to classify 99% of the speakers correctly as female or
male. These measures include the median F0, which is known for its discriminatory
power between the voices of female and male speakers. The other three measures
were shown to correlate significantly with biological gender, even if the influence of
median F0 was removed in a partial correlation calculation (Table 4.6).
To assess the separate discriminatory strength of median F0 alone, a second
discriminant analysis was performed, with only median F0 as the independent
variable to classify speakers according to biological gender. Median F0 by itself
appeared to classify 99% of the speakers correctly as female or male (Wilks'
Lambda .14, p = .00), which is identical to the classification shown in Table 4.10.
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To gain insight in the discriminatory power of all the eleven other acoustic
measures with the exclusion of median F0, a third discriminant analysis was done
(Table 4.11).
Table 4.11
Results of a stepwise discriminant analysis with biological gender as dependent variable and
the acoustic measures excluding median F0 as independent variables.
p
Model
Percent correct Wilks' Lambda
classification
HNR 400-2000
.15 .00
99
PPQ
APQ
coefficient of variation
spectral slope
range

Table 4.11 shows that without the measure median F0, a combination of the
measures HNR 0-400, PPQ, APQ, coefficient of variation, spectral slope, and range
still succeeds in classifying 99.1% of the speakers correctly as female or male.
However, in section 4.3.1 it was shown that of these five measures, two had a clear
relation with median F0, namely HNR 400-2000 and range (Table 4.7). This means
that indirectly the F0-measure still is present in this discriminant analysis. Therefore,
a last analysis was done (Table 4.12), excluding the HNR-measures, range, and of
course median F0 itself. Table 4.12 shows that, without the influence of median F0, a
combination of APQ and PPQ is able to classify 91% of the speakers correctly as
female or male. This is an important result, because it shows that when the influence
of the obvious fundamental frequency difference between women and men is
removed, the most important classification measures are the perturbation measures.
Table 4.12
Results of a stepwise discriminant analysis with biological gender as dependent variable and
the acoustic measures as independent variables, excluding pitch measures or measures that
have a significant relation with pitch, i.e. median F0, range, and HNR-measures.
p
Model
Percent correct Wilks' Lambda
classification
APQ
91
.33 .00
PPQ

Social gender
Next to a classification into biological gender groups, a classification into social
gender groups also was attempted. The gender identity questionnaire (section 3.3)
had provided six gender identity scales: the self-assessment of feminine and
masculine traits and behaviour and the interaction partner's assessment of feminine
and masculine traits. From these gender identity scales, a new scale was computed:
gender type. The original scales have too many categories with sometimes only one
or a few speakers per category. A discriminant analysis cannot be performed on the
level of individual speakers. Groups containing a sufficient number of speakers are
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needed. Gender type was calculated from the self-assessment of feminine and
masculine traits and behaviour using a median-split method. The procedure was
explained in section 3.3.1. This computation yields a division of the speakers into
one of four gender groups:
• feminine (high in feminine traits and behaviour, low in masculine traits and
behaviour)
• masculine (high in masculine traits and behaviour, low in feminine traits and
behaviour)
• androgynous (high in both feminine and masculine traits and behaviour)
• undifferentiated (low in both feminine and masculine traits and behaviour)
The discriminant analysis attempts to classify the speakers into one of these four
gender groups.
To classify speakers according to gender type, a stepwise discriminant analysis was
done with gender type as the dependent variable, and the twelve acoustic
measurements as independent variables. The observed proportions of cases in each
gender type group served as estimates for the prior classification probability (see
Table 3.4). Table 4.13 gives the results.
Table 4.13
Results of a stepwise discriminant analysis with gender type as dependent variable and the
acoustic measures as independent variables.
p
Model
Percent correct Wilks' Lambda
classification
HNR 0-400
38
.89 .00

Table 4.13 shows that the HNR 0-400 is able to classify 38% of the speakers
correctly as feminine, masculine, androgynous, or undifferentiated. This is
significantly above chance. Figure 4.3 shows the mean HNR 0-400 of the four
separate gender groups. The two groups androgynous and feminine are clustered
together, as well as the two groups masculine and undifferentiated. The difference
between these two clusters is the score for feminine traits and behaviour, which is
high in the androgynous and feminine groups and low in the masculine and
undifferentiated groups. Therefore, two new groups were made, one consisting of
the androgynous and feminine speakers ('high feminine'), and one of the masculine
and undifferentiated speakers ('low feminine'). A new discriminant analysis was
done for these two composite groups of speakers. The results are shown in Table
4.14. This table shows that when the speakers are divided into a 'high feminine' and
a 'low feminine' group, the classification results change from 38% to 72%. Of
course, this has to be evaluated against a change of chance level as well, which
differs largely between classification in four groups or two. However, the four
gender type groups are of different size, so it is difficult to determine exactly what
chance level in this case is.

80

C H AP T E R

4

Table 4.14
Results of a stepwise discriminant analysis with the division into high femininity
(androgynous, feminine) versus low femininity (masculine, undifferentiated) as dependent
variable and the acoustic measures as independent variables.
p
Model
Percent correct Wilks' Lambda
classification
HNR 0-400
72
.89 .00
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Figure 4.3
Boxplots of HNR 0-400 for the four gender type groups. Median (thick line), interquartile
range (box), and range are shown.

4.4. Discussion
The results from the analyses in section 4.3 will be discussed in light of the two
questions formulated in the introduction to this chapter, starting with the first
question:
• How do acoustic measures relate to speakers' biological and social
gender characteristics (i.e. female/male, feminine and masculine traits,
and feminine and masculine behaviour)?
For biological gender, the correlation matrix (Table 4.4) showed that for all the
acoustic parameters except coefficient of variation and loudness female and male
speakers differed significantly. However, some of the parameters could be linked to
mean fundamental frequency, which plays a dominant role in distinguishing female
from male speech. Partial correlation coefficients, controlling for median F0,
resulted in a much more reduced set of significant correlations with biological
gender. Three measures were left: female speakers had higher PPQ (pitch
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perturbation = 'jitter'), male speakers had higher APQ (amplitude perturbation =
'shimmer') and higher HNR 2000-5000 (noise level between 2000 and 5000 Hz).
The differences in PPQ, APQ, and HNR 2000-5000 indicate possible
differences in the voice quality characteristics whispery and harsh voice between
female and male speakers (Table 4.2). With regard to harshness, conclusions about
the direction of the biological gender differences are hard to draw. Higher PPQ for
female speakers seems to indicate a harsher voice quality for female speakers, as do
higher values for HNR 2000-5000, but this is contradicted by higher APQ for male
speakers, which would indicate a harsher voice for male speakers. However, these
contradictory findings are supported by previous studies. Kraayeveld (1997:127)
calculated various jitter and shimmer measurements, among which PPQ and APQ.
As in the present study, he found that male speakers had a higher APQ (shimmer)
and female speakers a higher PPQ (jitter). In addition, section 2.3.1 mentioned that
Sorensen & Horii (1983) showed that male speakers had more shimmer than female
speakers (although the difference was not significant).
With regard to whisperiness, the HNR 2000-5000 measure indicates that the
female speakers in this sample were more whispery than the male speakers.
However, only one of the three HNR-measures produced a significant difference
between the sexes. In addition, the other whisperiness measure, spectral slope, did
not yield a significant difference. Therefore, the acoustic evidence for a more
whispery voice in female speakers is not very strong. The literature findings (section
2.3.1) suggested more breathiness/whisperiness in female speakers. This result was
also obtained in the present study, but only before calculating partial correlation
coefficients controlling for median F0; female speakers then got significantly higher
values for the HNR-measures and spectral slope. Therefore, the conclusion on the
basis of these measures about whether female voices are more whispery than male
voices changes when the pitch dependency of the measures is taken into account.
With regard to pitch, the fundamental frequency measurements confirm the
results found in the literature. Of course, a clear difference can be found between the
female and male speakers in terms of median fundamental frequency. Multiple
regression analyses showed that biological gender played a major role in predicting
fundamental frequency; it explained, for instance, 86% of the variance of median F0.
The coefficient of variation did not produce a significant difference between female
and male speakers, neither before nor after the partial correlations were computed
controlling for median F0. The range and median in range measures did show a
significant difference initially, but appeared to correlate significantly with median F0
(.56 and .27 respectively). The significant effect of biological gender disappeared
when partial correlations were calculated. This lack of difference in range measures
between female and male speakers confirms the results from the literature,
especially those from Henton's 1989 meta-study (section 2.3.4).
In terms of correlations, the social gender variables present a mixed picture. For
female and male speakers combined, several voice quality measures correlated
significantly with femininity scales, especially feminine behaviour. When female
and male speakers were analysed separately, this was no longer the case, so that
results may be due to the effect of biological gender, i.e. caused by the fact that
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female speakers had higher scores on these scales in the gender identity
questionnaire than male speakers (cf. section 3.3.2). Another difference between the
'combined' and 'separate' correlation matrices was that for male speakers also a
masculinity scale, namely masculine behaviour, correlated significantly with some
of the acoustic measures.
The second question to be answered was:
• What (combination of) acoustic measure(s) optimally categorise
speakers into biological gender (female/male) or social gender
subgroups (androgynous, feminine, masculine, undifferentiated)?
Discriminant analyses were employed to check whether a combination of voice
quality characteristics was able to classify speakers correctly into their biological
gender groups or according to their gender type (androgynous, feminine, masculine,
undifferentiated). As expected, median F0 or measures related to it such as HNR
were highly successful in accomplishing a correct classification into female and
male speakers. When the fundamental frequency-related variables were removed,
however, the perturbation measures PPQ and APQ were still shown to have high
classification power: 91.2% of the speakers were classified correctly as female or
male. Kraayeveld (1997) does not provide separate percentages of correct
identification for the PPQ and APQ measures. Predictably, he also found that mean
fundamental frequency resulted in high correct classification percentages. The rest
of his time-integrated parameters, which also included PPQ and APQ, together were
able to correctly classify 72% of the speakers into female and male.
A classification into gender type-groups could be performed by using the
measure HNR 0-400; correct classification was initially 38%. However, it was
discovered that the four groups should really be split into two groups, according to
their scores on femininity scales: the androgynous + feminine groups which scored
high on femininity, and the masculine + undifferentiated groups, which scored low
on femininity. Discrimination into these two groups is successful in 72% of the
cases.
The results of this chapter show that biological gender can be related much better to
the acoustic measurements of voice quality than the social gender variables. In the
first chapter it was stated that anatomical differences between speakers primarily
cause differences in voice quality, i.e. a person with large vocal cords will speak
with a lower pitch than a person with small vocal cords. Sociocultural influences
modulate these anatomically caused voice quality differences to produce further
differentiation. The male/female difference can be related to relatively large
anatomical differences in larynx and vocal tract size. These differences produce
large enough differentiation in voice quality that they can be measured acoustically
by the measures employed in this chapter. The further modulation produced by
social gender influences apparently causes variations that are too subtle to be picked
up by the acoustic measures, hence the lack of significant relations with social
gender. Further explanations for the relation between gender and the voice quality

AC O U S T IC D E S C R IP T IO N O F V O IC E Q U A L I T Y

83

measures can be found in section 10.3.1, when the results for all three types of
descriptions (acoustic, expert, and naive) are combined.
In addition, this chapter shows that median pitch and harshness (in the form
of the acoustic measures median F0, PPQ, APQ, and HNR) are the best acoustic
discriminators between male and female speakers. Differences in the other voice
quality features were present to a much lesser extent. The results for whispery voice
have already been related to the literature findings from chapter 2 earlier in this
section. As can be seen in chapter 2, for creakiness, nasality, tension, and loudness,
no previous studies that acoustically measured gender differences were found. For
tempo, the findings of acoustic measurements described in chapter 2 pointed to no
significant differences between men and women, as in this chapter.

5.

Perceptual description of voice
quality by expert listeners

5.1. Introduction
This is the second of three chapters that together provide descriptions of the voice
quality characteristics of the speakers' voices. In the previous chapter the
characteristics were studied on an acoustic level, in the present chapter descriptions
by expert listeners are provided, and in the next chapter descriptions by phonetically
naive listeners are discussed. The voice quality descriptions by expert listeners form
stage III of the research model in section 1.4. They will be related to the speakers'
gender characteristics from stage I (Figure 5.1).

I

II

IDENTITY

instrumental

acoustic
measurements

V
IMPRESSION

voice quality

social gender

listeners
experts

self-assessment

IV

REPRESENTATION

biological and
social gender
speakers

III

naive

naive

perceptual
ratings

Figure 5.1
The research model described in section 1.4. The stages that will be dealt with in this chapter
are indicated in grey: the voice quality descriptions by expert listeners in relation to the
speakers' gender characteristics.

The aim of this chapter is to answer the following question: How do the biological
gender and social gender of speakers relate to their voice quality characteristics as
assessed by expert listeners? More specifically, the following questions will be
answered:
• How do expert perceptual descriptions relate to speakers'
biological and social gender characteristics (i.e. female/male,
feminine and masculine traits, and feminine and masculine
behaviour)?
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• What (combination of) perceptual ratings optimally categorise
speakers into biological gender (female/male) or social gender
subgroups (androgynous, feminine, masculine, undifferentiated)?
In section 5.2 the method of description is presented, including the speech material
(5.2.1), the raters (5.2.2), the voice quality features that were rated (5.2.3), and the
rating procedure (5.2.4). In 5.3 the results are given, with the reliability of the ratings
(5.3.1), and their descriptive statistics (5.3.2). Possible underlying dimensions are
explored by means of factor analysis (5.3.3). The voice quality descriptions of the
experts are then related to the biological and social gender characteristics of the
speakers (5.3.4). Finally, section 5.4 contains the concluding remarks for this
chapter.
5.2. Method
5.2.1. Speech material
In section 3.4.2 a detailed description was given of the reduction of all recorded
speech material to a total of 45 to 50 seconds of short speech fragments per speaker.
This material was used for the expert descriptions. For each speaker, the fragments
were separated by 200 ms pauses, so each stretch of speech lasted almost one
minute. Stimulus tapes (Sony DT-120 / TDK DC4-60 DAT-tapes) were created with
the one-minute speech sample of each speaker three times in succession, totalling to
approximately three minutes of speech per speaker, and 3 * 114 minutes for the
entire speaker set.
5.2.2. Raters
The expert listeners were two phoneticians, both trained by John Laver. As stated in
chapter 2, Laver has developed the most extensive system of voice quality
description available. The first expert was dr. R. van Bezooijen, supervisor of the
present research project. The other expert, dr. I. Verdonck-de Leeuw, wrote her
PhD-thesis on the voice quality characteristics of speakers with laryngeal
pathologies. The two raters have had extensive experience in rating both
pathological and non-pathological voices.
5.2.3. Descriptive features
In principle, a standard evaluation form should be used for describing voice quality,
to enhance comparability across studies. The voice quality protocol developed by
Laver, Wirz, Mackenzie & Hiller (1981) could serve this function, or, for the
Netherlands, the adjusted version by Van Rie (1993). However, in the present
research, this was not the best option. The goal of our study is to assess the relation
between voice quality and gender throughout the model presented in section 1.3. To
facilitate this, the voice quality measures selected for the acoustical and perceptual
descriptions (stages II, III, and IV in the model) should be maximally similar, not
necessarily by using identical terminology but by referring to similar concepts.
Moreover, the measures should correspond to the eleven voice quality characteristics
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that were selected to be studied in the present research in chapter 2 on the basis of a
literature review (see section 2.3.5).
For each of the eleven voice quality characteristics, the two voice quality
protocols mentioned above were inspected to find the appropriate measurement
scales for the expert descriptions. Two types of scales were used: 7-point and 4-point
scales. The 7-point scales relate to features that are always and necessarily present in
the voice, but can vary in magnitude, for example pitch. These are bipolar scales,
which range from –3 to +3 (e.g. low pitch to high pitch). The middle scale position is
0. This is the reference point against which the voice has to be judged (the average
presence of the feature in the voices of the population in question). The 4-point
scales relate to characteristics that can be, but are not always present in the voice, for
example harshness. These are unipolar scales, which range from 0 to 3 (i.e. not harsh
to very harsh). In this case, 0 refers to the absence of the feature in question.
Of the eleven characteristics described in section 2.3.5, three were modified slightly
for the expert descriptions:
• Vowel space is a broad concept; it refers to all vowels. Here it was defined more
narrowly as the size of the vowel space of vowels in stressed position. Vowels in
unstressed position were excluded, because they may represent reduction
phenomena (e.g. [En©O¡Q] → [E?©O¡Q] ), rather than amount of phonetic contrast,
which is studied here.
• Pitch variability was split up into two scales: pitch range and pitch variation.
This distinction is also made in Laver et al. (1981) and Van Rie (1993) (in
which the term variability is used to indicate pitch variation).
• Nasality was defined more broadly as an inappropriate use of the non-nasal /
nasal distinction, i.e. the use of a nasal or denasal quality when this is not to be
expected on linguistic grounds.
To the twelve voice quality scales, a general speech scale was added: regional
accent (unipolar scale, ranging from 0 = standard Dutch to 3 = strong regional
accent). The ratings on this scale were used at a lager stage as a criterion to select the
speakers for the perceptual descriptions and attributions by phonetically naive
listeners (chapters 7 and 8). The thirteen features that were scored eventually by the
experts are given in Table 5.1.
The experts were given guidelines on how to employ the voice quality scales.
They were instructed that their judgements be related to the entire Dutch population,
and not only to the present sample. More specifically, their reference point was
described as
• spontaneous speech, not read speech
• from speakers between 20 and 45 years old
• with non-pathological voices
• in fairly informal interactions between acquaintances
In addition, they were instructed to judge the feature average pitch sex-specifically,
and all other features in an absolute manner. This means that average pitch had to be
related to average pitch for either sex separately, the score 7 for a female voice
indicating a high pitch for a woman, and the same rating for a male voice indicating
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a high pitch for a man. The remaining scales, for example degree of harshness, had
to be related to the presence of this feature in the voices of all speakers in the
population, both men and women. Since most scales had to be judged absolutely,
and not sex-specifically, female and male speakers were presented in random
succession on the stimulus tapes.
Table 5.1
The thirteen voice quality features that were described by the expert listeners.
Categories
Features
Scale size
phonation
whisperiness
4
creakiness
4
harshness
4
laryngeal tension
7
articulation nasal/denasal
4
vowel space
7
supralaryngeal tension
7
prosody
average pitch
7
pitch range
7
pitch variation
7
loudness
7
tempo
7
general
regional accent
4

5.2.4. Procedure
The procedure for judging voice quality consisted of five steps:
1. For all characteristics precise definitions were formulated by the present author,
in collaboration with one of the experts. These are based on the definitions in
Van Rie (1993) and Laver (1980), and can be found in appendix C. The features
were described from an auditory point of view.
2. The two experts discussed the definitions until they agreed on the meaning of all
features. Reaching agreement was facilitated by the fact that they both had
experience in making voice quality descriptions, both separately and together,
using protocols similar to the ones mentioned above.
3. When the speech data for this research was collected, a few interactions were
recorded which were not included in the final database (the speakers fell out of
the range of included ages or education levels, see section 3.2). From these
recordings, two speakers, one male and one female, were selected to be used as
training speakers. Their speech was treated in the same way as that of the rest of
the speakers (section 3.4). The ratings of the voice quality features of the two
training speakers were used to discuss the features a second time, to ensure the
experts agreed on their meaning.
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Next, the experts made an agreement description18 for the first 19 speakers on
the stimulus tapes, 8 women and 11 men. For a given speaker, each expert first
rated all features independently, while listening to the tape. Subsequently, the
experts compared their ratings for each feature. When these differed more than
one scale position, they listened to the speech fragment again, and tried to reach
an agreement rating, in which the two ratings were not allowed to differ more
than one scale position. Such adjustments were applied for only 6% of the
original ratings.
Finally, for practical reasons, the experts judged the remaining 95 speakers
separately, without trying to reach agreement. In step 4 the number of
adjustments was sufficiently low to warrant this step. After all judgements had
been given, the percentage of cases in which the raters differed more than one
scale position for a rating was calculated, which appeared to be 8%.

5.3. Results
5.3.1. Reliability
To determine the degree of similarity in the rating patterns of the two experts,
reliability coefficients were computed (Cronbach's α) for all thirteen features. These
are listed in Table 5.2, along with the variation (standard deviation) for each feature
of the ratings for all speakers, averaged over the two raters. The standard deviation
gives an indication of the voice quality variation among the speakers.
Most scales appear to have been judged sufficiently reliably. For 9 of the 12
features, reliability is higher than .6, which is substantial. For three scales, reliability
is below .6. When interpreting the reliability coefficients, three methodological
points have to be taken into account, which may have reduced the height of the
reliability coefficient:
• only two experts participated in the descriptions19.
• For the greatest part, the ratings were made independently of each other (in
contrast with previous studies with perceptual voice quality descriptions).
• all speech was non-pathological, which reduces the variation among the speech
samples.
Reliability is poor for the feature nasal/denasal, namely .24. This seems not to be
caused by a lack of variation among the speakers: the standard deviation is .57, on a
4-point scale. Apparently, nasal/denasal was difficult to judge. Two other features
have a moderate reliability: harshness (.41) and vowel space (.53). Their standard
variation is not extremely low, so a fair amount of variation is present for these
scales. The reliability of the features harshness and vowel space was considered high

18
The term consensus description is not appropriate here, because this implies that the raters, after some
deliberation, reached mutual agreement about the exact numerical rating for a specific scale. In the
present situation, raters were allowed to differ one scale position.
19
The height of the reliability coefficient is highly sensitive to the number of raters: the greater the
number of raters, the more reliable the outcomes of their ratings (Rietveld & Van Hout 1993:201).
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enough to be included in further analyses. However, nasal/denasal was excluded, so
twelve features remained for further analyses.
Table 5.2
Reliability coefficients (Cronbach's α) for the voice quality ratings of the experts
Feature
Reliability Variation (sd) Scale size
.64
Phonation
whisperiness
.46
4
creakiness
.65
.81
4
harshness
.41
.47
4
laryngeal tension
.68
.83
7
Articulation nasal/denasal
.24
.59
4
vowel space
.53
.65
7
supralaryngeal tension
.61
.70
7
average pitch
Prosody
.69
.74
7
pitch range
.65
.78
7
pitch variation
.69
.87
7
loudness
.80
.98
7
tempo
.76
.66
7
regional accent
.71
.79
4
General

5.3.2. Descriptive statistics
Table 5.3 and Figures 5.2 and 5.3 show the mean scores for all twelve voice quality
features, for female and male speakers separately and combined. It is shown that
female speakers always have higher scores than male speakers, except for creakiness
and tempo. The polarisation of the scales is always in the same direction, which
entails that the female speakers have more tension, harshness, loudness, etc. The
significance of these differences is addressed when discussing the correlation matrix
in Table 5.4.
To gain insight into the relations between the gender variables and the voice quality
features, correlations were calculated between these variables (Table 5.4). For the
female and male speakers taken together, the table shows that biological gender has
the greatest number of significant correlations with the voice quality features:
creakiness, harshness, laryngeal tension, vowel space, average pitch, pitch range,
and pitch variation all correlate significantly with biological gender. Men score
higher on creakiness (positive correlation coefficient), whereas women score higher
on the other six features. The women have more harshness, more laryngeal
tenseness, larger vowel spaces, a larger pitch range, and more pitch variation. In
addition, they also get higher scores for average pitch, although this feature was
supposed to have been scored sex-specifically by the experts. Between 4% and 13%
of the variance in these voice quality features can be explained by biological gender.
Only three significant correlations were found between the social gender
variables and the voice quality features. First, masculine behaviour correlates
significantly with loudness: more masculine behaviour is related to a louder voice.
Next, relatively high scores for feminine behaviour are related to a relatively slow
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voice. Last, more masculine traits attributed by the conversation partner is related to
a more creaky voice. The amount of explained variance ranges between 4% and 6%.
As expected, when the two genders are considered separately, the number of
significant correlations drops considerably. For the male speakers, two significant
relations are found that are also present for the entire sample, namely the positive
relation between masculine behaviour and loudness, and the negative relation
between feminine behaviour and tempo. For the female speakers, different relations
were found. Three of them involve the scale masculine traits, which is positively
correlated with vowel space, supralaryngeal tension, and loudness: a higher score on
masculine traits is related to a large vowel space, high supralaryngeal tension and a
loud voice. In addition, a negative correlation is found between masculine traits
attributed by the conversation partner and tempo: a higher attribution of masculine
traits is related to a slow way of speaking.
Table 5.3
Means and standard deviations for all voice quality features, broken down by biological
gender and for female and male speakers combined. 4-point scales range from 0 to 3, 7-point
scales from –3 to +3.
Female speakers
Male speakers
All speakers
sd
sd
sd
whisperiness
4
1.39
.50
1.26
.41
1.33
.46
creakiness
4
.98
.67
1.57
.84
1.28
.81
harshness
4
.55
.49
.25
.39
.40
.47
laryngeal tension
7
.47
.70
-.06
.87
.21
.83
vowel space
7
.26
.63
.02
.65
.14
.65
supralar. tension
7
.11
.61
-.04
.78
.04
.70
average pitch
7
.25
.54
-.29
.82
-.02
.74
pitch range
7
.68
.69
.36
.83
.52
.78
pitch variation
7
.82
.76
.38
.92
.60
.87
loudness
7
-.04
.99
-.18
.97
-.11
.98
tempo
7
.33
.55
.34
.76
.34
.66
regional accent
4
.91
.79
.78
.80
.85
.79

92

C H AP T E R

5

female

male

1
0,8

mean

0,6
0,4
0,2

temp
o

loudn
ess

varia

tion

range

pitch

avera

pitch

tch
ge pi

nsion
lar te
supra

-0,4

laryn
geal t
ensio
n

-0,2

vowe
l spac
e

0

7-point voice quality features

Figure 5.2
Mean scores of the 7-point voice quality features (range from –3 to +3) for female and male
speakers separately.
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Figure 5.3
Mean scores of the 4-point voice quality features (range from 0 to 3) for female and male
speakers separately.
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Table 5.4
Correlations of the biological and social gender variables with the voice quality features
(bold indicates p < .05).
Biol.
gender

Masc.
Traits

Fem.
Traits

Masc.
Behav.

Fem.
Behav.

-.14
.36
-.32
-.33
-.19
-.10
-.36
-.21
-.26
-.07
.01
-.08

.00
-.01
-.10
-.07
-.01
.06
-.04
-.03
-.07
.02
-.02
-.02
Masc.
Traits

-.05
-.07
.04
.06
.06
.00
.10
.01
.16
.05
-.01
.17
Fem.
Traits

.06
-.05
.05
.10
.01
.07
-.04
.04
.01
.24
.04
-.05
Masc.
Behav.

-.10
-.12
.14
.12
.13
-.01
.08
-.02
.08
.04
-.21
-.02
Fem.
Behav.

whisperiness
creakiness
harshness
laryngeal tension
vowel space
supralar. tension
average pitch
pitch range
pitch variation
loudness
tempo
regional accent
Male speakers

-.02
.09
-.19
.02
.27
.29
-.19
.00
-.01
.30
-.09
.01
Masc.
Traits

-.03
.04
.01
.01
.09
.04
.03
-.02
.03
-.09
-.08
.16
Fem.
Traits

.05
-.03
-.01
.15
.19
.26
-.18
-.05
-.14
.21
-.08
-.06
Masc.
Behav.

-.23
-.04
-.04
-.10
.15
.05
.16
.03
.11
.05
-.09
-.05
Fem.
Behav.

whisperiness
creakiness
harshness
laryngeal tension
vowel space
supralar. tension
average pitch
pitch range
pitch variation
loudness
tempo
regional accent

.05
-.16
.12
-.04
-.18
-.09
.16
.01
-.05
-.23
.03
-.03

-14
-.07
-.04
.01
-.04
-.06
.06
-.03
.21
.17
.05
.16

.08
-.11
.14
.08
-.16
-.09
.07
.13
.16
.28
.13
-.04

-.06
.03
.15
.14
-.02
-.14
-.21
-.23
-.14
-.01
-.35
-.04

Female and male
speakers combined
whisperiness
creakiness
harshness
laryngeal tension
vowel space
supralar. tension
average pitch
pitch range
pitch variation
loudness
tempo
regional accent
Female speakers

Masc.
Traits
Partner
.05
.19
-.09
-.02
.16
.13
-.12
-.11
-.14
.04
-.16
-.14
Masc.
Traits
Partner
.07
.19
-.15
.11
.22
.22
-.06
-.06
-.01
.20
-.30
-.17
Masc.
Traits
Partner
.08
.12
.16
-.06
.16
.08
-.09
-.12
-.23
-.16
-.04
-.09

Fem.
Traits
Partner
-.11
-.10
.01
.01
.08
-.05
-.02
-.08
.11
.03
.11
.00
Fem.
Traits
Partner
-.11
-.05
-.03
-.10
.14
-.08
.01
-.15
-.04
-.18
.07
-.03
Fem.
Traits
Partner
-.21
.01
-.14
-.05
-.08
-.07
-.21
-.13
.13
.21
.15
-.01

94

C H AP T E R

5

5.3.3. Factor analysis
The features that were described by the experts are not expected to be totally
independent of each other. For instance, it is conceivable that supralaryngeal tension
and the size of the vowel space are both connected to precision of articulation (e.g.
more supralaryngeal tension enlarges the size of the vowel space). Therefore, the
ratings of the voice quality features were factor analysed, to discover underlying
dimensions, i.e. clusters of intercorrelated features. Regional accent was left out of
the analysis, because it is not a voice quality feature in our definition of this term.20
Therefore, the analysis was based on eleven scales.
A principal components analysis with varimax rotation extracted three
factors with an eigenvalue larger than 1, explaining 67% of the variance. The factors
are shown in Table 5.5.
Table 5.5
Solution of a factor analysis of the expert descriptions, for each factor ordered from highest to
lowest loadings. Loadings > .6 are indicated in bold, loadings < .1 have been left out.
Factors
1
2
3
pitch variation
.29
.85
pitch range
.19
.85
average pitch
.39
.74
harshness
.86
laryngeal tension
.11
.35
.84
creakiness
-.43 -.66 -.13
whisperiness
.65 -.23
vowel space
.19
.85
supralaryngeal tension
.18
.21
.79
loudness
.66
tempo
.48
-.54

To be representative of a factor, a feature has to have a relatively high factor loading
on that factor, while having relatively low loadings on other factors. Here, thresholds
were set on .6 and .5 respectively. Tempo did not have a loading larger than .6 on
any of the factors, but had somewhat lower loadings both on factor 1 (.48) and factor
3 (-.54).
The three dimensions from Table 5.5 are named according to their
characteristic content:
• Factor 1 consists of the three pitch-related features pitch variation, pitch range,
and average pitch, and therefore is simply called PITCH.
• Factor 2 consists of the laryngeal scales harshness, laryngeal tension,
whisperiness, and creakiness, which can be summarised under the heading of
PHONATION. Creakiness is negatively correlated with the other three features in

20

A factor analysis that included regional accent had an identical solution to the one presented here, with
the addition of one extra factor consisting of regional accent only. This outcome confirms that regional
accent is not related to any of the voice quality features.
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this factor: when the values for the other three features increase, the value for
creakiness will decrease, and vice versa.
• Factor 3 consists of the two supralaryngeal features vowel space and
supralaryngeal tension plus the prosodic feature loudness. The relation between
the first two characteristics is relatively straightforward: to increase the size of
the vowel space, more supralaryngeal tension is needed. The prosodic feature
loudness was judged by the experts not in the sense of volume, but in the sense of
effort, the power or energy a speaker puts into talking (see appendix C). The
relation with supralaryngeal tension thus becomes obvious: more power and
energy results in more tension. The factor is named according to this concept of
EFFORT.
The factors in Table 5.5 will be added to the statistical analyses, next to the separate
voice quality scales. For each factor and for each speaker, therefore, a score was
computed, which was the mean of the scores of its component features. For the
factors PITCH and EFFORT, this was a relatively straightforward procedure, as all
features were rated on a 7-point scale. The calculation of the scores for the factor
PHONATION posed two problems. First, the features harshness, whisperiness and
creakiness are unipolar 4-point scales ranging from 0 to 3, while laryngeal tension is
a bipolar 7-point scale ranging from –3 to +3. Computing an average on the basis of
different distributions is not meaningful. Therefore, the 7-point scale of laryngeal
tension was changed to a 4-point scale (ranging from 0 to 3) by adding 3 to each
score, making all scores positive (ranging from 0 to 6), and then dividing the
resulting values by 2.21 The second problem was the fact that creakiness was
negatively correlated with the other three features. This scale was recoded in such a
way that the scale was inverted.
Table 5.6
Mean scores and standard deviations for female and male speakers separately and combined.
The 7-point factors range from –3 to +3, the 4-point factor from 0 to 3.
Female speakers Male speakers
Factors and size
All speakers
s.d.
s.d.
s.d.
PITCH (7)
.58
.54
.15
.74
.37
.68
PHONATION (4)
1.43
.35
1.10
.41
1.26
.41
EFFORT (7)
.11
.60
-.06
.66
.02
.63

Means and standard deviations were computed for the three factors, as shown in
Table 5.6. In addition, correlation coefficients were calculated between the three
factors and the biological and social gender variables (Table 5.7). Table 5.7 shows
that women were found to have a significantly higher mean for the factors PITCH and
PHONATION than men. None of the social gender variables correlates significantly
with any of the factors.
21
Another way to tackle this problem is described in Doeleman (1998:144). She converted her bipolar
scales into two unipolar scales, by cutting them up at the centre (neutral) position. Introducing this
procedure one step earlier in the analysis, i.e. before the factor analysis, resulted in a factor solution that
did not enhance the insightfulness of the analysis compared to the solution presented here.
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Table 5.7
Correlations of the biological and social gender variables with the factors from the factor
analysis (bold indicates p < .05).
Biological Masc.
Fem.
Masc.
Fem.
Masc.
Fem.
gender Traits Traits Behav. Behav.
Traits
Traits
Partner Partner
PITCH
-.05
.11
.01
.05
-.14
.01
-.32
PHONATION
-.05
.05
.08
.10
-.11
.02
-.39
EFFORT
-.14
.04
.05
.15
.06
.13
.02

3

2

1

0

-1

pitch

-2

phonation
female

male

Figure 5.4
Boxplots of the scores for the factors PITCH (scale from –3 to +3) and PHONATION (scale from
0 to +3), for female and male speakers separately. Median (thick line), interquartile range
(box), range, and outliers (dots) are shown.

Figure 5.4 shows boxplots for the differences between the female and male speakers
for the factors PITCH and PHONATION. For PITCH it can be seen that the difference is
caused by the larger distribution of values for male speakers, whereas for the factor
PHONATION the distributions of the values are located differently.
5.3.4. Relation of voice quality with biological and social gender
Similar to the analyses described in chapter 4, in this chapter also both multiple
regression analyses and discriminant analyses were employed. These analyses
supplement each other. Multiple regression analysis provides insight into how
speakers' gender characteristics can predict their voice quality characteristics. For
these analyses the separate voice quality features plus the factors from the factor
analysis were used. Discriminant analysis uses speakers' voice quality characteristics
to classify them into gender subgroups. For these analyses the eleven voice quality
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features were used. A more elaborate description of the two types of analysis can be
found in section 4.3.3.
Predicting voice quality variation from gender variation
In section 5.3.2, three voice quality clusters were discerned which were to be used in
further analysis: PITCH, PHONATION, and EFFORT. In this section, multiple regression
analysis was applied in order to find out whether (a combination of) gender
characteristics (biological gender, self-assessment of feminine and masculine traits,
self-assessment of feminine and masculine behaviour, interaction partner's
assessment of feminine and masculine traits) can explain the variation in these three
clusters, and in the eleven separate voice quality features. The results of the multiple
regression analyses are given in Table 5.8. All analyses consist of stepwise linear
multiple regression (probability criteria of F to enter ≤ .05 and of F to remove ≥
.10). The separate features are clustered according to the results of the factor
analysis.
Table 5.8
Multiple regression results for all voice quality features and the factors from the factor
analysis. The features are grouped according to the clusters of the factor analysis.
Factor / feature
Predictors
R2
β
PITCH
-.32
Biological gender
.10
Biological gender
pitch variation
-.26
.07
Biological gender
pitch range
-.21
.04
Biological gender
average pitch
-.36
.13
PHONATION
-.39
Biological gender
.15
Biological gender
harshness
-.32
.10
Biological gender
laryngeal tension
-.33
.11
Biological gender
creakiness
.36
.13
whisperiness
EFFORT

vowel space
supralaryngeal tension
loudness
tempo

Biological gender
Masculine traits partner

-.22
.19

.07

Masculine behaviour
Feminine Behaviour

.24
-.21

.06
.05

For PITCH a model was found which consisted of one variable: biological gender.
None of the gender identity variables were entered into the model. The same holds
for the voice quality features pitch variation, pitch range, and average pitch
separately. Female speakers get rated higher than male speakers in all four cases.
The explained variance varies between 4% and 13% and is highest for average pitch.
The variability of PHONATION and three of the four voice quality features
that constitute this factor is also predicted by only the variable biological gender, and
none of the gender identity variables. Female speakers get rated higher on
PHONATION, harshness, and laryngeal tension than male speakers. Male speakers get
rated higher for creakiness. The amount of explained variance lies between 10% and
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15%, and is highest for the factor. No gender predictor was found for the feature
whisperiness.
For EFFORT, no appropriate predictor was found. The variance of the
features vowel space, supralaryngeal tension, and loudness combined cannot be
explained by any (combination) of the gender characteristics. Taken separately,
however, multiple regression analyses for vowel space and loudness did produce a
result. The variance in vowel space can be explained by a combination of biological
gender and masculine traits scored by the interaction partner: female speakers get
higher scores for vowel space, as well as speakers who got relatively high scores for
masculine traits. Speakers who scored relatively high for masculine behaviour got
relatively high scores for loudness.
For tempo a model was found which consisted of the social gender variable
feminine behaviour, which explained 5% of the variance. More self-assessed
feminine behaviour correlates with slow speech.
Speaker classification into gender subgroups on the basis of voice quality
In order to find out whether a combination of voice quality features could categorise
speakers into gender subgroups, discriminant analyses were performed (method:
Wilks' lambda, F entry 3.85, F removal 2.71). Two separate groups of analyses were
called for, one to classify the speakers according to their biological gender, and one
to classify them according to their social gender. The independent variables were the
eleven separate voice quality features.
Biological gender
The results of the classification according to biological gender are given in Table
5.9. Prior classification probability was set to equal group size. The Table shows that
the stepwise discriminant analysis yielded a model with the features average pitch
and harshness, which could classify 67% of the speakers correctly as female or male.
Boxplots for these two features are given in Figure 5.5. Figure 5.5 shows that there is
some overlap between the female and male speakers, which is reflected in the correct
classification of 67%. Without overlap this would have been much higher.
Table 5.9
Discriminant analyses results of the classification in female and male speakers on the basis of
the acoustic measures.
Model
Percent correct Wilks' lambda Significance
classification
average pitch
67
.81
.00
harshness
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Figure 5.5
Boxplots of the scores for the features average pitch (scale from –3 to +3) and harshness
(scale from 0 to +3), for female and male speakers separately. Median (thick line),
interquartile range (box), range, and outliers (dots) are shown.

Social gender
A second discriminant analysis was done to classify speakers according to social
gender. From the gender identity scales of the questionnaire (feminine and masculine
traits and behaviour) a new scale was calculated, namely gender type. This procedure
is explained in section 3.3.1. This computation yields the division of the speakers
into one of four gender groups: feminine (high in feminine traits and behaviour, low
in masculine traits and behaviour), masculine (high in masculine traits and
behaviour, low in feminine traits and behaviour), androgynous (high in both
feminine and masculine traits and behaviour), and undifferentiated (low in both
feminine and masculine traits and behaviour). The discriminant analysis attempts to
classify the speakers into one of these four gender groups.
To classify speakers according to gender type, a stepwise discriminant analysis was
done with gender type as dependent variable, and the eleven voice quality features as
independent variables. The observed proportions of cases in each gender type group
served as estimates for the prior classification probability. The classification was not
successful: no combination of the voice quality features as rated by the experts could
be found that was able to classify the speakers above chance correctly into the four
gender groups.
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5.4. Discussion
The results presented in section 5.3 will be used to answer the two research questions
formulated in the introduction of this chapter, starting with the first:
• How do expert perceptual descriptions relate to the speakers'
biological and social gender characteristics (i.e. female/male,
feminine and masculine traits, and feminine and masculine
behaviour)?
Female and males speakers differ significantly on seven of the eleven voice quality
features. Female speakers were perceived to have a harsher, laryngeally tenser, and
higher voice with a larger pitch range and more pitch variation than male speakers,
and to articulate more precisely. Male speakers had a creakier voice than female
speakers. Except for the difference in vowel space, these are all laryngeal and pitch
related voice quality features. No significant differences were found for
whisperiness, supralaryngeal tension, loudness, and tempo. The multiple regression
showed also that the PITCH and PHONATION factors and the voice quality features
related with these factors were predicted by biological gender. However, the amount
of explained variance is not very high, between 4% and 15%. The expert listeners
indicated a fair amount of overlap in voice quality for the female and male speakers.
Note that the feature average pitch had to be rated sex-specifically, which reduces
the effect of biological gender on that feature. The overlap can be seen in Figure 5.5
for average pitch and harshness, the two features that are supposed to discriminate
best between men and women according to the discriminant analysis.
The results coincide reasonably well with the results from the studies
described in chapter 2. In the studies that used perceptual expert descriptions also no
difference was found between the sexes in whisperiness and tempo, men were found
to speak more creaky, and women were found to have a higher average pitch and a
more precise articulation. However, Van Rie (1993) did not reveal differences in the
harshness of male and female voices, whereas the present study showed female
speakers to get higher ratings for these two features than male speakers. In addition,
Van Rie's (ibid.) finding that men have more laryngeal tension was contradicted in
this study; here, female speakers were rated higher on this feature.
A few significant correlations were found between the social gender variables
(feminine and masculine traits and feminine and masculine behaviour) and the voice
quality features. In contrast to the biological gender differences, where most
differences were found in the laryngeal and pitch features, the social gender
differences are mostly found in the supralaryngeal and two prosodic features. The
social gender variables correlated significantly with loudness, tempo, vowel space,
supralaryngeal tension, and creakiness, which is the only laryngeal feature in this
list. Regression analyses showed the predictive power of the social gender variables
for the voice quality features to be rather low (5% to 7%).
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The second question to be answered was:
• What (combination of) expert perceptual ratings optimally
categorise speakers into biological gender (female/male) or
social gender subgroups (androgynous, feminine, masculine,
undifferentiated)?
To categorise speakers into women and men according to their voice quality
characteristics, several discriminant analyses were applied. They returned a
significant model, which included average pitch and harshness; corresponding to the
results of the correlations and regression analyses, pitch and laryngeal features were
related to biological gender.
The analyses for a categorisation of the speakers into four gender types
(androgynous, feminine, masculine, undifferentiated) was not successful; a
significant model could not be constructed.
The final conclusion of this chapter is that biological gender can be related better to
the perceptual expert descriptions than social gender. This same result was found in
the previous chapter, about the relation between acoustic measures and the speakers'
gender. This result was explained there by stating that the modulation of voice
quality under the influence of social gender is too subtle to be picked up by the
acoustic measures. The same could apply for the expert ratings.
In all analyses relating to biological gender, pitch and laryngeal features,
and especially average pitch and harshness, played a dominant role. The same was
found in chapter 4 with regard to the acoustic measures of voice quality. Social
gender was related predominantly to supralaryngeal and prosodic features, but not
systematically related to one specific gender identity scale. It might be that the
modulation of the voice under the influence of social gender is more easily obtained
for supralaryngeal and prosodic features than for laryngeal features.

6.

Perceptual description of voice
quality by naive listeners

6.1. Introduction
This chapter is the third of three chapters that together describe the voice quality
characteristics of the speakers' voices. The present chapter uses phonetically naive
listeners to rate voice quality. The chapter is also the first of two chapters in which
naive listeners are used as subjects, in the present chapter for the description of
voice quality, and in chapter 7 for the attribution of personality traits.22
The voice quality descriptions by phonetically naive listeners constitute
stage IV of the research model in section 1.4. They will be related to the speakers'
gender characteristics from stage I (Figure 6.1). For the naive listeners, instead of all
114 speakers a reduced speaker set of 48 speakers was used. This entails that
analyses involving stages IV and V are only performed for this subset.

I

II

IDENTITY

instrumental

acoustic
measurements

V
IMPRESSION

voice quality

social gender

listeners
experts

self-assessment

IV

REPRESENTATION

biological and
social gender
speakers

III

naive

naive

perceptual
ratings

Figure 6.1
The research model described in section 1.4. The stages that will be dealt with in this chapter
are indicated in grey: the voice quality descriptions by naive listeners in relation to the
speakers' gender characteristics.

22

The experiments in chapters 6 and 7 were preceded by a combined pilot experiment, to assess whether
the scales could be rated reliably enough and whether the listeners used the rating procedure in the
appropriate way. The pilot experiment will not be reported on here. Some results are presented in
Biemans & Van Bezooijen (1998) and Biemans (1999).

104

C H AP T E R

6

The aim of the present chapter is to answer the following question: How do
speakers' biological and social gender relate to their voice quality characteristics as
assessed by phonetically naive listeners? More specifically, the following questions
will be answered:
• How do naive listeners' perceptual descriptions relate to speakers'
biological and social gender characteristics (i.e. female/male, feminine
and masculine traits, and feminine and masculine behaviour)?
• What (combination of) perceptual ratings optimally categorise
speakers into biological gender (female/male) or social gender
subgroups (androgynous, feminine, masculine, undifferentiated)?
First in section 6.2 the methodology is described: the speakers (6.2.1), the listeners
(6.2.2), the speech material (6.2.3), the selection of voice quality features (6.2.4),
and the procedure of the experiment (6.2.5). In section 6.3 the results are presented:
the reliability of the ratings (6.3.1), some descriptive statistics (6.3.2), a factor
analysis of the voice quality features (6.3.3) and the relation between the speakers'
biological and social gender and the naive listeners' ratings of their voice quality
(6.3.4). Lastly, section 6.4 contains the concluding remarks.
6.2. Method
6.2.1. Speakers
Not all 114 speakers could be included in the naive listeners' experiment, for reasons
of time: the experiments would have been unmanageably long for the raters.
Therefore a selection of speakers was made. Two sets of criteria were applied:
1. The speakers had to be as diverse as possible with regard to the (in)dependent
variables, i.e. gender identity and voice quality. The variation in gender identity
and voice quality is going to be linked to the variation in voice quality (this
chapter) and personality attributions (chapter 8). Therefore, speakers had to be
selected whose gender identity scores and voice quality characteristics covered
the whole range of scores in the entire speaker sample.
2. The speakers had to be as homogeneous as possible with regard to possibly
confounding factors, such as level of education. These factors were not defined
as independent variables, but were used to select speakers for this study (section
3.2). For the selection of the smaller speaker set, these variables were restricted.
The selection procedure entailed first limiting the inclusion criteria with regard to
factors such as education level and smoking behaviour, and then checking whether
sufficient variation in the (in)dependent variables remained in the restricted speaker
sample.
The following restrictions were made in order to increase homogeneity:
• The age range in the entire sample was between 19 and 48 years. For the subset
the upper part of this range was lowered to 40 years, as most speakers were
located in the younger part. Homogeneity in age was thus increased.
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• Most speakers had high education levels, so the bottom two education categories
(out of six categories) were removed (for an overview of the categories, see
Table 4.2).
• The entire sample contained smokers and non-smokers, but for the subset only
non-smokers were selected.
• None of the speakers in the sample had a very strong regional accent. However,
some variation in the degree of accent was present between speakers, which
might influence the listeners' personality attributions. Therefore, only speakers
who scored relatively low on the expert ratings of regional accent (0 to 1.5 on a
scale from 0 to 3) were included in the subset.
After applying these criteria, 27 female and 27 male speakers were left. Three
women and three men were further excluded from the sample because the expert
listeners found them to be slightly lisping/stuttering or unstable and unpredictable in
their speech behaviour. These aspects might influence the personality judgements of
the lay listeners. Forty-eight speakers remained, 24 women and 24 men.
Next, for the entire sample of 114 speakers and for the subset of 48
speakers plots were drawn for all gender identity scales and all voice quality features
as rated by the experts. The plots were compared visually for differences in
distribution of the values. It was concluded that the subset of speakers constituted an
adequate representation of the entire sample. Appendix D lists the mean, lowest, and
highest scores, and ratings of the complete speaker set and the subset.
6.2.2. Listeners
Twenty-eight naive listeners made the perceptual description of voice quality, 14
women and 14 men, aged between 19 and 26. They were students at Nijmegen
University, from various disciplines, who were paid for their participation. The
raters only judged voice quality features. A different group of raters was used for the
judgements of personality traits, as discussed in chapter 7.
6.2.3. Speech material
For each speaker approximately 50 seconds of speech was available (see section
3.4), consisting of short speech fragments which had been concatenated to form a
longer stretch of speech material. For the experiments in chapters 6 and 7, 400 ms
pauses were placed between the short speech fragments instead of the 200 ms pauses
used with the expert listeners in chapter 5. In the pilot experiment, the 200 ms
appeared to be too short for naive listeners to be able to listen comfortably to the
material. The speech of the female and male speakers was put onto DAT-tape in two
separate blocks.
6.2.4. Selection of voice quality scales
On the basis of a literature review eleven voice characteristics were defined and
selected (in chapter 2). For each stage in the voice quality descriptions depicted in
the research model in section 1.4 these concepts have to be translated into an
appropriate term. For the present chapter this means translating them into terms
which can be understood by lay people. Three previously conducted Dutch studies
using naive listeners as judges were screened for suitable terminology (Van
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Bezooijen 1986; Boves et al. 1982; Tielen 1992). In Table 6.1 the terms used in this
chapter are listed (the Dutch terms plus the English translation), along with their
conceptual counterparts from chapter 2.
Table 6.1
Voice quality terms for the naive raters in Dutch and English, along with the voice quality
characteristics from section 2.3.5 that the naive raters' terms are supposed to represent.
Characteristics from
Terms for naive raters
section 2.3.5
Dutch
English
glad-ruw

smooth-rough

harshness

precies-slordig

precise-sloppy

gespannen-ontspannen

tense-relaxed

langzaam-snel

slow-fast

vowel space and supralaryngeal
tension
laryngeal and supralaryngeal
tension
tempo

eentonig-gevarieerd

monotonous-varied

pitch variation

laag (voor een vrouw/man) hoog (voor een vrouw/man)
niet hees-hees

low (for a woman/man) - average pitch
high (for a woman/man)
not whispery-whispery
whisperiness

niet krakerig-krakerig

not creaky-creaky

creakiness

niet nasaal-nasaal
(door de neus)
-

not nasal-nasal
(through the nose)
-

nasality
loudness

In analogy with the scales used by the expert listeners (discussed in section 5.2.3)
there are two types of scales: 7-point scales and 4-point scales. The scale types for
the features judged by the lay listeners have the same scale size as the corresponding
scales for the expert listeners. Only the terms on each side of the scale differ, e.g. the
experts rated small pitch variation / large pitch variation, whereas the naive lay
listeners rated monotonous / varied.
Some of the scales rated by the lay listeners might indicate more than one
voice quality. For example, the judgements for tense / relaxed might incorporate
information both about laryngeal and supralaryngeal tension. However, a more
detailed description than such an overall indication of tension was felt to be beyond
the capabilities of the lay listeners.
The scale monotonous / varied is used to indicate pitch variation. However,
the scale covers a broader area than only variation in pitch. For example, the
subjects might also use variation in loudness when judging this feature. Again, a
general scale seemed appropriate in view of the lack of expertise of the lay listeners.
The feature 'loudness' did not get a corresponding scale for the lay listeners
to judge. Absolute level of loudness cannot be judged because the recording level of
each interaction was set differently, so average loudness cannot be compared
between interactions. Loudness here is defined as amount of effort. This concept
was felt to be too complicated to translate into a comprehensible term for the lay
listeners.
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The feature low / high (for a woman/man) was explicitly formulated to
indicate that a sex-specific judgement was asked for. This formulation was chosen to
prevent the subjects to only use the lower half of the scale for the male speakers and
only the upper half of the scale for the female speakers.
6.2.5. Procedure
The raters listened to the voice of a specific speaker and -while listening- judged
his/her voice quality on the nine scales mentioned above. They had approximately
one minute to make their judgements. The female and male speakers were presented
in two separate blocks. Between these two blocks there was a short break. The
speakers within a block were presented in random order. Half of the subjects judged
the male speakers first, the other half judged the female speakers first. Prior to
judging the experimental speakers, the listeners practised the task with two trial
speakers, one female and one male.
6.3. Results
6.3.1. Reliability
The degree of similarity of the naive ratings was determined by calculating
Cronbach's α for all nine voice quality scales. These α's are listed in Table 6.2,
along with the standard deviations of the ratings for a specific scale.
Table 6.2
Reliability coefficients (Cronbach's α) and standard deviations of the naive ratings.
Female
Feature + scale size
Male All speakers
speakers
speakers
sd
sd
sd
α
α
α
smooth-rough
.60
.74
.73
.85
.66
7
.75
precise-sloppy
.79
.65
.75
.84
.88
.74
7
.77
.60
.58
.72
.83
.66
tense-relaxed
7
.91
.95
.92 1.02
.96
.97
slow-fast
7
.83
.80
.81
.87
.91
.84
monotonous-varied
7
.91
.75
.86
.97
.94
.86
low-high (for a woman/man)
7
.81
.42
.68
.35
.87
.39
not whispery-whispery
4
.78
.40
.64
.38
.84
.39
not creaky-creaky
4
.61
.32
.55
.33
.74
.32
not nasal-nasal
4

The α's for all speakers combined range from .74 (nasality) to .96 (tempo), which is
fairly high to high. All scales were judged reliably enough to be included in the rest
of the analyses.
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6.3.2. Descriptive statistics
Mean scores and standard deviations were computed for all naive listeners' ratings
(Table 6.3).23 The mean scores for female and male speakers are also shown in
Figures 6.2 and 6.3. The scales provide a mixed picture: in some cases female
speakers receive higher ratings, in other cases male speakers are rated higher, and in
some cases the ratings are equal.
Table 6.3
Mean scores and standard deviations of the naive ratings for female and male speakers
separately and combined.
Male speakers
All speakers
Female speakers
sd
sd
sd
smooth-rough
7
4.0
.60
4.0
.73
4.0
.66
7
4.3
.65
4.3
.84
4.3
.74
precise-sloppy
7
4.0
.60
4.3
.72
4.2
.66
tense-relaxed
7
4.3
.95
4.2
1.02
4.2
.97
slow-fast
7
4.0
.80
3.8
.87
3.9
.84
monot.-varied
7
3.7
.75
3.9
.97
3.8
.86
low-high
4
1.2
.42
1.0
.35
1.1
.39
whispery
4
1.4
.40
1.5
.38
1.4
.39
creaky
4
1.2
.32
1.2
.33
1.2
.32
nasal

To assess the significant relations between the gender variables and the voice quality
features, pearson product-moment correlations were calculated (Table 6.4).
Biological gender did not correlate significantly with any of the voice quality
ratings. For the female and males speakers combined, only two significant relations
were found, with social gender variables. The scale precise-sloppy correlates
significantly with masculine traits: the more masculine traits speakers indicated to
have, the more precise their speech was judged. Nasality correlated significantly
with feminine behaviour: higher scores for feminine behaviour on the gender
identity questionnaire are related to a more nasal rating of the speech.
For the female speakers separately only one significant correlation remains, namely
between feminine behaviour and nasality: higher scores for feminine behaviour are
related to higher ratings for nasality. For male speakers, four correlations reach
significance. Masculine traits is significantly related to smooth-rough, precisesloppy, and non nasal-nasal: a high score on masculine traits is related to a smooth,
precise, and non-nasal voice. In addition, masculine behaviour is related to voice
height: masculine behaviour is related, surprisingly, to a high voice.

23
Significant differences between female and male listeners were assessed by means of an analysis of
variance. They gave significantly different ratings for three of the nine scales, i.e. smooth-rough, slowfast, and not nasal-nasal. However, pearson product-moment correlations between the ratings of the
female and male listeners for all scales ranged between .63 and .91 (all significant), indicating a fairly
high level of agreement between the two groups. The ratings of the female and male listeners will not be
analysed separately.
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Figure 6.2
Mean scores of the 7-point voice quality features (range from 1 to 7) for female and male
speakers separately.
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Figure 6.3
Mean scores of the 4-point voice quality features (range from 0 to 3) for female and male
speakers separately.
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Table 6.4
Correlations of the biological and social gender variables with all nine voice quality
(bold indicates p < .05).
Fem.
Masc.
Fem.
Masc.
Biol. Masc.
Female and male
Traits
gender Traits Traits Behav. Behav.
speakers combined
Partner
smooth-rough
.03
-.28
.02
-.17
-.03
.16
precise-sloppy
.02
.12
-.04
.00
.09
-.43
tense-relaxed
.15
-.07
-.10
-.10
-.03
.11
slow-fast
-.05
.01
-.05
.01
-.19
-.09
monotonous-varied
-.14
.13
-.02
.18
-.07
.02
low-high
.10
.23
-.04
.23
-.06
-.02
not whispery-whispery
-.25
-.12
.18
-.11
.18
.13
not creaky-creaky
.10
-.10
.09
-.06
.11
.24
not nasal-nasal
-.02
-.23
-.07
-.24
-.08
.31
Masc.
Fem.
Masc.
Fem.
Masc.
Female speakers
Traits Traits Behav. Behav.
Traits
Partner
smooth-rough
.02
.24
-.04
.14
.33
precise-sloppy
-.27
.33
-.07
.08
.12
tense-relaxed
.11
-.25
.06
.02
.26
slow-fast
.11
-.01
-.10
-.14
-.15
monotonous-varied
.18
-.34
.06
-.21
.19
low-high
-.04
-.11
-.04
-.11
-.15
not whispery-whispery
-.20
.28
-.17
-.09
.07
not creaky-creaky
-.18
.18
-.18
.15
.26
not nasal-nasal
.03
.15
-.17
-.06
.64
Masc.
Fem.
Masc.
Fem.
Masc.
Male speakers
Traits Traits Behav. Behav.
Traits
Partner
smooth-rough
-.15
-.31
-.17
-.04
-.47
precise-sloppy
-.05
-.01
-.05
.05
-.53
tense-relaxed
-.21
.08
-.28
.04
-.10
slow-fast
-.04
-.11
.13
-.33
-.01
monotonous-varied
.12
.24
.35
-.05
-.18
low-high
.38
.05
.05
.11
.47
not whispery-whispery
-.01
-.06
.03
.37
.34
not creaky-creaky
-.07
.04
.07
.17
.20
not nasal-nasal
-.31
-.32
-.03
-.11
-.43

features
Fem.
Traits
Partner
.02
.03
.04
.09
.07
-.08
-.02
-.00
.13
Fem.
Traits
Partner
.17
.06
.07
.15
-.12
-.04
-.19
-.06
.34
Fem.
Traits
Partner
-.10
.04
.17
-.01
.15
-.04
-.09
.17
-.10

6.3.3. Factor analysis
The voice quality scales were factor analysed to discover a possible clustering of
scales (principal components analysis with varimax rotation). Two factors were
extracted with eigenvalues > 1, together accounting for 63% of the variance. The
nature of the factors is shown in Table 6.5. For features to be considered
representative of a factor, their factor loadings had to exceed .6 on that factor while
simultaneously being lower than .5 on the other factors. The first factor is a
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combination of slow, relaxed, low, and monotonous (or fast, tense, high, and varied),
and is predominantly PROSODIC, combined with the feature tension. The second
factor consists of smooth, precise, not creaky, not whispery (or rough, sloppy,
creaky, whispery), and is predominantly PHONATIONAL, combined with the feature
precision. The feature nasal did not load unambiguously on either factor.
Table 6.5
Solution of a factor analysis, ordered from highest to lowest loadings per factor. Loadings >.6
are indicated in bold, loadings <.1 have been left out.
Factors
1
2
slow/fast
.86 -.12
tense/relaxed
-.81 -.16
low/high
.79 -.32
monotonous/varied
.72 -.36
-.47
.45
nasal
-.29
smooth/rough
.84
precise/sloppy
.83
creaky
.71
-.17
whispery
.65

In order to be able to use the factors in further analyses, for each speaker a score had
to be computed. For each factor, the average was taken of the scores of its
component features. This was achieved in a similar way as described in section
5.3.3. For the factor PROSODY this entailed recoding the scale tense/relaxed, because
of its negative loading. Next, an average score was computed over the four
component features. For the factor PHONATION the scales smooth/rough and
precise/sloppy were recoded into 4-point scales, in analogy with the scales nasal and
creaky. Next, an average score was computed for the four features.
For the two factors means and standard deviations were calculated for the female
and male speakers (Table 6.6). In addition, correlation coefficients were computed
between the factors and the biological and social gender variables (Table 6.7).
Biological gender does not correlate significantly with the factors, which was to be
expected in light of the correlation matrix in Table 6.4, in which also no significant
correlations with biological gender were found. The factor PHONATION correlates
significantly with masculine traits and feminine traits assessed by the interaction
partner: higher self-assessment of masculine traits and partner assessment of
feminine traits is related to lower PHONATION ratings.
Table 6.6
Mean scores and standard deviations of the factors for female and male speakers separately
and combined.
Male All speakers
Female
speakers
speakers
sd
sd
sd
PROSODY
4.0
.63
3.9
.75
3.9
.69
PHONATION
1.7
.29
1.7
.29
1.7
.29
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Table 6.7
Correlations of the biological and social gender variables with the factors from the factor
analysis (bold indicates p < .05).
Fem.
Masc.
Fem.
Masc.
Fem.
Biol. Masc.
gender Traits Traits Behav. Behav.
Traits
Traits
Partner Partner
PROSODY
-.07
.13
-.01
.15
-.01
-.07
.02
PHONATION
-.04
.14
-.12
.01
.20
-.29
-.43

6.3.4. Relation of voice quality with biological and social gender
Similarly to the analyses described in chapters 4 and 5, in this chapter also multiple
regression and discriminant analyses were applied to the data. Multiple regression
analysis provides insight into how speakers' gender characteristics may predict their
voice characteristics. Discriminant analysis uses voice quality characteristics to
classify the speakers into gender subgroups. A more elaborate description of the
analyses can be found in section 4.3.3.
Predicting voice quality variation from gender variation
The previous section identified two voice quality clusters, i.e. PROSODY and
PHONATION. This section attempts to explain the variation in these factors and the
separate features by a combination of the speakers' gender characteristics (biological
gender, self-assessment of feminine and masculine traits, self-assessment of
feminine and masculine behaviour, and partner assessment of feminine and
masculine traits). For each factor and voice quality feature, stepwise multiple
regressions analyses were performed (probability criteria of F to enter ≤ .05 and F to
remove ≥ .10), the results of which are shown in Table 6.8. In this table, the separate
features are clustered according to the results of the factor analysis.
For the factor PROSODY or any of the features that loaded on this factor no predictor
was found: the variance of the features slow, relaxed, low, and monotonous
combined or separately cannot be accounted for by any (combination) of the gender
characteristics.
The self-assessment plus the partner assessment of masculine traits
predicted the variation of the factor PHONATION. The model explains 22% of the
variance of this factor. The results for the separate features show that the same
predictors are found for the scale precise/sloppy, with 27% of the variance
explained. The result for the factor therefore probably is caused by the results for
only this voice quality feature. The size of the correlations in Table 6.4 show that
precise/sloppy is more related to the self-assessment of masculine traits than to the
partner assessment of masculine traits: a higher self-assessment of masculine traits is
related to ratings of a precise articulation.
The feature nasal did not fit into either factor. A regression analysis did provide
predictors for the variance of this scale, i.e. feminine behaviour and masculine traits,
which explain 20% of the variance in the ratings. Table 6.4 shows that nasality is
related to feminine behaviour for female speakers (more feminine behaviour means
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higher nasality ratings), and to masculine traits for male speakers (more masculine
traits is related to a less nasal voice).
Table 6.8
Multiple regression analyses results for the factors and the separate voice quality features. The
features are clustered according to the results of the factor analysis.
Factor / feature
Predictors
R2
β
PROSODY

slow/fast
tense/relaxed
low/high
monotonous/varied
PHONATION

smooth/rough
precise/sloppy
creaky
whispery
nasal

masculine traits
masculine traits partner

-.47
.41

.22

masculine traits
masculine traits partner

-.58
.34

.27

feminine behaviour
masculine traits

.39
-.34

.20

Speaker classification into gender subgroups on the basis of voice quality
In this section, the voice quality features were used to classify the speakers into
gender subgroups. For this purpose, discriminant analyses were performed (method:
Wilks' Lambda, F entry 3.85, F removal 2.71). One analysis attempted to classify
the speakers according to their biological gender. A second analysis attempted a
classification according to gender type (feminine, masculine, androgynous,
undifferentiated, see section 3.3).
Biological gender
The classification according to biological gender was done by a stepwise
discriminant analysis with the nine voice quality features as independent variables
and biological gender as dependent variable. Prior classification probability was set
to equal group size. The analysis did not return a model, so the features are not able
to correctly divide the speakers according to biological gender.
Social gender
Next to biological gender, the speakers were classified according to gender type:
androgynous, feminine, masculine, and undifferentiated (this procedure is explained
in section 3.3). A stepwise discriminant analysis was performed with the nine voice
quality features as independent variables and the four gender types as dependent
variables. The proportions of cases in each gender type group served as estimates for
the prior classification probability. In this subset of 48 speakers selected from the
total of 114 speakers, 29 speakers were marked as androgynous, 9 as feminine, 5 as
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masculine, and 5 as undifferentiated.24 The analysis failed to return a significant
model. Apparently, the voice quality features as rated by naive listeners do not
contain sufficient information to classify the speakers according to gender type
above chance level.
6.4. Discussion
In the introduction, two questions were formulated, which will be answered here on
the basis of the results in section 6.3. The first question is:
• How do naive listeners' perceptual descriptions relate to
speakers' biological and social gender characteristics (i.e.
female/male, feminine and masculine traits, and feminine and
masculine behaviour)?
For none of the voice quality features significant differences were found between
female and male speakers. This indicates that biological gender did not play a role in
the judgements of voice quality by the naive listeners.
Some of the gender identity scales were related significantly to the voice
quality judgements, predominantly with precise-sloppy, and not nasal-nasal.
Sherman & Hall (1978) showed a relation between sloppy and nasal speech. They
asked 34 speakers with an expected precise articulation and 38 speakers with an
expected sloppy articulation to read a text. Expert listeners evaluated their speech on
precision of articulation and nasality. Speakers with a sloppy articulation were found
to be more nasal than the speakers with a precise articulation. This relation is not
unexpected; both sloppiness and nasality require a relaxed articulation. The gender
identity scales that were related significantly to the voice quality features did not
show a systematic pattern.
In the literature findings from chapter 2, only for the features whisperiness
and tempo perceptual naive descriptions were available. Just as in the present study,
no difference in whisperiness was found between male and female speakers. The
literature findings on tempo were inconclusive: one study reported men speaking
faster than women, one study found the opposite.
The second question to be answered is:
• What (combination of) naive listeners' perceptual ratings
optimally categorise speakers into biological gender
(female/male) or social gender subgroups (androgynous,
feminine, masculine, undifferentiated)?
A categorisation into biological or social gender was not possible by using the
perceptual naive descriptions.

24

In the entire sample of 114 speakers, 26 speakers are androgynous, 20 are feminine, 26 are masculine,
and 28 are undifferentiated (Table 3.4). In the subset, androgynous speakers are overrepresented. Note
that the subset of speakers was not selected on the basis of gender type, but on the basis of the six
separate gender identity scales, on which they are representative of the entire sample.
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The end conclusion of this chapter is that the perceptual descriptions by naive
listeners did not in any way discern between female and male speakers. In some of
the analyses, social gender did play a role: some significant relations were found
between several gender identity scales and the voice quality features, predominantly
the supralaryngeal features precise-sloppy and not nasal-nasal. These relations with
gender identity were not systematic, and therefore no conclusions can be drawn
from them. The naive ratings had fairly high reliability scores, so we cannot
conclude that these listeners are not able to make voice quality descriptions; they
agree among each other in their ratings.

7.

Attribution of gender-related
personality traits by naive listeners

7.1. Introduction
Both in the previous and present chapter, naive listeners are used as subjects. The
previous chapter discussed their descriptions of the speakers' voice quality
characteristics; the present chapter focuses on their ratings of the speakers'
personality traits. The methodology of both experiments (voice quality descriptions
and personality attributions) is the same. The raters are different, however. The
analyses in both chapters pertain to a subset of 48 speakers, instead of to the entire
sample of 114 speakers.
The ratings of personality traits form stage V of the research model in
section 1.4. They will be related to the speakers' gender characteristics of stage I
(Figure 7.1).

I

II

IDENTITY

instrumental

acoustic
measurements

V
IMPRESSION

voice quality

social gender

listeners
experts

self-assessment

IV

REPRESENTATION

biological and
social gender
speakers

III

naive

naive

perceptual
ratings

Figure 7.1
The research model described in section 1.4. The stages that will be dealt with in this chapter
are indicated in grey: the personality attributions by naive listeners in relation to the speakers'
gender characteristics.

The aim of this chapter is to answer the following question: How do speakers'
biological and social gender relate to the personality attributions given by naive
listeners on the basis of the speakers' voices? More specifically, the following
questions will be answered:
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• How do personality attributions relate to speakers' biological and
social gender characteristics (i.e. female/male, feminine and
masculine traits and feminine and masculine behaviour)?
• What (combination of) personality attributions optimally
categorise speakers into biological gender (female/male) or
social gender subgroups (androgynous, feminine, masculine,
undifferentiated)?
The methodological section 7.2 gives information on the speakers and listeners who
participated in the experiment (7.2.1 and 7.2.2 respectively), the selection of
personality traits (7.2.3), and the experimental procedure (7.2.4). Next, in section 7.3
the results are presented: the reliability of the ratings (7.3.1), some descriptive
statistics (7.3.2), a factor analysis of the personality ratings (7.3.3), and the relation
between the speakers' biological and social gender and the listeners' personality
attributions (7.3.4). Section 7.4 contains the concluding remarks.
7.2. Method25
7.2.1. Speakers and speech material
The speakers and speech material employed in the experiment on personality
attributions in this chapter are identical to the speakers and material used for the
voice quality description experiment in chapter 6.
7.2.2. Listeners
Twenty-eight phonetically naive listeners participated in the attribution experiment,
14 women and 14 men, aged between 19 and 28. They were students at Nijmegen
University, from various disciplines. They got paid for their participation. The
subjects judged only personality traits. A different group of subjects was used for the
judgements of voice quality features, as discussed in chapter 6.
7.2.3. Selection of personality scales
For the attribution experiment a set of personality scales had to be selected. It was
decided to use a selection of the personality traits from the gender identity
questionnaire that all speakers had filled out, because these traits are related to
femininity and masculinity. The use of all scales from the questionnaire would have
been too time-consuming, as there are 30 questions about personality traits. Two
criteria were used in the selection process, one related to homogeneity and the other
to differentiation:
• In the gender identity questionnaire, feminine and masculine traits can be
distinguished. The traits to be selected for the present experiment had to be
representative of these two clusters of traits. A statistical technique to assess
representativity is the calculation of item-total correlations. These correlations
25

The experiments in chapters 6 and 7 were preceded by a combined pilot experiment, to assess whether
the scales could be rated reliably and whether the rating procedure was used in the appropriate way by the
listeners. The pilot experiment will not be reported on here; some of its results are presented in Biemans
& Van Bezooijen (1998) and Biemans (1999).
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show which traits correlate best with the entire ensemble of traits and therefore
represent it best. The traits that score highest on the item-total correlations will
be rather homogeneous in nature. For instance, if the feminine trait emotional
has a high item-total correlation, then the trait sensitive most probably also will
score high, because the two are related semantically; if one is highly
representative of the group of feminine traits, then the other will be also.
• In the questionnaire, the groups of feminine traits and masculine traits do not
exist only of traits that are related semantically. Femininity and masculinity are
multidimensional concepts which is reflected in the questionnaire, e.g. next to
emotional also curious is included, which is related much less semantically to
emotional than e.g. sensitive. The group of traits thus is semantically
differentiated. The selection of traits for the attribution task had to take this
differentiation into account. A statistical technique to assess the different
semantic clusters in a list of traits is factor analysis. If the traits for the
personality attributions are selected from different factors of the factor analysis,
then the multidimensionality of femininity and masculinity is captured.
The statistical analyses of item-total correlations and factor analysis were applied to
the gender identity assessment by the speakers themselves and to the assessment by
their interaction partners. The speech stimuli to be used for the attributions are one
minute long, which allows the impressionistic rating of about twelve scales. The
traits masculine and feminine need to be included in these twelve scales, which
leaves ten traits to be selected.
Item-total correlations
First item-total correlations were calculated to determine which scales are most
representative of the groups of feminine and masculine traits. The analysis compares
each separate trait to the rest of the traits and calculates the correlation between
these two. There are 15 traits that represent femininity and 15 for masculinity. The
eight scales that had the highest item-total correlations, i.e. the upper half of the list,
were considered for selection. These traits can be assumed to be relatively important
in the original questionnaire for the concepts masculinity and femininity.
In Table 7.1 all item-total correlations are listed for the feminine and
masculine traits. They are arranged by size. The traits that appear in the first eight
positions both in the list of the speakers and that of the interaction partners are
printed in bold. These are the traits that the final selection will be made from, if that
is coherent with the interpretation of the factor analysis. Seven of the feminine traits
are printed in bold, so two of them have to be discarded for the final selection of five
traits. For the masculine traits, one trait has to be discarded from the six printed in
bold.
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Table 7.1
Item/total correlations for all feminine and masculine traits from the gender identity
questionnaire. Both the self-assessment of the speakers and the assessment of their interaction
partners were analysed. The scales printed in bold appear in the first eight scales in both the
speakers' and their interaction partners' list order.
Feminine traits
Speakers
Item/total Interaction
Item/total
corr. partners
corr.
1 emotional
.57 emotional
.59
2 sensitive
.52 romantic
.55
3 romantic
.46 considerate
.53
4 sentimental
.45 warm-hearted
.47
5 considerate
.40 understanding
.43
6 caring
.36 sensitive
.37
7 dependent
.30 sentimental
.34
8 warm-hearted
.27 caring
.34
9 understanding
.24 spontaneous
.32
10 indecisive
.23 dependent
.27
11 spontaneous
.21 curious
.20
12 touchy
.13 indecisive
.18
13 modest
.07 tactful
.13
14 curious
.02 modest
.13
15 tactful
-.05 touchy
.06
Masculine traits
Speakers
Item/total Interaction
Item/total
corr. partners
corr.
1 strong-willed
.41
.48 self-assured
2 dominant
.48 rebellious
.40
3 enterprising
.42 enterprising
.39
4 self-assured
.39 brave
.37
5 independent
.38 adventurous
.37
6 adventurous
.38 dominant
.36
7 brave
.38 ambitious
.35
8 jovial
.28 independent
.33
9 ambitious
.26 cynical
.24
10 rebellious
.25 skilful
.22
11 technical
.17 strong-willed
.22
12 skilful
.17 technical
.22
13 nonchalant
.17 nonchalant
.21
14 cynical
.14 jovial
.15
15 witty
.08 witty
.07

Factor analysis feminine traits
The final selection was based upon factor analyses of the feminine and masculine
traits. First the analysis of the feminine traits will be examined, which is given in
Table 7.2. A principal components analysis with varimax rotation extracted factors
with an eigenvalue larger than 1, accounting for 55% (self-assessment) and 56%
(partner's assessment) of the variance. Factor loadings larger than .5 and
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simultaneously smaller than .4 on other factors are printed in bold.26 The traits that
qualify as candidates according to their placement on the item-total correlations, are
printed in italics.
Table 7.2
Factor analytic outcomes for the self-assessment of the speakers' feminine traits and their
interaction partners' assessment. The scales that might be selected on the basis of the previous
item/total correlations are indicated in italics. Factor loadings > .5 and simultaneously < .4 on
other factors are indicated in bold. Factor loadings < .1 have been left out.
Speakers
Interaction partners
1
2
3
4
1
2
3
4
emotional
.11
.14 caring
.10
.81
.76 .10
sentimental
considerate
.79
.74 .12 .31
sensitive
.15 .13
.18 understanding
.24 .16
.67
.72
-.20 tactful
.29
dependent
.64
.67 .16
emotional
.51 -.51
.16 .72 .35
touchy
.15
.11 .70 .27
understanding
indecisive
.74
-.23
.12 dependent
tactful
.73
.59
caring
.34
.11 romantic
.20 .59 .47 .13
.53 .19
warm-hearted
sensitive
.22 .73
.51 .13 .25
sentimental
.45 .27 .20
spontaneous
.73
romantic
.40
.10 spontaneous
.58
.85
considerate
.23
.49 .50 -.13 warm-hearted
.47
.66
.21
.18 .11
modest
.83 curious
.78
.24 -.22 .16
.26 .34
indecisive
.65 touchy
.63
-.25 .36 -.42 modest
.36 .22 .13 .55
curious

Both analyses (speakers and interaction partners) have a solution with four factors.
The four factors emerging from the analysis of the speakers and that of the
interaction partners coincide reasonably well, with the exception that the first two
factors have been switched. If we combine the results of the two analyses and only
consider the italized traits (the traits selected after the item-total correlations) the
following interpretation arises:
• Factor 1 consists of emotional and sensitive (both analyses) and sentimental
(speakers).
• Factor 2 consists of caring (both analyses) and considerate (partners).
• Factor 3 consists of warm-hearted and romantic (speakers).
• Factor 4 does not include italized scales at all.
The final selection of the traits were based on two criteria:
1. Traits that load unambiguously on a factor in both analyses are selected. This
entailed that emotional, sensitive, and caring were selected.
2. Traits from as much factors as possible have to be included. The list of traits
was supplemented with warm-hearted and romantic, to include factor 3.

26
Only the factor analyses in section 7.2.3 employ the criterion of the factor loadings being > .5 and
simultaneously < .4. For all other factor analyses in this thesis these thresholds are .6 and .5 respectively.
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The list of traits that will represent the concept femininity in the attribution
experiment therefore will be:
1. emotional
2. sensitive
3. caring
4. warm-hearted
5. romantic
6. feminine
Factor analysis masculine traits
Next to the factor analysis of the feminine traits, a factor analysis of the masculine
traits was done (see Table 7.3). A principal components analysis with varimax
rotation extracted factors with an eigenvalue larger than 1, accounting for 64% (selfassessment) and 62% (partner's assessment) of the variance. Factor scores larger
than .5 and simultaneously smaller than .4 on other factors are printed in bold.26 The
scales that may possibly be chosen according to their rank order from the item-total
correlations, are printed in italics.
Both factor analyses have a solution with five factors. The five factors that
emerge from the analysis of the speakers and interaction partners coincide
reasonably well. Only factors four and five have been switched. When the two
analyses are combined, and only the italized traits are considered (those selected
after the item-total correlations), the factors are as follows:
• Factor 1 consists of self-assured (both analyses).
• Factor 2 consist of adventurous, independent (both analyses), brave, and
enterprising (partners).
• Factor 3 does not include italized scales in any analysis.
• Factor 4 has no italized scales.
• Factor 5 has no italized scales.
As with the feminine traits, the final selection is based on two criteria:
1. Traits that load unambiguously on a factor in both analyses are selected, i.e. the
traits self-assured, adventurous, and independent.
2. Traits from as much factors as possible have to be included. The remaining two
scales to be selected could have been chosen from factor 2. However, for
femininity three factors were represented instead of two. Therefore, for
masculinity a trait from the second and third factors was included, i.e.
enterprising (with a loading higher than .5 in both analyses) and technical (with
the highest loading on the third factor).
The list of traits selected to represent masculinity therefore is:
1. self-assured
2. adventurous
3. independent
4. enterprising
5. technical
6. masculine
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Table 7.3
Factor analytic outcomes for the self-assessment of the speakers' masculine traits and their
interaction partners' assessment. The scales that might be selected on the basis of previous
item/total correlations are indicated in italics. Factor loadings > .5 and simultaneously < .4 on
other factors are indicated in bold. Factor loadings < .1 have been left out.
Speakers
1
2
3
4
5
ambitious
.77 -.13
.26
.17
strong-willed
.75
self-assured
.33
.14
.57
dominant
.46
.30 -.18
.36
.37
adventurous
.17
.15
.80
enterprising
.42
.71
independent
.36
.13 -.16
.56
technical
.91
-.17
skilful
.89
brave
.14
.34
.48
.24
.31
jovial
.74
-.18
.38 -.20
nonchalant
.67
-.36
.52
.43
witty
.12
-.22
cynical
.83
.38
rebellious
.69
Interaction partners
1
2
3
4
5
strong-willed
-.15 -.11
.81
ambitious
.78
self-assured
.29
.71
adventurous
.24
.12
.73
brave
.22
.21 -.17
.28
.62
independent
.22
.26 -.31
.61 -.20
enterprising
.33
.16 -.32
.56
-.19
.45
.22
.45
nonchalant
.14 -.17
technical
.91
.19
skilful
.87
.22
rebellious
.85
.20
cynical
.70
dominant
.49
.15
.51
.24
jovial
.75
-.11
.22
witty
.64

7.2.4. Procedure
The procedure is identical as for the voice quality descriptions in chapter 6, with the
only difference that in the present experiment personality traits were rated instead of
voice quality features.
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7.3. Results
7.3.1. Reliability
The reliability of the listeners' ratings was determined by calculating Cronbach's α
for all personality scales. The α's are listed in Table 7.4, along with the standard
deviations of each scale. The standard deviations give an indication of the diversity
of the ratings. The reliability coefficients range from .72 (warm-hearted) to .96
(masculine), which is rather high to high. The reliability of the rating patterns of the
listeners was high enough to include all scales in further analyses.
Table 7.4
Reliability coefficients (Cronbach's α) and standard deviations
traits.
Female speakers
Male speakers
sd
sd
α
α
self-assured
.59
.79
.57
.81
enterprising
.86
.66
.79
.52
.61
.43
.54
.38
emotional
.62
.44
.47
.34
warm-hearted
.71
.48
.65
.44
sensitive
.74
.53
.72
.50
adventurous
.88
.78
.93
.91
feminine
.52
.43
.72
.52
technical
.70
.49
.64
.44
romantic
.69
.50
.50
.36
caring
.82
.58
.80
.57
independent
.94
1.00
.91
.81
masculine

of the attributed personality
All speakers
sd
α
.89
.55
.91
.56
.73
.36
.72
.34
.80
.41
.83
.47
.95
.82
.79
.43
.79
.41
.75
.38
.89
.54
.96
.90

7.3.2. Descriptive statistics
Mean scores and standard deviations were computed for all personality attributions
(Table 7.5).27 Figure 7.2 contains a graphic representation of the mean scores of the
female and male speakers. A striking result is the relatively large difference in mean
scores for the female and male speakers for the scales feminine and masculine.
Inspection of the rating forms showed that, contrary to their assigned task, the
listeners have divided these scales into two, and have used half of each scale for the
female speakers and the other half for the male speakers.

27
By means of an analysis of variance, the differences between female and male listeners were analysed.
Their ratings differed significantly for four of the twelve traits, i.e. self-assured, feminine, romantic, and
caring. Pearson product-moment correlations between the female and male ratings for all scales ranged
between .52 and .93 (all significant), indicating a fairly high level of agreement between the two groups.
The ratings of the female and male listeners will not be analysed separately.
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Table 7.5
Mean scores and standard deviations of the personality attributions for female and male
speakers separately and combined.
Male speakers
All speakers
Female speakers
sd
sd
sd
self-assured
.59
3.2
.57
3.1
.55
3.1
3.1
.66
3.0
.52
3.1
.56
enterprising
3.2
.43
2.9
.38
3.0
.36
emotional
3.0
.44
3.0
.34
3.0
.34
warm-hearted
3.2
.48
3.0
.44
3.1
.41
sensitive
2.9
.53
2.7
.50
2.8
.47
adventurous
3.7
.78
2.3
.91
3.0
.82
feminine
2.5
.43
2.8
.52
2.6
.43
technical
2.8
.49
2.6
.44
2.7
.41
romantic
3.2
.50
3.1
.36
3.2
.38
caring
3.2
.58
3.2
.57
3.2
.54
independent
1.9
1.00
3.6
.81
2.8
.90
masculine
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Figure 7.2
Average scores for all attributed personality traits for female and male speakers separately.

126

C H AP T E R

7

Table 7.6
Correlations of the biological and social gender variables with all twelve attributed
personality traits (bold indicates p < .05).
Fem.
Masc.
Fem.
Masc.
Fem.
Biol. Masc.
Female and
Traits
Traits
gender Traits Traits Behav. Behav.
male speakers
Partner Partner
combined
self-assured
.09
.18
-.03
-.22
.10
.14
-.33
enterprising
-.06
.22
-.21
.13
-.14
.16
.24
emotional
-.04
.11
.00
.15
-.13
.03
-.37
warm-hearted
-.09
-.01
-.11
-.04
-.05
.05
-.03
sensitive
-.24
-.01
.18
.03
.14
-.06
-.04
adventurous
-.21
.15
-.03
.07
-.10
.23
.31
feminine
-.01
.19
.03
-.09
-.92
.39
.32
technical
.08
-.19
-.08
-.12
.10
-.07
.38
romantic
-.24
.02
.12
.05
.05
-.03
.05
caring
-.15
-.07
.11
-.10
.07
-.18
-.02
independent
.00
.15
-.14
.08
-.14
.18
.21
masculine
.07
-.24
-.03
.15
.91
-.38
-.31
Masc.
Fem.
Masc.
Fem.
Masc.
Fem.
Female
Traits Traits Behav. Behav.
Traits
Traits
speakers
Partner Partner
self-assured
.12
-.01
.15
.23
.43
-.41
enterprising
.22
-.12
.17
.17
.46
-.41
emotional
-.35
.01
-.06
-.20
-.12
-.35
warm-hearted
-.04
-.24
.04
-.09
.26
-.38
sensitive
-.35
.09
-.04
-.17
-.03
-.38
adventurous
.32
-.28
.17
-.18
.07
.44
feminine
-.36
-.14
.09
-.22
-.07
-.40
technical
.39
-.14
.08
.26
.10
.12
romantic
-.33
-.14
.00
-.27
.06
-.36
caring
.19
-.11
-.10
-.17
-.39
-.42
independent
-.22
.21
-.07
.25
.25
.42
masculine
.36
-.14
-.15
.24
.14
.33
Masc.
Fem.
Masc.
Fem.
Masc.
Fem.
Male speakers
Traits Traits Behav. Behav.
Traits
Traits
Partner Partner
self-assured
-.05
-.21
-.24
-.01
.17
-.46
enterprising
.04
-.01
.02
-.25
.15
.31
emotional
.29
.06
.16
.29
-.06
.12
warm-hearted
.03
-.02
-.10
-.09
-.20
.24
sensitive
.32
.19
.16
.33
-.05
.11
adventurous
.05
.18
-.01
-.25
.19
.28
feminine
.07
.39
.31
.08
-.11
.53
technical
-.19
-.12
-.34
-.21
.02
.12
romantic
.29
.26
.14
.17
-.10
.23
caring
.17
-.02
-.07
.13
-.18
.19
independent
-.14
-.02
-.16
-.32
.02
.20
masculine
-.39
-.11
-.36
-.35
.13
.17
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Correlations were calculated between the attributions and the gender variables
(Table 7.6). Four of the twelve scales correlate significantly with biological gender:
female speakers get higher scores for emotional and feminine, male speakers get
higher scores for technical and masculine. As for social gender, only one significant
correlation is found with a masculinity scale: speakers who get relatively high scores
for masculine traits from their interaction partner, get relatively high scores for
adventurous. With the femininity scales, a few more significant correlations were
found: relatively high scores for feminine traits correlate with low scores for selfassured, and relatively high scores on feminine behaviour and feminine traits as
indicated by the interaction partner correlate with high scores for feminine and low
scores for masculine. All relations are in the expected direction, i.e. in the direction
as specified by the gender identity questionnaire.
For the female and male speakers separately, different patterns emerge. For the
female speakers, seven significant correlations are found: masculine traits correlate
positively with self-assured, enterprising, and independent, and negatively with
caring. Feminine traits correlate negatively with self-assured and enterprising.
Masculine traits assessed by the interaction partner correlates positively with
adventurous. All these correlations are in the expected direction. With the exception
of caring, all traits are masculine traits (cf. section 7.2.3). This indicates that
speakers who were assessed to be masculine by the gender identity questionnaire get
high ratings for masculine traits by the listeners. For male speakers, feminine
behaviour correlates negatively with self-assured, which is in the expected direction.
However, masculine traits correlate positively with feminine, i.e. more masculine
traits is related to higher judgements of feminine. This is the only significant
correlation with an opposite direction from what is to be expected according to the
gender identity questionnaire.
7.3.3. Factor analysis
To determine to what extent the ratings for the attributed personality traits were
interrelated, a factor analysis was run (principal components analysis with varimax
rotation). Three factors were extracted with an eigenvalue larger than 1, together
accounting for 86% of the variance in the ratings. To be representative of a factor, a
scales' factor loading had to be higher than .6 but lower than .5 on the other factors.
The result of the factor analysis is shown in Table 7.7.
The first factor is a combination of the traits warm-hearted, romantic,
caring, sensitive and emotional and is called FEMININE, because all these traits are
related to femininity in the gender identity questionnaire. The second factor consists
of the traits enterprising, self-assured, adventurous, and independent, and is called
MASCULINE, because these are all masculine traits. The third factor is made up of the
two general concepts masculine and feminine, and the trait technical. The factor
loading of technical is much lower than that of masculine and feminine. In addition,
the listeners split the scales feminine and masculine in half, and used one half for the
female speakers and the other half for the male speakers. Without technical,
therefore, this factor can roughly be seen as an equivalent of biological gender. For
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these reasons, technical was not included in factor 3. The third factor thus
constitutes of masculine and feminine and is called GENDER.
Table 7.7
Solution of a factor analysis of the attributed personality traits. Factor loadings > .6 and
simultaneously < .5 on other factors are indicated in bold. Factor loadings < .1 have been left
out.
Factors
1
2
3
warm-hearted
.17
.91
.32
romantic
.83
.11
caring
.81 -.22
.35
sensitive
.81 -.37
.48
emotional
.74 -.27
enterprising
.96
-.17
self-assured
.89 -.24
.16
adventurous
.89
-.35
.15
independent
.88
-.16
masculine
-.95
.23
feminine
.94
-.47
.30 -.65
technical

For each speaker, a score was computed for each of the three factors. For the first
two factors, this calculation was relatively straightforward: the scores for the four
contributing traits were added up and divided by four. To calculate a score for the
third factor, the ratings for masculine had to be recoded to reverse the direction of
the scale, because masculine has a negative factor loading (1 to 5, 2 to 4, etc.). Then
the mean was calculated for the two traits.
Table 7.8
Mean scores and standard deviations of the factors from the factor analysis of the personality
attributions for female and male speakers separately and combined.
Female speakers Male speakers All speakers
sd
sd
sd
FEMININE
3.1
.31
2.9
.36
3.0
.34
MASCULINE
3.1
.55
3.0
.43
3.1
.48
GENDER
3.9
.27
2.3
.39
3.1
.85

After computing new scores for the factors, mean scores and standard deviations
were calculated for female and male speakers separately and combined (Table 7.8).
In addition, correlations were calculated between the personality attributions and the
gender variables (Table 7.9). The difference between female and male speakers on
the factor GENDER is significant, with a high correlation coefficient of .92. Figure 7.3
shows this difference very clearly. In addition, GENDER correlates significantly with
feminine behaviour and the partners' assessment of feminine traits. Section 3.3.2
showed that feminine behaviour and the partners' assessment of feminine traits were
the social gender variables on which the female speakers scored significantly higher
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than the male speakers. The significant correlation with GENDER here is caused by
that difference.
Table 7.9
Correlations of the biological and social gender variables with the factors from the factor
analysis of the personality attributions (bold indicates p < .05).
Fem.
Masc.
Fem.
Masc.
Fem.
Biol. Masc.
gender Traits Traits Behav. Behav.
Traits
Traits
Partner Partner
FEMININE
-.21
-.02
.09
-.01
.06
-.07
-.01
MASCULINE
-.04
.19
-.20
.07
-.17
.20
.22
GENDER
-.03
.22
.03
-.13
-.92
.39
.32

5,0

4,0

factor GENDER

3,0

2,0

1,0
female

male

Figure 7.3
Boxplot of the scores for the factor GENDER (scale range from 1 to 5), for female and male
speakers separately. Median (thick line), interquartile range (box), range, and outliers (dots)
are shown.

7.3.4. Relation of personality attributions with biological and social gender
Two types of analyses were conducted. First, by means of multiple regression it was
tested whether the speakers' gender characteristics could predict the listeners'
personality attributions. Second, discriminant analysis was used to see if the
personality attributions could correctly assign the speakers to their gender
subgroups. In essence, this section deals with the question whether the self-assessed
and the partner-assessed gender characteristics of the speakers correspond to the
gender characteristics attributed to them on the basis of their voice.
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Predicting variation in personality attributions from gender variation
In this section, multiple regression analyses seek to explain the variance in the
attributed personality traits by a combination of the speakers' gender characteristics
(biological gender, self-assessment of feminine traits and masculine traits, selfassessment of feminine and masculine behaviour, and partner assessment of
feminine and masculine traits). The results (probability criteria of F to enter < .05
and F to remove > .10) can be found in Table 7.10. The factor analysis described in
the previous section produced three clusters of personality traits, which were called
FEMININE, MASCULINE, and GENDER. The personality scales are ordered in the
clusters that resulted from the factor analysis. The results of multiple regression
analyses for the factors are also given.
Table 7.10
Multiple regression analyses results for the personality attributions separately and the three
factors of the factor analysis of the attributed traits. The personality traits are clustered
according to the results of the factor analysis.
Factor / trait
Predictors
β R2
FEMININE

warm-hearted
romantic
caring
sensitive
emotional

Biological gender

-.37

Feminine traits
Feminine traits partner
Masculine traits partner
Feminine traits partner

-.44
.30
.36
.29

Biological gender
Biological gender
Biological gender
Biological gender

-.92
.91
-.92
.38

.13

MASCULINE

self-assured
adventurous

.19
.18

independent
GENDER

masculine
feminine
technical

.85
.83
.84
.15

Table 7.10 shows that the variance in the personality traits from the cluster FEMININE
cannot be predicted very well by speakers' gender characteristics. Only the trait
emotional has a result from the analysis: the variance is modelled with biological
gender, which explains 13% of the variance. Female speakers received higher scores
for emotional than male speakers.
The variance in the second factor, MASCULINE, cannot be predicted by any
combination of the gender characteristics. However, two of the three separate traits,
self-assured and adventurous, are predicted by a combination of feminine traits and
feminine traits assessed by the interaction partner, and masculine and feminine traits
assessed by the interaction partner respectively. The models explain 19% and 18%
of the variance. The correlation matrix in Table 7.6 shows that the size and the
direction of the correlations between self-assured and adventurous on the one hand
and the social gender variables on the other hand point to a positive relation between
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the attributed masculine traits and high scores on masculinity as well as low scores
on femininity.
The third factor gets the best results of the multiple regression analyses.
The variance in the factor itself as well in all contributing traits is explained by
biological gender: female speakers get higher scores for the factor GENDER and the
trait feminine, male speakers get higher scores for the trait masculine. The explained
variance for the factor and the traits feminine and masculine is very high, ranging
between 83% and 85%. These high numbers probably are caused by the rating
pattern of the listeners mentioned earlier, i.e. the fact that they split the scales for the
traits feminine and masculine in half and used one half for the female speakers and
the other half for the male speakers.
The variance in the trait technical is predicted by biological gender
(explained variance 15%): male speakers were rated higher on this trait.
Speaker classification into gender subgroups on the basis of personality
attributions
In this section, the personality traits are used to classify the speakers into gender
subgroups by means of discriminant analyses (method: Wilks' Lambda, F entry 3.85,
F removal 2.71). The analyses made classifications first according to biological
gender and next according to gender type (feminine, masculine, androgynous,
undifferentiated, see section 3.3).
Biological gender
For the classification into biological gender, prior classification was set to equal
group size. Table 7.11 shows that with the traits feminine, sensitive, and romantic
98% of the speakers could be classified correctly as female or male. However,
feminine was scored sex-specifically by the listeners: they used one half of the scale
for the female speakers, and one half for the male speakers. The occurrence of
feminine in this model is therefore highly predictable. In fact, it was found that
feminine alone was also able to classify 98% of the speakers correctly. Therefore, a
second discriminant analysis was performed, which excluded the traits feminine and
masculine (Table 7.12). The resulting model consists of the trait technical, which is
able to classify 67% of the speakers correctly according to biological gender.
Table 7.11
Discriminant analysis result of the classification in female and male speakers on the basis of
the personality attributions.
Model
Percent correct Wilks' Lambda Significance
classification
feminine
98
.09
.00
sensitive
romantic
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Table 7.12
Discriminant analysis result of the classification in female and male speakers on the basis of
the personality attributions, excluding feminine and masculine.
Model
Percent correct Wilks' Lambda Significance
classification
technical
67
.86
.01

Social gender
A second stepwise discriminant analysis attempted to classify the speakers
according to gender type (feminine, masculine, androgynous, undifferentiated;
section 3.3). The personality traits were used as independent variables, gender type
was the dependent variable. The proportions of cases in each gender group served as
estimates for the prior classification probability. The analysis did not yield a
significant result: on the basis of the attributed personality traits, the speakers cannot
be classified according to gender type.
7.4. Discussion
In this section, the results of the analyses in section 7.3 will be discussed in the light
of the two research questions formulated in the introduction. The first question was:
• How do personality attributions relate to speakers' biological and
social gender characteristics (i.e. female/male, feminine and
masculine traits and feminine and masculine behaviour)?
Female and male speakers differed significantly on the scores they received for four
personality traits: feminine, emotional, masculine, and technical. The first two are
related to femininity, the second two to masculinity. The difference in scores for
feminine and masculine is brought about by the rating pattern of the listeners, who
used one half of both scales for female speakers and the other half of both scales for
male speakers. Apparently, they could not view these traits as separate from the
speakers' biological gender, although they were specifically asked to do so in the
instructions. In addition, the listeners view the traits emotional and technical as
clearly sex-typed, in the sense that women are emotional and men are technical.
These four personality traits therefore appear to be the most sex-stereotypical traits
that occur in the list.
Almost all the significant relations between the attributed traits and the
social gender variables (feminine and masculine traits, and feminine and masculine
behaviour) are in the expected direction, i.e. in the direction suggested by the gender
identity questionnaire. It appears that attributed masculine traits are related to
masculinity: a higher self-assessment and partner assessment of masculinity
corresponds with a higher attribution of masculine traits by listeners.
The second question to be answered was:
• What (combination of) personality attributions optimally
categorise speakers into biological gender (female/male) or
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social gender subgroups (androgynous, feminine, masculine,
undifferentiated)?
Discriminant analyses were used to categorise speakers into gender groups. The
most important classifier for biological gender was feminine; sensitive and romantic
served to enhance the classification. A second analysis in which masculine and
feminine were not included revealed that the trait technical was able to classify the
speakers in a satisfactory way. A discriminant analysis to classify speakers into
social gender groups was not successful.
The final conclusion of this chapter is that with regard to biological gender, four
traits were rated sex-stereotypically, namely feminine, masculine, technical, and
emotional. Apparently, these four traits are central to the personality differences
between women and men as perceived by listeners.
With regard to social gender, it was concluded that masculinity is
communicated through the voice from speaker to listener. The relation between
identity and attribution is related to the accuracy of the voice-based personality
judgements. When the research model was described in section 1.4, it was
mentioned that Scherer (1978; 1979) tried to validate attributed personality traits
through his model for personality inference. Scherer had the 24 male speakers in his
study judged on conscientiousness, emotional stability, extroversion, assertiveness,
and agreeableness, traits on which he also had the speakers assess themselves. He
found that the level of extroversion assessed by the speakers themselves
corresponded to the level of extroversion attributed to them by the listeners. These
judgements were based on the loudness of the voice. With regard to masculinity and
femininity, our society would probably see extroversion as a masculine trait and not
a feminine one. The fact that a masculine trait is communicated accurately,
corresponds to the findings of the present study. In Scherer's study, assertiveness
would be regarded as masculine, and that trait was not communicated effectively.
However, in the present study the relation from identity to attribution holds also for
only a selected number of masculine traits.
Smith (1985:111) tried to answer the question "whether speech-based
attributions of masculinity and femininity bear any resemblance to speaker's selfassessed masculinity and femininity". Eight speakers with a distinct gender identity
(i.e. very feminine or very masculine, or both, cf. the gender types described in
section 3.3) were judged on masculine and feminine traits (e.g. dominant, arrogant,
sensitive, emotional) by 130 listeners. On the separate scales masculine and feminine
he found that male speakers were judged to be more masculine than female
speakers, and female speakers more feminine than male speakers. This corresponds
to the results of this study. In addition, he found that both masculinity and femininity
(i.e. the two groups of gender-related traits) were communicated accurately through
the voice, i.e. the speakers' self-assessment of the clusters of masculine and feminine
traits corresponded to the listeners' attributions of these clusters to the speakers. This
contradicts the findings of the present study, in which only masculinity was
communicated accurately through the voice. However, Smith did not provide results
for the separate traits, but only for the two clusters of traits, including masculine and
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feminine. It therefore cannot be established how much his results are brought about
by only these two sex-stereotypical traits, and how much the other traits contributed.

8.

The voice quality descriptions
related to each other and to the
personality attributions

8.1. Introduction
In the previous chapters, stages II through V of the research model in section 1.4
(the voice quality descriptions and the personality attributions) have been related to
the speakers' gender characteristics in stage I of the model. The aim of the present
chapter is to provide analyses of the remaining relations between the stages. Two
clusters of relations have yet to be addressed:
1. The relations between the three types of voice quality descriptions (stages II,
III, and IV).
2. The relations between the voice quality descriptions and the personality
attributions (stages II, III, and IV in relation to stage V).
These two points shall be addressed in the present chapter. The voice quality
descriptions are related to each other in section 8.2, and in section 8.3 the
descriptions are related to the personality attributions. Concluding remarks for this
chapter can be found in section 8.4.
8.2. Relations between the three types of voice quality descriptions from
chapters 4 through 6
In chapters 4 through 6, speakers' gender characteristics were used to explain their
voice quality characteristics, as assessed by acoustic measures, expert raters and
naive raters respectively. However, in none of these chapters an attempt was made
to relate these different types of voice quality descriptions to each other; it was
assumed they all provided valid data, but the similarities between them were never
assessed. The comparison of the different descriptions will be made in this section.
The question to be answered is: What do the three types of voice quality descriptions
have in common, and can they be related to each other in a meaningful way? The
stages of the research model that will be related to each other are indicated in Figure
8.1.
The relations between the three description stages will be explored by
means of three multiple regression analyses:
• the acoustic measures will be used to predict the expert ratings (section 8.2.1)
• the expert ratings will be used to predict the naive ratings (section 8.2.2)
• the acoustic measure will be used to predict the naive ratings (section 8.2.3)
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naive
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Figure 8.1
The research model described in section 1.4. The stages which will be dealt with in section
8.2 are indicated in grey: the relations between the voice quality descriptions assessed by
acoustic measures, expert raters, and naive raters.

8.2.1. Predicting expert ratings from acoustic measurements
In this section, multiple regression analyses were applied in order to find out
whether (a combination of) acoustic measures can explain the variation in the expert
ratings. The results of the stepwise linear multiple regression analyses (probability
criteria of F to enter ≤ .05 and of F to remove ≥ .10) can be found in Table 8.1. In
order to provide a meaningful list order, the separate scales judged by the expert
raters are clustered according to the results of the factor analysis described in section
5.3.3. Both the expert ratings and the acoustic measurements are available for all
114 speakers. Correlations between the acoustic measures and the expert ratings that
show the size and direction of the relations, can be found in appendix E. For
convenience, relevant correlations are also included in Table 8.1.
The relationships between the acoustic measures and the expert ratings related to
are relatively straightforward. Median F0 explains the ratings for average
pitch, and range explains the ratings for pitch variation and pitch range. The
acoustic measure coefficient of variation is not related to the pitch variation rating.
Between 25% and 31% of the variation in the expert ratings is explained by the
acoustic measures; although a clear relation between the acoustic measures and the
ratings is present, not all the variation in the expert ratings is explained by the
acoustic measures.
PITCH

The relationships between the PHONATION ratings and the acoustic measures are as
expected. A positive correlation was found between the ratings for harshness and
the acoustic measures PPQ (Pitch Perturbation Quotient, "jitter") and median F0:
voices with more jitter and a higher median fundamental frequency are rated as
harsher by the experts. The relation between jitter and harshness is explained in
section 5.2.2. The relation with median F0 is caused by the fact that the experts rated
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female voices as harsher than male voices. When the multiple regression analysis is
repeated for female and male speakers separately, for female speakers only the
measure PPQ is included. For male speakers the analysis does not return a result.
The acoustic cues for laryngeal tension are median F0, loudness, and PPQ.
The inclusion of median F0 in this list is related to the fact that the raters judged
female speakers to have tenser voices than male speakers. Separate regression
analyses for female and male speakers reveal that for female speakers only loudness
is used as acoustic cue for laryngeal tension, and for male speakers only PPQ. With
regard to loudness and PPQ, the relation is clear: the production of a loud voice is
often accompanied by tension needed for the effort to speak loud. Jitter cannot be
produced with a lax voice; tension is needed to produce it.
The relation between creakiness and median F0 probably stems from the
higher ratings on creakiness for male speakers than for female speakers by the
expert raters. In separate regression analyses for female and male speakers,
creakiness is related to HNR 400-2000 (Harmonics-to-Noise-Ratio between 400 and
2000 Hz) for female speakers, and to median F0 and HNR 400-2000 for male
speakers. This indicates that the difference in creakiness between the male and
female speakers dominates the regression analysis for female and male speakers
combined. The noise level between 400 and 2000 Hz seems a more valid indicator
of the creakiness ratings.
Around 20% of the variation in the expert ratings is explained by the
acoustic measures. The PHONATION ratings therefore are slightly less well related to
the acoustic measures than the PITCH ratings, of which around 25% to 30% of the
variance can be explained by the acoustic measures. The only PHONATION scale that
is not related to the expert ratings is whisperiness. This is unexpected, since on the
basis of previous research in section 2.3.1 it was expected that this scale would be
related to HNR-measures and spectral tilt.
The third group of expert ratings are those which are clustered under the notion
EFFORT. The acoustic cues for vowel space are articulation rate and HNR 20005000: a slow articulation rate and high levels of periodic energy between 2 and 5
kHz lead the experts to score a large vowel space area. The size of the vowel space
is related to precision of articulation; slow speech leads to a more precise
articulation.
The ratings for supralaryngeal tension are cued by HNR 2000-5000. Again,
high levels of energy in the upper part of the spectrum denote a lot of effort in the
speech signal. Speaking with effort almost automatically means using more tension
in the muscles of the vocal tract.
The acoustic cues for the loudness rating are loudness, HNR 2000-5000,
and APQ (Amplitude Perturbation Quotient, "shimmer"). The acoustic measurement
of loudness is not based on the intensity of the signal, but on a more perceptually
relevant calculation of the loudness in sones. The experts were asked not to rate
loudness absolutely, but in terms of the power / effort behind the sound. The two
loudness measures apparently are related, which was the intention of these
measures. The HNR 2000-5000 measure is again related to effort: more effort in
speaking produces a speech signal with higher energy levels, specifically in the
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higher frequency regions. For APQ the relation is somewhat less clear, but the
relation between loudness and APQ is also not very strong, which can be concluded
from the very low correlation coefficient (.03).
The amount of explained variance for the EFFORT ratings varies markedly,
from 5% to 26%. Supralaryngeal tension can hardly be explained by its acoustical
correlate HNR 2000-5000 (5%), and the relation between vowel space and
articulation rate plus HNR 2000-5000 is slightly better (11%). The relation between
loudness and the acoustic measures is stronger: 26% of the variance in the expert
ratings is explained by the acoustic measures.
Table 8.1
Results of multiple regression analyses with the acoustic measures as predictor variables and
the expert ratings as criterion variables, supplemented with the separate correlations. The
grouping of the expert ratings into the four clusters is derived from the factor analysis
described in section 5.3.3.
r
Expert ratings
Acoustic measures
R2
β
PITCH
pitch variation
range
.55
.31
.55
.52
.27
.52
pitch range
range
.50
.25
.50
average pitch
median F0
PHONATION
harshness
PPQ
.28
.36
.21
.17
.32
median F0
median F0
.27
.37
laryngeal tension
loudness
.21
.23
.22
.22
.32
PPQ
-.46
.21
-.46
creakiness
median F0
whisperiness
EFFORT
vowel space
-.27
articulation rate
-.20
.19
.11
.26
HNR 2000-5000
.22
.05
.22
supralaryngeal tension HNR 2000-5000
.37
.45
loudness
loudness
.28
-.32
HNR 2000-5000
.20
.26
.03
APQ
tempo
articulation rate
.47
.41
.27
.24
.17
range

Finally, tempo ratings can be explained by the measures articulation rate and range.
The relation between tempo and articulation rate is self-explanatory: a larger
articulation rate gives the impression of faster speech. The relation with range might
be explained from the dynamism a larger range is associated with; a dynamic speech
sample might be perceived as faster than a less dynamic speech sample.
8.2.2. Predicting naive ratings from expert ratings
In this section, multiple regression analyses are applied in order to find out whether
(a combination of) expert ratings can explain the variation in the ratings by
phonetically naive listeners. The results of the stepwise linear multiple regression
analyses (probability criteria of F to enter ≤ .05 and of F to remove ≥ .10) can be
found in Table 8.2. In order to provide a meaningful list order, the separate scales
judged by the naive listeners are clustered according to the results of the factor
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analysis described in section 6.3.4. Note that in this section only the results of the
subset of 48 speakers are discussed, in contrast to the previous section, where all 114
speakers were included in the analyses. Naive ratings only were available for 48
speakers (section 6.2.1). The correlations between the expert ratings and naive
ratings can be found in appendix E. Relevant correlations are included in Table 8.2.
Table 8.2
Results of multiple regression analyses with the expert ratings as predictor variables and the
naive ratings as criterion variables, supplemented with the separate correlations. The grouping
of the naive ratings in the three clusters is derived from the factor analysis described in
section 6.3.4.
r
Naive ratings
Expert ratings
R2
β
PROSODY
slow/fast
.36
.60
tempo
.60
-.41
.16
-.41
tense/relaxed
pitch range
.44
.20
.44
low/high
pitch range
.47
.51
monotonous/varied pitch variation
.36
.39
.42
tempo
PHONATION
smooth/rough
creakiness
.33
.60
laryngeal tension
.49
.27
.15
-.34
.12
-.34
precise/sloppy
supralaryngeal tension
.66
.36
creaky
creakiness
.64
.44
.32
harshness
.65
.43
whispery
harshness
-.50
-.43
loudness
.31
.50
.01
creakiness
nasal
supralaryngeal tension
-.34
.12
-.34

In section 2.3 a description was given of all the voice quality features that would be
included in the present research. The expert raters were the only ones who could
actually judge all voice quality features as described there. The acoustic
measurements and the descriptions of the naive ratings do not cover the list in
section 2.3 equally well, because not for all voice quality features valid
measurement techniques or lay persons' terms could be found. In Table 6.1 the terms
used for the naive ratings were coupled to the voice quality features listed in section
2.3. For instance, slow/fast was used as an indication for tempo. These were all
theoretical decisions, based on the theoretical relation between the list of voice
quality features and the perception of these by naive raters. In the present section,
the expert ratings are used as a way to assess whether the naive ratings are not only
theoretically but also empirically related to their intended voice quality concepts.
When Table 8.2 (the comparison between naive and expert ratings) is
compared to Table 6.1 (the theoretical relations between the voice quality features in
the present research and the terminology for the naive ratings), four of the
theoretical relations in Table 6.1 are suggested by Table 8.2. Slow/fast is related to
the expert ratings of tempo, and precise/sloppy is related to supralaryngeal tension.
Monotonous/varied is related to pitch variation, but in addition also to tempo: a fast
way of speaking comes across as more varied than a slow way of speaking. Finally,
creaky is related to creakiness, but in addition also to harshness. Apparently, the
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naive listeners have judged any type of roughness in the voice, whether creakiness
or harshness, as creak.
Five of the nine voice quality features rated by the naive listeners are not
related to their expected voice quality concepts, if we take the ratings of the experts
as indicators for such a relation.
Tense/relaxed is not related to tension but to pitch range: a larger pitch
range indicated a more tense voice for the naive listeners. It may be that the listeners
were not able to judge tenseness as a voice quality feature, but instead used it as an
overall speech qualification or even personality judgement: speakers with relatively
small pitch ranges may come across as more relaxed than speakers with large pitch
ranges.
Low/high is not related to average pitch but to pitch range. Both the expert
raters and naive raters were instructed to judge average pitch sex-specifically, i.e. to
indicate whether a voice was high or low for a speaker of that particular biological
gender group. It may be that the naive listeners found this task rather difficult, and
instead judged average pitch on the grounds of the size of the pitch range.
Smooth/rough was intended as an indicator for harshness, but instead is
coupled to creakiness and laryngeal tension. Earlier we saw that both creakiness and
harshness served as indicators for creak. Apparently the naive listeners were not
able to distinguish between the concepts creak and smooth/rough. The addition of
laryngeal tension indicates that the naive listeners only judged tense voices as being
creaky.
Whispery is not related to the expert ratings of whisperiness. Instead, a
combination of a harsh, soft, and creaky voice optimally predicts the naive listeners'
high ratings for whispery. A whispery voice is always tense, so that harshness
ratings seem reasonable here. The relation with a soft voice could occur because the
naive listeners might be thinking about actually whispering. The correlation between
whispery and creakiness is low (.01), suggesting the relation between these two
ratings is not very strong.
Finally, nasal is negatively coupled to supralaryngeal tension and not to
the nasal/denasal ratings of the experts. A nasal voice quality may be produced in
several ways (section 2.3), but when produced by lowering the velum, it is
associated with relaxation of the velum (and possibly other) muscles, and hence with
less supralaryngeal tension.
The amount of explained variance differs markedly and ranges between 12% and
50%. Relatively large amounts of explained variation are found for the ratings of
whispery (50%), creaky (44%), monotonous/varied (39%), and slow/fast (36%). For
these three features, the correspondence with the expert scales is fairly high. For the
features tense/relaxed and precise/sloppy the amount of explained variation is
relatively low: the expert ratings are less able to explain the variation in the naive
ratings. It is therefore less clear on which aspects of the speech signal these specific
naive ratings were based.
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8.2.3. Predicting naive ratings from acoustic measurements
Stepwise multiple regression analyses were performed (probability criteria of F to
enter ≤ .05 and of F to remove ≥ .10) in order to find out whether the acoustic
measures can explain the variation in the ratings by phonetically naive listeners
(Table 8.3). The scales judged by the naive listeners are ordered according to the
results of the factor analysis in section 6.3.4. Only a subset of 48 speakers was rated
by the naive listeners, so these analyses are based on this subset. The correlations
between the acoustic measures and naive ratings that show the size and direction of
the relations, can be found in appendix E. Relevant correlations are included in
Table 8.3.
Table 8.3
Results of multiple regression analyses with the acoustic measures as predictor variables and
the naive ratings as criterion variables, supplemented with the separate correlations. The
grouping of the naive ratings in the three clusters is derived from the factor analysis described
in section 6.3.4.
r
Naive ratings
Acoustic measures
R2
β
PROSODY
slow/fast
articulation rate
.60
.78
.42
.27
median in range
.27
.59
.03
loudness
tense/relaxed
low/high
range
.37
.14
.37
.68
.64
monotonous/varied range
.38
.20
articulation rate
.38
.60
.24
loudness
PHONATION
smooth/rough
range
-.33
-.47
HNR 2000-5000
.32
.28
.28
.29
.18
PPQ
precise/sloppy
creaky
PPQ
.50
.32
-.45
-.25
range
.41
.31
loudness
.28
.43
.10
spectral slope
whispery
.36
.13
.36
PPQ
nasal
range
-.30
.09 -.30

The predominant predictors for the PROSODY cluster in Table 8.3 are the measures
articulation rate, range, and loudness. The acoustic measures for a fast, loud voice
with a large pitch range is related to naive ratings of a fast, varied, and high voice.
Both the acoustic measures and naive ratings fall in the category of prosodic
variables. The relation between the PROSODY features and articulation rate and
range corresponds to the relation between PROSODY and tempo, pitch range, and
pitch variation in section 8.2.2 (about predicting naive ratings from expert ratings).
The relation of loudness with slow/fast and monotonous/varied is difficult to
explain. The correlation between loudness and slow/fast is only .03, indicating that
this relationship is not very strong.
The predictors for the PHONATION cluster that are listed most often are
range and PPQ. Range is negatively correlated with the ratings: a large pitch range
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is related to ratings for a smooth and non creaky voice. This relationship of a
prosodic acoustic measure with ratings for laryngeal voice quality features is
difficult to explain. The acoustic measure PPQ is related to ratings for a rough,
creaky, and whispery voice. PPQ is intended as a measure for harshness, so this
corresponds to the ratings. In section 8.2.2 it was shown that the naive ratings for
rough, creaky, and whispery were related to the expert ratings of creakiness and
harshness. Section 8.2.1 showed that the expert ratings of harshness and the acoustic
measure PPQ were related, so the relation of the PROSODY cluster with PPQ is
logical.
The ratings for nasal correspond to the acoustic measure range. Section
8.2.2 coupled the nasality ratings of the naive listeners with the ratings for
supralaryngeal tension of the expert listeners, i.e. high nasality ratings were related
to a lax pronunciation. In Table 8.3, range is negatively related to nasal, indicating
that a small pitch range predicts high nasality ratings. A small pitch range might be
associated with a lax pronunciation, which might explain the relation to nasality,
taking the relation with the expert ratings for supralaryngeal tension in account.
Just as with the relation between the naive ratings and the expert ratings,
some of the relationships found in Table 8.3 are self-explanatory, and some are
rather incomprehensible. Examples of rather straightforward and logical connections
are between slow/fast and articulation rate, and between smooth/rough and PPQ.
Difficult to explain are the connections between, for instance, slow/fast and
loudness, and smooth/rough and range.
The amount of explained variance is largest for ratings in the PROSODY
cluster, more specifically for slow/fast and monotonous/varied, with 59% and 60%
explained variance respectively. Next in line are smooth/rough and creaky, with
29% and 43% explained variance. The rest of the ratings are predicted rather poorly
by the acoustic measures.
8.2.4. Discussion
Section 8.2 attempted to answer the question: What do the three types of voice
quality descriptions have in common, and can they be related to each other in a
meaningful way?
The comparison of the acoustic measures with the expert ratings produced results in
the expected direction. The amount of explained variance was largest for the
prosodic variables related to pitch, loudness, and tempo, followed by the laryngeal
variables related to tension, creakiness, and harshness. However, not all variance
could be explained; the percentages vary between approximately 20% and 30%. If
we take, on the one hand, the expert ratings as perfect representations of the
speakers' voice qualities, this entails that the acoustic measures are not able to cover
the variation in voice quality that the experts base their ratings on. If we take, on the
other hand, the acoustic measures as perfect representations of voice quality, this
would mean that the expert raters based their ratings on a broader spectrum of
variables than intended, and perhaps subconsciously included also expectations
based on the social context (e.g. stereotypes) in their ratings. However, neither the
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acoustic measures nor the expert raters can be expected to be perfect measurement
instruments, so the actual situation will lie somewhere in-between these two options.
The relations between the expert ratings and the naive ratings were not always that
clear. For four of the nine naive scales, the predictions were in the expected
direction, e.g. slow/fast was related to tempo. However, five of the nine naive ratings
were related to the expert ratings in an unexpected way, e.g. tense/relaxed was
related to pitch range. The amount of explained variance was largest for naive
ratings that were predicted by expert ratings of tempo and harshness in addition to
pitch variability, i.e. these features apparently are used by the naive raters as clear
indications for voice quality variation. Probably, these features are relatively easy to
spot for untrained listeners.
The naive ratings were discussed earlier in chapter 6, in relation to the
speakers' gender characteristics. The conclusions reached there, might have to be
reinterpreted in the light of the conclusions in the present chapter. Chapter 6 showed
that the relation between the naive ratings and the speakers' gender was not very
strong. The multiple regression analyses produced results for precise/sloppy and
nasal; the first was related to masculine traits scored by the speakers themselves and
their interaction partners, the second was related to feminine behaviour and
masculine traits scored by the speakers themselves. From Table 8.2 we can conclude
that both precise/sloppy and nasal are related to the experts' ratings of
supralaryngeal tension; this may be the voice quality feature underlying the relation
with the speakers' gender in chapter 6.
Approximately half of the relations between the acoustic measures and the naive
ratings could be explained, the other half were unexpected. This corresponds to the
comparison between the naive ratings and the expert ratings, where also only half of
the relations was in the expected direction. The largest amount of explained
variation was found for the prosodic features related to tempo and variation in the
voice, followed by harshness. These findings correspond well to the findings for the
comparison between the expert ratings and the naive ratings: both the acoustic
measures and expert ratings are able to predict the naive ratings for slow/fast,
monotonous/varied, and creaky rather well. Apparently, tempo, variation in the
voice, and harshness are features that are measured and rated in a corresponding way
acoustically and perceptually by experts and naive listeners.
8.3. Relations between the voice quality descriptions of chapters 4 through 6
and the personality attributions of chapter 7
In chapter 7, speakers' gender characteristics were used to explain personality
attributions by naive listeners on the basis of the speakers' voices. The emphasis was
put on the relation with speakers' gender characteristics rather than on the relation
with voice characteristics, because in all previous data analytic chapters (4 through
6) also the relation with speaker gender was described. However, the descriptions of
the voice quality characteristics may provide a further source of explanation for the
personality attributions: which voice quality features give rise to what kind of
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personality attributions? In this section, the voice quality descriptions and
personality attributions will be related to each other. The question to be answered is:
How can personality attributions be explained on the basis of speakers' voice quality
characteristics? The stages of the research model that will be related to each other
are indicated in Figure 8.2.

I

II

IDENTITY

instrumental

acoustic
measurements

V
IMPRESSION

voice quality

social gender

listeners
experts

self-assessment

IV

REPRESENTATION

biological and
social gender
speakers

III

naive

naive

perceptual
ratings

Figure 8.2
The research model described in section 1.4. In section 8.3, the voice quality descriptions
(indicated in light grey) will be related to the gender attributions (indicated in dark grey).

For each two-level comparison (II with V, III with V, and IV with V) regression
analyses are performed, with the voice quality features as predictor variables and the
personality attributions as criterion variables. The analyses are stepwise linear
multiple regression analyses (probability criteria of F to enter ≤ .05 and of F to
remove ≥ .10). For these analyses, the subset of 48 speakers is used, since the
personality attributions are only available for this subset. The correlation matrices
that show the size and direction of the correlations between the personality
attributions on the one hand and the acoustic measures, expert ratings, and naive
ratings on the other hand can be found in appendix E.
8.3.1. Predicting personality attributions from acoustic measurements
First, the results of predicting the personality attributions from the acoustic
measurements are described (Table 8.4). The list order in the table is derived from
the factors of the factor analysis in section 7.3.3. Separate correlations are included
in the table.
For the traits belonging to the factor FEMININE, two times an acoustic
measure relating to pitch is used, i.e. PPQ (Pitch Perturbation Quotient; 'jitter') and
median F0. The amount of explained variance is largest for the relation between
emotional and median F0, namely 18%: a higher median fundamental frequency is
taken by listeners as indicator of a more emotional personality. Table 7.11 shows
that emotional was related to biological gender: female speakers got higher scores
for this trait than male speakers. This would explain the relation with median F0.
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Separate multiple regression analyses for female and male speakers are not able to
predict the attribution of emotional from any of the acoustic measures, suggesting
that the relation with pitch is indeed caused by the female/male difference. Sensitive
is related to the amount of jitter in the voice: more jitter (i.e. a less steady voice)
leads to judgements of greater sensitivity.
The MASCULINE personality traits can be predicted by two prosodic
measures, pitch and tempo. Self-assured is related to articulation rate: a faster way
of speaking gives the impression of a more self-assured personality. Adventurous is
related to range: a larger range gives the impression of an adventurous person.
Table 8.4
Results of multiple regression analyses with the acoustic measurements as predictor variables
and the personality attributions as criterion variables, supplemented by the separate
correlations. The personality traits are clustered according to the results of the factor analysis
described in section 7.3.3.
r
Personality traits
Acoustic measures
R2
β
FEMININE
warm-hearted
romantic
caring
.31
.10
.31
sensitive
PPQ
.43
.18
.43
emotional
median F0
MASCULINE
self-assured
.10
.31
articulation rate
.31
.42
.18
.42
adventurous
range
independent
GENDER
-1.18
masculine
median F0
-.89
HNR 2000-5000
.33
-.38
.18
-.55
range
.13
.86
.23
articulation rate
feminine
1.05
.90
median F0
HNR 2000-5000
-.27
.85
.35
technical
median F0
-.42
.17
-.42

The cluster of GENDER traits is predicted by combinations of predominantly pitch
and HNR (Harmonics-to-Noise-Ratio): 86% and 85% of the variance in masculine
and feminine could be explained. Contrary to the β 's, the correlations between
masculine and HNR 2000-5000 and range are negative, and the correlation between
feminine and HNR 2000-5000 positive, i.e. low noise levels (= a high HNR) and a
large pitch range are related to low ratings for masculine, and low noise levels are
related to high ratings for feminine. However, the predominant predictor of the
GENDER scales is median F0. Section 7.3.2 showed that the listeners gave
significantly higher masculinity scores to male speakers and significantly higher
femininity scores to female speakers. This would explain the strong relation with
median F0. When the multiple regression analyses are run for female and male
speakers separately, the relation with pitch and HNR disappears. In that situation,
for masculine and feminine no relation is found with any of the acoustic measures
for female speakers. Approximately 35% to 40% of the variance in the ratings of
these two scales for male speakers is explained by a combination of spectral slope
and PPQ.
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The trait technical is predicted by median F0. Section 7.3.2 showed that
male speakers had significantly higher scores for technical than female speakers;
this would explain the relation of this trait with median F0.
The highest amount of explained variance is found for the GENDER cluster.
This cluster can be seen as an equivalent of the male/female difference, because
listeners used only half of the feminine and masculine scales for the male and female
speakers, in such a way that the male speakers always were more masculine than the
female speakers, and the female speakers more feminine than the male speakers. If
the GENDER cluster represents biological gender, then the strongest relations between
the acoustic measures and the personality attributions can be said to be found with
biological gender and not social gender (the other two clusters).
8.3.2. Predicting personality attributions from expert ratings
Secondly, the expert ratings are used to predict personality attributions. The results
can be found in Table 8.5, in which the personality traits are ordered according to
the factors of the factor analysis in section 7.3.3. Separate correlations are included
in the table.
For the traits that constitute the factor FEMININE, the attributions are predicted
predominantly with the ratings for pitch range and loudness, with two sporadic
occurrences of the features laryngeal tension and average pitch. A larger pitch range
gives rise to higher ratings for warm-hearted, romantic, caring, and sensitive. A
softer voice is related to higher ratings for romantic, caring, sensitive, and
emotional.
The MASCULINE traits are predicted by tempo and loudness, and to a lesser
extent by harshness, vowel space and average pitch. A loud and fast voice is related
to attributions of self-assured, adventurous, and independent.
The masculine and feminine traits of the factor GENDER are predicted by
identical voice ratings, although the direction of the signs is reversed. A low, loud,
creaky voice with a relatively small vowel space is related to the attribution of
masculine; the opposite characteristics are related to feminine.
The most important characteristic related with technical is average pitch,
which is logical, seeing that technical had a strong relation with biological gender:
male speakers got significantly higher scores for this trait than female speakers
(section 7.3.2).
As with the acoustic measures, the amount of explained variance is clearly higher
for the GENDER cluster than for the other traits, although the result is not so
prominent as for the acoustic measures.
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Table 8.5
Results of multiple regression analyses with the expert ratings as predictor variables and the
personality attributions as criterion variables, supplemented with the separate correlations.
The personality traits are clustered according to the results of the factor analysis described in
section 7.3.3.
r
Personality traits
Expert ratings
R2
β
FEMININE
warm-hearted pitch range
.43
.52
-.31
.27 -.15
laryngeal tension
romantic
-.37
-.34
loudness
.32
.22
.28
pitch range
caring
.33
.30
pitch range
-.32
.19 -.28
loudness
sensitive
-.43
-.39
loudness
.40
.31
.35
pitch range
emotional
.38
.39
average pitch
-.34
.27 -.36
loudness
MASCULINE
self-assured
loudness
.33
.45
tempo
.43
.33
-.32
.37 -.23
harshness
adventurous
.54
.40
tempo
.38
.28
.18
vowel space
independent
.43
.38
loudness
.32
.21
tempo
-.27
.29 -.24
average pitch
GENDER
masculine
average pitch
-.58
-.35
.44
.32
loudness
.36
.57
creakiness
-.26
.58 -.13
vowel space
feminine
.36
.56
average pitch
-.39
-.28
loudness
-.32
-.52
creakiness
.25
.51
.13
vowel space
technical
average pitch
-.52
-.49
.36
.37
.31
supralaryngeal tension

8.3.3. Predicting personality attributions from naive ratings
Lastly, in this section the personality attributions are related to the naive ratings of
voice quality (Table 8.6). In describing the results, the results from section 7.2.2
have to be taken into account, where it was found that several of the naive ratings
corresponded with different expert ratings than expected. In Table 8.6, the list order
of the personality traits is derived from the factors of the factor analysis in section
7.3.3. Separate correlations are included in the table.
The traits from the factor FEMININE are predominantly linked to the ratings
for monotonous/varied and whispery, which turned out in section 7.2.2 to be related
to pitch variation, tempo, harshness, loudness, and creakiness. A soft, rough, fast
voice with much pitch variation gives rise to attributions of warm-hearted, romantic,
sensitive, and emotional.
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Table 8.6
Results of multiple regression analyses with the naive ratings as predictor variables and the
personality attributions as criterion variables, supplemented with the separate correlations.
The personality traits are clustered according to the results of the factor analysis described in
section 7.3.3.
r
Personality traits
Naive ratings
R2
β
FEMININE
warm-hearted monotonous/varied
.16
.40
.40
.41
.31
romantic
monotonous/varied
.29
.17
.16
whispery
caring
sensitive
.32
.10
.32
whispery
-.43
-.41
emotional
tense/relaxed
.30
.26
.27
whispery
MASCULINE
self-assured
precise/sloppy
-.53
-.47
.79
.49
slow/fast
.52
.09
tense/relaxed
-.26
-.52
whispery
.24
.74
-.33
smooth/rough
.59
.68
adventurous
monotonous/varied
.42
.04
tense/relaxed
.33
.58
.47
slow/fast
-.42
-.50
independent
precise/sloppy
.56
.19
tense/relaxed
.65
.54
.34
slow/fast
GENDER
masculine
whispery
-.45
-.30
.34
.18
.14
smooth/rough
feminine
technical
whispery
-.50
-.35
-.42
.28
-.25
low/high

The MASCULINE personality traits are mostly related to the three scales
precise/sloppy, slow/fast, and tense/relaxed, which in section 7.2.2 were found to
indicate supralaryngeal tension, tempo, and pitch range. A precise, fast, and relaxed
voice is related to attributions of self-assured, adventurous, and independent. Note
that the correlations between tense/relaxed and the MASCULINE traits are
substantially lower than the β 's from the regression analyses, which indicates that
the relation with tense/relaxed is not very strong.
Whispery and smooth/rough are related to masculine. In section 7.2.2,
whispery was related to a soft, rough voice, and smooth/rough to a creaky voice with
laryngeal tension. The correlation between masculine and whispery is negative,
while the correlation between masculine and smooth/rough is positive. This is a
contradiction, because both include a sense of roughness in the voice.
For technical the relation with whispery is negative, and is supplemented by
a negative relation with low/high, which indicated pitch range in section 7.2.2.
In contrast with the acoustic measures and expert ratings, the amount of explained
variance is not largest for the GENDER cluster, but for the MASCULINE cluster.
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8.3.4. Discussion
Section 8.3 attempted to answer the question: How can the personality attributions
be explained on the basis of speakers' voice quality characteristics? Table 8.7
summarises the results of the prediction of the attributions from the voice quality
descriptions. For this table, the names of the voice quality features are used as they
are listed in section 2.3.5; in other words, the acoustic measures and ratings have
been 'translated' to the features they were supposed to represent. In addition, for the
naive ratings the relations with the expert ratings discussed in section 8.2.2 have
been taken into account, e.g. the relation of the FEMININE cluster with the naive
ratings for monotonous/varied have been changed by using Table 8.2 to a relation
with pitch variability and tempo. For each cell of Table 8.7, the most influential
features from Tables 8.4, 8.5, and 8.6 have been selected. The sign behind a term
indicates the direction of the relation.
Table 8.7 shows that the voice quality features that explain the personality
attributions best are related to pitch (average and variability), tempo, loudness, and
harshness. Van Bezooijen (1988) found identical results. In her study, 32 male
speakers (a young group between 15 and 18 years old and an older group between
65 and 74 years old) were attributed personality traits by 52 male students between
18 and 29 years old. In addition, voice quality descriptions were made by expert
listeners, which were factor analysed. Average pitch, pitch variability, loudness, and
the factor that included harshness and creakiness were related to similar personality
traits as assessed in the present research (e.g. warm-hearted, modest, sense of
humour, strong-willed, dominant, self-confident).
Table 8.7
Summary of sections 8.3.1 through 8.3.3, with a selection of the most influential features for
each cell. The measures and ratings have been 'translated' to the terminology in section 2.3.5,
i.e. to the voice quality features they were supposed to represent. For the naive ratings, the
relations with the expert ratings from section 8.2.2 have been taken into account.
Personality Acoustic measures
Expert ratings
Naive ratings
factors
FEMININE
AVERAGE PITCH
+ PITCH VARIABILITY + PITCH VARIABILITY +
harshness
harshness
+ loudness
+
loudness
+
tempo
MASCULINE tempo
+ tempo
+ tempo
+
PITCH VARIABILITY
+ loudness
+ PITCH VARIABILITY tension
+
GENDER
AVERAGE PITCH
AVERAGE PITCH
harshness
PITCH VARIABILITY
(MALE)
loudness
+ loudness
+
harshness
creakiness
+ tension
+
+ vowel space
tempo

For each row in Table 8.7, the following relations can be formulated, if only voice
quality features are taken into account that are listed in at least two of the columns of
the table:
• High attributions of FEMININE traits are related to a variable, harsh, and soft
voice.
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• High attributions of MASCULINE traits are related to a fast voice. Variability gives
an ambiguous result.
• The masculine part of the GENDER cluster (which could be interpreted as the
biological male/female difference) is related to a low, loud, and not harsh voice.
The feminine part of the cluster thus is related to a high, soft, and harsh voice.
The table suggests that femininity is associated with a high, variable, harsh, and soft
voice, and masculinity with a low, non-harsh, loud, and fast voice. These results are
found for social gender differences. We can compare them to the results for
biological gender differences described in chapter 2. For pitch height, pitch
variability and loudness, the results correspond to the results of previous research
discussed in chapter 2. Previous research shows that women speak with a higher
pitch than men. Although the results for measurements of pitch variability seem to
point to no biological gender difference, the stereotypical idea is that women have a
more variable voice than men. Men are expected to have a more loud voice than
women. The results for harshness and tempo in Table 8.7 are in the opposite
direction than expected from stereotypical ideas about these features. Chapter 2
shows that although no clear, unambiguous differences in tempo and harshness
between men and women have been measured, the stereotype exists that women
speak faster and less harsher than men. Note that the comparison is made between
the results of this chapter for social gender differences and the results of chapter 2
for biological gender differences. It is well possible that differences between male
and female speakers do not reflect the voice quality differences associated with the
variation in masculinity and femininity (either within or between the two biological
gender groups). For instance, it may be that male speakers are expected to speak
more slow than female speakers, but that within the group of male speakers, a fast
way of speaking is regarded as more masculine than a slow way of speaking.
The largest amount of explained variance for the acoustic measures was found for
the GENDER cluster, for the naive raters for the MASCULINE cluster, and for the
experts the percentages for the GENDER cluster were highest, but the contrast with
the other two clusters was not as large as for the acoustic measures. If the GENDER
cluster is said to represent the biological gender distinction, then these results
correspond to the results of chapters 4 through 6, in which the relation between the
acoustic measures, the expert ratings, and the naive ratings on the one hand and the
speakers' gender characteristics on the other hand were analysed. Those chapters
showed that the acoustic measures were related to the speakers' biological gender,
but not to their social gender, that the naive ratings were related to the speakers'
social gender, but not to their biological gender, and that the expert ratings were
related to both the speakers' biological gender and their social gender.
8.4. General conclusion
The first part of this chapter (the relations among the voice quality descriptions) and
the second part of this chapter (the relations between the voice quality descriptions
and the personality attributions) have in common that in both parts the features pitch
variability, tempo, and harshness play a dominant role, in the second part
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supplemented with average pitch and loudness. The conclusion is that prosodic
features and harshness are assessed comparably by acoustic measures and perceptual
descriptions, and are important cues for personality attributions by listeners.

9.

Personality attributions on the basis
of manipulated speech (pitch and
tempo)

9.1. Introduction
In the preceding chapters, the relationship between gender and voice quality has
been studied within a correlational design, i.e. by relating the pre-existing variation
in independent variables to the variation in dependent variables. In chapter 7
listeners made personality attributions to speakers on the basis of speech fragments.
The voice quality characteristics of the speech were described extensively in
chapters 4 through 6. The personality attributions and voice quality descriptions
were related to each other in chapter 8. However, in these speech fragments,
multiple voice quality features are present in varying combinations. These features
can all separately or in interaction with each other influence personality attributions.
The precise contribution of one specific voice characteristic to the attributions is
difficult to establish. Therefore, an additional experiment was done to address some
of the relations found in chapter 8 further. The variation in the independent variables
(voice quality features) is controlled carefully, so the resulting effects on the
dependent variables (personality attributions) can be traced back directly to this
variation. More specifically, in the present experiment the pitch and tempo
characteristics of selected speech fragments is varied in a few discrete steps, after
which the effects of the resulting pitch and tempo differences is assessed on
attributions of the personality traits feminine and masculine. Because only the pitch
and tempo characteristics of the speech fragments differ, while all other
characteristics remain constant, the differences in personality attributions can be
related directly to the differences in pitch and tempo.
Pitch and tempo were chosen because chapter 8 showed these qualities to
be related consistently to personality attributions of masculinity and femininity.
Other voice quality features that showed such a consistent relation were loudness
and harshness, but these aspects of the speech signal are much harder to manipulate.
The question to be answered in this chapter is: How do different levels of pitch and
tempo influence the personality attributions 'feminine' and 'masculine' of listeners,
and does biological gender of speakers and listeners play a role? On the basis of the
results in section 8.3.4, I hypothesise that a high and slow voice is regarded as
feminine, and a low and fast voice as masculine (cf. the conclusions in section
8.3.4).
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9.2. Method
9.2.1. Speakers
For the experiment four speakers were selected, two women and two men, from the
available corpus of 114 speakers. The first selection criterion was their voice quality.
The expert ratings of whisperiness, creakiness, harshness, and regional accent were
examined (chapter 5), and speakers who scored higher than 1.5 on any of these
features (on a scale from 0 to 3) were excluded. These voice characteristics were
chosen because high amounts of whisperiness, creakiness, harshness, or regional
accent might give a distinct, non-neutral quality to the voice, which might influence
personality ratings.
The next selection criterion was related to the voice quality features that
were to be manipulated, e.g. pitch and tempo. Pitch and tempo were to be
manipulated on five levels each. These levels were to represent naturally occurring
pitch and tempo levels within the speech material from the corpus. The middle
levels of these manipulations should represent the mean values for pitch and tempo
for all speakers in the corpus. The mean values for pitch and tempo were
determined. For pitch the means were calculated separately for female and male
speakers, because the mean pitch values for men and women are clearly very
different. For tempo, female and male speakers were combined to calculate a mean,
because the difference in means between the gender groups is not very large.
Four speakers, two men and two women, were selected whose mean values
of pitch and tempo (for the 45 second speech sample used in the rest of the research)
were reasonably close to the mean values for the corpus. The means of the corpus
and of the selected speakers are given in Table 9.1. In addition, two trial speakers
were selected (one male and one female), whose speech was also manipulated. The
listeners practised the rating task on these speakers.
Table 9.1
Means of pitch and tempo for the 114 speakers in the entire corpus and for the four speakers
selected for the present experiment on the basis of one-minute speech samples.
Mean pitch
Mean tempo corpus Mean tempo speakers
Speakers
Mean pitch
corpus (Hz) speakers (Hz) (syllables per second) (syllables per second)
male 1
113
5.7
111
120
6.6
male 2
6.1
female 1
180
5.9
189
184
6.3
female 2

9.2.2. Speech material
For each speaker, 45 seconds of speech was available. In the present experiment, the
speech fragments only were rated on feminine and masculine, so one minute of
speech was unnecessarily long. Therefore, from the one minute of speech a selection
was made, which consisted of two short fragments, concatenated with a 400 ms
pause in-between. For each of the four speakers, as many dyads of speech fragments
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as possible were made which together were approximately 3.6 seconds in length. For
each speaker one of those dyads was chosen on the basis of the following criteria:
• The speech fragments were judged auditorily on extreme pitch excursions,
hesitations and repetitions, and intelligibility. Fragments that were not acceptable
in these respects were discarded.
• The articulation rate of the two fragments combined should be close to the mean
articulation speed for the corpus, i.e. 6.1 syllables per second.
• The content of the speech fragments should be neutral with regard to gender. In
an earlier paper-and-pencil experiment (section 3.4.2), all fragments had been
judged on masculinity and femininity. For the present experiment, fragments
with gender-neutral scores were selected.
The final selections are written out in appendix E. The duration of the fragments
varied between 3.8 and 4.2 seconds (including the 400 ms pause).
9.2.3. Pitch and tempo manipulation
Pitch and tempo were manipulated in five steps. Auditorily, the steps had to be
maximally similar. For pitch, three scaling possibilities exist: the linear hertz scale,
the logarithmic semitone scale, and psycho-acoustic scales (section 4.2.2). For the
present experiment, semitones were chosen to scale pitch. Hertz is a linear scaling
that is perceptually not appropriate (section 2.3.4). The choice between semitones
and the psycho-acoustic ERB-scale was a practical one, because PRAAT does not
have a straightforward F0 manipulation in ERB, only in semitones. For tempo, only
the measure syllables per second is available, so naturally this was used.
The goal was to cover the distribution in the corpus of mean pitch and mean
tempo as well as possible. In Table 9.2 the distributions of the mean pitch and tempo
values in the speech corpus are given, along with the values of the manipulation
steps. The mean values for tempo and pitch in the corpus were taken as centre values
for the manipulations (i.e. 111 Hz, 189 Hz, and 6.1 syllables per second). For pitch,
2.0 semitones was chosen as step difference. Table 9.2 shows that the resulting
experimental distribution in comparison to the original distribution in the corpus is
larger for the female speakers and smaller for the male speakers. However, it was
seen as important to maintain an equal step size in semitones for male and female
speakers, so the experimental distributions reflect a compromise between covering
the range for female and male speakers. For tempo, a step size of 0.7 syllables per
second was chosen.28 The range covered by the manipulation steps is a little smaller
than the distribution of the mean tempo values in the corpus, but the extreme values
in the corpus were distinct outliers, so the smaller manipulation range is a good
representation of the actual distribution.
The following procedure was used to change pitch and tempo:
1. Pitch peaks larger than three semitones above or below the mean pitch value of
the fragment were changed to three-semitone peaks. A declination of six
semitones is representative of neutral, non-emotional statements in Dutch
(Rietveld & Van Heuven 1997:268).
28
Eefting & Rietveld (1989) found a JND (Just Noticeable Difference) of 4.5% on average for the speech
rate of sentences. The tempo differences in the present experiment all exceed this percentage.
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2.
3.

All fragments were made equally loud.
The height of the pitch contour for each fragment was changed. From each
fragment, five new fragments were made, each on one of the mean pitch levels
indicated in Table 9.2. The manipulations were done using PSOLA (Pitch
Synchronous Overlap Add).
4. For each pitch step the two fragments per speaker were concatenated with a 400
ms pause in-between.
5. The tempo of the fragments was changed, including the length of the 400 ms
pause. From each fragment, five new fragments were made, each on one of the
tempo levels indicated in Table 9.2.
This procedure resulted in 4 speakers * 1 two-part fragment * 5 pitch steps * 5
tempo steps = 100 manipulated speech fragments.
Table 9.2
Distribution of mean pitch and tempo values in the entire speech corpus, and the step values
of pitch and tempo for the manipulated speech fragments for the present experiment.
Male speakers
Female speakers
PITCH

distribution
steps semitones
steps hertz

28.3 - 39.1 semitones
84 – 156 hertz
28.9 30.9 32.9 34.9 36.9
85
97
111
124
140

39.2 - 44.9 semitones
157 – 219 hertz
38.3 40.3 42.3 44.3 46.3
145
166
189
212
239

TEMPO

distribution
steps syll / sec

4.7

5.4

4.3 – 8.4 syllables / second
6.1
6.8

7.5

9.2.4. Listeners
The subjects that participated in the experiment were 13 men and 13 women,
students at Nijmegen University, who spoke Dutch as a first language. They were
paid for their participation.
9.2.5. Procedure
The raters listened to each manipulated speech fragment and (while listening) rated
the 7-point scales masculine and feminine. The female and male speakers were
presented in two separate blocks, as were the masculine and feminine scales for a
specific gender group. Between these four blocks the listeners had a short break.
Within a block, the fragments were presented randomly. Half of the listeners judged
the male speakers first, the other half judged the female speakers first. Prior to the
actual experiment, the listeners practised the task with two trial fragments, one from
a female speaker and one from a male speaker. Including the instruction, the
experiment lasted approximately 30 minutes.
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9.3. Results
9.3.1. Reliability
The reliability of the listeners' ratings was determined by calculating Cronbach's α,
separately for the masculine and feminine scales. Table 9.3 lists these α's for female
and male speakers and listeners separately and combined, along with the standard
deviations as an indication of the diversity of the ratings.
All reliability coefficients are high, ranging from .85 to .96, indicating that
the scales were judged reliably. The standard deviations all vary around one scale
point.
Table 9.3
Reliability coefficients (Cronbach's α) and standard deviations of the masculine and feminine
attributions for the female and male listeners and speakers separately and combined.
FEMININE

female listeners
male listeners
all listeners

Female
speakers
sd
α
.90 1.1
.90 1.1
.95 1.0

Male
speakers
sd
α
.89 1.1
.90
.9
.95 1.0

MASCULINE

All
speakers
sd
α
.92 1.2
.91 1.2
.96 1.2

Female
speakers
sd
α
.85 1.2
.93
.9
.95 1.0

Male
speakers
sd
α
.93 1.1
.92 1.1
.96 1.1

All
speakers
sd
α
.91 1.3
.93 1.1
.96 1.2

9.3.2. Correlations
Correlations were calculated between the pitch and tempo steps on the one hand and
the ratings for masculine and feminine on the other hand, for female and male
speakers and listeners separately and combined (Table 9.4).
Table 9.4
Correlations between the pitch and tempo differences and the ratings for masculine and
feminine, for female and male speakers and listeners separately and combined
(bold indicates p < .05).
MASCULINE
FEMININE
Pitch
Male
All
Female
Male
All
Female
speakers speakers speakers
speakers speakers speakers
female listeners
-.92
-.64
-.69
.88
.62
.66
male listeners
-.88
-.70
-.72
.74
.65
.55
all listeners
-.88
-.67
-.70
.81
.62
.60
MASCULINE
FEMININE
Tempo
Female
Male
All
Female
Male
All
speakers speakers speakers
speakers speakers speakers
female listeners
.25
.27
.23
-.35
-.29
-.28
male listeners
.26
.33
.27
-.52
-.30
-.33
all listeners
.28
.27
.25
-.44
-.29
-.31

The table shows that almost all correlations are significant, with the exception of
three related to masculine and tempo. The correlations relating to pitch are
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considerably higher than those relating to tempo. Except for one, the correlations for
the female speakers are higher than those for the male speakers. There is no
systematic difference between female and male listeners. These observations were
tested for significance in the next section through an analysis of variance.
Table 9.5
Results of the main effects for the analysis of variance for the ratings of the masculine and
feminine scales on the basis of speech fragments manipulated in pitch and tempo.
F
df
p
Factors
η2
MASCULINE

gender listeners
gender speakers
tempo
pitch

2.30
81.15
7.12
56.74

1, 100
1, 100
4, 100
4, 100

.13
.00
.00
.00

1
18
6
49

1.57
165.91
13.14
51.00

1, 100
1, 100
4, 100
4, 100

.21
.00
.00
.00

0
30
9
37

FEMININE

gender listeners
gender speakers
tempo
pitch

Table 9.6
Results of post-hoc tests (Tukey HSD) for the differences between the different tempo and
pitch levels. The horizontal grey bars indicate steps of which the mean scores did not differ
significantly on the masculine or feminine scale. The number of horizontal grey bars indicates
the number of different clusters.
Clusters
Tempo steps
1
2
3
4
5
MASCULINE

FEMININE

Clusters
1

2

Pitch steps
3

4

5

MASCULINE

FEMININE

9.3.3. Analysis of variance
Two separate analyses of variance were done (based on the average ratings over
female and male listeners), one for the masculine scale and one for the feminine
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scale. The results are given in Table 9.5. None of the interactions were significant,
so only the main effects are listed. The table shows that the factors gender of the
speakers, pitch, and tempo were significant. Gender of the listeners was not
significant. The largest amount of variance in the ratings is explained by the pitch
differences between the fragments: 49% for the masculine scale and 37% for the
feminine scale. Pitch differences have a major effect on the ratings. The second
largest effect is that of the gender of the speakers, with 18% and 30% explained
variance for the masculine and feminine scales respectively. Speakers' gender has a
larger effect for the feminine ratings than for the masculine ratings. The last
significant effect is for tempo, which explains 6% and 9% of variance in the
masculine and feminine ratings respectively.
Table 9.6 shows the results of post-hoc tests (Tukey HSD), to assess
significant differences between the mean scores for the different tempo and pitch
levels. For masculine, the tempo levels were divided into three significantly
different groups; for feminine, four tempo groups were distinguished. For masculine,
the mean scores for all five pitch steps differed significantly; for feminine, the scores
were divided into four significantly different groups.
9.3.4. Graphic representation
Figures 9.1 and 9.2 show the mean scores of the listeners (female and male
combined) for each of the five pitch steps (Figure 9.1) and tempo steps (Figure 9.2)
for the feminine and masculine scales.
The lines for the pitch judgements in Figure 9.1 show opposite directions
for the masculine and feminine scales. The scores for masculine get lower as the
pitch level gets higher, whereas the scores for feminine get higher with higher pitch
levels. A higher pitch is seen as more feminine, a lower pitch is seen as more
masculine. The female speakers get higher scores on the feminine scale than male
speakers, and lower scores on the masculine scale. This holds for all pitch levels.
The effects are significant, as was shown in Table 9.5.
The tempo judgements in Figure 9.2 also show opposite directions for the
masculine and feminine scales. The mean scores for masculine get higher as the
tempo gets higher, whereas the mean scores for feminine get lower with increasing
tempo. A higher tempo is seen as more masculine, a lower tempo is seen as more
feminine. Female speakers score significantly higher for feminine than male
speakers, and lower for masculine, on all tempo levels.
Identical graphs were made in which the lines for all four speakers were
plotted separately (not given here). These show the same patterns as Figures 9.1 and
9.2. However, the ratings for one of the two male speakers differ to a greater extent
from the ratings for the two female speakers than the ratings for the other male
speaker. This entails that the significant effect of the speakers' gender as indicated in
Figures 9.1 and 9.2 and Table 9.5 might be the result of the ratings for only one of
the male speakers.
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femin. F

femin. M

9

mascul. F

mascul. M

6

mean score

5
4
3
2
1
1

2

3

4

5

pitch steps
Figure 9.1
Mean scores of the listeners (female and male combined) for each of the five pitch steps for
the feminine and masculine scales for female (F) and male (M) speakers.

femin. F

femin. M

mascul. F

mascul. M

6

mean score

5
4
3
2
1
1

2

3

4

5

tempo steps
Figure 9.2
Mean scores of the listeners (female and male combined) for each of the five tempo steps for
the feminine and masculine scales for female (F) and male (M) speakers.
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The slope of the lines in the pitch figure is much steeper than the slope of the lines in
the tempo figure. This is reflected in the amount of explained variance: 49%
(masculine) and 37% (feminine) for pitch in contrast with 6% (masculine) and 9%
(feminine) for tempo.
Section 9.3.3 showed that the interaction effects between speakers' gender
on the one hand and the pitch and tempo steps on the other hand were not
significant, so the ratings for female and male speakers have a parallel pattern. The
linearity of the lines in Figures 9.1 and 9.2 was tested by assessing polynomial
contrasts in an analysis of variance (for only the main effects). In eleven of the
resulting twelve analyses (for the eight lines in Figures 9.1 and 9.2 supplemented
with four analyses of the ratings for female and male speakers combined) only the
linear contrasts were significant, meaning that the lines are linear. In one of the
analyses, i.e. the relation between tempo and feminine for the female speakers
(Figure 9.2), both the linear and quadratic contrasts were significant, indicating that
the line not only is linear but that the bend at the third tempo step is also meaningful.
9.4. Discussion
The goal of the present experiment was to answer the following question: How do
different levels of pitch and tempo influence the personality attributions 'feminine'
and 'masculine' of listeners, and does biological gender of speakers and listeners
play a role?
It was found that pitch and tempo manipulations had a significant effect on the
personality attributions masculine and feminine:
• Higher pitch levels were related to higher attributions of feminine and lower
attributions of masculine. For lower pitch levels, the reverse was true.
• Higher tempo levels were related to lower attributions of feminine and higher
attributions of masculine. For lower tempo levels, the reverse was true.
Pitch and tempo have a regular but reversed effect on the ratings of feminine and
masculine. A high, slow voice is seen as feminine; a low, fast voice is seen as
masculine. The hypothesis formulated in the introduction therefore is confirmed.
The effect of pitch differences on the ratings was larger than the effect of
tempo differences. The listeners attribute more significance to pitch than to tempo in
relation to gender differences. Of course, pitch is the most salient voice quality
difference with regard to gender; most people will be aware of the relatively large
differences in average pitch between men and women.
The gender of the listeners did not have a significant influence on their ratings. The
gender of the speakers did have a significant effect on the judgements: female
speakers consistently got higher scores for feminine than male speakers, and lower
scores for masculine. The listeners clearly linked the cultural concepts femininity
and masculinity in a stereotypical way to female and male speakers respectively.
This corresponds to the results of chapter 7, in which the listeners also rated male
speakers as more masculine and female speakers as more feminine than the other
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gender group. The difference between the ratings for the female and male speakers
was larger for feminine than for masculine. Chapter 3 showed that femininity is
more marked than masculinity; female speakers scored significantly higher than
male speakers on the self-assessment and partner's assessment of femininity,
whereas no difference was found for masculinity. The results of speakers' gender
have to be interpreted cautiously, because graphs including all four speakers showed
that this effect might be dependent on the ratings of only one of the male speakers.
Because of the limited amount of speakers in this experiment, the conclusions with
regard to speakers' gender have to remain tentative.
The results showed a linear correspondence of the pitch and tempo steps with the
ratings for masculine and feminine. The step size that was chosen for both pitch and
tempo are perceptually equal. For pitch, this entails that the logarithmic difference in
2 semitones between the steps corresponds to listeners' perception of pitch
differences. For tempo, this means that the linear step size of 0.7 syllables per
second has perceptual relevance. Apparently, the perception of tempo differences is
linear and not logarithmic or otherwise.

10.

General discussion and conclusions

10.1. Introduction
This thesis focuses on voice quality and gender, whose relationship is studied by:
• Making a distinction between the influence on voice quality of both biological
gender and social gender. Social gender was operationalised as gender identity,
i.e. the extent to which gender-prototypical behaviour, thoughts, or feelings are
part of a person's identity.
• Studying the relation between voice quality and gender from complementary
perspectives, i.e. acoustic measurements, perceptual descriptions, and personality
attributions. This was accomplished by implementing Scherer's model of
impression formation (1978; 1979) (see Figure 1.2).
The three main research questions to be answered were the following (see chapter
1):
1. How is gender expressed in the voice, i.e. what is the relation between
gender (both biological and social) and voice quality from 'identity' to
'representation' in Figure 1.2?
2. Do speakers' gender characteristics correspond to listeners' voice-based
gender impressions, i.e. what is the relation between gender (both biological
and social) and voice quality from 'identity' to 'impression' in Figure 1.2?
3. How does voice quality give rise to gender impressions, i.e. what is the
relation between gender (both biological and social) and voice quality from
'representation' to 'impression' in Figure 1.2?
These questions were answered by addressing all five stages of the model in Figure
1.2, and relating these to each other. 'Identity' refers to stage I of the model, i.e. the
speakers' gender characteristics which may be expressed in the voice.
'Representation' refers to stages II through IV of the model, which are descriptions
of the speakers' voice quality characteristics by means of acoustic measurements and
perceptual descriptions by expert phoneticians and phonetically naive listeners.
'Impression' refers to stage V of the model, which pertains to the attribution of
gendered personality traits by listeners to speakers on the basis of their voices.
The organisation of this chapter is as follows. First, in section 10.2 the main findings
are summarised for each of the data analytic chapters (chapters 3 through 9). Next,
in section 10.3 the relationships as identified in the main research questions above
are discussed: from 'identity' to 'representation', from 'identity' to 'impression', and
from 'representation' to 'impression'. The differences and similarities in these three
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relations are then discussed. The chapter ends with several concluding remarks in
section 10.4.
10.2. Main findings
To answer the main research questions, a number of sub-studies were carried out.
This section summarises the findings from the data analytic chapters 3 through 9, in
so far as they are relevant to the main questions. Most of these summaries will take
the form of relating one stage of the research model of Figure 1.2 to another, e.g. the
acoustic measurements of stage II to the speakers' gender characteristics of stage I.
10.2.1. Speakers: biological and social gender
The speakers' gender characteristics that are referred to in stage I of the research
model in Figure 1.2 were described in chapter 3. Speech samples of 57 female
speakers and 57 male speakers were collected, equally divided over the dyad types
female-female, female-male, and male-male.
The gender identity of the speakers was assessed by means of a
questionnaire, which gave scores on six scales: the speakers' self-assessment of their
feminine traits, masculine traits, feminine behaviour, and masculine behaviour, and
their interaction partner's assessment of feminine traits and masculine traits. The
variation in scores of the male and female speakers on all six scales was sufficient.
Female and male speakers differed significantly on two scales: female speakers
scored higher on the self-assessment of feminine behaviour and on the partner's
assessment of feminine traits. This is a logical pairing, because the partner's
assessment of traits will probably be based on the observed behaviour of the person
they have to judge. Similar results were found by Willemsen & Fischer (1996), who
constructed the questionnaire.
The self-assessment scores of the questionnaire were used to divide the
speakers into four gender types: androgynous (high masculinity and high
femininity), feminine (high femininity, low masculinity), masculine (high
masculinity, low femininity), and undifferentiated (low masculinity, low femininity).
Female speakers were more often assigned to the feminine and androgynous groups,
whereas male speakers fell mostly into the masculine and undifferentiated groups.
The scores of men and women on the gender identity scales have a fairly
large and overlapping distribution instead of falling into two distinct groups (see
Figure 3.5), so using gender identity as an indicator of social gender provides
additional gender information next to biological gender and is therefore useful.
However, the relationship between gender identity and biological gender cannot be
ignored: women score higher on femininity than men. Femininity appears to be a
more marked concept than masculinity: it is acceptable for women to be equally
masculine as men, but not for men to be equally feminine as women. The
markedness of femininity can also be observed in daily life; it is, for instance,
generally acceptable for women to wear trousers, but not for men to wear skirts.
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10.2.2. Acoustic measurements related to speakers' gender
In chapter 4, the acoustic measurements of stage II of the research model were
related to the speakers' gender characteristics of stage I. Twelve acoustic measures
were used as indicators of whisperiness, harshness, creakiness, tension, loudness,
pitch, and tempo: Harmonics-to-Noise-Ratio between 0-400 Hz, 400-2000 Hz, and
2000-5000 Hz; spectral slope; loudness in sones; pitch perturbation quotient;
amplitude perturbation quotient; median F0; frequency range; coefficient of
variation (ratio of standard deviation to mean F0); position of the median F0 in the
frequency range; articulation rate (for an overview see Table 4.2).
An important observation was that several of the acoustic measures were
significantly related to mean pitch. Mean pitch is of course a salient marker of
gender differences. If other measures are related to pitch, this will obscure the
results, because significant gender differences found for a specific measure might
then not be independently related to the measure in question but merely to the pitch
difference. Therefore, care was taken to reduce the influence of pitch in the
description of the results of the analyses, by means of calculating partial correlation
coefficients.
Biological gender played a more important role in explaining the variation
in voice quality than social gender did (gender identity scales). Nearly all voice
quality variables correlated significantly with biological gender, and in the multiple
regression analyses, biological gender was always the most important variable in the
model. Those cases in which social gender played a role, most often concerned
femininity scales, and more specifically feminine behaviour. However, there may
still be an underlying biological gender difference here. Section 10.2.1 discussed the
fact that the female speakers scored higher on the self-assessment of feminine
behaviour and the partner's assessment of feminine traits than the male speakers; the
influence of social gender on voice quality as described by the acoustic measures
might boil down to a biological gender difference, rather than a social one.
The acoustic measures that were related to gender were predominantly
indicators of the voice quality characteristics mean pitch and harshness: median F0,
Pitch Perturbation Quotient, Amplitude Perturbation Quotient, Harmonics-toNoise-Ratio 0-400 Hz and 2000-5000 Hz. As expected, female speakers had a higher
mean pitch than male speakers. For the harshness measures, the picture was not very
clear: PPQ was higher for female speakers whereas APQ and HNR 2000-5000 were
higher for male speakers (partial correlations). In addition, HNR 0-400 was higher
for feminine speakers (both women and men). Again, this might be related to
biological gender and not social gender, since women scored higher on femininity
than men did. The results coincided well with previous studies, in which differences
in pitch and harshness between the sexes were also found (e.g. Kraayeveld 1997;
Van Rie & Van Bezooijen 1995). However, the differences previously found in
breathiness/whisperiness (e.g. Klatt & Klatt 1990; Henton & Bladon 1985) were not
replicated, possibly because these are less salient in Dutch.
10.2.3. Perceptual expert descriptions related to speakers' gender
In chapter 5, the perceptual expert descriptions of voice quality of stage III of the
research model were related to the speakers' gender characteristics of stage I. Two
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expert raters judged all the voices on whisperiness, creakiness, harshness, laryngeal
tension, nasal/denasal, vowel space, supralaryngeal tension, average pitch, pitch
range, pitch variation, loudness, and tempo. Nasal/denasal was not scored reliably,
so this feature was excluded from further analyses.
Biological gender is related more to the voice quality judgements than
social gender. In addition, biological gender and social gender seem to be related to
different types of voice quality characteristics. The analyses showed that biological
gender is mostly connected to the variation in laryngeal and pitch features (e.g.
harshness, laryngeal tension, average pitch, pitch range). Female speakers were
judged as having voices with more harshness, more laryngeal tension, a larger vowel
space, a higher mean pitch (even though this was meant to be rated sex-specifically),
a larger pitch range, and a larger pitch variation than the voices of male speakers.
Especially average pitch and harshness were important for distinguishing between
female and male speakers. Van Rie (1993) did not find a significant difference in
harshness ratings for female and male speakers.
Social gender is related mostly to the variation in supralaryngeal and
prosodic features (e.g. supralaryngeal tension, vowel space, loudness, tempo).
However, the relation of social gender with these features was not very systematic,
in the sense that a specific aspect of the gender identity scales (e.g. femininity,
feminine traits) could be singled out as the predictor of voice quality.
10.2.4. Perceptual naive descriptions related to speakers' gender
The perceptual naive descriptions of voice quality of stage IV of the research model
were related to the speakers' gender characteristics of stage I in chapter 6. Twentyeight naive listeners judged the voices of a selected subset of 48 speakers on the
bipolar 7-point scales smooth-rough, precise-sloppy, tense-relaxed, slow-fast,
monotonous-varied, low-high, and the unipolar 4-point scales whisperiness,
creakiness, and nasality.
Biological gender could not be related to the judgements of the listeners:
for none of the voice quality features a significant difference was found between
male and female speakers. Some of the gender identity scales could be related to
voice quality features. However, these relations were scarce and not very systematic.
The significant relations between the voice quality features and social gender
involved predominantly the supralaryngeal features precise-sloppy and nasality.
Speakers who judged themselves high on femininity were judged as speaking sloppy
and nasal. Sherman & Hall (1978) also showed a connection between a sloppy and
nasal way of speaking.
10.2.5. Attribution related to speakers' gender
In chapter 7, the personality attributions by listeners to speakers of stage V in the
research model were related to the speakers' gender characteristics of stage I.
Twenty-eight listeners judged the personality traits of a selected set of 48 speakers
on the basis of their voices. The speakers were judged on the traits emotional,
sensitive, caring, romantic, warm-hearted, feminine, self-assured, adventurous,
independent, enterprising, technical, and masculine.
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Biological gender was strongly related to the traits feminine, masculine,
emotional, and technical; these are very sex-stereotypical traits. This holds
especially for feminine and masculine: the listeners had reserved one half of these
two scales for female speakers, and one half of the scales for male speakers.
Although they had been instructed to use the entire scales for both women and men,
they always judged women as feminine and men as masculine.
Social gender was related to masculine traits, especially self-assured and
adventurous. The relations with these scales were in the expected direction: speakers
who scored high on masculinity also scored higher on these traits. The self-assessed
masculinity of the speakers thus could predict their attributed masculinity by the
listeners. Scherer (1978; 1979) showed that the masculine trait extroversion was
communicated accurately from speaker to listener and Smith (1985) showed a
correspondence between speakers' self-assessed masculinity and femininity and
listeners' assessment of these characteristics.
10.2.6. The three types of voice quality descriptions related to each other
In the first part of chapter 8, the acoustic and perceptual voice quality descriptions of
stages II, III, and IV of the research model were compared.
The acoustic measurements and expert descriptions corresponded rather
well: pitch measurements were related to pitch ratings, jitter measurements were
related to harshness, etc. However, the acoustic measures were not able to predict
the expert ratings perfectly (explained variance between approximately 20% and
30%); the acoustic measures do not cover all voice quality variation present in the
voices, and perhaps the expert ratings are influenced by the social context (e.g. vocal
stereotypes) as well as by the actual variation itself.
The expert descriptions and naive descriptions corresponded less well. Four
of the nine scales used by the naive raters had a relationship as expected with the
expert scales, e.g. slow/fast was related to tempo. However, the other scales showed
unexpected relations, e.g. tense/relaxed was not related to tension but to pitch range.
With a few exceptions, the voice quality features of which the relation between
expert and naive ratings was as expected, were prosodic or supralaryngeal, e.g.
slow/fast, precise/sloppy. The unexpected relationships were found mostly with
regard to laryngeal features, e.g. smooth/rough, whispery.
The acoustic and naive descriptions corresponded to the same degree as the
expert and naive descriptions, i.e. approximately half of the scales were related in an
expected direction and half in an unexpected direction. The prosodic features related
to tempo and variation in the voice supplemented by the laryngeal feature harshness
were predicted best by the acoustic measures.
The overall conclusion is that the acoustic and expert descriptions have
more in common with each other than with the naive descriptions. Naive listeners
can judge tempo, variation in the voice, and harshness in a way that corresponds to
acoustic measures and expert ratings, but they have a different conception of the
other features. Section 1.4 discussed the difference in the three descriptions with
regard to the influence of social context. Naive listeners probably have clear
(stereotypical) ideas about how female and male speakers (should) sound. Thakerar
& Giles (1981) described how voice quality descriptions of naive listeners can be
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influenced by vocal stereotypes before and after making voice quality ratings. In
their experiment, listeners rated the speech rate and several personality traits of a
male speaker twice. A subgroup of listeners were given information about the social
status of the speaker in-between the two ratings. The listeners changed their ratings
for speech rate significantly depending on the social status information they had
received; the perceptions of speech style were influenced by social information
about the speaker. The lack of correspondence in the present study between the
acoustic measures and expert ratings on the one hand and the naive listeners' ratings
on the other hand may be explained by the influence of vocal stereotypes pertaining
to gender on the ratings of the naive listeners. Another plausible explanation is the
lack of experience in describing voice quality on the part of the naive listeners.
Although the reliability of the naive listeners' ratings was high, meaning their ratings
are fairly similar, their unfamiliarity with some of the voice quality features might
cause deviations from the acoustical and expert descriptions. These two latter
descriptions both are related to phonetic theory, of which the naive listeners have no
knowledge.
10.2.7. Attribution related to description
In the second part of chapter 8, the personality attributions of stage V of the research
model were related to the acoustic and perceptual descriptions of voice quality of
stages II, III, and IV. The three descriptions had in common the fact that often pitch
(average and variability), tempo, loudness, and harshness were involved in the
significant correlations with the personality attributions. The three first features are
all prosodic features, the last is a laryngeal feature: the personality attributions seem
to be based on predominantly prosodic voice characteristics supplemented with the
feature harshness. Van Bezooijen (1988) also found that pitch, loudness, and
harshness were important predictors of the sort of personality attributions used in the
present research.
In the present study, speakers were judged as feminine (e.g. warm-hearted,
romantic) when they had a high mean pitch and large pitch variability. Speakers
were judged as masculine (e.g. self-assured, adventurous) when they had a large
pitch variability, spoke fast, and with a loud voice. The traits feminine and masculine
themselves were used by the listeners to distinguish between female and male
speakers, because they were judged sex-stereotypically: female speakers were
always more feminine than male speakers, and male speakers were always more
masculine than female speakers (cf. sections 7.3.2 and 10.2.5) This link between
femininity and women, and masculinity and men reveals that women typically have
a high pitch and a soft voice, and men have a low pitch and a loud voice.
10.2.8. Attribution on the basis of manipulated speech
The results from the second part of chapter 8 are based on 'natural' speech
fragments. In these fragments, multiple voice quality features are present in varying
combinations, all of which might influence the listeners' personality attributions
separately or in interaction with each other. In chapter 9, an experiment was
described in which femininity and masculinity were judged on the basis of
manipulated speech, i.e. speech in which only the pitch and tempo characteristics
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were varied. This precludes interference by other voice quality features with the
personality attributions, so the attributions can be directly related to the different
pitch and tempo levels. In this experiment, 26 listeners judged the voices of 4
selected speakers.
The results showed that a high, slow voice is feminine, and a low, fast voice
is masculine. The differences in the pitch and tempo steps had a linear effect on the
attributions of femininity and masculinity, as was shown by a trend analysis. Pitch
and tempo differences clearly had a perceptual relevance for the judgements. The
effect of the pitch manipulations on the judgements was larger than the effect of the
tempo manipulations, which shows that listeners attributed greater significance to
pitch than to tempo with regard to gender. This was to be expected as pitch is the
most salient gender difference of all voice quality features.
10.3. Relations between the identity, representation, and impression
components in the research model
In this section, the three main research questions are answered on the basis of the
findings summarised in section 10.2. The present section ends with a summary of all
main conclusions.
10.3.1. From identity to representation
The first research question was: how is gender expressed in the voice, i.e. what is the
relation between gender (both biological and social) and voice quality from 'identity'
to 'representation' in Figure 1.2? This relation was examined in chapters 4, 5, 6, and
the first part of chapter 8 (sections 10.2.2, 10.2.3, 10.2.4, and 10.2.6 in the present
chapter). The acoustic, expert and naive descriptions differ both on the
biological/social gender aspect and in their voice quality descriptions.
The acoustic measurements could be related almost exclusively to speakers'
biological gender, the naive descriptions to social gender (gender identity); the
expert descriptions were in-between, i.e. they could be related to both biological and
social gender. In chapter 1 it was stated that, in phonetics, the social gender
difference serves to modulate the differences determined by the speakers'
physiology. Physical differences between speakers set the boundaries within which
social variation is possible. The social gender influence might be too subtle for the
acoustic measurements to measure, whereas human listeners are able to pick them
up. Section 1.4 stated that listeners' ratings can be influenced by the social context,
i.e. their (stereotypical) ideas of how speakers (should) talk might influence their
ratings.
The naive listeners' descriptions did not relate to the biological gender of
the speakers at all. Listeners were required to judge the pitch difference between the
sexes as sex-specific, which they apparently did. Similarly, no biological gender
differences were found for any of the other voice quality variables either.
Apparently, naive listeners do not hear any differences between the voices of men
and women other than just pitch. It might also be that they subconsciously judged all
scales sex-specifically. In chapter 1 it was explained that gender theories stress the
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variation that exists within the sexes, but that in most people's experience the world
is just divided into men and women, with no other variation present (section 1.2.2).
The naive listeners were required to judge the harshness of a voice relative to the
entire adult population, both men and women. However, it is probable that they
judged the harshness of female voices with respect to the average harshness of the
female population, and the harshness of male voices with respect to the average
harshness of the male population, because they take the male/female difference as an
indisputable divide. In that case, no biological gender differences can be expected to
show up between the scores for men and women. The acoustic measures and expert
descriptions are expected to use the entire population, men and women, as a
reference point, and therefore biological gender differences tend to show up.
Two additional reasons might be responsible for the poor correlations with
social gender variables, specifically of the acoustic measurements and expert
descriptions. First, the speakers in this study all had a fairly high level of education.
The voices of men and women with a high education may differ less than the voices
of men and women with a low education. Of course, the physiological basis of
persons with different levels of education does not differ, but they might differ in the
degree to which they modulate their voices to express femininity or masculinity.
Highly educated persons would then modulate their voices less, thus reducing the
variation that can be picked up by acoustic or perceptual descriptions. Speaking a
standard variant of a language is often an indication of a relatively high level of
education. None of the speakers in the research had a regional accent; all spoke
standard Dutch. Elyan, Smith, Giles & Bourhis (1978) showed through a matchedguise experiment that female speakers without a regional accent were attributed both
masculine and feminine personality traits, whereas the same speakers speaking with
a regional accent were attributed only feminine traits. Female speakers without an
accent are perceived to be less sex-typed then speakers with a regional accent.
Chapter 3 showed that more female speakers than male speakers in the present study
were typed as androgynous, i.e. had both masculine and feminine characteristics,
whereas male speakers more often were typed as undifferentiated, i.e. scored low on
both masculine and feminine characteristics. It is conceivable that a speaker sample
with a lower average level of education will show a more sex-typed distribution (i.e.
less androgynous and undifferentiated speakers, more feminine and masculine
speakers). This may then be reflected in more social gender modulation of the
voices, thereby increasing the variation that can be detected through voice quality
descriptions.
Second, modulating voice quality to express social gender might be
employed paralinguistically rather than extralinguistically (section 2.2), i.e. it can be
used at certain points in a particular conversation to stress femininity or masculinity
in relation to what is being said to a particular person with a particular reason rather
than be used constantly to produce a sort of background level of femininity or
masculinity. In their study of the vocal behaviour of Mexican-American gang girls
in California Mendoza-Denton & Jannedy (1998) showed that one of them changed
her voice quality from high-pitched to low-pitched and creaky when she was telling
a story about fighting to other girls.
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The voice quality characteristics that could be related to gender differed for the three
types of descriptions. For the acoustic measurements, relations were found with
mean pitch and harshness; for the expert descriptions, relations were found with
mean pitch, harshness, laryngeal tension, vowel space, pitch range, and pitch
variation, and for the naive descriptions, relations were found with precise/sloppy
and nasal. These latter naive descriptions might be indications for other voice
qualities. A comparison of these three descriptions with each other in the first half of
chapter 8 showed that acoustic and expert descriptions corresponded well, but that
the naive descriptions sometimes seemed to indicate other voice quality
characteristics than expected. For instance, precise/sloppy and nasal were both
related to the expert descriptions of supralaryngeal tension.
Generally speaking, the voice quality characteristics that were related to
gender were: pitch and a laryngeal feature from the acoustic descriptions, pitch,
laryngeal and supralaryngeal features from the expert ratings, and supralaryngeal
features from the naive ratings. A pattern emerges: descriptions that were related to
biological gender (acoustic and expert) involve both pitch and laryngeal features
(more specifically harshness), whilst the descriptions that were related to social
gender (expert and naive) exploit supralaryngeal features. Biological gender is
expressed through the pitch and harshness of the voice, and social gender through
supralaryngeal characteristics.
One explanation might be that supralaryngeal characteristics are more
easily modulated by speakers than laryngeal features. For phonetically untrained
speakers, it might be easier to pronounce an utterance more carefully (cf. vowel
space and precise/sloppy) than to speak with a harsher voice quality. Of course,
pitch is also a characteristic that can be easily modulated. However, as was argued
before, the naive listeners seemed to have taken the female/male difference as a
basis from which to judge the voice quality characteristics. Pitch was judged sexspecifically, as may have been the case with the other characteristics. Therefore,
pitch will not show up as being related to social gender in the naive descriptions.
10.3.2. From identity to impression
The second research question was: do speakers' gender characteristics correspond to
listeners' voice-based gender impressions, i.e. what is the relation between gender
(both biological and social) and voice quality from 'identity' to 'impression' in Figure
1.2? This relation was examined in chapter 7 (section 10.2.5 in this chapter).
Biological and social gender were clearly related to different personality
attributions.
Biological gender was related most strongly to the traits masculine and
feminine. These traits were scored very sex-stereotypically: men were always
perceived as more masculine than women, and women were always perceived as to
be more feminine than men. In theory, the traits masculine and feminine could have
been attributed to both women and men more equally than the listeners had done:
some women could have been judged as more masculine than some men were, and
vice versa, some men could have been judged as more feminine than some women
were. Chapter 1 (section 1.2.2) stated that this distribution of gender variation might
be rather theoretical, while the possibility was anticipated that language users divide
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the world into binary categories, i.e. into male versus female without any overlap
between them. The present results support this latter possibility.
Social gender was related to masculine traits, e.g. self-assured or
adventurous. Masculine speakers (as established by the gender identity
questionnaire) were attributed more masculine traits than less masculine speakers.
Apparently, masculine traits and behaviour are expressed through the voice and
picked up by listeners. However, feminine traits and behaviour are not
communicated this way. Chapter 3 (section 3.3) showed that female speakers scored
significantly higher than male speakers on the ensemble of femininity traits and
behaviour, whereas no such difference was found for the masculinity cluster.
Therefore, femininity was seen as a more marked concept: women can be masculine
but men cannot be feminine. This may be the reason why masculinity is
communicated through the voice, and femininity is not. Variation in feminine traits
is possible but inherently associated with women, whereas variation in masculine
traits is more informative since it is relevant for both sexes.
10.3.3. From representation to impression
The third research question was: How does voice quality give rise to gender
impressions, i.e. what is the relation between gender (both biological and social) and
voice quality from 'representation' to 'impression' in Figure 1.2? This relation was
examined in the second part of chapter 8 and in chapter 9 (sections 10.2.7 and 10.2.8
in the present chapter).
In the attributions based on natural speech and slightly less for those based
on manipulated speech, the scales masculine and feminine were judged sexstereotypically: men were always more masculine than women, and women were
always more feminine than men. This confirms the idea that in society the
male/female difference is a very prominent one, despite theories about gender
variation within and between the sexes (section 1.2.2).
For the attributions based on natural speech, the prosodic voice quality
characteristics pitch, loudness, and tempo, supplemented by harshness proved more
relevant than the other phonation or articulation voice quality features. These four
features are probably easier to manipulate for non-phonetically trained speakers than
other features, and therefore more prone to modulation as an expression of social
gender. In addition, naive listeners might be more sensitive to prosodic features than
to e.g. phonation features. In daily-life conversations, sometimes remarks are made
about the height, loudness, or tempo of voices, but very rarely can spontaneous
comments be heard about the whisperiness or nasality of a voice outside the context
of e.g. having a cold.
The attributions based on both natural speech and manipulated speech
showed a low-pitched and fast speech to be regarded as masculine, and a high and
slow way of speaking as feminine. That high voices are associated with femininity
and low voices with masculinity is self-explanatory. However, an explanation for
the association of speaking fast with masculinity and speaking slow with femininity
is harder to find.
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10.3.4. Summary of conclusions
Figure 10.1 is an abstract summary of the results discussed in the previous sections.
The only arrow in this figure that was not discussed so far is the one between
'identity' and 'impression' for biological gender. This arrow represents the attribution
of biological gender to speakers on the basis of the voice, i.e. the identification of a
speaker's sex. Biological gender identification was not a part of the present study.
However, previous research shows that listeners are able to make this judgement
very accurately. For instance, Lass, Hughes, Bowyer, Waters & Bourne (1976)
showed that identification of a speaker's sex was 96% correct for natural speech,
91% correct for speech from which formant frequency information was filtered out
(vocal tract resonance) and only fundamental frequency information was present,
and still 75% correct for natural whispered speech, i.e. speech with vocal tract
resonance information but without the fundamental frequency information. I
therefore presume that listeners are able to identify biological gender from speech
close to a 100% accurately.
The conclusions from this research can be summarised as follows for
biological and social gender separately:
The BIOLOGICAL GENDER of speakers is related to their mean pitch and vocal
harshness. This relationship can be made apparent through voice quality descriptions
that are the least influenced by the social context of speech (e.g. stereotypes), i.e.
acoustic measurements or perceptual descriptions by expert phoneticians. In voice
quality descriptions that are likely to have been influenced by social context, i.e. by
phonetically naive listeners, no relation between biological gender and voice quality
is found. This is probably caused by the prevalence of the male/female dichotomy in
society: naive listeners take the male/female difference as a basic difference against
which they evaluate speech. Biological gender differences in speech are not an issue
for naive listeners.
Biological gender is attributed by listeners to speakers on the basis of their
voices in two ways:
• Directly. This was not examined in the present research, but listeners are known
to be very accurate in assigning the correct biological gender, mostly based on
mean pitch.
• Indirectly. In the personality attributions, listeners always found male speakers
more masculine than female speakers, and female speakers more feminine than
male speakers. The two scales 'masculine' and 'feminine' therefore served
indirectly as biological gender markers. These two scales were related to pitch
variability and loudness.
The relations between biological gender and voice quality are strongest from
'identity' to 'representation' and from 'identity' to 'impression'.
The SOCIAL GENDER of speakers is related to supralaryngeal voice quality features.
This relation is apparent from voice quality descriptions that may be influenced by
the social context, i.e. that make use of human listeners. The modulation of the voice
due to social gender influences is probably too subtle to be picked up by acoustic
measurements, whereas listeners' descriptions do distinguish them.
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Social gender characteristics are attributed on the basis of pitch, loudness,
tempo, and harshness of the voice. These are three prosodic characteristics, and one
laryngeal one. Arguably, these characteristics are manipulated more easily than
other voice quality features. In addition, these features are probably more salient for
naive listeners than other voice characteristics, or are given more social meaning.
The social gender aspect that is communicated most saliently from speaker
to listener is masculinity, probably because femininity is more markedly related to
women, whilst masculinity can vary across the sexes.
The relations between social gender and voice quality were strongest from
'representation' to 'impression'.

IDENTITY

BIOLOGICAL
GENDER

REPRESENTATION

mean pitch, harshness

IMPRESSION

pitch, loudness

(implicit)

SOCIAL
GENDER

supralaryngeal

pitch, loudness, tempo, harshness

masculinity
Figure 10.1
A summary of the results in the present research. Arrows represent the relations between the
stages of the research model of 'identity', 'representation', and 'impression'. The results for
biological and social gender are given separately. Below the arrows is indicated what voice
quality variables are related to a specific connection. The type of arrow indicates the strength
of a relation: a dotted arrow means the connection was not very clear or only indirectly
present, a solid arrow represents a strong connection.

10.4. Concluding remarks
The aim of this thesis was to clarify the relation between voice quality and gender,
first by including both biological gender and social gender (gender identity), and
second by including different perspectives (acoustic measurements, perceptual
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descriptions, attributions). Including both these aspects in the research was
successful:
• the division between biological and social gender proved useful, since the two
gender aspects produced different results in relation to voice quality.
• the incorporation of different perspectives proved useful, because relations
between gender and voice quality differed in the various parts of the research
model.
Of course, the present research also has its limitations, which suggest ways for
further research. The first limitation is that the results from the three types of dyads
(female-female, female-male, male-male) were taken together. It is possible, and
perhaps even likely, that speakers in same-sex dyads will use different speech
behaviour than in mixed-sex dyads. Initially, we intended to analyse the dyad types
separately, but because of the abundance of variables already present in the research
design, this was judged as too complicated a task. However, the present study has
indicated what types of voice quality variables are relevant for which perspectives.
Using this information, data from different dyad types can be analysed for only the
relevant voice features, and only the relevant gender variables, thus reducing the
number of variables in the study.
The present study used acquaintances as participants in the dyadic
interactions. The results might have been different if strangers had been used.
Perhaps the results would have gone in the same directions, but in a more
pronounced way, because interactions between strangers might have enlarged the
existing speech differences relating to gender. Interactions between strangers will be
more strongly influenced by stereotypical reactions than interactions between
acquaintances. In addition, acquaintances are already familiar with each other's
gender images, whereas in encounters between strangers the participants' mutual
gender image has yet to be established, so they need to assert that aspect of
themselves. However, with interactions between strangers the results might also
have been totally different than they were now, in the sense that biological and
social gender characteristics might be related in a different way to voice quality than
in the present study. It would be interesting to discover the similarities and
differences between the present study and a study including strangers.
In this study, social gender was operationalised through a gender identity
questionnaire. However, other operationalisations are conceivable. An example is
Tielen (1992), who included individuals in her research from different professions in
which women or men are unevenly represented. Such an approach, in which
speakers are included from, for instance, different professions or team sports (e.g.
soccer versus hockey) presupposes an indirect relation with social gender, i.e.
individuals from a specific profession or team sport are expected to have certain
feminine and masculine characteristics. The questionnaire probably does not cover
all aspects of gender that are relevant in present-day society. Different
characteristics with regard to gender are associated with e.g. motherhood or
fatherhood, professional versus unemployed persons, or marital status. Moreover,
interactions of gender characteristics with age and social status are to be expected.
Also, several questions in the questionnaire can be identified that have a
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heterosexual viewpoint, whereas femininity and masculinity differences also play a
role for homosexual individuals. Probably, when gender characteristics are
exaggerated or are in other ways different than expected, interesting relations with
voice quality and speech behaviour in general may be found.
The research project could be given a cross-cultural component: is
femininity in one culture represented differently through voice quality than
femininity in another culture? It would be interesting to compare the results for
Dutch to results for other languages. Of course, femininity and masculinity have to
be operationalised as relevant to the specific cultures in question. One cannot just
translate a gender identity questionnaire designed for one culture and use it in
another cultural context, because of the culture-specificity of these concepts.
In the present study, all participants had a medium to high level of
education. In sociolinguistics, SES or level of education is often a variable that
uncovers variation in speech behaviour. Therefore, the relation between voice
quality and gender might vary distinctly as a function of the level of education of the
speakers or listeners in the study. The study could be repeated for speakers and
listeners from different levels of education. In chapter 3, it was noted that this study
originally intended to include speakers from different levels of education, but that
this did not work out because of the difficulty in finding speakers with a low
education willing to do the interaction tasks. However, now that this study has
indicated relevant features of voice quality and gender, the tasks would not have to
be so elaborate in future, and perhaps participants with a low education can be
found.
Earlier in this chapter it was mentioned that the relation between voice
quality and gender could also be of a paralinguistic nature. Voice quality features
might be modulated by speakers in different parts of the interaction to stress aspects
of their masculinity or femininity in relation to what is being said. The present study
has identified some voice features that can be related to masculinity and femininity.
It would be interesting to examine how these features change in the course of the
interaction, and what this is related to. This type of research would be of a more
qualitative nature, using the variables from the present quantitative study as
guidelines.
The acoustic measurements did not include measurements of formant
frequencies as an indication of vowel space, whereas previous literature points to
significant differences between female and male speakers in this regard. However,
some controversy still exists about suitable normalisation procedures that will
abstract away from the anatomical differences (e.g. vocal tract size) between men
and women. Following pitch, formant frequency differences are among the most
prevalent gender differences in the field of voice quality, so studies in this direction
would certainly be worthwhile.
The present study was predominantly of a correlational nature. Only
chapter 9 included an experimental manipulation of relevant parameters. Again,
using the results of the present study as guidelines, further experiments can be
designed to confirm the present results, or study them in more detail. The problem
with experimental research is the lack of correspondence between acoustic variables
and listeners' impressions. It still remains largely unclear which acoustic cues are
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responsible for the auditory perception of e.g. breathiness or harshness. Once
indisputable acoustic correlates for perceptual impressions are defined, these can be
manipulated in speech fragments and used in gender attribution experiments.
The present study has provided voice quality data for Dutch speakers from
naturalistic interactions, whereas other studies referred to in this thesis used data
from read speech or interviews. The results sometimes confirmed results from
previous studies, but differences were also found. It is important to continue using
naturalistic data for analyses. Firstly, to see whether the differences with previous
research found in this study are of an idiosyncratic nature, or can be related to the
difference in origin of the speech data. Secondly, because studies such as these
specifically aim to explain the relation between speech behaviour and gender in reallife situations, and not just in laboratory conditions.
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Appendix A: Gender identity questionnaire (in Dutch) adopted
from Willemsen & Fischer (1996) (chapter 3)
Hieronder wordt een aantal eigenschappen van mensen genoemd. Geef van elke
eigenschap aan of u vindt of u die eigenschap zelf heeft. Zet een rondje om het cijfer
waarboven het antwoord staat dat het beste uw mening weergeeft.
Ik ben:

1 joviaal
2 geestig
3 ondernemend
4 tactvol
5 emotioneel
6 cynisch
7 ambitieus
8 avontuurlijk
9 zelfverzekerd
10 begrijpend
11 afhankelijk
12 nonchalant
13 spontaan
14 handig
15 onafhankelijk
16 wilskrachtig
17 sentimenteel
18 moedig
19 lichtgeraakt
20 zorgzaam
21 attent
22 technisch
23 romantisch
24 opstandig
25 besluiteloos
26 bescheiden
27 gevoelig
28 hartelijk
29 dominant
30 nieuwsgierig

niet

een beetje

gemiddeld

nogal

heel

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
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Nu volgen een aantal vragen over wat u zoal doet, in allerlei situaties, zowel privé als
in het openbaar. Wilt u steeds uw antwoord aangeven door één van de hokjes boven de
antwoorden aan te kruisen?
1

Hoe vaak komt het voor dat u emoties voelt, maar probeert die zoveel mogelijk te
verbergen?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

2

Heeft u, nu of in het verleden, wel eens een dagboek bijgehouden?
[]
[]
[]
[]
[]
nooit
vroeger wel, zo nu en dan, regelmatig, (bijna) elke dag
nu niet meer in bepaalde nog steeds
perioden

3

Hoe vaak kleedt u zich uitdagend?
[]
[]
[]
(bijna) nooit
soms
regelmatig

[]
vaak

[]
zeer vaak

4

Hoe voelt u zich wanneer een goede vriend(in) zijn of haar emoties laat gaan in
uw bijzijn?
[]
[]
[]
[]
[]
zeer
ongemakkelijk
neutraal
rustig/ op
zeer rustig/
ongemakkelijk
mijn gemak op mijn gemak

5

Wanneer u op een bijeenkomst met veel mensen bent, krijgt u dan wel eens de
lachers op uw hand door moppen of leuke anekdotes te vertellen?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

6

Wanneer u ergens onzeker of bezorgd over bent (bijvoorbeeld over uw werk of
studie, of over relaties met anderen), laat u dat dan merken aan iemand?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

7

Hoe vaak leest u de economische pagina's uit de krant?
[]
[]
[]
[]
(bijna) nooit
paar keer
paar keer
paar keer
per half jaar
per maand
per week

[]
elke dag
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8

Hoe vaak doet u dingen die spannend of sensationeel zijn? (gevaarlijke sporten,
hard rijden in auto/ brommer/ motor, op de kermis in sensationele attracties, enz.)
[]
[]
[]
[]
[]
één keer
paar keer
één keer
paar keer
één keer
per half jaar per half jaar
per maand
per maand
per week
of minder

9

Roddelt u wel eens?
[]
[]
minder dan
paar keer
één keer
per half jaar
per half jaar

[]
één keer
per maand

[]
paar keer
per maand

[]
één keer
per week

10

Als u op een avond lekker lui voor de tv zit, wat wilt u dan het liefst zien?
[]
[]
[]
[]
[]
liefdesfilm
'talkshow'
actualiteitenwestern
studio sport
programma

11

Hoe lang besteedt u aan uw uiterlijk en kleding als u naar een voor u belangrijke
feestelijke aangelegenheid gaat?
[]
[]
[]
[]
[]
minder dan tussen 10 min.
half tot
één tot
langer dan
10 minuten
en half uur
één uur
anderhalf uur anderhalf uur

12

Voelt u zich wel eens machteloos in situaties waarin u ruzie met iemand heeft?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

13

Huilt u wel eens, bijvoorbeeld uit verdriet, boosheid, angst, ontroering of
opluchting?
[]
[]
[]
[]
[]
één keer
paar keer
één keer
paar keer
paar keer
per half jaar per half jaar
per maand
per maand
per week
of minder

14

Hoe vaak maakt u iemand van de andere sekse complimenten over zijn of haar
uiterlijk?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak
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15

Hoe vaak repareert u iets? (bijvoorbeeld fiets, licht, elektrische apparaten,
lekkages)
[]
[]
[]
[]
[]
één keer
paar keer
één keer
paar keer
paar keer
per half jaar per half jaar
per maand
per maand
per week
of minder

16

Denkt u zelf aan de verjaardagen van uw kennissen, vrienden of collega's door ze
persoonlijk te feliciteren of een kaartje te sturen?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

17

Hoe vaak koopt u nieuwe kleding? (inclusief schoenen, accessoires, etc.)
[]
[]
[]
[]
[]
één keer
elk half jaar
elke 2 of
elke maand elke 14 dagen
per jaar
3 maanden
of vaker
of minder

18

Gaat uw wel eens alleen uit? (café, bioscoop, disco)
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak

19

20

Welke sport zou u het liefst beoefenen?
[]
[]
[]
voetbal
boksen
zwemmen
Hoe vaak kookt u een warme maaltijd?
[]
[]
[]
(bijna) nooit
paar keer
één keer
per maand
per week

[]
turnen

[]
zeer vaak

[]
paardrijden

[]
[]
paar keer (bijna) elke dag
per week

21

Voelt u zich wel eens heel sterk in situaties waarin u een conflict met iemand
heeft?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

22

Als u op een feestje bent, knoopt u dan wel eens een gesprek aan met een
onbekende van de andere sekse?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak
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23

Hoe vaak neemt u bij uw partner of beste vriend(in) het initiatief tot een gesprek
over actuele maatschappelijke problemen?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

24

Hoe vaak zegt u iemand op wie u boos bent flink de waarheid?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

25

Bent u wel eens zo kwaad op iemand geweest dat u hem of haar een klap heeft
gegeven?
[]
[]
[]
[]
[]
(bijna) nooit
heel soms
enkele keren meerdere keren regelmatig

26

Als u op een feestje bent waar veel kleine kinderen rondlopen, gaat u dan wel
eens met ze spelen?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

27

Hoe vaak neemt u bij uw partner of vriend(in) het initiatief tot een gesprek over
relatieproblemen?
[]
[]
[]
[]
[]
(bijna) nooit
soms
regelmatig
vaak
zeer vaak

28

Hoe vaak neemt u het initiatief tot vrijen?
[]
[]
[]
(bijna) nooit
soms
regelmatig

[]
vaak

[]
zeer vaak
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Appendix B: Discussion topics for the interactions (chapter 3)
TOPIC 1
At the university hospital, one donor kidney is available for transplant in a patient
with kidney problems. Four people are on the waiting list for a kidney transplant.
They all are eligible for the donor kidney. The doctors face a problem: they have to
decide which of the four patients will receive the donor kidney.
You are both doctors at the university hospital. Together you have to decide which
patient will receive the donor kidney. You have to be able to explain to other people
(e.g. to other doctors) why you have chosen a particular patient. You have to state
two reasons for your choice. The four patients are described below.
patient 1
The first patient is a 24-year-old woman. She was born with a kidney problem.
Therefore, her kidneys have never functioned properly. The woman is a student in
Nijmegen. She regularly goes out to bars, and drinks a substantial amount of alcohol.
In addition, she smokes, approximately twenty cigarettes per day.
patient 2
Patient 2 is a 32-year-old man. He started having kidney problems around the age of
twelve. He does not smoke or drink alcohol. At the moment he is held in detention in
the prison of Grave (a small town near Nijmegen). He serves a six-year sentence for
arson in multiple buildings. This is the second time the man is convicted for this
offence. He is presumed to have psychological problems.
patient 3
Patient 3 is a 69-year-old woman. Her kidney problems started around the age of 55.
She has no additional health problems. She walks long distances and is chairwoman
of a hiking club. She does not smoke or drink alcohol.
patient 4
Patient 4 is a 23-year-old man. He has a disease that causes his kidneys to
malfunction. The disease also undermines other parts of his body. The man cannot
walk properly, and most of the time he uses a wheelchair. Most people who suffer
from this disease do not get much older than 50.
TOPIC 2
Below you will find five statements. You may agree or disagree with these
statements. Together you will have to reach a consensus opinion about a statement:
agree or disagree. You have to motivate your choice by giving two reasons.
If you disagree with each other, you will have to convince each other. If you
fail to reach consensus, move on to the next statement.
• Smoking in restaurants should be prohibited.
• People who go to work by public transport, instead of by car, should be rewarded
for this.
• Butchers are not allowed to fire their employees for having aids.
• The age difference in a romantic relationship should be less than ten years.
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• When a man and a woman apply for a job, and both are equally eligible
candidates, the woman should be hired.
TOPIC 3
Some time ago you bought a lottery ticket together, and now you have won the first
prize: half a million guilders! To celebrate, you want to organise a party. You have
set the party budget at a maximum of 5,000 guilders.
When organising a party, there is a lot to consider: inviting people,
arranging the music, refreshments, etc. You can also throw a theme party (e.g. a
medieval, oriental, Caribbean, horror, or fairy-tale party). Answer the questions
below together. If you have any other ideas besides these questions, you are free to
fantasise about them.
1.

2.

3.
4.
5.

6.

Where is the party being held?
(For example: in your own garden, at the community centre, on the beach,
in a distinguished hotel, in a small castle, etc.)
What kind of music will you play?
(For example: live music, house music, Caribbean music, disco, tearjerkers,
etc.)
How many people will you invite?
What kind of refreshment will you serve?
(For example: barbecue, Caribbean, cold buffet, etc.)
Do you plan on organising activities?
(For example: live music, campfire, song/dance contest, fire-breathing
performance, etc.)
Do you plan on organising something for the children?

TOPIC 4
A new, very contagious disease is spreading very fast around the world. Everybody
will be infected. The disease spreads through water contamination, and in addition is
airborne. Only a small, uninhabited island, 300 kilometres off the Australian coast,
will not be affected. A small plane from an Australian airport can reach the island.
The plane is about to leave. It can carry only six people, the pilot not included.
However, ten people are waiting to board the plane. Together, you have to decide
who can go on the plane. Bear in mind that these six people will have to build a new
society on the island. They have to be able to eat, have children, etc. Provide a
reason for every person you choose.
The ten people are:
1. A religious man (priest/ minister) (man, age unknown)
2. A homosexual doctor (man, age 46)
3. A singer (woman, age 30)
4. A police officer with a rifle (woman, age unknown)
5. The chief of an African tribe (man, age unknown)
6. The pregnant wife of the chief (woman, age unknown)
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8.
9.
10.
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A judge (man, age 41)
A university professor (woman, age 34)
A warrior of a nearby island with a spear (man, age unknown)
An agricultural expert, addicted to alcohol (woman, age unknown)

TOPIC 5
You are very lucky. A few months later, you won the lottery again! This time you
win a mutual vacation, worth 20,000 guilders. You decide to plan the trip. The
questions you have to answer are listed below. You are free to fantasise further about
the vacation.
1.
2.
3.

4.

5.

Where will you go?
(A specific continent, a specific country, multiple countries, etc.)
How will you travel?
(by aeroplane, by car, on foot, on a bicycle, on horseback, etc.)
Does your trip have a theme?
(For example, you are interested in temples, and want to go to countries that
have a lot of them.)
What are you going to do, once you get there?
(For example, you stay in one place or you travel around; you travel around
on foot, by car, by public transport; you are going to relax on the beach,
etc.)
How long will you be gone?

TOPIC 6
Henny Huisman is going to present a new series of mimicking shows on television.
You decide to take part in these shows. You are going to give a performance in
which you both can participate. Therefore, the performance has to be suited for at
least two people, but more people are allowed to participate.
You have to make up a performance:
1. Which singing group or duo are you going to mimic?
2. Which song will you perform?
3. What does the 'staging' of the performance look like? (For example: your own
clothing, the surrounding show, etc.)
TOPIC 7
Tell each other what you thought about talking about these topics. Did you enjoy it,
or did you find it unpleasant and difficult? Which topic did you like most, and which
topic did you find the most bothersome, and why?
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Appendix C: Voice quality definitions for the expert listeners
(chapter 5)
Whisperiness
A tense voice with audible friction. 'Whispering while phonating'. Laver (1984)
calls it the 'library voice'.
Creakiness
A (locally) very low pitch, which causes the separate vocal fold vibrations to be
heard: short boosts, abrupt, periodically, slow. It sounds like running a stick
along a fence.
Harshness
Aperiodicity in the (tense) voice. A rough, rasping sound.
Laryngeal tension
Impression of the muscular tone in the larynx, which can vary between hypotonic
(little tension in the laryngeal muscles, e.g. the vocal folds) and hypertonic (much
tension in the laryngeal muscles).
Average pitch
The relative height of the average pitch in the entire speech fragment, judged sexspecifically, i.e. related to the average pitch height of female or male speakers.
Pitch variation
Impression of the frequency of pitch changes. Speakers with relatively few pitch
changes talk in a monotonous way; they speak at a certain pitch that rises or
drops infrequently. Speakers with a relatively large number of pitch changes talk
in a lively, varied manner: they change frequently between several pitch levels.
Pitch range
Difference between the lowest and highest pitch in the entire speech fragment. A
speaker who varies little between pitch levels but nevertheless rises or drops
her/his pitch considerably just once, has a large span.
Nasality
A deficient use of the non-nasal / nasal distinction, i.e. the use of a nasal or
denasal quality when this is not expected on linguistic grounds.
Supralaryngeal tension
Impression of the muscular tone in the vocal tract above the larynx, which can
vary between hypotonic (little tension in the vocal tract muscles) and hypertonic
(much tension in the vocal tract muscles).
Vowel space
The amount of phonetic contrast between vowels in accentuated syllables. The
size of the vowel space is large when articulation is very precise (articulators
reach their target positions), and small when articulation is sloppy or with
minimal articulatory movement.
Tempo
Impression of the articulatory speed; the movements of the jaw, tongue, etcetera,
are relatively slow or fast.
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Loudness
Loudness is defined here as perceived 'effort', i.e. the power with which a person
speaks.
Regional accent
The amount of regional deviation from standard Dutch.
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Appendix D: Gender identity scores and the experts' voice quality
ratings for all speakers and the speaker subset (chapter 6)

All 114 speakers
Subset of 48 speakers
mean lowest highest mean lowest
highest
Gender identity (scales range from 1 to 5)
masculine traits
3.1
2.0
4.0
3.2
2.0
3.9
feminine traits
3.3
2.1
4.4
3.4
2.5
4.1
masculine behaviour
2.7
1.6
3.8
2.7
1.6
3.6
feminine behaviour
2.6
1.7
3.6
2.6
1.7
3.6
masculine traits by partner
3.2
1.9
4.5
3.2
1.9
4.4
feminine traits by partner
3.3
2.3
4.4
3.3
2.3
4.4
Voice quality (4-point scales range from 0 to 3, 7-point scales range from –3 to +3)
whispery (4)
1.3
0.5
2.5
1.3
1.0
2.5
creaky (4)
1.3
0.0
3.0
1.1
0.0
2.5
harsh (4)
0.4
0.0
1.5
0.4
0.0
1.5
nasal/denasal (4)
0.5
0.0
2.5
0.5
0.0
2.0
laryngeal tension (7)
0.2
-1.5
3.0
0.3
-1.5
1.5
vowel space (7)
0.1
-1.5
2.0
0.2
-1.5
1.5
supralaryngeal tension (7)
0.0
-2.0
2.0
0.2
-1.5
2.0
average pitch (7)
0.0
-2.0
1.5
0.1
-1.5
1.5
pitch range (7)
0.5
-1.0
3.0
0.4
-1.0
2.5
pitch variation (7)
0.6
-1.5
3.0
0.5
-1.0
2.0
loudness (7)
-0.1
-2.0
2.5
-0.2
-1.5
1.5
tempo (7)
0.3
-1.0
3.0
0.3
-1.0
2.0
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Appendix E: Correlation matrices for chapter 8

pitch variation

loudness

-.27

-.18

-.09

-.10

-.14

-.14

.41

.17
-.09
.08

-.08
.28
-.18

.36
-.09
.07

.32
-.18
.12

.05
-.11
-.04

.11
-.09
-.07

.23
-.29
.13

.30
.01
.06

.28
-.05
.02

.10
.03
-.01

.14
.08
.06

.01
.01

-.42
-.39

.19
.21

.31
.31

.25
.22

.16
.14

.42
.36

.18
.11

.29
.18

.13
.10

-.03
-.07

-.11

-.28

.19

.35

.26

.22

.26

.11

.20

.32

-.06

.08
.02
-.07

-.46
-.17
.16

.32
.16
-.06

.37
.22
-.05

.24
.16
.02

.17
.17
.09

.50
.33
.00

.25
.52
.44

.31
.55
.43

.11
.14
.15

.04
.17
.13

.02

-.07

.03

.09

.08

.10

.23

.45

.43

-.02

.14

-.04

.04

.08

.23

.15

.16

-.05

.05

.16

.45

.02

tempo

pitch range

-.12

average pitch

-.02

supralaryngeal
tension

.06

vowel space

laryngeal tension

articulation
rate
PPQ
APQ
spectral
slope
HNR 0-400
HNR
400-2000
HNR
2000-5000
median F0
range
variation
coeff.
median in
range
loudness

creakiness

.16

whisperiness

harshness

Table E1
Correlations between the acoustic measures (rows) and the expert ratings (columns)
(bold indicates p < .05).
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whisperiness
creakiness
harshness
laryngeal tension
average pitch
pitch variation
pitch range
supralaryngeal tension
vowel space
loudness
tempo

.13
.33
.18
.15
-.14
-.14
-.09
.01
.05
.08
-.15

.14
.21
.11
.02
.14
-.19
-.10
-.34
-.33
-.24
.04

-.14
.27
-.24
-.25
-.40
-.25
-.41
-.21
-.01
-.05
-.24

.13
-.15
.05
.02
.25
.25
.29
.06
-.08
.05
.60

.02
-.16
.06
.10
.36
.51
.41
.17
.18
.21
.42

-.10
-.21
-.09
.03
.42
.41
.44
.07
.08
.07
.23

.30
.01
.43
.16
.10
-.16
-.03
-.21
-.18
-.43
-.01

.15
.36
.32
.23
-.17
.00
.05
-.02
.06
.13
.01

.20
.18
.08
.06
.20
.05
.10
.29
.64
.60
.60
.24

.17
-.09
.01
.17
.04
-.01
-.00
.14
.37
.36
.33
.02

.05
.36
-.08
.12
.03
.13
-.14
.13
-.05
-.21
-.01
-.21

-.14
.32
.08
.10
-.15
-.23
.16
-.17
-.25
-.16
-.14
.31

nasal

creaky

.60
.12
.20
.10
-.06
-.06
-.06
.15
.31
.23
.27
.03

whispery

-.14
-.28
-.05
-.10
-.12
-.05
-.05
-.27
-.19
.00
-.25
.04

low-high

.12
.19
-.03
.02
-.05
.05
.09
-.05
-.16
-.21
-.13
.04

monotonousvaried

slow-fast

-.19
.18
.03
-.21
-.11
-.03
.28
-.13
-.33
-.31
-.19
.29

tense-relaxed

articulation rate
PPQ
APQ
spectral slope
HNR 0-400
HNR 400-2000
HNR 2000-5000
median F0
range
variation coeff.
median in range
loudness

precise-sloppy

smooth-rough

Table E3
Correlations between the acoustic measures (rows) and the naive ratings (columns)
(bold indicates p < .05).

-.03
-.04
-.06
.00
-.06
.07
.16
-.06
-.30
-.29
-.26
-.15

nasal

creaky

whispery

low-high

monotonousvaried

slow-fast

tense-relaxed

precise-sloppy

smooth-rough

Table E2
Correlations between the expert ratings (rows) and the naive ratings (columns)
(bold indicates p < .05).

.00
.16
-.19
-.09
.02
-.02
-.02
-.34
-.23
-.09
-.13
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self-assured
enterprising
emotional
warm-hearted
sensitive
adventurous
feminine
technical
romantic
caring
independent
masculine

.31
.29
-.08
.12
-.06
.18
-.17
.07
.15
.05
.15
.23

-.19
-.13
.37
.16
.31
.02
.43
-.31
.27
.19
-.21
-.42

.15
.10
-.14
.12
.12
-.08
-.56
.30
-.15
.03
.06
.57

-.13
-.08
.18
-.06
.19
-.13
.40
-.26
.19
.22
-.09
-.40

-.08
.08
.32
.08
.16
.23
.75
-.31
.11
.01
.06
-.74

-.06
.10
.19
.12
.12
.25
.64
-.21
.04
-.06
.00
-.64

.02
.12
.07
.01
-.06
.16
.35
-.06
-.14
-.25
.07
-.38

-.07
.13
.43
.17
.26
.22
.90
-.42
.22
.13
-.01
-.89

.12
.40
.35
.27
.17
.42
.59
-.34
.23
.06
.22
-.55

.20
.38
.08
.21
.02
.33
.00
-.09
.12
.00
.28
.03

.05
.31
.35
.17
.13
.35
.61
-.38
.14
-.04
.17
-.58

loudness

median in range

coefficient of
variation

range

median F0

HNR 2000-5000

HNR 400-2000

HNR 0-400

spectral slope

APQ

PPQ

articulation rate

Table E4
Correlations between the personality traits (rows) and the acoustic measures (columns)
(bold indicates p < .05).

.12
.13
-.14
-.04
-.18
.20
.28
.22
-.19
-.24
.22
.27

.06
-.04
-.21
-.02
-.15
.07
-.52
.16
-.11
-.12
.08
.57

-.09
-.05
.09
-.15
.03
-.08
.25
.02
-.09
-.03
-.02
-.32

-.24
-.05
.39
.27
.31
.03
.56
- 49
.28
.15
-.24
-.58

.24
.22
-.03
-.02
-.11
.11
-.01
.31
-.09
.03
.27
-.02

.18
.20
.07
.07
-.01
.18
.13
.13
-.03
.05
.26
-.13

.33
.26
-.36
-.20
-.39
.14
-.28
.37
-.34
-.28
.38
.32

tempo

loudness

-.06
.13
.35
.43
.35
.12
.28
-.27
.28
.30
-.10
-.26

vowel space

.10
.25
.23
.32
.19
.24
.14
-.14
.20
.16
.11
-.12

supralaryngeal
tension

average pitch

laryngeal tension

harshness
-.23
-.14
.24
-.16
.17
-.11
.30
-.13
.07
-.01
-.18
-.33

pitch range

-.00
-.06
-.02
-.08
-.01
-.06
.08
.07
.01
-.02
-.05
-.11

pitch variation

self-assured
enterprising
emotional
warm-hearted
sensitive
adventurous
feminine
technical
romantic
caring
independent
masculine

creakiness

whisperiness

Table E5
Correlations between the personality traits (rows) and the expert ratings (columns)
(bold indicates p < .05).

.33
.42
.06
.32
.02
.40
.08
-.08
.33
.11
.21
.05
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self-assured
enterprising
emotional
warm-hearted
sensitive
adventurous
feminine
technical
romantic
caring
independent
masculine

-.23
-.37
-.10
-.16
-.03
-.19
-.21
.05
-.27
-.27
-.24
.14

-.53
-.49
.07
-.04
.15
-.27
-.09
-.27
-.12
-.18
-.50
.01

.09
-.08
-.41
-.15
-.23
.04
-.28
.25
-.06
-.16
.19
.24

.49
.61
.06
.25
-.08
.47
.11
-.01
.08
-.04
.34
-.01

.47
.69
.22
.40
.04
.68
.25
-.16
.31
.02
.47
-.13

.19
.38
.23
.26
.12
.25
.13
-.25
.15
.05
.10
-.08

-.52
-.49
.27
-.12
.32
-.28
.23
-.35
.16
.15
-.45
-.30

-.29
-.27
.09
-.09
.13
-.14
-.14
-.04
.01
-.03
-.19
.13

nasal

creaky

whispery

low-high

monotonousvaried

slow-fast

tense-relaxed

precise-sloppy

smooth-rough

Table E6
Correlations between the personality traits (rows) and the naive ratings (columns)
(bold indicates p < .05).

-.33
-.41
-.09
-.10
-.00
-.40
-.06
-.07
-.18
.02
-.37
-.01
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Appendix F: Speech material for the experiment with
manipulated speech (chapter 9)
Female speaker 1
Dutch fragments:
English translation:

Female speaker 2
Dutch fragments:

English translation:

Male speaker 1
Dutch fragments:
English translation:

Male speaker 2
Dutch fragments:
English translation:

"misschien uit de weg gaan dit soort dilemma's"
"voor studie of voor later of wat dan ook"
"maybe avoid these kinds of dilemmas"
"for study or for the future or whatever"

"als mensen heel ernstige"
"het is ook heel erg afhankelijk van de keuze die je
maakt"
"if people very serious"
"it is very dependent on the choice that one makes"

"rapport van deze faculteit waarin ze"
"dan blijft voor mij toch nog drie en vier over"
"report of this department in which they"
"then three and four remain for me"

"zo van als je nu patiënt één een nier aanbiedt eh"
"de laagste levensverwachting"
"like if you offer patient one a kidney hm"
"the lowest life expectancy"

