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Chapter 1

Introduction
Due to the vast growing technological developments alternative treatment in the medical
world has been increasing. Integrating various disciplines has resulted in a major gain
both in research and new treatment methodologies. Furthermore these new technological
developments will even increase the demand to find new state of the art methods in solving
our daily problems.
Virtual Reality Exposure Therapy (VRET) is an interdisciplinary research area which
encompasses psychiatry, clinical psychology, psychotherapy, computer science, graphics
design, human-computer interaction and engineering [85]. VRET is used in treating patients
with a clinical disorder. Patients with a psychological disorder such as anxiety disorder, will
be subjected or exposed to a virtual environment which gives a (partial) representation of
the reality. This artificial reality or Virtual Reality (VR) contains the feared stimuli, whereas
in the traditional treatment the patient has to imagine the feared stimuli.
VRET is done gradually, meaning that the level of fear exposed to the patient will reduce
gradually until it will attenuate. It has been proven that with this lessening approach, the
patient will gradually experience lesser fright towards a certain fear [62],[76]. A phobic
person exposed to his/ her feared stimuli for some period of time wil eventually feel less
anxious towards that stimuli. They tend to be desensitized to that degree of the feared
stimuli and therefore will be ready for the next level of fear exposure.
VRET is most appealing because it is time- and cost-effective and less embarrasing. For
example treating someone with fear of flying can be costly when he or she has to be exposed
to real flight trips. With VRET these costs can be drastically reduced with just exposing the
patient with virtual environment technology. Furhermore it has the ability to control the
environment accordingly which takes place in the therapist office. Hence privacy can be
upholded which in turn would lessen any embarrasing elements.

1.1

Problem definition

To obtain more understanding about a certain fear or phobia, fear ratings or measurements
have to be conducted during such an exposure therapy. For instance, the patient will be
asked periodically to tell the therapist how frightened he/ she is. The answer can give the
1
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therapist an indication of how far the current VR technique influences the level of fear which
is being experience by the patient. A disadvantage of this kind of measurement is that the
therapist would not give the full attention which is needed for an effective session. This is
due to the cognitive load which is experienced by the therapist while conducting the exposure session. To gain more validity or objectivity from these fear ratings the spoken words
which is in the form of speech, can be analyzed in order to obtain the level of fear through
speech. Alot of research has been done on the topic of speech analysis, especially in identifying parameters caused by acoustical changes in speech signals due to some emotional
state [87]. These kind of reseach can benefit in reducing the complexity of the tasks which
are being executed by the therapist. For instance if the fear measurement can be available
online then it would be possible to study the changes that would trigger the therapist in
cases where special changes occur. This will lead to the following problem definition that
will be discussed in this report:
How can we measure the level of fear by measuring the acoustical changes of a speech
signal?
How can we validate fear rating through speech signals?
Sub-goals:
1. Determining which voice features indicates/ are relevant to which emotion.
2. How to obtain objectivity from a measurement.

1.2

Research approach

The following steps were taken in order to find a an adequate solution of the problem definition during the research:
• Collecting, reading and comprehending relevant literature and earlier studies about
the subject.
• Approaching various people who have knowledge about the subject.
• Interviews will be conducted with therapists who are currently using VRET.

1.3

Report outline

In the of second chapter of this research assignment anxiety disorders, of which some can be
treated with VRET are mentioned and described. VRET will be briely discussed in chapter
3 where the system and its characteristics will be described. Chapter 4 will give a short
outline of how the human speech came into being. Chapter 5 will deal with how emotion
can be vocalized through speech. In chapter 6 we will mention some tools which are current
being used in investigating emotional speech and their possibilities. Finally in chapter 7 we
will present the conclusions of this research assignment.

2

Chapter 2

Anxiety Disorders
2.1

What are anxiety disorders?

The term anxiety disorder is used to describe a variety of mental disorders of which the feeling of unpleasantness, usually accompanied by physical symptoms, is being experienced by
an individual in anticipation of some (external) threat. This feeling of unease can manifest
itself gradually over a period of time or may be triggered by a (sudden) traumatic experience. Anxiety disorders are usually persistent, excessive, irrational and overwhelming such
that it can result in the disruption of ones daily activities. On the other hand, if anxiety does
not come with the above characteristics then it can be a normal reaction to stress or worry
which would have less disruptive effects [21].
According to the Anxiety Disorders Association of America (ADAA), anxiety disorders
are the most common psychiatric disorder in America [2]. It can occur in children, adolescents and adults. The most typical anxiety in children is separation anxiety where the child
is in distress whenever the parents or the primary caregiver leaves them (or are separated
from them) [33]. It becomes a disorder when children feel an intense and excessive fear
of being separated from their parents because they think that something bad will happen to
them. The following sections will mainly focus on anxiety disorders which are common in
adults.
In this chapter we want to give a brief an overview of known anxiety disorders of which
one particular form of this disorder will mainly focused one: phobia. This type of disorder
can be well treated with VRET [62], [63], [75].

2.2

Types of anxiety disorders

Experts in mental health disorders base their view or diagnosis, on several criterias. Often
deduced from the symptoms and medical history of the patients. Some experts say that
a patient can not be categorize into just one type of anxiety disorder. It is the product of
(several) past and present mental disorders that can be categorize into subtypes and specifications [61]. These subtypes and specifications are used to enlarge the specificity of the
diagnotic coding of the disorder. The American Psychiatric Association (APA) published
3
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a manual or handbook called the Diagnostic and Statistical Manual of Mental Disorders
(DSM), to try to obtain an objective view on psychiatric research [10]. It is the standard
classification of mental disorders which consists of three main parts:
• Diagnostic classification (list of mental disorders which are officially part of the DSM
system).
• Diagnostic criteria sets (indicating which symptoms should or should not be present
in order to qualify for a diagnosis).
• Descriptive text (accompanying text which further help thediagnosis) [10].
This mainly has to do with the labeling or defining various anxiety disorders. The manual
was also needed to give some uniformity in how various health professionals around the
globe approach or treat mental disorders. There have been four major revisions since it was
first published in 1952. The most recent version of DSM is the DSM-IV-TR which was
considered a minor revision [11].
The following will try to give an overview of the types of anxiety disorders according
to APA [5]. There are five main categories of anxiety disorders, which are:
• Generalized Anxiety Disorder
This type of anxiety relates to the feeling of being troubled about something to an
excessive degree, usually about normal daily issues such as work, finance and the
household. This could last for six months or longer. The symptoms are for example
muscular tension, trembling, dizziness and stomach aches.
• Panic Disorder
People with a panic disorder experience a brief period of intense fear which is uncontrollable and usually lasts no longer than 30 minutes. Here the individual feel as if he
or she is having a heart attack or can not breathe anymore. During this panic attack,
symptoms such as shortness of breath, heart palpitations and sweating are common
to occur. A panic disorder can be with or without agoraphobia (literally means in
Greek fear of the marketplace), which is the fear of being in public places where it is
difficult to leave or escape.
• Obsessive-Compulsive Disorder
An obsessive-compulsive disorder is a disorder in which the individual is persistently
haunted by unwanted thoughts (obsessions) and has uncontrollable impulses to perform an act or ritual repeatedly in preventing these thoughts from happening (compulsions). A typical obsessions of such a disorder is the fear of being contaminated
which may lead to repeatedly washing the hands.
• Post-Traumatic Stress Disorder
Individuals who suffer from post-traumatic stress have experienced an intense stressful event, to which they still have difficulties in dealing with it. These events include
the death of a loved one, after giving birth or after an accident. According to ADAA
4
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there are three main symptoms which are: having flashbacks and nightmares; avoidance behaviors (such as avoiding places related to the trauma) and emotional numbing
(detachment from others); and physiological arousal such difficulty sleeping, irritability or poor concentration.
• Phobias
A phobia is an intense and unrealistic fear towards a (specific) situation or object.
This means that the patient will experience fear of something which we normally do
not find threatening. This fear is being experienced by the individual as irrational and
tend to avoid the feared object or situation.
From the above we can see that one type of disorder can be a cause or may even lead to
another type of disorder. Because our main research focuses on how to treat patients with a
certain or specific phobia, we will look further into this type of psychiatric problem in the
following section.

2.3

Phobia

The Greek word phobia literally means fear and it is used as a suffix to another word which
indicates the feared object. For instance arachnophobia comes from the word arachne meaning spider and phobos meaning fear. Phobia is related to associating certain (threatening)
situations or objects with excessive fear response which is developed by the brain. This
development of the brain is the learning process which links the unpleasant feeling with the
feared object or situation. Thus phobia treatment aims to teach the patient to break those
associations.

2.3.1

Symptoms of phobia

Symptoms of a phobia is an emotional and physical reaction to phobic objects or situations
and according to APA are for example:
• Experiencing intense and persistent fear, dread and horror.
• Knowing that the feeling is irrational but can not control the fear.
• Going out of ones way to avoid and prevent an encounter with the feared object or
situation.
• Physical symptoms such as muscle tension, easily startled, heart palpitations, sweating and shortness of breath.

2.3.2

Types of phobia

Phobia can be categorized into:
5

2.3 Phobia

Anxiety Disorders

• Social phobia
People with social phobia have an intense fear and discomfort of being judged, offended, evaluated, watched and humiliated by other people in a social setting. This
can occur during public speaking, eating and drinking in public places or even at any
time when one is in contact or near other people.
• Specific or simple phobia
This type of phobia has to do with fearing something which in general can be seen as
harmless. For instance being afraid of heights (acrophobia), afraid of cats (galeophobia) and fear of darkness (achluophobia).
• Agoraphobia
When someone fears that he/she is going to have a panic attack in public spaces
where it is difficult to escape or leave or where help is unavailablethen he/ she is
having agoraphobia symptoms.

2.3.3

Causes of phobia

It is not yet clear what the main cause is for (developing) a phobia, but experts say that it
is a combination of a genetic disposition and environmental and social causes [13]. Abnormalities in the physiology of neurotransmitter-receptor in the brain are believed to be the
cause of psychiatric illnesses [13]. Neurotransmitter-receptors are molecules in the brain
which are responsible for chemical communications within nerve cells. A phobia can have
its roots from phobias which were experienced during childhood, but most of them will disappear when one is going through adolescence. However those who are not treated in time
(or left not treated at all) will have a high risk to underdevelop their social skills, do poorly
at school and be more vulnerable to substance abuse [4]. A traumatic event will also trigger
fear or discomforting feelings every time one encounters something that is being associated
with that particular event. Any strong emotion becomes easily attached to the surrounding
events or environment. Social and cultural aspects can also be the causes of these mental
disorders. For example there exists a phobia called taijin kyofusho which only occurs in
Japan and is the fear of offending other people by an excess of modesty and respect [23].
This is in contrast with what happens in social phobia.

2.3.4

Treatment of phobia

It has already been mentioned that if phobia patients will not receive treatment in time it
can become worse which may affect their daily life in a very disturbing way. Due to the fact
that phobias are mental disorders which can be effectively treated, patients should be well
informed about this so that they will understand that they can easily find help.
Types of phobia treatment:
• Cognitive Behavioural Therapy (CBT)
This way of treating the disorder is based on the notion that our mind has the power
to change our way of thinking. For instance in social phobia the therapist will help
6
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the patient in identifying the negative thoughts. After identifying it, the thoughts will
be analyzed and challenged [34].
• Exposure Therapy
Because a patient reacts on a phobic object or situation, the patient will experience an
unpleasant feeling or fear. As in CBT, exposure therapy aims to try to break the relation between the unpleasant sensations and the phobic object(s) or situations(s).
James Watson (1924) in [40] developed a classical conditioning technique called
counter-conditioning. This requires that the patient develops a sense of relaxation
response instead of the fear response towards the feared stimulus. This is needed
because relaxation is imcompatible with the feeling of anxiety, that is way it counters the fear response. This conditioning technique is often used in a systematic way
to gradually introduce the feared stimuli. This approach is first proposed by Joseph
Wolpe [88] and is called the systematic desensitization therapy. The first step is to
train the patient to be a physically relaxed state. The second step is to determine a
set of feared situations ranging from the least feared to the most feared situation. The
third step is exposing the patient to the most least feared situation and then instead
of having the anticipated fear response the patient will learn to substitute that fear
with relaxation techniques. Fear and the feeling of being relaxed is incompatible and
so the phobia will be expected to eventually fade away. The therapy will continue
with the next least feared stimulus and so forth. There are different types of exposure
treatments depending on the approaches which are being used. The types of exposure
will be further mentioned in the next chapter.
• Medication
Medication are used not to cure the symptoms of anxiety disorders but to relieve some
of the anxiety symptoms. It is also a means to control the anxiety to a certain extend.
Some experts say that anxiety disorders involves some abnormalities in some brain
chemicals which then will be compensated by medication. Medication can also be
used during a systematic desensitization therapy where it blocks out the development
of the anxiety. This will eventually subsidizes the brain link to the phobia such that
the patient will endure the exposure and proceeds to the next level of anxiety.

2.3.5

Conclusion

Most phobia can be helped when the sufferer of it indicate that he/ she needs help. It is
very important for sufferers to know that the disorder is treatable and that they are not alone
in treating this disorder. It is common for a sufferer to try to hide the symptoms because
they feel embarrassed or ashamed, but if this disorder will not be treated in due time then it
would escalate to a more extreme case where it might have more severe consequences.
We should also bear in mind that not all phobia patients are the same and that there is
only one fixed way to treat the patients. Doctors which will prescribe medication should
work together with the patient and the therapist. Together they will gain more understanding
and knowledge about the disorder.
7
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2.4.1

Research and treatment

Approximately one out of four people in The Netherlands will be confronted with depression and/ anxiety disorders during their lives time. This figure is enough to show that it is a
common problem which should be faced and studied in order to treat the disorder accordingly. There are various mental health (care) institutions in The Netherlands which deliver
scientific knowledge and a variety of services to interested parties. There are some which
focuses on a particular research, subject and some have a much broader scope and network.
Because of this need to work together with various institutions, with the objective to gain
more understanding and knowledge, there exist organizations which functions as a coordinating organization. The Netherlands has a broad scope on the treatment of patients with an
anxiety disorder. Most of the treatments are conducted according to the Multidisciplinaire
Richtlijn Angststoornissen which is the guideline to diagnose, treat and guide adult patients
with anxiety disorders (CBO & Tribos-instituut) [41].
In this section we will mention a few health care organizations and institutions which
all contribute a significant role in the Dutch health care system.
GGZ Nederland
The Geestelijke Gezondheidszord Nederland (GGZ Nederland) is such a organization in
The Netherlands [17]. The GGZ Nederland forms a branch-organization for institutions of
mental health care in The Netherlands including the care and treatment of drug addiction.
In tackling drug addiction, the GGZ Nederland collaborates with the Trimbos Institution.
Inevitably this will lead to the cooperation with various social care institutions. Nearly all
mental health institutions are members of the GGZ Nederland. The GGZ Nederland creates
a platform where various parties can asses information, discuss health care problems and
even in helping the government in preparing, developing and implementing health care
policies. One of its vision to uphold quality is the so called benchmarking concept which
is collecting information of those institutions so that they could each compare their results.
This would create a collaborative process in which each party can learn from each other.
The GGZ Nederland offers a broad service program which is a set of agreements about the
health service given to a specific target group in order to create a mutual framework for
institutions, professionals and clients.
NIVEL
The Netherlands Institute for Health Services Research (NIVEL) is a Dutch scientific institution on health care which has contributed a lot of work about the provision and the use
of health care services since its start in 1965 [22]. The outcomes of NIVEL researches and
expertise have been used by various parties, such as the government, health care insurance
companies, health care institutions and organizations representing patients and other health
care consumers. Its research activities expands through out national and international levels
which are based on: the need for health care, the supply of health care and the policy of
8
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health care. Besides being an official collaborating center of the World Health Organization
(WHO), NIVEL also provides National databases and information systems for health care
professionals, health care consumers and the health care need and use of health care.
Nesda
The aim of De Nederlandse Studie naar Depressie en Angst (Nesda) is to study the long
prognosis of depression and anxiety [20]. The Nesda study began in 2004 which recruited
2850 participants. Answering questions such as what factors influences the development
and the long-term of depression and anxiety, are the main objective of Nesda. Its research
design involves monitoring the participants for 8 years. Questionnaires and examining biological and genetic factors will be made which will be an inventory of the depression and
anxiety. This will first be made as the baseline data in the beginning of the first year. After the first, second, fourth and eighth year the developments of the participants will be
recorded . Like other well established institutions, Nesda forms a consortium with institutions such as VU University Medical Center, the University Medical Centers of Leiden and
Groningen, mental health institutions and client organizations.
PsyQ Nederland
PsyQ Nederland is a franchise organization which aims to provide a uniform health care
service through out The Netherlands [29]. Franchising is a combination of decentralized
entrepreneurship with a centralized formula. It is driven by the notion that every member
can benefit from the brand that it carries in sharing the costs for marketing, communication,
research and innovation. Currently its members are Parnassia Groep, GGZ Bavo-Europoort
and Lentis (before known as GGZ Groningen). One of the efforts of PsyQ in order to give
more accessible service is that one could consult the website to take a PsyQ-test. Here the
test involves the potential patient to answer some questions concerning possible symptoms
of anxiety. Of course this will not be a definite diagnosis but it will give some information
or indication about what one may expect.
The Valk Foundation
In collaboration with the University of Leiden, KLM and Amsterdam Airport Schiphol, the
Valk Foundation or Stichting Valk was set up in 1989 to treat patients with fear of flying.
The foundation based its knowledge of years of scientific research. The Valk Foundation
has made a partnerschip with Transavia.com in 2005. The foundation is being directed by
Dr. L.J. van Gerwen who is psychologist and a pilot. His investigation shows that exposure,
relaxation-training, information about aviation and learning how to keep control of ones
irrational and distressing thoughts forms the treatment elements for an effective treatment.
The elements are ordered by their effectivity [38].
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Virtual Reality Exposure Therapy
3.1

Introduction

It was mentioned before that with the increase of technological developments comes the demand to solve more difficult problems. With the technology now available, problems which
in the past were unthinkable to solve, have been made possible to be resolved. Information
technology, processors and imaging technology are becoming more faster, sophisticated and
cost-effective that it seems inevitable to produce more powerful tools to overcome problems.
One of these tools is the technology of Virtual Reality(VR).
Virtual Reality made its way through the years of developments and improvements.
It began in the 1950s when a young electrical engineer Douglas Engelbart and former
naval radar technician thought it was a good idea to output digital information onto a
screen [45]. This lead to various new applications in displaying digital data in the coming years. Some were used to display computer games, virtual environments and medical
simulations. Virtual Reality is the technology that allows a person to communicate with a
Virtual World(VW). A virtual world is a computer-simulated environment in which the user
can feel present in and interact with it. Figure 1 illustrates the ’sensation-action’-loop which
is being used by a VW to simulate natural human communication.
A virtual world is also a computational and communicational model which involves
information maintained by a computer. VR technology makes it possible for users to immerse into a virtual world. Here, immersion is a measure of the degree to which information
surrounds and includes a person through sensory means [30]. This means that the interaction between the user and the simulated environment (a mediated interaction) which uses
sensory inputs, create a sense of presence in the artificial environment [60]. This sense of
presence is a subjective measure of a persons consciousness of ’being’ in the virtual environment [83]. Real-time computer graphics displayed on screen or stereoscopic displays,
body tracking devices and sounds will affect the level of presence in a virtual world. If
the software used is higly sophisticated than the reflectivity increases which in turn will
expand the possibilities of communication. If these participating parts of a virtual world is
being used properly in such a way that the user feels a high sense of presence then the two
worlds of the user and computer will coincide. Thus resulting in a shared virtual world or
11
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Figure 3.1: Action reaction loop of the worlds [30]

resonance of the worlds has occurred.
A particular VR technology which is being used in the clinical world of psychiatry in
treating patients with anxiety disorders is called Virtual Reality Exposure Therapy (VRET).
This will be the topic of this chapter.

3.1.1

Types of exposure therapy

Exposure therapy in order to treat patients with anxiety disorders is based on the emotional
processing theory of Foa and Kozak (1986) [64]. They view the emotional processing system as a representation of structured information in the memory. Successful exposure can
result in new and more neutral memory that override the old anxiety provoking memories.
Thus in order to achieve the desired result the VRET-system should satisfy two conditions
which are:
• The fear structure must be activated
• New information incompatible with the fear situation must be available and processed.
As it was mentioned earlier that there are a few forms of exposure therapy depending
on the situation of each case. The following are forms of exposure therapies which all has
the basic goal of lessening the anxiety of the feared stimuli of a patient [71]:
• Flooding
The patient will be immersed in a situation which has a high intensity of fear producing stimuli. The patient will stay in that situation until the he or she will realize that
the anticipated feared consequences did not happen, i.e. they have gotten used to the
situation. This type of behavior therapy is called flooding.
• In vitro
As it was already been said, in order to evoke the feared stimuli the patient will immerse into the feared situation. This can be done in a cognitive manner which means
that the patient will be imagining the stimuli under the supervision and guidance of
the therapist. This is called an in vitro method.
12
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• In vivo or imaginal
Another method is to expose the patient in the actual feared situation or environment.
This treatment is done in a in vivo manner. Here virtual reality which involves using
a computer generated images, can be used to represent the feared situation. Through
for example, a head-mounted-device (HMD), the patient can experience an immersive
situation which contain the feared stimuli.
• Directed exposure therapy
Here the patients will watch the therapist being in the feared situation and interact
with the feared object. This will give an example to the patient of the things that
could be expected when being exposed by the feared object.
• Prolonged exposure therapy
In a prolonged exposure therapy, the duration of the exposure treatment will affect the
effectiveness of the treatment. It has been shown that for example a one session of 80
minutes gave better outcome than 8 sessions of 10 minutes for obsessive-compulsives
(Rabavilas, Boulougouris and Stefanis in [64] ).
These forms of exposure are not independent [71]. For example a flooding therapy can
be combined with an in vivo. The combinations of therapies depends on the need to give an
optimal treatment so that the right amount of elements of the therapy (e.g. intensity of the
stimuli, type of the stimuli and the duration) can be arranged accordingly.

3.1.2

Effects of exposure therapy

Usually when patients are being confronted with the feared stimuli, they tend to avoid it.
This behavior is called the escape behaviour which is the behavior that keeps the anxiety
alive and prevents the natural dimishing of the anxiety. For example the patient walks a
way from the feared stimuli without letting him/ herself stay long enough to get to used to
the stimuli. According to Rothbaum et. al in [71] the effects after an exposure therapy is
the declination of the anxiety itself and the esacape behavior. If the stimuli is being given
in a repetitive way, the patient will become familiar with it and habituation may occur.
Habituation is the decrease in response to a stimulus due to repitition [28]. The ultimate
desireable effect of exposure therapy is when the patient does not respond to the feared
stimuli anymore and thus the patient will not perceive the stimuli as something to be afraid
of. Here we can say that extinction have occurred. According to Gleitman et. al in [71]
extinction can be seen as the unlearning of a response to certain stimuli.

3.2

Virtual Reality Exposure Therapy System

In the last decade Virtual Reality Exposure Therapy System (VRET-system) has been contributing to the increase of the number of new methods in treating patients with anxiety
disorders. It uses the concept of in vivo exposure treatment in which the patient will be confronted with his/her feared stimuli through virtual reality environments. It combines several
sensory inputs technologies such as real-time computer graphics, body tracking devices,
13
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Figure 3.2: VRET: patient and therapist [46]

visual displays in order to let the patient immerse into the computer generated virtual environment. The VRET-system is used to treat people with anxiety disorders, panic disorders
and post traumatic stress disorders.
It has been shown that the system is effective in treating patients with acrophobia,
arachnophobia and fear of flying [69]. Furthermore it also holds promise for claustrophobia, fear of public speaking, fear of driving and agoraphobia [69]. Problems which normally
arises in traditional exposure treatment can be managed by the VRET-system, such as some
practical problems. These practical problems variate from making costly trips on a aeroplane (in vivo) or letting a patient go to a higher level of imagination (imaginal exposure
treatment) [71]. Hence in vivo treatments can be cost-effective and less embarrassing because it can be conducted in a room.
Table 3.1: Comparison of the three main exposure therapies

Cost set-up/ treatment
Confidentiality
Therapy
Anxietal response
Therapist control
Succes rate

Imaginal
Low setup cost
Private and confidential
Familiar to therapist
Difficult
Limited
Low

In vivo
High treatment cost
Not confidential
Familiar to therapist
Easy
Limited
High

Comparison of the three main exposure therapies [55]:
• Imaginal
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Virtual reality
Low treatment cost
Private and confidential
Unfamiliar to therapist
Easy
Complete control
High
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Figure 3.3: VRET system at the TU Delft [44]

Advantages: Low setup cost, private and confidential low risk of embarrassment, low
treatment cost and familiar to therapists.
Disadvantages: Difficult anxietal resposonse, limited therapist control and low succes
rate.

• In vivo
Advantages: easy anxietal response, proven high succes rate and familiar to therapist.
Disadvantages: not confidential, high risk of embarrassment, limited therapist control, high treatment cost and unappealing to patients.

• Virtual reality
Advantages: complete therapist control, private and confidential, low risk of embarrassment, low treatment cost, emerging high success rate, easy anxietal response and
appealing to patients.
Disadvantages: high setup cost and unfamiliar to therapist
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Figure 3.4: VRET systen at Valk Foundation [44]

3.3

System characteristics

The main objective of the system is to immerse the patient into the a virtual world which
consist the feared stimuli. At first the patient will experience a certain level of anxiety
towards the stimuli. Over time this feeling will attenuate if the patient has gotten used to that
level of anxiety. The patient will then be ready for the next level of stimulus. This exposure
session will be done under the supervision of the therapist through a computer. The therapist
can control and manipulate the virtual environment in order to give an optimal exposure
treatment. This can be done in VR by using a Computer Automatic Virtual Environment
(CAVE) or a Head Mounted Device (HMD). The CAVE, unlike the HMD, is a multi-user
system. Here the patient and for example, the therapist are in a room where they can move
freely. In this room stereoscopic computer-generated images are projected onto four to six
sides (projection screens) of the room. The projector projects images onto mirrors which
then reflects the images onto the projection screens. The user wears shutter glasses through
which he/ she can see the 3D-graphics projection actually floating in the air. The user can
also walk around them so that he/ she can have a better view on the objects.
An HMD-system uses a head gear which has glasses with two display screens in it: one
for each eye; and speakers near the ears. It is used by one participant at a time. When using
this device, the user is expected to be focusing on the images perceived from the screens
hence shutting he/ she out from the real world.
16
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Figure 3.5: CAVE-system

Figure 3.6: Head Mounted Device
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The HMD is attached to a sensor which tracks the head movements of the user. This is
needed so that it can display images which correspond to head the movements of the user.
If the user looks up or down (i.e. the user turns his or her face up or down) then the user will
see the virtual sky and the virtual ground respectively. The HMD is connected to a computer
which is controlled by the therapist though a user-interface. The therapist will then have the
same viewpoint as the patient and a viewing point that is used to help the patient to navigate
in the virtual environment. Furthermore, the therapist can modify the virtual environment
parameters such as light, sound and perhaps tactile stimuli. In a study about acrophobia,
the effectiveness of using the VRET system with a CAVE or a HMD-system showed no
difference. However the Cave-system did gave higher level of presence [68].

3.4

System effectiveness

The effectiveness of VRET depends on several factors. These factors much depends on
the VR system (e.g. harware and software) itself and the psychological side of VRET (e.g.
presence). The sense of presence which is experienced by the subject during exposure has
much to do with the emotional aspects of the virtual environment. To further improve the
therapy it is necessary to measure the level of presence and anxiety felt by the subject during
the exposure session. This is needed in order to give an optimal and gradual treatment so that
the patient would benefit the most from the therapy. There are two ways in measuring the
level of presence and anxiety which are being experienced by the patient: objectively and
subjectively. Objectively meaning that the patients physical condition is being monitored.
Heart rate, facial tension and body posture for example can give a more objective indication
of how the mental state is of the patient during therapy. A subjective measurement is when
the patient will be asked some questions. This could be for example by asking the subject
to rate their own fear level which is called the Subjective Units of Discomfort (SUDS; 010 or 10-100). Although these measurements are the most common methods to measure
the effectiveness of the system there are still some disadvantages [69]. First the questions
used for measuring presence might vary among the different researches. This can lead
to a complex way of comparing the various projects. Second, some researches use one
measurement (e.g. heart rate) to measure both presence and anxiety. Tryng to find the
relationship between these two variables will be difficult. These measurements were made
based on the reaction of the patient to the allocated anxiety producing stimuli within the
VRET-system. Questions such as whether the reactions are based on the VRET-system
giving a presentation of the environment to the patient in a realistic manner or will it affect
the patient in such a way that the he/ she will not be able to make a distinction between the
virtual and the real world, should be considered in these measurement. In [69] three aspects
which are essential requirements for a VRET-system to be effective:
• Presence
The sense of being (partially or completely )present in an artificial environment is
one of the key objectives of the therapy. After this is accomplished the therapy can
be conducted accordingly.
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• Eliciting emotions
Emotional activitivity has to be evoked in order to change the perseption of fear towards the stimuli. This will lead to the desired situation of extinction.
• Sustainability of effects
The effects of the reatment (e.g. extinction) should be maintainable and generalized
into the real world which consists the real feared situation. Therefore the patient will
be desensitized towards his or her phobia.
According to [71] the relation between these three aspects should be taken into consideration in the investigation of improving the therapy. Further research should be done on
these aspects such that during the therapy “the effective allocation of the correct anxiety
producing stimuli” will be produced [71].
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The Human Speech
4.1

Introduction

Before we want to discuss about the human emotion and how it is conveyed in the human
speech we should first know a little about the latter.
Besides spoken language, the human voice has also been considered as the carrier of
emotion. In order to understand more about the human speech it is needed to mention a few
relevant aspects. The concepts voice, speech and language may give us more insight about
the topic this chapter will be discussing. The American institution on deafness and other
communication disorders NIDCD gives the following definitions [48]:
• ”Voice (or vocalization) is the sound produced by humans and other vertebrates using
the lungs and the vocal folds in the larynx, or voice box....”
• ”Humans express thoughts, feelings, and ideas orally to one another through a series
of complex movements that alter and mold the basic tone created by voice into specific, decodable sounds. Speech is produced by precisely coordinated muscle actions
in the head, neck, chest, and abdomen. Speech development is a gradual process that
requires years of practice. During this process, a child learns how to regulate these
muscles to produce understandable speech....”
• ”Language is the expression of human communication through which knowledge,
belief, and behavior can be experienced, explained, and shared....”
The need to investigate the various aspects of the human voice and speech has become
a very hot topic, especially in the field of human-computer interaction. Research on voice
and speech is being done for speech analysis, automatic speech recognition and speech
synthesis. Speech analysis covers the topics such as the method of production of speech,
the level of signal processing of speech and the extraction of interesting information [50].
In speech recognition, spoken words will be converted into machine-readable input and it’s
applications are for example in voice dialing, call routing, a simple data entry and in home
automation (domotic) appliance control [37]. Producing human speech in an artificial way
is called speech synthesis.
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Figure 4.1: The human speech production [36]

The above fields of investigation about the human speech must be based on the assumption that its production and expression are affected by the human emotion. Otherwise we
would not perceive such diverse ’type’s of voice or speech.

4.2

The human speech production

Before we discuss how voice can be a good tool to indicate emotion, we first have to understand how voice is actual produced by the human organs. In the study of the physical
sounds of the human speech, phonation is undoubtedly an important term sound-producing
processes. Phonation is the “use of the laryngeal system to generate an audible source of
acoustic energy, i.e., sound, which can then be modified by the articulatory actions of the
rest of the vocal apparatus.” [24]. This section will dicuss briefly about the human speech
production.
The human speech production starts with the downward movement of the diaphragm,
the muscle which lies between the chest cavity and the abdomen, letting air flow up to the
lungs. The vocal tract is generally considered as a set of speech-producing organs above
the vocal folds (see figure 4.1), which consists of the following: larynx, oral cavity,nasal
pharynx (above the velum, rear end of nasal cavity), and nasal cavity (above the palate and
extending from the pharynx to the nostrils) [32].
The production of sound of the human voice, after the movement of the diaphragm,
goes as follows [47]:
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1. Air pressure from the lungs creates a steady flow of air through the trachea (windpipe), larynx (voice box) and pharynx (back of the throat).
2. The vocal folds in the larynx vibrate, creating fluctuations in air pressure that are
known as sound waves.
3. Resonances in the vocal tract modify these waves according to the position and shape
of the lips, jaw, tongue, soft palate, and other speech organs, creating formant regions
and thus different qualities of sonorant (voiced) sound.
4. Mouth and nose openings radiate the sound waves into the environment.
When we hear somebody making a single sound or pitch, we are hearing the fundamnental frequency and a series of harmonics. The fundamental frequency is determined by the
amount of vibrations of the vocal folds in one second which is measured in cycles per second (cps) or Hertz [15]. This fundamnetal frequency is also known as the lowest resonant
frequency of a vibrating object[31]. Speech signals are generally considered as voiced, unvoiced or in some cases it can manifest itself between these two. Voiced sounds consist
of F0’s whereas (purely) unvoiced sounds do not consist any F0’s therefore it can be considered as white noise. It is when the focal folds vibrate that the harmonic components of
the F0 are produced. Harmonics or the vibrations of the focal folds at different frequencies
gives the sound its particular character [18]. The relation between the harmonic and the F0
is that the harmonic is an integer multiple of the F0 [14]. Because the vocal tract modifies
the wave signal, formant (pole) and sometimes antiformant (zero) frequencies will occur
(Witten (1982) in [25]). Each formant frequency has also an amplitude and bandwidth and
it may be sometimes difficult to define some of these parameters correctly. The fundamental frequencies and formant frequencies are considered to be the most important concepts in
speech synthesis and speech processing [25].

4.3

The human voice

In our daily lives we mainly communicate with other people through voice. May it be
linguistically (spoken language) or paralinguistically (non-lexical elements), we can use our
voice perceptions to try to understand the information conveyed in the human voice. Both
aspects can add or modify meaning and convey emotion. Analysing and understanding this
kind of information enhances our social and affective interaction with other people. The
human voice as we know it does not only contain speech information, but it can also help
us in identifying individuals and perceiving their mental and emotional state. According
to [53] the human voice contains the following information:
• Speech information
Obviously the human voice is a medium on which spoken words is carried. It is
an acoustic signal which is used by language in order to communicate with another
person (who at least understands the language in question).
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• Identity information
Depending on the size of the vocal tract and larynx, (trained) listeners can for example
determine the gender(Lass et al. 1976, Mullennix et al. 1995 in [53]) and the age
(Hartman & Danahuer 1976, Linville 1996 in[53] of the speaker from voice. Also the
specific pattern of pronunciation which is related to some regional factors (accents)
can also give additional information about the speaker.
• Affective information
This information in voice is directly related with the feeling, mood and tone of the
speaker. Usually it is paired with observable external manifestations. Affective information in voice occurs when there are changes in the acoustic parameters induced by
the autonomic influence and specific patterns of muscular contraction corresponding
to various affective states.
Affective information is probably the most important study field in emotional speech
analysis. Not just because it influences the way we speak but it also dictates the way our
speech organs produces the sound. Therefore it can be implied that there is a strong relation
between the human voice and human emotion.
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Chapter 5

Vocal communication of emotion
5.1

Introduction

It is known that human beings are emotional beings and thus are constantly affecting and being affected by his or her environment. Communication with other human beings is mainly
done through speech in which expressiveness commonly occur. Affective information in
speech has been studied in the investigation of determining acoustical parameters which are
used to convey human expression through speech. Because it conveys acoustical information, voice and speech measurements are done to bring more understanding about the state
of the speaker. Therefore in this literature study we want to look at how the emotion fear
manifests itself in voice. Some acoustical correaltes will be discussed. Furthermore it is
very ideal to try to investigate the emotional state of the speaker in a non-invasive way.
In trying to investigate these human emotions the scientific method or the process of
going through observation to validated theory has brought the research of emotion into
various research fields. These branches out from for example psychology, phenomenology,
behaviorism to neurological science [84]. Many scholars tried to define their theory about
emotion which clearly leads to its various interpretation, views and definition. The next
section will mention some of these theories about emotion.

5.2

Emotion

Most researchers investigating human emotion still have different ideas or views in even
defining the term ’emotion’. Cowie and Cornelius [56] underlined the necessity of assessing
methods to describe emotion. They argue that research on speech should not isolate itself
from other disciplines but rather try to give a distinctive contribution. This contribution
then in turn should be “fed back into the mainstream of research on emotion”’( [56] pag.6).
However there are definitions of emotion that can be a very handy tool to understand it.
A useful term in speech and emotion studies is the term full-blown emotions which was
proposed by Scherer [81]. Here the occurence of emotional episodes are seen as distinctive
modes or manner of operation in which emotion is the primary source.
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Many different definitions have been formulated depending on the discipline and objective of the research.
Dualism
The human emotion has been widely investigated since it first catched the attention of
philosophers such as Aristotle (300BC). He considered emotion as an ongoing process of
experiencing and evaluating stimuli which are being weighted in order to anticipate gain
or pleasure [8]. This represents the first notion of dualism or the belief that the body and
mind are two different entities. This lead that the mind and body were studied seperately
and even thought to be two entities which do not have any relation (Candland et al. 1977)
Biology
Other scholars also tried to define their own definitions of the human emotion. William
James (1882), who is considered to be the founding fathers of modern American Psychology, regards psychology as a ’nature science’. In his great work ’Principles of Psychology’
he describes for instance his views about perception, attention, reasoning and the stream
of consciousness and emotion. He claims that a specific stimulus elicits a particular bodily
response. The feeling to those responses will result in emotion. James’ best known example was formulated as: “do we run from a bear because we are afraid or are we afraid
because we run?”. This is called the James-Lange theory of emotion which the two men
formulated independently of each other in the 1880s [49]. James finds the latter statement
to be the correct one which intuitively is in contrary to our common sense. This is due to
James’ view that the sensation of emotion is being governed by its physiology: we are sad
because we cry, we are afraid because we tremble. W. B. Canon (1915) on the other hand
describes the phenomenon emotion as a neuroral system aroused by a environmental stimuli. After the arousal receptors sends impulses to the cortex. The cortex stimulates thalamic
process which acts in specific patterns which corresponds to certain emotional expressions.
D. Bindra (1969) suggested a model which integrates emotional and motivational feelings,
the central motive state(CMS). The CMS can be classically conditioned and through it every organism can be trained to react to a certain stimuli. A. Damasio’s theory on emotion
is based on the functioning of the brain which gives a sense of identity and guides people
in rational decision making. In his work “’The Feeling of What Happens” (1999) [58] he
undelines that our sense of being conscious comes from emotion. He makes a distinction
between a state of emotion, which can be elicited nonconsciously; a state of feeling, which
can be represented nonconsciously; and a state of feeling made conscious, realizing to experiencing both feeling and emotion. Damasio beliefs that it is artificial to seperate feeling
and thinking.
Cultural
Cultural aspects also determine the qualities of expressions of emotion. Carl Ratnet [73]
argues that biological factors such as hormones, neurotransmitters and autonomic reations
merely mediate but do not determine emotional qualities and expressions. According to
Ratner this is based on the activity theory which regards emotions as interdependent and
interpenetrating with other cultural phenomena.

26

Vocal communication of emotion

5.2 Emotion

Behavioural
Behaviourism, also called the learning perspective, is a philosophy of psychology based on
the proposition that all things which organisms do including acting, thinking and feelingcan and should be regarded as behaviors [6]. Behavioral theoriest regards emotion to be
directly subjected to the nature of reinforcing stimuli and classical cnditioning. Classical
conditioning involves with the presentations of some neutral stimulus along with a stimulus
of some significance such that there will be an association between the two. One of those
behaviourist is J.B. Watson (1929) who thinks that “An emotion is an hereditary patternreaction involving profound changes of the bodily mechanism as a whole, but particularly of
the visceral and grandular system”(Watson 1929 p. 225). He also made three fundamental
types of the patter-reaction: fear, rage and love.
Cognitive
Cognition is the activity of knowing, learning and thinking which underlies the theory of
the following theorist. Schaster (1962) regards emotion as an result of the interaction between physiological arousal and the cognitions of the cause of that arousal. Whereas M. B.
Arnold (1970) emphazises on the interaction between the situation and the active assesment
or evaluative memories which will result in a imagination activity. Here a person will assess
whether the situation the situation will lead to a positive or negative outcome.
Grand approach
R. Plutchik (1977) views his theory as an integral framework because it incorporates biological, evolutionary and cognitve point of views. An emotion is not just a feeling but
a consecutive chain of events of psychological and physiological processes. Plutchik also
states that the human emotion has evolved without leaving out the significance of cognition.
Plutchik’s theory of emotion is that all emotions can be classified in eight basic emotions
or their combinations. These emotions are multidimensional. The dimensions are intensity,
(fear is not as intense as terror), similarity (loathing and grief are more similar than loathing
and amazement), and polarity (grief is the opposite of ecstasy). C.E. Izard (1972) states that
there are ten inherent and unique emotions, which produce the main human motivational
system. The emotions are presented in table 5.1. All of them are discrete because of the
facial and physical activities that follow these emotions.
Kleinginna and Kleinginna [72] have made a more comprehensive and broad definition
of emotion. Broad in the sense that it would take into account “all traditially significant aspects of emotion, while attempting to differentiate it from other psychological processes”( [72]p.355). They gathered, analyzed and classified 92 definitions and 9 skeptical
statements about the concept of emotion. Skeptical statements are statements that question or even deny the usefulness of the concept of emotion. In trying to bridge the various
definitions they concluded their research the following definition of emotion[72]: “Emotion is a complex set of interactions among subjective and objective factors, mediated by
neural/hormonal systems, which can:
a) give rise to affective experiences such as feelings of arousal, pleasure/displeasure;
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b) generate cognitive processes such as emotionally relevant perceptual effects, appraisals, labeling processes;
c) activate widespread physiological adjustments to the arousing conditions;
d) lead to behaviour that is often, but not always, expressive, goal directed, and adaptive”

Table 5.1: Basic Emotions (Ortony & Turner 1990) [70]
T HEORIST
Arnold
Ekman, Friesen & Ellswordth
Frijda
Gray
Izard
James
McDougall
Mowrer
Oatley & Johnson-Laird
Panksepp
Plutchik
Tomkins
Watson
Weiner & Graham

BASIC E MOTIONS
Anger, aversion, courage, dejection, desire, despair,
fear, hate, hope,love, sadness
Anger, disgust, fear, joy, sadness, surprise
Desire, happiness, interest, surprise, wonder, sorrow
Rage and terror, anxiety, joy
Anger, contempt, disgust, distress, fear, guilt, interest,
joy, shame, surprise
Fear, grief, love, rage
Anger, disgust, elation, fear, subjection, tenderemotion, wonder
Pain, pleasure
Anger, disgust, anxiety, happiness, sadness
Expectancy, fear, rage, panic
Acceptance, anger, anticipation, disgust, joy, fear, sadness, surprise
Anger, interest, contempt, disgust, distress, fear, joy,
shame, surprise
Fear, love, rage
Happiness, sadness

Besides being considered as discrete categories, emotion according Schlosberg [82] is
characterize by its smooth and progressive transition. The distinction between emotions are
characterized by the gradual distances on dimension such as pleasant/ unpleasant, novel/
old, consistent/ discrepant, control/ no control. In trying to overcome the problem on determining the criteria in distinguishing between emotional and non-emotional in emotion theories, Zei [89] proposed a unified model which integrates emotion, cognition and behaviour
into a single model. This model is based on iteractionist epistemology of the adaptive functioning of the human organism. The model describes a three-dimensional affective space
involving the dimensions: valence, arousal and power.
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It has already been said that the human sense of hearing is a powerful tool to recognize various emotions apart from speakers identity (i.e. gender and age). Depending on the ability
of the listener or so called encoder, basic emotions can be well recognize despite the lexical
analysis . Emotional speech is produced by speakers or decoder who are being ’governed’
by their emotional states. One of these ’tools’ to convey emotion in spoken language is the
emotional prosody. Prosody is a technical term which is commonly used in the study of
reciting poetry in adding melodic charater in speech. It refers to speech elements such as
loudness, intonation, rhythm, frequency cues (pitch), segment and pause duration. Besides
being the carrier of the spoken message in a linguistic way (e.g. structure discourse and
dialogue) and to help revealing the speakers identity, prosodic cues can also provide information about the speaker’s attitude, emotion and point of view. Another valuable term is the
non-speech interjections which reflects the auditory equivalent of the emotional facial expression. Non-speech interjections are for example laughs, moans, cries and screams [53].
This all are one of the arguments why it is relatively easy for (trained) listener to detect
emotion from speech.

5.3.1

Fear and voice producing organs

According to Helpguide, a foundation set up to educate people about mental health, fear is a
normal human response: “an adaptive human response to danger. It serves a protective purpose, activating the fight-or-flight response of the sympathetic nervous system. When faced
with danger, our sympathetic nervous system produces adrenaline. This excess adrenaline
prepares us to fight or to flee the physical threat. The fight-or-flight response includes an
increase in heart rate and blood flow to our large muscles, better enabling us to react to
the emergency. Blood sugar also increases, providing us with more energy. With our bodies
and minds alert and ready for action, we are able to respond quickly and protect ourselves.”
Thus fear is a mental state (usually unpleasant) in anticipation of a specific stimuli. This
sensation of unease can affect a person in a psychological and physical way when facing
a challenging situation. It is clear that one first has to undergo a cognitive process when
facing some perceived danger which will result in for example the desire to escape or flee.
This may be accompanied by the increase in, for example heart rate and/ respiration. It clear
from the above that fear, like any other human emotions, affect the human organ functions.
The human vocal folds is directly connected with respiration and heart activity through the
blood stream. Fear affects the voice, thus it affects the speech signal of the person who is
in a feared condition. Therefore it could be easy, even for a non-expert listener or naive
listener, to determine wether the speaker is afraid or not.

5.3.2

Acoustical cues of fear

In this literature study we want to investigate how the emotion fear manifests itself through
human speech. Some acoustical features in voice can indicate whether the speaker is in a
fearful state. Eventhough there are some acoustic correlates which can be used to indicate
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speakers’ emotional states, there are still not much known about the reliability of these
indicators [51]. Prosodic characteristics are usually used to detect emotion. Pitch contour,
duration and voice quality are some which contributes in prosodic speech. Phonation,the
excitation of the human voice affects the voice quality which implies that the size and shape
of the glottal pulse(def. of glottal please!) determines the voice quality that the speaker is
producing. The pitch contour of the speaker is mainly investigated to detect emotion.

5.4

Modeling the vocal communication of emotion

Scherer suggested in [78] and [77] the importance of using a framework to base theory
and research in emotional expression in speech communication [80]. He suggests to use
Brunswik’s functional lens model of perception (Brunswik 1956, Gifford 1994, Hammond
and Steward 2001 in [80]). Brunswik’s model begins with the encoding process (the upper
part of Fig. 4.2) in which speakers are being directed to produce emotional speech containing corresponding voice and speech characteristics. Producing those emotion-specific patterns of acoustic parameters by the speaker is done assuming that the arousal of the speaker
is being accompanied by physiological changes which affects respiration, phonation and
articulation. Brunswik’s model can give a degree to which such speech characteristics actually correlate with the speaker’s underlying state of ecological validity. This validity tries to
determine to what extend the produced emotional speech would be comparable with natural
speech(??). Distal cues are the acoustic changes that serves as cues to speaker affect for an
observer. The distal cues are parts of the speech signal and are being transmitted to the ears
of the listeners and perceived through the auditory perceptual system. The perceived cues
are called proximal cues.
Among some followers of Brunswik there are some who believe that there are some
uncertainty on how to define and operationalize proximal cues in different domains (Hammond and Stewart, 2001 in [80]). Brunswik believed that proximal stimulus occurs close
but yet still outside the organism. The relationship between distal and proximal cues in
visual perception can be explained by the contrast between object size (distal) and retinal
size (proximal). This classic example infers that the proximal cue, the pattern of light on
the retina, is already inside the organism. The proximal representation of the distal stimulus
goes as follows: the fundamental frequency of a speech wave is part of the distal characteristic which vibrates along the basilar membrane. This vibration has a pattern which
corresponds to the distal characteristics. This pattern then in turn will affect the pattern of
excitation along the inner hair cells, the consequent excitation of the auditory neurons and
ending with its representation in the auditory cortex. The Brunswik model has an important
advantage which is emphasizing the fact that the objectively measured distal cues are not
necessarily equivalent to the proximal cues which occurs in the listener. This is due to the
fact that the distal cues can be modified or distorted during transmission and by the structural characteristics of the perceptual organ and the transduction and coding process. The
decoding process is the inference process in which the listener is trying to interpret the emotion of the speaker from content-free samples. This is done by internalizing the emotional
speech modification which is represented by the proximal cues. By operationalizing and
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Figure 5.1: Brunswikian lens model of the vocal communicaton of emotion

measuring each of the models elements based upon the definition of finite number of cues,
the model can be proven to be suitable in modeling the vocal communication of emotion.
Below we will give the reasons why this is so according to [80].
1. If the obtained attribute by the listener jugdments corresponds to the criterion for the
state of the speaker, a functionally valid communication process has been succesfully
described by the model.
2. However, the model can also be used when attributions and criteria do not match
since it allows the determination of the missing or faulty link of the chain.
3. Thus, the possibility of not producing reliable externalizations in the voice (distal
cues) by the emotional state may then occur.
4. Alternatively, valid distal cues might be modified during transmission and perception
such that the cues no longer consist the essential information in the proximal process
in the listener.
5. Another case is when the proximal cues does reliably map the distal cues but that the
inference mechanism, i.e. the cognitive representation, is less reliable in the respective listener.
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Chapter 6

Tools
6.1

Introduction

In this chapter we will be discussing some tools which are used in analysing the speech
signals. Our main research topic is trying to find relevant aspects in speech which can give
us an indication of what makes a spoken sentence a ’fearful’ sentence. In order to examine
this we need speech samples which are mainly delivered as emotional speech databases.
We will mention a few interesting speech databases. In the appendix we can find a table of
existing emotional speech databases sited on [7]. We will also give a brief description of a
few speech analysis software packages. Finally we will look at some classifiers to extract
information from data.

6.2

Emotional Speech Databases

In order to examine emotional aspects in speech we first need to obtain representative and
available data. This can be a very intensive and time consuming effort. Nevertheless it is of
high importance to use appropriate databases. Furthermore, the aim of each research in developing a database can vary slightly. The emotion elicitation in the emotional databases are
of four kinds of nature: acted, reading, natural/ spontaneous, call center data (for humancomputer interaction means) and induced data. In the following section we will give descriptions of a few speech databases. There also exists databases which contain speech
and images which are also used as resources in the field of emotion in human-computer
interaction studies.
The Berlin Database
The Berlin database was developed by the Technical University of Berlin. It was aimed
to examine the acoustical correlates of emotional speech. The database consist of 6 basic
emotions which are fear, anger, joy, sadness, disgust and boredom. In addition neutral
sentences were also recorded. The sentences were simulated by 10 proffesional German
native actors of which 5 male and 5 female, each having to read 10 sentences of each
emotion. The recordings were made in a anechoic chamber, a room where there are no
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echoes. A Sennheiser MKH 40 P 48 microphone and Tascam DA P1 portable DAT-recorder
were used torecord the emotional speech simulated by the actors. A perception test was
conducted by 20 listeners to determine the recognizability of emotions and their naturalness.
Utterances which were recognized more than 80% and judged for its naturalness by more
than 60% were selected to be used in further analysis. The database is available online as a
free resource for emotional speech analysis [54].
The Danish Emotional Speech Database
In 1997 the Danish Emotional Database (DES) was developed for the Center of PersonKomunikation (CPK), Aalborg University in Denmark as a part of the VAESS project (Voices,
Attitudes and Emotions in Speech Synthesis). The VAESS project has the objective to develop improved quality and range of synthetic voices including a range of emotions. These
synthetic voices will be included in a small powerful handheld personal communicator.
Speech-disabled people can use this synthesizer to control the voice quality and the emotions produced by the speech synthesizer. The database consists of 5 emotions: anger,
happiness, sadness, surprise and neutrality which were recorder by 4 actors (2 female and
2 male). Des was recorded in a acoustically damped sound studio at Aarhus theatre which
is the largest provincial theatre in Denmark. During recordings the actors had to produce
2 words, 9 sentences and 2 passages of fluent speech, each once for every emotion. The
complete documentation can be found at [12].
The Reading-Leeds Database
As it was mentioned earlier that there also exists databases which consists of natural speech
in emotion related states. The Reading-Leeds database is one of them of which different
aspects of this project were done by the Speech Research Laboratory of the University of
Reading and the Department of Psychology at the University of Leeds [65], [74]. The aim
of the project was to record speech that was of genuine quality. It contains recordings of
people being interviewed by a psychologist who asked them about their emotional experiencess which were related to a particular stimuli. Another source of natural speech was
an interactive unscripted discourse on a radio broadcast. Here the speaker was asked to
relive emotional experiences i.e. the speaker was emotionally induced by the interviewers.
The recorded material in corpus has the total amount of 264 minutes of which 78 minutes
were annotated with phonetic/ prosodic information and 72 minutes has been psychological
coded. However only 81 minutes of data that has been usefully annotated and could be
valuable for speech research [59].

6.3

Praat

Praat was developed by Paul Boersma and David Weenink of the Phonetics Institute University of Amsterdam [26]. It is a free scientific computer software package developed with
the aim to analyze speech in phonetics. It is widely used by introductory phonetics classes
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Figure 6.1: Praat

because it offers features ranging from simple tasks (i.e. recording sounds) to apply statistical computations on sound related data. What makes Praat most appealing is that it offers
a helpful and clear user’s manual which makes it accessible for all kind of users [3]. It will
indeed take some time and effort to be able to use Praat in order to get what we want. In
this section we will briefly review some features in Praat.

6.3.1

Speech analysis

There is a wide option of speech analysis functions in Praat which can be used to examine the spectral content of an existing sound. Sound spectral meaning that it relates to
the description of a sound wave’s components of frequency and amplitude (spectrum) [1].
Features of Praat concerning speech analysis which are of interest in this research :
• Spectral analysis
• Pitch analaysis
• Formant analysis
• Intensity analysis
• Jitter, shimmer, voice breaks

6.3.2

Statistics

It is sometimes needed to apply statistical computations on data. Praat offers the following
statistical features. These are:
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• Multidimensional Scaling (MDS)
MDS is a set of analysis techniques which is used in representing the structure distancelike data as a geometrical picture [19]. The aim of the technique is to determine the
similarities and dissimilarities in data. Each object is represented as a point in a multidimensional space. The distances between pairs of points shows the strong or weak
relation between them according to their near c.q. far distances.
• Principal Component Analysis (PCA)
This technique is used to reduce dimensionality in data sets for analysis. PCA involves a mathematical procedure which in one hand aims at reducing the dimensionality of the representation but at the same time retaining the original content of the
data set [27].
• Discriminant Analysis
This technique is used to classify a set of observations into predefined classes [9].
The classification procedure is based on a set of variables known as predictors or
input variables.
•

6.3.3

Programmability

Praat offers some useful options to enhance the usability of Praat. For instance controlling
Praat from another program is possible by using a script language which can be executed.
A script is a text consisting of menu and action commands. Sending messages to a running
program that uses a Praat shell can be done by using the sendpraat source code which is
available for Windows, Unix and Macintosh.

6.3.4

Graphics

The graphical features of Praat are very useful when one is writing a thesis or raport. Some
of the options that Praat offers from the file menu are reading a saved picture, saving a
picture in a format which can be read by Praat, copying selected parts of a picture to a clipboard. Special symbols and characters are also available such as integrated mathematical
and phonetic symbols.

6.4
6.4.1

Other speech analysis software
WASP

Waveforms Annotations Spectrograms and Pitch is a free program recommended for beginners. WASP is a program for the recording, display and analysis of speech. This program
gives the option to record and replay speech signals, save them and reload them from disk,
edit annotations, and display spectrograms and a fundamental frequency track. It runs on
Windows operating system [42].
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Figure 6.2: Speech Filling System [43]

6.4.2

SFS

Mark Huckvale of the University College London developed the software package SFS or
Speech Filling System. This software is a DOS-based program which runs under Windows shell. The main advantage of this software is that it is highly compatible with WASP.
Furthermore it has a wide range of ready made tools for signal processing, synthesis and
recognition, as well as being a support for software development SFS contains various useful features for speech research. It has software tools, file and data formats, subroutine
libraries, graphics, special programming languages and tutorial documentation. It performs
standard operations such as acquisition, replay, display and labelling, spectrographic and
formant analysis and fundamental frequency estimation [43].

6.4.3

Wavesufer

WaveSurfer is an Open Source tool for sound visualization and manipulation by Kåre
Sjölander and Jonas Beskow of the Royal Institute of Technology in Stockholm, Sweden.
Wavesurfer has been designed to accomodate both advanced and inexperienced users. This
is made possible because Wavesurfer has a simple and logical user interface which provides functionality in an intuitive manner. Furthermore the functionality can be adapted to
different tasks. The tool can be used as a stand-alone tool and gives the option from typical applications such as speech/sound analysis and sound annotation/transcription to servng
as a platform for more advanced applications. This can be done either through extending
the WaveSurfer application with new custom plug-ins or by embedding WaveSurfer visualization components in other applications. The software runs on Mac, Windows and Unix
operating systems [39].
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Figure 6.3: Speech Analyzer [35]

6.4.4

SIL

The Speech Analyzer developed by SIL (initially stands for Summer Institute of Linguistics) runs on windows. SIL International is a faith-based organization that studies, documents and assists in developing lesser-known languages which exists in the world [35]. The
Speech Analyzer has the following features:
• Perform fundamental frequency, spectrographic and spectral analysis, and duration
measurements.
• Add phonemic, orthographic, tone, and gloss transcriptions to phonetic transcriptions
in an interlinear format.
• Perform ethnomusicological analysis of music recordings.
• Use slowed playback, repeat loops and overlays to assist with perception and mimicry
of sounds for language learning.

6.5
6.5.1

Classifiers
SVM classifier

Support Vector Machines (SVMs) belongs to a large class of learning algorithms i.e. kernel machines of which SVMs is a particular instance and was first developed by Vapnik in
1995 [86]. Kernel mahines are used for patter analysis. It is used for instance in optimalization, neural networks, machine learning and in patter recognition classification. SVMs are
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learning systems which based their method on recent advances in statistical learning theory [57]. The approach which SVMs is based on is using examples to synthesize programs
which is known as the learning methodology. A supervised learning system in a neural
network is when there exists knowledge about the environment which is being represented
by the examples:input-output pairs. These pairs of input-output examples are referred to as
the training data. The support vector machine is basically linear machine with very useful
properties. To explain how SVMs work it is best to consider the following example: in the
context of patter classification where the case of separable patters could arise. Here the main
idea of a SVM is to construct a hyperplane as the decision surface such that the margin of
separation between positive and negative is maximized. This property is achieved by using
a pricipled approach which is based in statistical learning. The SVM is an approximate
implementation of the method of structural risk minimization. This induction principle is
based on the fact that the error rate of a learning machine on test data is bounded by the sum
of the training-error rate and a term that depends on the Vapnik-Chervonenkis (VC) dimension [66]. The SVM will then produce a value of zero for the first term and minimizes the
second. What makes SVM unique is that it can provide a good generalization performance
on pattern classification problems without incorporating problem-domain knowledge.

6.5.2

Gaussian Mixture Models

Another classification model is the Gaussian Mixture Model (GMM) which is commonly
used in pattern recognition systems. Here the probability density of observed variables are
being modelled by using a multivariate Gaussian mixture density. Given a series of inputs, it
refines the weights of each distribution through expectation-maximization algorithms [16].
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Chapter 7

Conclusions
It is still a major endeavour to study emotional speech for the sake of replying the demand
to develop more sophisticated emotional speech processing systems. That is why there
exists many difficulties in trying to investigate a topic which needs the attetion of various
disciplines.
To address the relationship between acoustic speech parameters and speaker attitudes
and emotions on a theoretical level there have been successful empirical findings. These
findings also backs up the predictions of emotion specific acoustic profiles which are based
on the assumptions about physiological elements of emotional responses [52], [79].
However discrepancies between theoretical predictions and empirical findings may be
caused by the use of acted or simulated emotional speech. This method is on the other hand
preferable over the use of induced or even natural emotions due to the fact that it is more
intense, produce more prototypical expressions. and it is generated in a controlled manner
(e.g. environment) ( [79] p. 159). On the other hand this method lacks in the fact that actors
tend to ’over-act’ some emotional expressions such that the actor relatively misses some
subtle and obvious cues that might occur in natural expressions of emotions ( [79] p. 144).
Many considerations and assumptions have to me made in interpreting data from various
studies. Discrepancies between predictions and data could have come from various sources
at any of the different levels. Which could range from the cognitive activity assumed to give
rise to emotions, through the physiological responses expected for different emotions, to the
way in which vocal characteristics are thought to depend upon speech physiology [67].
We should also bear in mind that the various disciplines should create a more accessible
link bridges among those disciplines to prevent the isolation of significant findings [56].
All of the above arguments were taken from studies which investigated how to pin
point the characteristics among the various human emotions. This literature study wants to
investigate how one emotion, fear, can be investigated to give rise to the understanding of
the manifestation of this emotion. Especially in studying the level of fear through speech.
To stay in line with previous work, we will try to apply existing methods to determine
the characteristics of te emotion fear.
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Appendix A

Berlin database
Additional information about the German emotional database will given here which was
taken from http://pascal.kgw.tu-berlin.de/emodb/index-1280.html.

A.1

Audio file-name scheme

The following scheme was used to to name each utterance:
• Positions 1-2: the number of the speaker
• Positions 3-5: the code of the utterance
• Position 6: the emotion
• Position 7: if there are more than one version the letter a,b,c. . . are given.
Example: 03a01Fa.wav is the audio file from Speaker 03 speaking text a01 with the emotion
”Freude” (German for happiness).

A.2

Gender of the speakers

The position 1-2 of the naming scheme shows the gender of the speaker, which are stated
below:
03 - male
08 - female
09 - female
10 - male
11 - male
12 - male
13 - female
14 - female
15 - male
16 - female
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A.3

Berlin database

Codes of the texts used
Table A.1:

Code
a01
a02
a047
a057
a07
b01
b02
b03

b09
b10

A.4

Text in German
Der Lappen liegt auf dem Eisschrank
Das will sie am Mittwoch abgeben
Heute abend knnte ich es ihm sagen.
Das schwarze Stck Papier befindet sich da
oben neben dem Holzstck.
In sieben Stunden wird es soweit sein
Was sind denn das fr Tten, die da unter dem
Tisch stehen?
Sie haben es gerade hochgetragen und jetzt
gehen sie wieder runter.
An den Wochenenden bin ich jetzt immer
nach Hause gefahren und habe Agnes besucht.
Ich will das eben wegbringen und dann mit
Karl was trinken gehen.
Die wird auf dem Platz sein, wo wir sie immer
hinlegen.

Translation
The tablecloth is lying on the fridge.
She will hand it in on Wednesday.
Tonight I could tell him.
The black sheet of paper is located up there
besides the piece of timber.
In seven hours it will be.
What about the bags standing there under the
table?
They just carried it upstairs and now they are
going down again.
Currently at the weekends I always went
home and saw Agnes.
I will just discard this and then go for a drink
with Karl.
It will be in the place where we always store
it.

Codes of the emotions
Table A.2:
Letter
A
B
D
F
H
S
N = neutral version
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Emotion (English)
Anger
Boredom
Disgust
Anxiety/fear
Happiness
Sadness

Letter
W
L
E
A
F
T

Emotion (German)
rger (Wut)
Langeweile
Ekel
Angst
Freude
Trauer

Appendix B

Emotional Speech Databases
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Identifier

E motional content

E motion elicitation
methods

Size

Nature of material

L anguage

TALKAPILLAR
(Beller, 2005)

neutral, happiness,
question, positive and
negative surprised,
angry, fear, disgust,
indignation,
sad ,bored

Contextualised acting: actors
asked to read semantically
neutral sentences in range of
emotions, but practised on
emotionally loaded sentences
beforehand to get in the right
mood

Non interactive and
scripted

French

Reading-Leeds
database
(Greasley et al.,
1995; Roach et
al., 1998,
Stibbard 2001)

Range of full blown
emotions

Natural: Unscripted interviews
on radio/television in which
speakers are asked by
interviewers to relive
emotionally intense experiences

1 actor reading 26
semantically neutral
sentences for each
emotion (each
repeated 3 times in
different activation
level :
low,middle,high)
Around 4 ½ hours
material

Interactive unscripted
discourse

English

France et al.
(France et al.,
2000)

Depression, suicidal
state, neutrality

Natural: therapy sessions &
phone conversations. Post
therapy evaluation sessions
were also used to elicit speech
for the control subjects

115 subjects: 48
females 67 males.

Interactive unscripted
discourse

English

Interactive unscripted
discourse

English

Female sample: 10
controls (therapists),
17 dysthymic, 21
major depressed
Male sample: 24
controls (therapists),
21 major depressed
, 22 high risk
suicidal

Campbell CREST
database, ongoing
(Campbell 2002;
see also DouglasCowie et al.
2003)
Capital Bank
Service and Stock
Exchange
Customer Service
(as used by
Devillers &
Vasilescu 2004)
SYMPAFLY (as
used by Batliner
et al. 2004b)

Wide range of
emotional states and
emotion-related
attitudes

DARPA
Communicator
corpus (as used
by Ang et al.
2002)
See Walker et al.
2001

Natural: volunteers record their
domestic and social spoken
interactions for extended
periods throughout the day

Target - 1000 hrs
over 5 years

Japanese
Chinese

Mainly negative fear, anger, stress

Natural: call center humanhuman interactions

Unspecified (still
being labelled)

Interactive unscripted
discourse

English

Joyful, neutral,
emphatic, surprised,
ironic, helpless,
touchy, angry, panic

Human machine dialogue
system

110 dialogues,
29.200 words (i.e.
tokens, not
vocabulary)

Naïve users book
flights using machine
dialogue system

German

Frustration,
annoyance

Human machine dialogue
system

Extracts from
recordings of
simulated
interactions with a
call centre, average
length about 2.75
words

Users called systems
built by various sites
and made air travel
arrangements over the
phone

English

13187 utterances in
total of which 1750
are emotional: 35
unequivocally
frustrated, 125
predominantly
frustrated, 405
unequivocally
frustrated or
annoyed, 1185
predominantly
frustrated or
annoyed

AIBO (Erlangen
database)
(Batliner et al.
2004a)

Joyful, surprised,
emphatic, helpless,
touchy (irritated),
angry, motherese,
bored, reprimanding,
neutral

Human machine: interaction
with robot

51 german children,
51.393 words (i.e.
tokens, not >
vocabulary) English
(Birmingham): 30
children, 5.822
words (i.e. > tokens,
not> vocabulary)

Task directions to
robot

German

Fernandez et al.
(Fernandez et al.
2000, 2003)

Stress

Induced: subjects give verbal
responses to maths problems in
simulated driving context

Data reported from
4 subjects

Unscripted
numerical answers to
mathematical
questions

English

Tolkmitt and
Scherer
(Tolkmitt and
Scherer, 1986)

Stress (both cognitive
& emotional)

Induced: 2 types of stress
(cognitive and emotional) were
induced through slides.
Cognitive stress induced
through slides containing
logical problems; emotional
stress induced through slides of
human bodies showing skin
disease/accident injuries

60 (33 male, 27
female)

Partially scripted:
subjects made 3 vocal
responses to each
slide within a 40sec
presentation period - a
numerical answer
followed by 2 short
statements. The start
of each was scripted
and subjects filled in
the blank at the end,
e.g. ‘Die Antwort ist
Alternative …’

German

Iriondo et al.
(Iriondo et al.,
2000)

Desire, disgust, fury,
fear, joy, surprise,
sadness

Contextualised acting: subjects
asked to read passages written
with appropriate emotional
content

8 subjects reading
paragraph length
passages (2040mmsec each)

Non interactive and
scripted

Spanish

Mozziconacci
(Mozziconacci,
1998) Note:
database recorded
at IPO for
SOBUproject
92EA.
McGilloway
(McGilloway,
1997; Cowie and
Douglas-Cowie,
1996)

Anger, boredom, fear,
disgust, guilt,
happiness,
haughtiness,
indignation, joy, rage,
sadness, worry,
neutrality

Contextualised acting: actors
asked to read semantically
neutral sentences in range of
emotions, but practised on
emotionally loaded sentences
beforehand to get in the right
mood

3 subjects reading 8
semantically neutral
sentences (each
repeated 3 times)

Non interactive and
scripted

Dutch

Anger, fear,
happiness, sadness,
neutrality

Contextualised acting: subjects
asked to read passages written
in appropriate emotional tone
and content for each emotional
state

40 subjects reading
5 passages each

Non interactive and
scripted

English

Belfast structured
Database An
extension of
McGilloway
database above
(Douglas- Cowie
et al. 2000)
Danish Emotional
Speech Database
(Engberg et al.,
1997)

Anger, fear,
happiness, sadness,
neutrality

Contextualised acting: subjects
read 10 McGilloway- style
passages AND 10 other
passages - scripted versions of
naturally occurring emotion in
the Belfast Naturalistic
Database

50 subjects reading
20 passages

Non interactive and
scripted

English

Anger, happiness
sadness, surprise
neutrality

Acted

4 subjects read 2
words, 9 sentences
& 2 passages in a
range of emotions

Scripted (material not
emotionally coloured)

Danish

Groningen ELRA
corpus number
S0020
(www.icp.inpg.fr/
ELRA)

Database only
partially oriented to
emotion

Acted

238 subjects reading
2 short texts

Scripted

Dutch

this new link is
working
(date:16/01/2005)
:(www.elda.org/c
atalogue/en/speec
h/S0020.html)

Berlin database
(Kienast &
Sendlmeier 2000;
Paeschke &
Sendlmeier 2000)

Anger- hot, boredom,
disgust, fear- panic,
happiness, sadnesssorrow, neutrality

Acted

10 subjects (5 male,
5 female) reading
10 sentences each

Scripted (material
selected to be
semantically neutral)

German

Anger (hot), anger
(cold), happiness,
sadness, neutrality

Acted

2 subjects reading 2
utterances each

Scripted (1
emotionally neutral
sentence, 4 digit
number) each
repeated

English

van Bezooijen
(van Bezooijen,
1984)

Anger, contempt
disgust, fear, interest
joy, sadness shame,
surprise, neutrality

Acted

8 (4 male, 4 female)
reading 4 phrases

Scripted
(semantically neutral
phrases)

Dutch

Abelin (Abelin
2000)

Anger, disgust,
dominance, fear, joy,
sadness, shyness,
surprise

Acted

1 subject

Scripted
(semantically neutral
phrase)

Swedish

Yacoub et al
(2003)

15 emotions

Acted

2433 utterances
from 8 actors

Scripted

English

http://www.expre
ssive-speech.net/
Pereira (Pereira,
2000)

(data from LDC,
www.ldc.upenn.e
du/Catalog/Catal
ogEntry.jsp?catal
ogId=LDC2002S
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Neutral, hot anger,
cold anger, happy,
sadness, disgust,
panic, anxiety,
despair, elation,
interest, shame,
boredom, pride,
contempt

