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ABSTRACT 
 

English: 
Learning pronunciation in a foreign language is difficult. The native pronunciation of the new 
language is always a hard task for non native speakers. This thesis intends to help the 
pronunciation training by giving an immediate visual feedback to the speaker. A moving 3D 
ball in a 3D environment moves around a canvas in response to the pronunciation of the user. 
An Embodied Conversational Agent will guide the user to calibrate the voice parameters of the 
user. A normalization method is developed which makes the software work independent of the 
size of the users vocal tract. Included is also an interactive game to encourage the user to 
practice the pronunciation. 
 
Several tests were performed by users and an analysis from the results obtained is included. A 
special non Swedish tester used the pronunciation trainer for longer time. Diagrams with the 
results of the tests are shown in the study. Improvements in the pronunciation and a discussion 
about the efficiency of the method are also presented. 

 

Svenska: 
Att lära sig rätt uttal på ett främmande språk är svårt. Detta examensarbete avser att hjälpa 
språkstudenter med uttalsträning av vokaler genom ett dataprogram som ger omedelbar visuell 
återkoppling av talarens röst. En 3D boll rör sig i en 3D-miljö som svar på användarens uttal. En 
animerad 3-D person vägleder först användaren genom en kalibreringsfas för att hitta 
röstspecifika parametrar. En normaliseringsmetod har utvecklats som använder dessa parametrar 
så att mjukvaran fungerar oberoende av storleken på användarens talorgan. Ett interaktivt spel 
har också utvecklats för att uppmuntra användare att öva mer.  
 
Programmet har testats på både svenska och utländska användare och en analys av resultaten 
ingår i avhandlingen. En av testpersonerna använde programmet under en längre tid än de andra. 
Diagram med resultat av de utförda testerna redovisas i studien. En diskussion om 
uttalsförbättringar som en följd av användandet av programmet samt effektiviteten i den valda 
metoden presenteras också.  
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1. INTRODUCTION 
 
Communication is one of the basics of the human nature, but since more than one language 
exists, it becomes a problem. Each different language is not just a huge collection of new words, 
intonations, symbols or even different rules which describe the behavior of the language, each 
language even uses different muscles in the mouth, with the obvious relevance of different 
pronunciation.  
 
It is commonly very hard to learn diverse languages, because of huge vocabularies, expressions 
and common phrases, but also we know that trying to achieve a perfect native pronunciation 
different from your mother tongue becomes an almost impossible task. 
 
People who grow up with a specific mother language will learn and develop the particular 
muscles of the mouth in a natural way, which obviously will lead them to pronounce the 
mentioned pile of words, symbols and rules correctly. Somehow, this early developed 
‘configuration’ of the muscles remains in our mouth for the rest of the life. This is the 
pronunciation that we denominate native for each language; the one which we have been 
learning naturally since our childhood. Problems occur when people who have previously 
settled their native pronunciation, try to change their mouth structure in order to achieve a new 
native pronunciation in a new language.  
 
Nowadays, it is very common that people travel around the world, work in different countries or 
study abroad during some time. As mentioned earlier, each language has different 
pronunciations, so one who is not used to speak that language as his/her mother tongue, will 
face a lot of problems to reach the considered ‘native pronunciation’, even if he or she has been 
studying or speaking the language for several years. 
 
Another critical issue that emerges for students while trying to learn a new language is the 
perception. In some languages students may have difficulties in recognizing differences between 
different vowel sounds. This fact is also a barrier for the pronunciation learning, because if they 
cannot perceive the key differences, they will not be able to make the proper corrections to their 
own pronunciation.  
 
The aim of this thesis is to help people to achieve a better pronunciation in a new language 
different from their mother tongue, at least in view of the vowels pronunciation. The field of the 
study will be the Swedish vowels, but we will demonstrate that this study can be extended to 
include all the different vowel sounds in almost any language.  
 
There are already many applications which take care of the communicative needs for disabled 
persons, such as the use of speech synthesis in reading machines and screen readers for visually 
impaired persons, and a speech prosthesis for non-vocal persons. But still there are a lot of 
different solutions that can minimize the problem and provide a great help. Therefore, this thesis 
also intends to provide a useful help for certain groups of impaired people. This master’s thesis 
aims to become a reference in the field of vowel pronunciation training, not only for non-native 
speakers, but also for some people with a defined problem in reaching the correct pronunciation, 
or for those that due to a handicap, cannot achieve the native pronunciation of certain vowel 
sounds. 
 
To perform this task, the formants method will play a fundamental role in this master’s thesis. A 
lot of papers and studies have been conducted about formants theory, as a matter of fact this 
theory has become the major method to discriminate the vowels in speech technology. All these 
studies are often focused on the first and second formant, but in case of Swedish vowels, a two 



 9 

dimensional vowel chart is not enough to find out which vowel has been pronounced by the 
speaker.  
 
The main issue in this case is the difference between the close front phonemes [i] and [y], where 
the first and second formants do not give us a clear distinction between the phonemes 
mentioned above. For this reason we need to extract also the third formant in the sound analysis, 
in order to make a proper discrimination of the different vowel sounds. This reason leads us to 
develop a system able to distinguish these two particular phonemes. The third formant will be 
extracted and processed in order to make the proper discrimination. As we can see in the body 
of this thesis, in the Swedish language, the overlapping in the vowel discrimination occurs just 
between those particular phonemes [i] and [y], therefore this extraction will be useful used just 
in the difference between them. However, in the rest of the vowel chart for the Swedish vowels, 
as we can see in the section 2.4., the vowels phonemes are easy to classify with only the first 
and second formant. 
 
On the other hand, each speaker has different voice parameters, thus, will have different voice 
frequency and different values in the formant frequencies. For this reason it is important to 
normalize these parameters of the speakers. A method able to fit the voice parameters 
independent from the speaker, and later on being able to process the data obtained is subject of 
research and study [1]. Normalization is a main point in our study, and the sections below will 
show that this becomes a critical part when the software is developed. 
 
To develop the normalization, the software needs a stage of calibration, where it collects the 
voice parameters from the user. The calibration stage will also play an important role in the 
project, because it is the first step to make the software independent from the user. Thus, we 
need a robust calibration method, in order to get reliable data from the user. 
 
Initially, this thesis was planned to be an extension of VILLE [32], a software developed for 
language learning at the department of Speech, Music and Hearing, at KTH. VILLE is an 
embodied conversational agent (ECA) that you can talk to, and that talks back to you. An agent 
that guides, encourages and gives feedback to anyone who wish to develop or improve his 
language skills. However, time has shaped this thesis into a software by itself, so we can use it 
entirely for the training of pronunciation in the domain of the Swedish vowels.  
 

Goal of the research 
 
The aim of the project has been to develop a software able to give an immediate feedback to the 
speaker when he pronounces the different vowel phonemes in Swedish language. The challenge 
has been to create a 3D region where a three dimensional ball is able to move just with the 
students pronunciation. Moreover, that movement should be soft enough to not contain errors in 
the formant extraction, and still being able to give to the user instant feedback. 
 
The demand was to create a normalization method able to plot different voices in the same 
canvas, independent of the age or gender of the speaker. 
 
A talking head providing interaction between human and computer was an extra task which 
would give a useful help in the calibration guidance. 
 
Another goal was create an interactive game similar to [2], where an interactive game is also 
developed for training the Finnish vowels pronunciation. This game has to be able to measure 
the improvement of the user and later on to make it easy to compare and analyze the different 
results of the time spent in completing the game.  
 



 10 

The last demand was to collect the data obtained from the user’s tests in order to find out if any 
improvement of the pronunciation in the Swedish vowels had occurred. 

Outline of the report 
 
This report is divided into 7 different chapters: 
 
This first chapter including this brief introduction to the project.  
 
The second chapter gives a thorough presentation of the theoretical background related to the 
study. A brief introduction to phonetics and the method of the formants is described. It is 
explained why it is chosen this method to classify the vowel phonemes in the vowel chart and 
discuss the limitations that it has. It gives a small collection of alternative methods used for the 
same aim. In the end of this part the Embodied Conversational Agent (ECA), is also introduced 
explaining the main features that facial animation process has. 
 
In the third chapter the purpose of the study, and a step by step description of the work are 
described. The problems that were encountered and later issues that became critical in the 
development of the work are presented in detail. There is also an introduction to Open GL, used 
to perform the 3D drawings, and to TCL, used to program all the software. 
 
The forth chapter describes the software developed as a kind of manual for the user, explaining 
the main features and the operation of the several modes that were built in it. 
 
The fifth chapter will contain the data collection process, such as the possibilities of analysis 
that are open to the researcher. 
 
Finally chapters sixth and seven will give us the conclusions and the future work of this study. 
The data obtained in the tests will be displayed and analyzed, and also the data obtained from 
the research questions in a small questionnaire that intends to analyze the grade of satisfaction 
of the user in the Human Computer Interaction (HCI). 
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2. THEORETICAL BACKGROUND 
 

2. 1. Phonetics 
 
Phonetics is the systematic study of human speech-sounds. For any person who works in 
language learning is good to have a basic knowledge of phonetics. Even a language teacher has 
to be able to diagnose pronunciation errors made by students in order to make the proper 
corrections, and although there exist a lot of language teachers without this phonetic 
background, this would be an important and useful qualification [3][4]. 
 
Phonetics is also useful in learning various aspects of the mother tongue, such as having a better 
understanding of orthographic problems and the relationship between the spelling and the 
spoken language. And also in order to study the numerous dialects and foreign accents.  
 
It is common to classify the phonetics theory into three main groups: 
 
Articulatory phonetics studies the speaker, the production and the articulation of sounds. This 
is the older branch of the phonetics studies and has reached a considerable level of development. 
Describe with high precision the articulatory organs for each sound, and also the energy spent to 
expulse the air from the lungs, the muscle tension in that expulsion, etc. 
 
Acoustic phonetics studies the physical features of the sound and its transmission. Studies the 
intensity, length, pitch, etc. of the language sounds. 
 
Auditory phonetics studies the sound from the point of view of the listener, and the 
mechanisms related to the human audition and hearing [5]. 
 

2.1.1. History of phonetics 
The first studies known in phonetics were developed more than 2000 years ago. At that time 
(about 4th century BC) the Indian grammarian Panini researched in phonetic articulation in order 
to analyze the pronunciation in the songs from the ceremonies and rites. The first modern 
phonetician was J. Matthias, from Denmark, who wrote De Litteris (1586). The mathematician 
John Wallis classified the vowels according to their articulation point (1653). The German C. F. 
Hellwag invented the vocalic triangle (1781), and just ten years later, the Austrian Physic 
Wolfang Von Kempelen invented the first machine able to produce sounds. The famous 
German doctor Hermann Helmholtz inaugurated the studies in acoustics phonetics with his 
book Sensations of Tone (1863); Jean Pierre Rousselot was the first researcher in experimental 
phonetics. He also wrote Principes de phonétique experimentale published between 1897-1908.  
 
In the nineteenth century is developed the phoneme theory, by Ferdinand de Saussure. In United 
States, Leonard Bloomfeld and Edward Sapir made a decisive contribution to the phonetic 
theory, while Roman Jakobson developed the theory about the universal characteristics of all 
the phonemic systems. Also Gunnar Fant, professor emeritus of KTH, has made important 
contributions to phonetics. Gunnar is the inventor of OVE, a cascade formant synthesizer for 
vowels, and also his more than 200 publications have become a useful library in speech 
technology [6]. 
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2.1.2. Phases of speech 
In order to communicate something, such as a word or a sentence, the speaker has to 
conceptualize neurologically the idea of what to say, and encode it in a form laid down by the 
grammar of his language. Then the organs of the speaker move in a determined way to produce 
the message described. They compress or dilate the air, and set it moving in various ways – in 
rapid puffs, in sudden bursts, in a smooth flow, etc. Then a flow of air from the lungs, joined 
with a dilation and compression in the vocal tract, produce the sound, which propagates in 
sound-waves from the speakers vocal tract to the hearer of the listener. 
 
The listener, and anyone within the hearing distance, including the speaker himself, receives the 
sound-waves and is able to decode the signal and extract the information transmitted [3]. 
 
This is a very wide explanation of how the communication occurs. But it is quite enough to 
understand the process of pronunciation, which is going to be the matter of this thesis. 

2.1.3. The vocal tract 
All sounds of speech are produced in the vocal tract, when considering the vocal tract as the 
entire respiratory tract from the lungs to the nose, plus the mouth. The vocal tract has to create 
the conditions to set the air in motion and control the flow of air in ways that generate sounds. 
 
The vocal tract can be considered as a kind of 
pneumatic device consisting of a bellows, various 
tubes, valves and chambers whose function is to 
set the air in motion and control its flow. The 
bellows, in our case the lungs, can expand to give 
a flow of air. There are two tubes leading from the 
lungs (the bronchi) which unite in a larger tube 
(trachea). Near the end of the trachea there is a 
piston (larynx) that can slide up and down, 
specially noticeable when you swallow, and 
usually more prominent in men than in women. 
Within the larynx there is a valve (glottis) that can 
be tightly closed or opened in the course of the 
speech. 
 
Above the larynx there are three chambers, the 
pharynx, the oral cavity and the nasal cavity, 
which can be put into communication with each 
other by the valves velum, and tongue. The tongue 
is highly mobile and can control the flow in the 
mouth in a number of different ways and at 
different places. Finally the outer end of the mouth has a double valve, named lower and upper 
lip. 
Depending on the movement and position of the several organs in the vocal tract we can classify 
the phonemes in different ways. For example we can classify the phonemes as fricative if there 
exists a narrow passage of air ([f], [s] or [z] phonemes among others), plosives if there is a 
silence followed by a suddenly plosion of the air flow, usually generated by the closing of the 
lips and the sudden opening of them, which creates an explosive burst of air ([b], and [p] 
phonemes for example), or nasal if the flow of air is also expulsed by the nasal cavity (such as 
[m] and [n] phonemes). Apart from these examples there exists a whole classification of the 
phonemes, depending on the position of the tongue in the mouth, or even if there is a thrill, such 
as in the consonant [r]. Hence it is also presented the International Phonetic Alphabet chart from 
2005 in Appendix 1 at the end of this thesis, where most of classification of the phonemes are 
shown. 

Figure 1. Scheme of the vocal tract. From 
“Language Files (7th ed.)”  
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2.2. Formants 
 
One of several methods to classify the vowels is by the named formants. The formants are 
maximums in density of energy of the spectrogram in a sound, therefore, they are maximums in 
energy in a determined frequency, and they corresponds to the resonances in the vocal tract [7]. 
 
Normally, the vowel space is reduced to a plane showing the position of the first two formants, 
but this information is not sufficient to express vowel identity. The higher formants have 
considerable influence on the identity, especially for the close front vowels [8]. This will be 
explained with more details below in section 2.4.1. 
 

2.2.1. Formant spectrum section 
When a formant extraction is done, it is possible to see in a graph the several maximums of 
energy that exist on each frequency. As can be shown, there is not only one peak of energy. At 
any given moment of time there exists several peaks of energy or relative maximums. Vowels 
will, in most cases, have four or more distinguishable formants; sometimes there are even more 
than six. It can be observed this fact in Figure 2. 
 

 
 

Figure 2. Formants belonging to the vowel ‘a’. From a screenshot of Wavesurfer application. 
 
 

Figure 2 represents an instant of time when pronouncing the vowel ‘a’ as in ‘mamma’. The 
horizontal axis represents the frequency values of the sound wave, while the vertical axis 
represents the values in dB, that can be translated to the amount of energy that a determined 
frequency has. However, the first maximum at frequency of approximately 200 Hz and a value 
of around -28 dB, represents the glottal excitation frequency , called f0 . 

2.2.2. Spectrogram 

When the formant spectrum sections are calculated through time, they create a spectrogram. A 
spectrogram is a compilation of spectrum sections, where the horizontal axis is the time and the 
vertical axis is the frequency domain. In a spectrogram the intensity of the graph also has a very 
important role, because it will determine the energy that a frequency has in an exact moment of 
time. If we cut the spectrogram at any given moment, we will obtain the formant spectrum 
section at that time, both looking at the frequency axis and the level of intensity that the graph 
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has for each frequency. Therefore, formants can be seen very clearly in a wideband 
spectrogram, where they are displayed as dark bands. The darker the color of the formant 
reproduced in the spectrogram, the stronger it is (the more energy is there, or the more audible it 
is). 
 

 

 
 

Figure 3. Example of spectrogram of the Spanish word ‘adios’. From a screenshot of Wavesurfer 
application. 

 
Formants are seen on spectrograms around frequencies that correspond to the resonances of the 
vocal tract. But there is a difference between oral vowels on the one hand, and consonants and 
nasal vowels on the other. For consonants, there are also antiresonances in the vocal tract at one 
or more frequencies due to oral constrictions. An antiresonance is the opposite of a resonance, 
such that the impedance is relatively high rather than low. Consequently, formants are 
attenuated or eliminated at or near these frequencies, so that they appear weakened or are 
missing altogether when someone looks at spectrograms. That is why, for example, it is difficult 
to see formants below 3000 Hz for the ‘s’ phoneme in the spectrogram shown in the Figure 3 
[7].  
 
In addition, for nasal consonants and nasal vowels, the vocal tract divides into a nasal branch 
and an oral branch, and interference between these branches produces more antiresonances. 
Furthermore, nasal consonants and nasal vowels can exhibit additional formants, nasal 
formants, arising from resonance within the nasal branch. Consequently, nasal vowels may 
show one or more additional formants due to nasal resonance, while even one or more oral 
formants may be weakened or missing due to nasal antiresonance. 
 

2.2.3. Formant extraction is not easy 
Looking at Figure 2 one can find more than six peaks of energy, even more than ten. The 
problem is that not all the maximums in the figure are formants, just some of them. So, how do 
we know which peak belongs to a formant and which one does not? Formants are relative 
maximums in energy, not absolute maximums [7]. Therefore in Figure 2, not more than six 
clear formants are extracted. For example we can see a peak of energy at around 1 KHz and 
another maximum at approximately 1.2 KHz, but as they are very close to each other we will 
just consider the first one as a formant, due to a higher energy, and just omit the second one. If 
we follow this way of analysis we can find formants at 1, 2.3, 3.7, 4.7, 5.6 KHz, and maybe also 
at 6.5 and 7.4 KHz, which is a total number of seven formants, instead of more than ten if we 
just look at the maximums in the figure.  

‘S’ ‘A’ ‘D’ ‘I’ ‘O’ 
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This analysis can vary depending on the researcher, or the software used, so maybe some of 
them will not consider more than five formants in that figure. On the other hand, different 
software or researchers might even consider another different peak of energy as formant. We 
can see that this is a subjective area looking at Figure 4. 
 

 
Figure 4. Change in the second formant for the phoneme [a:]. From a screenshot of Wavesurfer 
application. 
 
Figure 4 is a screenshot of the software WaveSurfer 1.8.6, a program used in audio and speech 
technology research at the department of speech, music and hearing in KTH [31]. In the figure 
we can distinguish the four first formants of the vowel phoneme [a:], but at some point we see 
that the second formant suddenly drops down from around 2300 Hz to 1000 Hz. Why? Because 
the software detects at that point the relative maximum at 1000 Hz due to a decrease of energy 
in 2300 Hz, if the energy there now is not big enough, the software does not recognize as a 
maximum the one at 2300 Hz. Therefore, this fact will condition the analysis in our formant 
extraction. Hence, we have to rely in Wavesurfer, or Snack (which is the real engine of the 
interface) in order to trust in the formant extraction that is used in our software. 
 

2.2.4. Why formants? 

Analysis based on the formants is specially useful in the vowel domain, because the sound is 
being generated completely in the vocal tract, and does not have oral constrictions that can 
distort or modify the formants. Some examples of consonant characteristics are: 

Nasals usually have an additional formant around 2500 Hz. The liquid [l] usually has an extra 
formant at 1500 Hz, while the English "r" sound ([ɹ]) is distinguished by a very low third 
formant (well below 2000 Hz). 

http://en.wikipedia.org/wiki/English_language�
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Figure 5. The additional formant in the nasal phoneme ‘m’. From a screenshot of Wavesurfer 
application. 

Plosives (and, to some degree, fricatives) modify the placement of formants in the surrounding 
vowels. Bilabial sounds (such as 'b' and 'p' as in "ball" or "sap") cause a lowering of the 
formants; velar sounds ('k' and 'g' in English) almost always show f2 and f3 coming together in 
a 'velar pinch' before the velar and separating from the same 'pinch' as the velar is released; 
alveolar sounds (English 't' and 'd') cause less systematic changes in neighboring vowel 
formants, depending partially on which vowel is present. The time-course of these changes in 
vowel formant frequencies are referred to as 'formant transitions'. 

 

 

Figure 6. Example of formant analysis of the word ‘ball’. From a screenshot of Wavesurfer 
application. 

 

2.3. Alternative methods to formants 
 
There are also other methods apart from formants to analyze vowel sounds. Some of them are 
based in the formant method but with some additional features, others use different tools that 

http://en.wikipedia.org/wiki/Plosives�
http://en.wikipedia.org/wiki/Bilabial�
http://en.wikipedia.org/wiki/Velar_consonant�
http://en.wikipedia.org/wiki/Alveolar_consonant�


 17 

lets them to get better, or simply different results in the vowel analysis. It is included a brief 
description below, with their own characteristics: 
 
In [9] Dowd et al. describe a method of “Learning to pronounce vowel sounds in a foreign 
language using acoustic measurements of the vocal tract as feedback in real time”. An acoustic 
impedance spectrometer is used to measure the resonances directly in the vocal tract. Also the 
first and second resonances in this vocal tract are measured. The measurement was made just 
outside the mouth, in parallel with the free field, using a technique that provides precise 
information about the acoustic response of the vocal tract in real time. The values previously 
measured for native speakers for a particular vowel were used as target parameters for subjects 
who used a visual display as real-time feedback to realise the vocal tract configuration required 
to pronounce the target vowel. They report the values (R1,R2) for eleven non-nasalised vowels 
of French. These values are similar to the formant frequencies measured for these vowels, and 
also their relative positions in the (R2,R1) plane are similar to those of the same vowels in the 
(f2, f1) formant plane. 
 
The results of the attempts to imitate six French vowels by monolingual anglophone subjects are 
reported. One group used a traditional method of learning pronunciation: they heard the vowel 
sounds and then attempted to imitate them. Another group also heard the sounds, but were 
assisted by the vocal tract feedback described above when imitating the target sounds. The 
acoustic properties and recognizability of the vowels were significantly improved when the 
subjects used vocal-tract feedback. 
 
In [10] Van Der Stelt et al. describe “Exploring the acoustic vowel space in two-year-old 
children”. A frequency domain band filtering analysis method that minimizes the dependency of 
the results on f0 was developed to measure the spectral envelopes in children's utterances 
automatically, and was applied to existing utterance data sets of Dutch and Hungarian. One 
further advantage of the method is that it selects a maximum of 10 measurement points along 
the length of the utterance. A reference plane is created. Perceptually judged as being correctly 
pronounced corner vowels of Dutch- and Hungarian-speaking two-year-old boys were mapped 
onto this common Dutch-Hungarian reference plane. The band filtering method has shown to be 
robust with regard to signal-to-noise ratios and to the differences in numbers of measurements. 
 
“Second derivative analysis of consonant-vowel transition waveforms” is described in [11] by 
Norian. The second derivative of the first cycle of the transition region results in a modulated 
sinusoidal waveform with a spectral peak that is a function of the site of articulation of the 
consonant in the consonant-vowel syllable. The velars and alveolars give the lowest and highest 
spectral peaks, respectively, while the bilabial peaks occupy the mid-frequency range. 
 
Also in [12] Lee and Soh describe “Nonlinear Dynamical Analysis of the Vowels in Korean 
Traditional Folk Songs”. It is used two kinds of vocalization techniques, strongly pressing 
vibration and frequently pressing vibration, for Korean traditional folk songs were analyzed for 
four Korean vowels by using nonlinear dynamical analysis methods. Since all the sounds 
analyzed lasted for a long time, more data points are used for calculating dynamical invariants, 
such as the correlation dimensions. The power spectrum, the phase portrait, the correlation 
dimension, and the second-order Kolmogorov entropy are investigated. Also the nonlinearity in 
the dynamics of the time series of the folk song is confirmed by using surrogate data. 
 
In [13] Carlson et al. also describe “Some studies concerning perception of isolated vowels”: 
The objective is to study the feasibility of two parameter model of vowel perception by 
involving the matching of two-formants synthetic vowels with four formant values, 
identification tests, and various means of signal transformation and reduction. f2 is substituted 
by f2’, a mathematical creation calculated from f1, f2 and f3, in order to improve the separation 
between rounded and unrounded front vowels.  
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2.4. Vowel charts 
 
With the theory of formants, each vowel sound can be classified by the different values of its 
formant values, and so we can make a vowel chart with these values, and later use this chart for 
the aim of our project. We can take as a first reference the vowel chart made by Gunnar Fant in 
[14] for the three first formants obtained from the mean over 24 male speakers. 
 
 

        

 
 

2.4.1. Swedish vowel system 
For pedagogical reasons, the Swedish vowel system is studied. It is necessary understand the 
differences and relations that Swedish vowels have between them. Swedish language has a quite 
rich vowel system, the orthographic base of which is three back vowels (/O/, /Å/ /A/), three 
front vowels (/I/, /E/, /Ä/), and three rounded front vowels (/Y/, /U/, /Ö/). These occur in pairs 
of long and short vowels, thus in all 18 phonemes. All this collection of vowels and allophones 
can be found within the International Phonetic Alphabet, in the appendix 1. 
 
Within a pair there usually exists a quality difference, which might be small or absent as in the 
allophones [ae:] and [ae] of the phoneme /Ä/ and in the allophones [oe:] and [oe] of the 
phoneme /Ö/, or formant patterns can be significantly different, like in the distinction between 
[ɑ] and [a] for the long and short /A/ phoneme. 
 
The big difference between the long and short /A/ will lead us later to take it into consideration 
in the development of our software, while the differences between long and short allophones in 
the rest of the vowel phonemes are not going to be included in our study. 
 
 
 
The Figure below shows the typical relations between with the exception of [y:] [15]. 
 

Figure 7. Vowel chart by Gunnar Fant (1967). 
From the department of speech sciences at 

University of Helsinki 
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Figure 8. Lateral view of sustained Swedish vowels. From Gunnar Fant “Swedish vowels and a 
new  three-parameter model“ (2001). 

2.5. Talking heads 
Several studies have demonstrated that in many situations visual signals may be more important 
than verbal signals [16][17]. Speakers rely on gestures to supply their own speech production. 
These have a compensatory function in production, often substituting for an unknown word or 
phrase. Listeners may also be helped by gestures to aid the conversational flow between the 
speakers and them, and also to facilitate the actual learning experience. It has therefore been 
explored to use verbal and visual cues to signal prominence, emotion, encouragement, 
affirmation, confirmation and turn taking [18]. 
 
Talking heads provide this visual feedback. They are 3D deformable wireframe objects, 
controlled by rules [19]. The surfaces of the face can be made (semi)transparent to display the 
internal parts of the model. This capability of the model is especially useful in explaining non-
visible articulations in the language learning situation. 
 
The internal part includes meshes of the tongue, palate, jaw and the vocal tract walls based on 
the  analysis of three-dimensional MRI data of a reference subject [20]. 
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Figure 9. Example of KTH talking head 
 
It is crucial for this talking head  that articulations and articulatory movements are natural and 
also that the timing between the facial and tongue movements are correct. Simultaneous 
measurements of the face (with optical motion tracking of reflective markers) and tongue 
movements (with electromagnetic articulography) were used to train the two models in a 
coherent way. 
 
This work requires expertise in several areas including man-machine interaction, speech 
therapy, pedagogy, and computer science. The development is hence made using participatory 
design that includes all expert areas as well as the students.  
 
The flexibility of the talking heads is a great advantage. The articulatory feedback can be shown 
using a midsagittal profile with a 2D tongue contour or in 3D, showing the tongue in different 
reference frames (by changing the visibility or transparency of surrounding articulators), at 
different scales and from different viewpoints [21][22]. However, this features are not going to 
be included in our study, but can be part of future work. 
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3. PURPOSE AND METHOD 
 

3.1. Purpose 
 
The main purpose in this thesis is to create a piece of software for training Swedish vowels 
pronunciation. This software will include a 3D region where a 3D canvas and 3D ball are placed 
inside. With the pronunciation of the user, the 3D ball will move around the 3D canvas. 
Different parts of the canvas will represent different vowels, as described in section 2.4. The 
need of having immediate feedback is also an important goal in this work. When the user talks, 
the software will show the consequences of his speech. This immediate feedback provides an 
useful help when errors in pronunciation occur, and will guide the user to correct them easily.  
 
The 3D canvas will represent all the different vowel sounds that the speaker can pronounce. On 
one hand, with a single vocalic sound, the ball will be placed in a determined place in the 
canvas. On the other hand, there are some determined places in the same canvas where lie the 
Swedish vowel phonemes. The aim then is to place the ball in those Swedish places, in order to 
pronounce the Swedish vowel phonemes. 
 
We can imagine the mouth in a human being as a box able to produce many sounds. In the case 
of the vowels, we can generate different sounds depending on where the tongue is placed, how 
much the mouth is open or how round the lips are. If we can draw that box in a 2D or 3D plane, 
where each dimension is a feature, we can get a map of the sounds that are produced in the 
mouth. When we have the map of sounds, we can also identify the native sound for a 
determined vowel, placing it inside of this box as a ‘target sound’. This ‘box’ is the previously 
mentioned vowel chart.  
 

 
Figure 10. Example of a vowel chart. The values are expressed in Hz and can vary depending on the speaker. From 

the University of Maryland . 
 
 

Hence, practising for some time, users can train in placing the ball in the 3D canvas, and thus, 
placing the ball inside of the region where the pronunciation of the Swedish vowels are.  
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As mentioned in the introduction, each different language has different vowel sounds, even if 
they are written with the same letter. For example the differences between [i] and [y] differ 
depending on if we are Swedish native speakers or if we are Viennese German. In the Swedish 
language the difference remains mainly in the rounding of the lips, and is very slight if we just 
look at the mouth opening or the tongue placement. In Viennese German these differences are 
more evident in where the tongue is placed. If it can be identified these differences and those are 
able to plot it in the ‘box of sounds’ that is the mouth, it is just needed to locate the new ‘target 
sounds’ proper for the new language to have a new vowel chart for training. This is one of the 
powerful features that this master thesis has to offer [23]. 
 
There is a relationship between the formants named in the theoretical background and positions 
of the tongue and jaw. The first formant has a higher frequency when the jaw is more opened, 
while the second formant increases when the tongue is placed near the teeth, therefore the back 
vowels have a lower second formant than front vowels [24]. 
 
These formant frequencies are not exactly the same for all the people. Men, women, and 
children, can have different values in Hz for each vowel phoneme. These values can vary with 
the height, since these resonance frequencies depend very much on how large the vocal tract is 
[24]. 
 
Therefore the ‘box of sounds’ will vary and be bigger or smaller depending on these formant 
frequencies. A correct normalization of this ‘box of sounds’ in our voice parameters is needed. 
If we are able to normalize these variables we can get a design more or less ‘universal’, and we 
could specify easily which sound is produced regardless of the person talking. As Gunnar Fant 
mentioned in [25], a normalization is needed due to a nonuniform scaling of the female vocal 
tract with respect to the male vocal tract. But also between children and adults. I will explain 
more about the normalization method used in this master thesis in the section 3.3.4. 
 
Apart from the variations proper from the same speaker in different moods, there are also 
variations in speech between different people, (or the same speaker at different ages). The main 
cause for the differences is the length of the vocal tract, related to the age and the gender of the 
speaker. This length increases with the age, and this decreases the value of the formant 
frequencies [24].  
 
Also the length of the glottis increases with the age, decreasing the value of f0. Extra differences 
are also observed between children and adults. In the figure below it can be observed a diagram 
with the average values of the formants for five different Japanese vowels, in children of 4-5 
years old (- - -) and adults (---). The diagram has Bark scale and the values of the axis are 
expressed in hundreds of Hz. One can be surprised when it is noticed that the region for children 
and adults is so different that even there is not a overlap between them [24]. 
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Average values for F1 and F2 in Hz 
 
 Vocal        i     e    a    o    u   
 
 
 F1, adult   274  524  686  458  328 
 F2, adult  2172 1822 1158  828 1108 
 
 F1, child   494  958 1216  954  664 
 F2, child  3030 2788 1922 1318 1918 
 
 
 
Note: In the figure, the axis are plotted in 
Bark scale. 

 
Figure 11. Depending on the vocal tract, the ‘box’ of sounds can be bigger or smaller, and can 
be placed in different formant frequencies, but will keep the relative positions of the vowel 
sounds between them. This size is settled by the formant values of the three cardinal vowels, 
/A/, /I/ and /O/. Diagram and data of the table obtained from [24].  
 

3.2. Equipment 
 

3.2.1. Hardware 
For the development of this project it has been used a computer with these features: 
 
HP® Pavilion dv2000. 
Intel® Core Duo™ processor T5500 @ 1.66 GHz. 
1 Gb RAM memory. 
Hard disk 120 Gb. 
Graphic card Intel® 945GM Express Chipset Family 128 Mb. 
Operating System: Microsoft Windows XP® Professional Media Center Edition (Service Pack 
2). 
 
Programming language Tcl/Tk (v.8.4.15) was used for developing the software tool. The Open 
GL API (v.1.4.0) was used to take care of the 3D graphics, enabling the drawing of the 3D 
region and moving the ball in 3D.  
 

3.2.2. Open GL 
Open GL is a specification which describes several methods and tools 
for developing portable, 2D and 3D graphics applications. Since 
1992, Open GL is a consistent and widely available API which lets 
the programmer hide hardware complexities. Open GL is used in 
thousands of applications in a wide variety of computer platforms. 

Open GL accepts each primitive like points, lines or polygons and convert them into pixels. The 
state machine of Open GL is the one which takes cares of the conversion and from version 2.0 it 
is fully programmable [26]. 
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3.2.3. Tcl and Tk 
Tcl is a string-based command language with few fundamental constructs, 
which makes it easy to learn. The program is interpreted when the application 
runs, and the interpreter makes it easy to build your application in an 
interactive manner. 
The Tk toolkit is the graphical user-interface. Tk provides a set of Tcl 
commands that create and manipulate widgets. These widgets are organized 
as a hierarchy, this means that there is a primary window, and inside that 
window there can be a number of child windows, just like a folder system 

[27]. 
 

3.3. Method 
 

3.3.1. Drawing the 3D region and the ball 

As introduced in section 3.1, the first thing that has to be done is to create a 3D canvas where it 
will be possible to plot the 3D ball, and move it later on.  
 
This part of the project is programmed with the Open GL API, introduced in section 3.2.2. This 
API lets us program all the graphical part in an easy way, and makes it very intuitive when some 
changes have to be introduced. 
 
The first for drawing the 3D canvas is to set up the initial values, such as background colour, 
light features, deep testing or load textures. This 3D canvas will consist on a square panel able 
to move in 3D motion in order to get some other perspectives. 
 

Figure 14. Some perspectives of the 3D canvas. A screenshot of the application. 
 
 
Textures are introduced in the 3D canvas instead of solid colours because in this way one can 
easily change different combinations of colours and shapes in the canvas, to make it easier to 
see the movement of the ball introduced in section 3.1. inside of the 3D region. It is possible to 
rotate the 3D canvas with the mouse in order to move to a different perspective. Due to this, 
some properties of the faces of the canvas had to be modified. It is selected one face as solid and 
other transparent. So when one wants to see the default point of view can see the canvas, but 
when we see the canvas from behind, with the ball being also behind the 3D canvas, this canvas 
becomes transparent, and the 3D ball is still visible. A part of the drawing code showing more 
deeply the features for the 3D region is in Appendix 2.1. 
 
The ball on the other hand has both faces solid, and of course a different texture to make it 
distinguishable from the background and the pane. A fun texture is chosen to make the software 
more attractive and closer to the users. Sample code for this design is written in Appendix 2.2. 
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3.3.2. Moving the ball 
Moving the ball becomes the most critical part of our software. There are 
a lot of different factors that have to be balanced in order to achieve a 
natural and soft movement. These factors are based on the length of the 
portions of sound, extracted directly from the student pronunciation, that 
are given to the software for being processed. 
 
If this portion is very long, the feedback from the ball is not going to be 
immediate, because we have to wait to process all the samples from the 
sound, and extract the formant values for every sample. That will create a 
slow response, losing the immediate feedback. This fact might confuse 
the student, when he/she tries to correct the mistakes it will be difficult to appreciate which part 
of the speech is wrong, due to the delayed response. For this reason, it is important to have an 
immediate feedback. Immediate feedback will help the student to easier correct the mistakes in 
the pronunciation, as he/she will perceive on the screen the result of the sound produced 
instantly. 
 
On the other hand, if the portion of sound selected is not long enough, the movement of the ball 
is not going to be smooth. Due to the properties of the formants, very slight variations of the 
sound produced, have a critical role in the formant extraction, and the movement of the 3D ball 
will become a chain of jumps around the canvas, instead of having the softness that we want. 
The refresh rate of the drawings was about 20 frames per second. This gave a balance between 
the softness and the immediate feedback wanted. To prevent from outliers in the formant 
extraction, a buffer is added in where the median of the samples obtained from the student is 
calculated before. 
 
More factors such as choosing the relevant part of the sound that should be processed are 
important. When the user is asked to produce a sound during the calibration part (one of the 
three corner vowels), the recording will contain both silence and speech. Due to this, a pitch 
analysis is developed in order to separate voiced from unvoiced speech, and so eliminate the 
silence from the later formant extraction. Once the silence is deleted, the middle part of the 
voiced speech is chosen in order to avoid the beginning and the end of the sound, where 
transitory changes can lead us to wrong values. 
 
 

 
Figure 16. We can see the piece of the recording that is chosen for the formant extraction 
highlighted. From a screenshot of Wavesurfer application. 
 

3.3.3. Target spheres 
This software is being created to learn and train the pronunciation of the Swedish vowels, and 
this training has to have some target to reach. The student can move the ball around in the 3D 

Figure 15. The ball 
used in the 
interface 
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canvas, but we also need to establish some places in this region that are going to be the goals. 
For this reason we also draw some fixed spheres in the 3D canvas, as aim for the students. 
These spheres are carefully placed in the 3D canvas where the sound of the target vowel is 
supposed to lie. If the student places the moving ball inside of the fixed sphere, it means that the 
student is pronouncing the correct sound for the vowel specified. In order to find the correct 
areas in the 3D canvas, several Swedish native speakers were used. They were asked to 
pronounce the different vowel phonemes, and data was analyzed and extracted from their 
recordings, creating a spatial region for each vowel phoneme. 
To make it more intuitive for the student, these target spheres are not drawn with a solid color, 
but are wired view, so the student can see if the moving ball is inside of the target or not. 
 

As mentioned in section 3.1, each place in the 3D canvas will 
represent a single vocalic sound, and all the vocalic sounds can be 
placed inside of the canvas. Thus, it can be saved the coordinates in 
the 3D canvas for all the places where the sound pronounced 
belongs to any vowel phoneme. Also as mentioned before, those 
places will also correspond to the place where the target spheres are 
drawn. It is going to be easy to plot the target spheres wherever in 
the canvas, independent from the language to train, because they 
will attend to coordinates in relative positions. Therefore, if there 
exist previous studies with native speakers, and it can be located 
where the vowel phonemes are placed in the 3D canvas for that 
language, is easy to make the proper changes and get a 

pronunciation trainer for another different language (different to Swedish language in this case). 
This gives the software an interesting flexibility for learning not only Swedish sounds, but any 
vowel sounds in many different languages, just loading these new coordinates in the 3D region. 
 
The part of the code in Tcl written for this aim is written in Appendix 2.3. 
 

3.3.4. Performing the normalization 
We have talked very broad about normalization, and about the need of having a rule which 
makes it possible for different people to use the software, regardless of age, height, or gender. 
Therefore, we intend to have a robust normalization method that allows the software to analyze 
the data obtained efficiently despite who is using it. 
 
This normalization method not only covers the way to process the data obtained from the user in 
order to create a normalized map where the 3D ball is going to move around, it also takes care 
of guide the user for giving the correct data asked. This normalization is so strong part in the 
software, that later will become essential and will have strong consequences in the future use of 
the software. Hence, it is crucial to know exactly the parameters of the user’s voice in advance, 
in order to plot correctly the movements of the 3D ball later on. Errors in the acquisition data 
from the speaker’s voice would ruin the normalized vowel chart and, therefore, would have 
wrong results when the speaker tries to use the software afterwards. 
 
During the calibration process the talking head will ask for some basic data to the speaker, as it 
is going to be explained in the section 3.3.4.1. The user is expected to answer in a way as close 
as possible with the question asked before by the agent, and not a random answer or a wrong 
one made on purpose. Otherwise the data will be wrong and the normalized vowel chart will 
have also wrong values. Let’s explain more carefully this last fact. 
 
 

 

Figure 17. The target 
sphere in the 
application 
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3.3.4.1 Calibration 

The parameters of the voice from the user are needed to be obtained before using the software, 
in order to process the data acquired properly. The user needs to give to the software some key 
parameters that later will help in the normalization process. These parameters, first proposed by 
Daniel Jones in [28], organize the vowel space between the two most extreme tongue body 
positions: high front [i] and low back [ɑ]. In order to facilitate the calibration, it is used two 
different phonemes extra, due to the difficulty for some speakers in pronouncing the low back 
[ɑ]phoneme. Thus, the final vowels selected were the [a], [i] and [u] phonemes, which give us 
the full range of the mouth. The importance of choosing those three corner vowels is that those 
phonemes exist in almost every language, so there will be a wide range of people able to 
pronounce them correctly. 
 

 
Figure 18. [a], [i] and [u] can be seen as the corner vowels of our mouth, while the rest of the 
vowel sounds will be inside of those limit values. 
 
 
In the corner vowels there are exceptions, for example for southern British English 
pronunciation the [u] phoneme is not placed in the top right corner in the vowel chart. In this 
case, the [u] phoneme is placed between the Swedish [u] and [o]. In this case the right limit for 
the vowel chart is the phoneme [o:] [29]. 
 
 

 
The frequency values for the three 
corner vowels proposed are going to 
become the edge of the ‘box’ of 
sounds, because, as it can be seen in 
the figure number 10, the formant 
extraction from the [i] phoneme will 
enclose the lowest value of the f1 
formant and the highest value for f2 
formant, the [u] phoneme will be the 
lowest value for f2, and finally the 
[a] phoneme will contain the highest 
value for the f1 formant. Thus, we 
will extract from these three vowels 
the maximum and the minimum 
values for f1 and f2 that our mouth is 
able to pronounce.  
 
 
 

Figure 19. Vowel chart for British English speakers. 
From the department of speech sciences at University 
of Helsinki 
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Hence, the user is asked to pronounce those three vowels separately. Sound data is filtered and 
analyzed in several stages. First of all the signal has a threshold to avoid wrong formant 
extraction due to noise. If the threshold is not reached during the recording, we would obtain the 
mean between correct formant values, from the speech, and wrong ones, from the silence. Thus, 
the end value would be erroneous. The result after this stage is to adjust the canvas scale. It will 
contain the maximum and minimum values of the formants, so we get the dimension of the 
mouth.  
 
The parameters acquired from the calibration stage will be used in the next normalization 
process of the data. Therefore, once we have completed the calibration part successfully, we can 
start to use the software and train the pronunciation in our Swedish vowels. 
 
3.3.4.2. Normalization 
The normalization itself is based on the calibration due to the personalized vowel chart obtained 
in the calibration stage. We use the formants frequency limits as reference and as relative 
maximums of our ‘box of sounds’. It has to be pointed out that several methods have been tried 
in order to improve the throughput of the software, such as Bark scale [30], or log scale, but the 
results were of the same kind, and the computational cost was bigger than a linear scale. Hence, 
it is created a linear normalized vowel chart where the limits are from (-0.5, 0.5) both for the 
horizontal and vertical axis, representing the first and second formant. This top limits are going 
to be the maximum or minimum values in the calibration stage for the first and second formants, 
and the rest of the vowel phonemes are going to be inside of this chart, placed in a relative 
position. 
 
The idea of the normalization method is that with the calibration we know the relative places 
where the sounds are for the correct pronunciation of the vowels. It is easy to guess a third 
vowel phoneme when other phonemes in the vowel chart are known. There exist distance 
relations in the chart, from other phonemes, or even from the neutral vowel phoneme schwa [ə]. 
 
So for example if we know that the [e] phoneme is between the [i] and the [a] in the vowel 
chart, using the phonemes of [i] and [a] of the user, as reference obtained from the calibration of 
the corner vowels, we can also place in the 3D canvas the correct sound of the [e] phoneme in a 
relative form. We can use this method, for placing all the vowel sounds in the 3D canvas taking 
as reference the position in the 3D canvas of our three corner vowels. 
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Figure 20. Complete vowel chart. From the International Phonetic Alphabet . 
 
 
If this software is supposed to be used for training my pronunciation in a new language, or 
correct spare errors in some vowel phonemes in my mother tongue, one can make these 
questions:  
 
What happens if I make mistakes while recording the three corner vowels?  
 
If for example I am southern British. Why am I asked to pronounce a sound that I might not 
know how to pronounce correctly? 
 
The answer to these questions is easier than it seems. Firstly, it is compulsory for the software to 
have a reference from the user, even if this is not completely correct, but it would be impossible 
to make any analysis without any previous references. Also this fact is applicable to language 
learning in general, because one teacher cannot give a lesson to students if he or she has not any 
idea of where is the level of knowledge of the students in the class. For this reason, the software 
is supposed to be calibrated more then once, as the user improves slowly his pronunciation. So 
the three corner vowels will be corrected every time the calibration is done. 
 
Answering the second question, the software contains a feature that gives a very useful help, the 
talking head. The user is supposed to be guided by this talking head, so he can use as reference 
the example sound in the cardinal vowels that the talking head gives to him, in order to have a 
starting point in our learning process. 
 

3.3.5. Adding the talking head 
The talking head supplies an useful help to the user in the calibration stage. It will guide the user 
in several steps to make a proper recording to be used in the calibration of his voice, and also 
prevent from unexpected errors during this stage. 
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Basically the head is an external application which is run in 
parallel from the main .Tcl file. As the main use for the head is 
going to be in the calibration part, the communications between 
the main part of the software and the head itself is pretty easy. 
The main software will give the control to the talking head 
during the calibration stage. The software will wait until the 
head write the acquisition data in one file, and when this is 
finished, the agent return the control again to the main software. 
Then the software uses that file to create the canvas and save 
the values in the normalization stage. 
 
The head is opened in an external window in order to preserve 
the original software and also to give the opportunity to make 
research on the help that is provided with or without the agent. 
The agent and the software are connected by a broker 
connectivity solution. The agent acts as server while the main 
software will act as client. When the button ‘calibrate’ is 
pressed in the software, the agent starts to guide and extract the 
data from the speaker recordings.  
 
When the agent finish collecting data, it gives an answer to the 
main software, which uses the files written by the agent to start 
to extract and normalize the formant values previously 
obtained.  

Figure 21. Screenshot of the 
talking head. 
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4. THE SOFTWARE 
 

 

 
This section explains the software itself, how it basically works, and the most of the possibilities 
that are offered to the user. The software is being built with the always present idea to make it 
intuitive for the user, and all the features that it has are programmed thinking about this fact. In 
language learning it is important to give facilities to the user, in order to ease and make it faster, 
thus, the software has to be very intuitive. It is also important to give some motivation to the 
student so he can feel comfortable to continue using the software and training the pronunciation, 
instead of giving up the training and stop his progress. 
 
This last fact is very important in language learning, because it is common that students feel 
very receptive to use some new tool for learning or improving a secondary language, but later 
they become lazy and lose the motivation to continue training with the tool. Thus, the learning 
is suddenly stopped, and the software becomes now useless. 
 
The main reason for performing an interactive game is because it is a tool that the student can 
play with and motivate himself having a look at the highest scores, and the chances to beat his 
own top scores, or even the top scores of partners and other users of the same software, 
providing this as an extra stimulus to continue using the software, and consequently continue 
training the pronunciation skills. 
 
The main features are presented now, as a guide for the user. 
 
 
 
 

Figure 22. Screenshot of the application. 



 32 

4.1. Difficulty level 
 
The difficulty level can be changed in a very intuitive way during the Practice Mode or the Test 
Mode. A slide bar is implemented which makes the target spheres to grow or diminish and thus 
is easier or more difficult to fit the 3D moving ball inside of it, depending on the wishes of the 
student. 
 

 
 

 

4.2. User profile 
 
The student can also make a profile, adding his name/nickname, age, height, mother tongue and 
gender. Then try the software and save the data, and later on use his user account to continue 
playing or training the pronunciation loading his user name again with the calibration values 
previously saved. 
 

 
 

 

4.3. Statistics saved 
 
Also for the goals of research, the software will save all the data related to the user, scores, time 
to reach target spheres, games finished, games aborted, etc. This data allows for comparisons 
and analysis about the average and total spent time in the games, independent vowel timing 
which can be useful to discover problems in some vowels phonemes and follow the correct or 
incorrect evolution of these or other problems through the development of the training. 
 
There are three main modes in the software: 
Calibration mode. 
Practice mode.  
Test (interactive game). 

Figure 24. Screenshot of the user profile area 

Figure 23. Screenshot of the difficulty slider. 
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4.4. Calibration Mode 
 
As discussed in previous pages, this part is the most critical in the development of the software. 
A big amount of the time spent in programming and developing the software, has been spent on 
this part. 
 
This stage begins when the button of the ‘calibration’ is pressed. This starts the communication 
between the software and the talking head. When the agent receive the petition, it starts to ask 
the user for the three corner vowel phonemes, in order to get the formant frequency limits of the 
voice of the speaker. 
 
The agent follows a path where he asks the user for the three corner vowel phonemes [a], [i], [u] 
one by one, and saves the three different successful recordings into files for its processing by the 
main software. If one of the recordings from the speaker is not successful during the interaction 
with the talking head, then the user is asked again to repeat the vowel phoneme. 
 
When all this process is finished, the agent will return the control to the main software, so it can 
process the audio files recorded during the calibration stage as mentioned in the section 3.3.4.1. 
 
During this stage, the movement of the 3D ball is disabled, because the software has not yet any 
references about the formant frequency limits from the user. 
 

4.5. Practice Mode 
 
One of the basics of the pronunciation training is the opportunity to practice as much as you 
want in order to improve your skills in the pronunciation of the Swedish vowels. The more you 
practice, the better results you will have later in your pronunciation skills. For this reason a 
Practice Mode has been developed. This mode lets the user train the pronunciation of the 
vowels without any time limit.  
When this mode is selected the speaker is able to move the ball freely around the 3D canvas. 
and the speaker can thus explore which key parameters of the mouth that are used to move the 
ball in different directions, such as opening or closing of the mouth, or the tongue placed in the 
back or in the front. Once the user gets a feel for this, and is able to move the ball more or less 
where he/she wish, they can play with the software trying to place the ball in a chosen position 
in the 3D canvas. These positions would be the places in the canvas where the sounds of the 
Swedish vowel phonemes are. There are several buttons corresponding to all the different vowel 
phonemes in Swedish just below the 3D region. When the button that corresponds to any vowel 
phoneme is pressed, a semi-transparent sphere, placed in the part of the map corresponding to 
the sound of the phoneme, will be drawn in the canvas. Therefore, it can be drawn in the map 
any Swedish vowel and try to put the ball inside of it in order to get its pronunciation. Notice 
that the IPA-symbols are not used in the software, instead the written characters of standard 
Swedish of the corresponding phonemes are used. 
 
The unlimited time to practice, are specially useful if someone has special problems to reach 
certain sounds or vowels, because the user can train as much as he/she want without time limit, 
and focus on learning the vowels  more difficult to get. 
 
The facility that the software gives is that it can draw any vowel sphere, and it means that any 
vowel can be trained. It can be loaded coordinates from the vowel charts of different languages, 
and not only from the Swedish language. 
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4.6. Interactive Game (Test Mode) 
 
As said before, it is considered important to motivate the student to continue training the 
pronunciation of the vowels, because to achieve a native pronunciation requires a considerable 
amount of time. For this reason we have developed a mini-game, where the student can make 
his own challenges, and get a good motivation to continue using the pronunciation trainer. 
 
Briefly, this game consist of a ‘try to catch the sphere’ task, so several target spheres drawn in 
red are going to show up in the 3D canvas, but just one at a time. The student has to place the 
moving ball inside of the target sphere and hold it there during a short frame of time, 
approximately 500 milliseconds, and game progression will be without any kind of external 
help. When the moving ball is placed inside of the target sphere, this target sphere will become 
green. The student must hold the ball in that place for a while in order to complete it and try to 
catch a new sphere that will be drawn at a different location. If the user spend more than 10-12 
seconds trying to catch the same sphere, the software will jump automatically to the next target 
and show the previous sphere as not completed. The maximum time for catching all the 
proposed spheres is thus two minutes (10 spheres x 12 seconds each sphere). 
 
There are several alternatives to measure improvements in the pronunciation of the student. We 
have considered two of them, the first is to make a long list of target spheres (remember that 
each target sphere is a vowel phoneme sound) so long that it is impossible to finish the whole 
list in the two minutes of time proposed, and measure how many spheres the student managed to 
catch. The second alternative is construct a short list and give the chance to the student to be 
able to complete all the target spheres (one for each vowel), and measure the time that the 
speaker took to complete the task.  
 
Both have different points of view. A long list will measure the improvement in number of 
spheres done, so presumably the student will get a higher number of spheres each time that 
he/she uses the software, and consequently it can be measured also the speed to get the spheres 
(more spheres done, less time spent on each sphere) that is also an important fact in 
pronunciation training. Anyway, the main goal of this method is to get a correct pronunciation 
despite of the time spent, because the list of targets is not supposed to be finished and the time 
issue plays here a secondary role. 
 
On the other hand, having a list that is easier to complete, gives us the chance to measure the 
improvement in time spent, so the user can get better timing each time he/she uses the software. 
The user will have the change to try all the vowel phonemes and the main issue is complete 
them in the less time possible. Thus, this method gives us an idea of how fast the user is in 
pronouncing the vowel phonemes. 
 
The discussion here is how many chances do we give the student to repeat and reinforce the 
learning in the pronunciation training. Because of this, the second method has being adopted, so 
there is a short list, able to be completed in two minutes. In this way it can be measured first the 
number of spheres completed within two minutes, so the first part of the learning is focused on 
the quality of the sound perceived. Secondly, when the student improves, he/she will be able to 
complete all the list successfully (so he/she will be able to say all the Swedish vowel 
phonemes), and the analysis can be focused on the time spent for completing this list, also 
important in pronunciation learning. 
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5. DATA COLLECTION 
 
During the test stage, we recorded the time spent for each vowel phoneme. Each time that a 
sphere is completed, a time mark is written into a file, for later processing. Hence every user 
will have a complete statistic of his timings when using the software, such as an extra indication 
showing if the test is either aborted or finished successfully. 
 
These values will be recorded into files, providing data for later analysis. It can show the 
improvement of the student in the global timing of the test, but also it can point out concrete 
improvements, such as specific vowel phonemes. The time spent on each sphere will decrease 
when the student starts to control his pronunciation, and he/she starts to learn the key 
parameters which lead him/her to reach the target spheres. Values as average total time, average 
time per sphere or comparison between average times of other users are easy to calculate with 
this data previously obtained. 
 
It is also possible to make comparison between users, showing statistics for all the Swedish 
vowels. Researches on the most problematic phonemes for them (those which take longer to 
reach) and on efficient learning methods to improve them can be developed. This analysis of the 
most problematic phonemes is going to be discussed in section 6.1. 
 
It should be pointed out that depending on the mother tongue, some phonemes can be hard for 
some people, and those do not have to be same for all. For example for German people 
phonemes like [ö] or [ä] should be familiar, and thus German people should not have special 
problems in pronouncing them, while Spanish, French or Italian people would have never seen 
those phonemes before, and those might be harder for them to pronounce. Another example is 
the close back phoneme [u], which is hard to pronounce by southern British English speakers, as 
mentioned in 3.3.4.1. 
 
In our study 18 different speakers from different countries, with and without any knowledge of 
Swedish language, tested our software. For each speaker there were implemented two different 
test sessions. Each session consisted on a first stage of calibration, followed by approximately 
five minutes of free practice, where the speaker could play with the 3D ball and the features of 
the software. Afterwards the test mode was run three times in a row, saving the timing as said in 
the beginning of this section.  
 
A few days later the same process was repeated. The same speakers were asked to perform the 
same test again, after a new calibration and practice between five and ten minutes. The results of 
all the different tests of the speakers are shown in the Appendix 4. 
 
One female non Swedish speaker was also asked to train her pronunciation with a higher 
number of sessions developed. During one week, several identical sessions of were tested on 
her. Before each new session, she was informed of which vowels were problematic in the 
previous one, due to reinforce the practice in those problematic phonemes. In total there were 
performed four different sessions, and these results can be shown in the Appendix 4.3. 

 

 



 36 

Vowel time

0,000
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000

A E I O U Y Ä Å Ö long A

Swedish vowels

Ti
m

e 
sp

en
t (

s)

Test 1
Test 2
Test 3

6. CONCLUSIONS 

 

6.1. Tests conclusions 
 
Figures 25 and 26 compare the average time spent on each Swedish vowel phoneme proposed 
for the tests. As can be shown, the tendency in non Swedish speakers is to stay longer time to 
get the specific vowel phonemes [y], [ä], [ö], [å] and long [a], while in Swedish speakers those 
phonemes are not specially high compared with the rest of the vowel phonemes. 
 
 
 

 
 
 

 
Figure 25. Diagram corresponding to the average of all the Swedish speakers tested in the first 
session. 
 
 
Differences between /Ä/ or /Ö/ and the rest of the Swedish vowels among Swedish can be 
explained due to the different dialects that in Swedish language exist. The target spheres are 
placed in an average place in the canvas, according to previous tests among Swedes as 
explained in section 3.3.3., but this place can have slight variations depending on the dialect. 
This reason lead us to understand that sometimes some Swedish speakers, even being native 
speakers, are not able to reach the correct place in the canvas when pronouncing some Swedish 
vowels. 
 

 Test 1 Test 2 Test 3 

    

A 3,595 5,305 4,271 

E 4,818 3,987 4,981 

I 6,493 6,606 6,381 

O 5,500 6,218 5,121 

U 3,893 4,820 4,640 

Y 5,232 4,742 4,656 

Ä 2,039 2,864 2,191 

Å 5,253 6,744 5,344 

Ö 2,929 2,059 2,239 

long A 4,689 4,712 3,556 

    

Total time spent 44,439 48,057 43,380 
Average time / 
sphere 4,444 4,806 4,338 
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Figure 26. Diagram corresponding to the average of all the non Swedish speakers tested in the 
first session. 
 
 
As Figure 26 can show, the /E/ is one of the hardest vowels, even if it exists in Italian, French or 
Spanish. The main reason for this is that in all those languages the /E/ sound is produced with a 
bigger opening of the mouth. This fact makes that users do not reach that vowel sound as fast as 
/A/, /I/ or /O/.  
 
It can be observed that the timing during the first session of test is slightly lower in Swedish 
speakers, due to the best performance in the phonemes [y], [ä], [ö], [å] and long [a]. But still the 
differences between them are not clear enough. An explanation of this is that Swedish speakers 
are more able to hit the right place directly. However, still exists a small difference between 
them because in the first session, both Swedes and foreigners are not able to correct the position 
of the 3D ball when this is out of the target sphere.  
 
As shown in the Figures 25 and 26, the time spent in the several tests usually decreases from the 
first to the second test performed, having the results that are expected. More specific diagrams 
of the first session can be found in the Appendix 4.1. 
 
Not all the speakers attended the second session of tests. However, Figures 27 and 28 reveal that 
it exists an improvement between the first and the second session of test in those who completed 
both sessions. The time spent on each vowel, total time and thus average time per sphere were 
improved during the second test.  

 Test 1 Test 2 Test 3 

    

A 5,068 4,381 2,875 

E 4,830 7,353 6,684 

I 4,428 3,820 4,303 

O 4,854 2,870 3,155 

U 5,096 6,141 3,616 

Y 7,734 6,304 6,250 

Ä 8,685 7,948 5,983 

Å 6,178 6,374 5,594 

Ö 8,264 6,808 7,249 

long A 5,911 7,891 6,431 

    

Total time spent 61,047 59,890 52,140 
Average time / 
sphere 6,105 5,989 5,214 
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Figure 27. Diagram corresponding to the average of all the Swedish speakers tested in the 
second session. 
 

 

 
Figure 28. Diagram corresponding to the average of all the non Swedish speakers tested in the 
second session. 
 
Non native Swedish speakers were able to improve considerably their times per sphere, and also 
were able to correct the pronunciation in the special Swedish phonemes. As shown in the Figure 
28, the chart does not reveal specially higher timing in those special Swedish phonemes 
compared to the rest of the vowel sounds. Also Swedish speakers were able to improve the 
timing due to a better control in the movement of the 3D ball during the second session of tests 
as shown in Figure 27. 
 
Particularly, some of the testers had a previous training with the software before performing the 
first session of tests. It has been noticed that they already had a good timing in the first session 
of tests, thus, the second session does not reveal great improvement, however the results 
obtained are in the same kind for them. Most of them reached an average time per sphere of less 
than two seconds. 
 

 Test 1 Test 2 Test 3 

    

A 1,826 1,184 2,851 

E 1,161 1,440 2,850 

I 6,671 3,236 2,268 

O 2,471 1,670 1,724 

U 1,158 1,045 0,767 

Y 2,246 1,482 1,116 

Ä 2,001 2,434 2,013 

Å 0,832 3,810 1,306 

Ö 4,335 3,968 1,870 

long A 3,493 4,411 1,438 

    

Total time 25.246 29.825 23.284 

Average time 2.525 2.983 2.328 

 Test 1 Test 2 Test 3 

    

A 1,005 2,997 1,601 

E 2,232 3,066 3,697 

I 4,209 1,225 3,173 

O 5,068 3,555 2,014 

U 5,581 4,386 3,565 

Y 2,253 2,335 3,227 

Ä 6,240 6,015 3,570 

Å 5,974 3,484 3,073 

Ö 4,373 4,678 2,756 

long A 5,242 3,650 5,338 

    

Total time 42,176 35,391 32,014 

Average time 4,218 3,539 3,201 
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The charts for the average time spent in the game in the first and second session of tests are 
presented below (Figure 29 and Figure 30). As can be noticed, the time is considerably lower in 
the second session than in the first one. 
 

 

 
Figure 29. Diagram corresponding to the average of all the speakers tested in the first session. 
 
 
 

 

 
Figure 30. Diagram corresponding to the average of all the speakers tested in the second 
session. 
 
 
A bigger improvement of the pronunciation is noticed in the special speaker due to a higher 
number of practice sessions. Problematic vowels were solved through the tests and practice, 
reaching a considerable speed in the last test performed. Results from her last tests can be 
directly compared to a Swedish speaker. This charts are added in the Appendix 4.3. As an 
example, in Figure 31, we can observe the evolution of a particular phoneme during all the tests 
completed by the special tester. 
 
 

 Test 1 Test 2 Test 3 

    

A 4,332 4,843 3,573 

E 4,824 5,670 5,832 

I 5,460 5,213 5,342 

O 5,177 4,544 4,138 

U 4,494 5,480 4,128 

Y 6,483 5,523 5,453 

Ä 5,362 5,406 4,087 

Å 5,715 6,559 5,469 

Ö 5,596 4,434 4,744 

long A 5,300 6,302 4,994 

    

Total time 52,743 53,974 47,760 

Average time 5,274 5,397 4,776 

 Test 1 Test 2 Test 3 

    

A 1,415 2,090 2,226 

E 1,697 2,253 3,274 

I 5,440 2,231 2,721 

O 3,770 2,613 1,869 

U 3,370 2,715 2,166 

Y 2,249 1,909 2,171 

Ä 4,121 4,225 2,792 

Å 3,403 3,647 2,190 

Ö 4,354 4,323 2,313 

long A 4,368 4,030 3,388 

    

Total time 34,185 30,036 25,109 

Average time 3,419 3,004 2,511 
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Figure 31. Evolution of the special speaker with  the example of the particular  phoneme /E/ 
through all the tests completed. 
 
 
In conclusion, where is the level of quality in the pronunciation in which we should finish our 
learning?  
 
Probably the learning of a new language will not stop even if one is studying it for long time. 
Also the native pronunciation may not be reached completely, but the aim of this project is to 
point to the highest quality possible of the pronunciation of the Swedish vowels. Therefore, 
during the tests explained before. When a speaker tries the software for long time, and get the 
vowel phonemes very fast, he/she will spend very little time on each sphere. One can believe 
that spend two seconds or less in get the sphere will be considered good enough to say that my 
vowel phonemes are good in quality and speed. In this two seconds are included the 500 
milliseconds spent inside of the target sphere and the time spent in identify and read the label in 
the main menu which ask to pronounce the target vowel phoneme. 
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6.2. Analysis of the goals of the study 
 
The goals for this project were to: 
 
Develop a system capable to plot in real time the pronunciation of vowels. 
Create a system able to normalize the voice parameters of several speakers, so it is possible to 
compare speakers despite of their age, or gender. 
Introduce the help of an Embodied Conversational Agent establishing connectivity with it. 
Create a game able to measure the improvement of the user in the pronunciation learning. 
 
The first requirement was fulfilled by drawing the 3D region and being able to move the ball 
around it. The refresh rate of the drawings was about 20 frames per second. This result was 
good enough to give us a continued movement around the 3D canvas. The result was natural 
enough and no users complained about the quality of the 3D region. Also as an external feature 
were added some shadows and lights effects to make that region more natural. 
 
The normalization system also was implemented successfully, and the calibration stage was 
robust enough to have positive results in almost every attempt of calibration. The method to 
normalize into a region from -0.5 to 0.5 both in the f1 and f2 formants scales and then resize the 
canvas for the vowel chart has demonstrated to be reliable enough, and the positions of the 
relative normalized spheres in that region gave a successful native sound required for the vowel 
in most of cases. 
  
The movement of the 3D ball was satisfactory enough for the users, as they could perceive 
changes in the position of the ball when modifying their own pronunciation. In the other hand, it 
can be observed perceptually that once the 3D ball is inside of the target sphere, also the target 
sound is reached correctly. 
 
Even though the integration was not possible, the introduction of the talking head was also 
performed successfully. The connection between the software and the talking head was pretty 
easy. The broker connectivity was performed without any problems and gave always positive 
results. 
 
The game for improving the pronunciation learning was also fulfilled using the solution of 
having enough time to complete all the spheres. This facilitates the analysis and comparisons 
between speakers, and the analysis of the difficulty of each vowel phoneme separately. 
 
The surveys given to the testers (included for further information in Appendix 3.1 and 3.2) 
reveal that interaction between the talking head and user has been fulfilled successfully, and no 
one complained about the features of the agent. Some comments about more grade of 
interaction between agent and user in the test or practice mode were asked in the surveys, and 
thus, this becomes part of the future work. 
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7. FUTURE WORK 
 
 
Further researches can be done in the direction of the calibration stage. A secondary checking 
can be added when the process of calibration is done, in order to have more robust data to 
process. In the actual calibration stage it is the normalized canvas for each speaker is sized. The 
user can be asked this time to pronounce different words or syllables which contain the vowel 
sounds required. Later the vowel sound from the word or syllable will be extracted, and it can 
be checked if the formant extraction for that vowel sound extracted from the word, fits in the 
same place than the first formant extraction.  
 
Alternative methods for normalization are other area of study. In this study were previously 
tested several normalization methods with distinct results. A dynamic normalization where the 
limits of the canvas were updated automatically with the pronunciation was developed, but the 
results were not as good as compared with the method implemented. 
 
We also believe that a thorough research in the third formant classification would be helpful. 
Not just an automatic and normalized distinction between the phonemes [i] and [y], but also a 
deep research on the key parameters that make significant changes in the third formant values. 
Another possibility is to find out alternative methods to make distinctions between those two 
phonemes. 
 
Some guiding in the test or more interaction with the talking head can be implemented, such as 
having recordings of the vowel sounds that the talking head can say to the user when he is 
testing or practicing. Extra instructions on how to move the 3D ball can be also implemented 
with the help of the agent. 
 
As mentioned in the introduction part, this software intended to be part of VILLE. An 
integration of the software in VILLE, and the use of the talking head that VILLE provides is 
another interesting field of study. 
 
Possible future improvements in the software interface, such as adding top scores, improve the 
interface for saving and loading data, or recording the speaker pronunciation for later analysis 
could be interesting future work to do. The use of this software for the vowel analysis in words 
would be also an interesting field of study. 
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8. LIST OF TERMS 
 
Spectrogram. The result of calculating the frequency spectrum of windowed frames of a 
compound signal. It is a three-dimensional plot of the energy of the frequency content of a 
signal as it changes over time. 
 
kHz. Hertz is the International System of Units base unit of frequency. Its is cycle/s or s-1. kHz 
= 103 Hz. 
 
dB. The decibel is a logarithmic unit of measurement that expresses the magnitude of a physical 
quantity relative to a specified or implied reference level. 
 
Sampling. Is the act of taking a portion, or sample, of one sound recording. 
 
Resonance. Is the tendency of a system to oscillate at maximum amplitude at certain 
frequencies. 
 
API. An application programming interface (API) is a source code interface that an operating 
system, library or service provides to support requests made by computer programs. 
 
Widget. Window in a graphical user interface that has a particular appearance and behavior. 
Includes buttons, scrollbars, menus and text windows. 
 
Cardinal vowels. Set of reference vowels used by phoneticians in describing the sounds of 
languages. A cardinal vowel is a vowel sound produced when the tongue or the jaw are in an 
extreme position, either front or back, high or low. 
 
Calibration. Process of establishing the relationship between a measuring device and the units 
of measure. 
 
Broker. Intermediate between two points in a connection which takes care of administrate the 
requests that they produce. 
 
Bark scale. Is a psychoacoustical scale proposed by Eberhard Zwicker in 1961. 
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10. APPENDIX 

10.1. Chart of the International phonetic alphabet from the 
International Phonetic Association 
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10.2. Code examples 
 

10.2.1. 3D region main features 
 
glDisable GL_LIGHTING                           ; # Enable Lighting 
glPolygonMode GL_BACK GL_FILL            ; # Back Face Is Solid 
glPolygonMode GL_FRONT GL_LINE           ; # Front Face Is Made Of Lines 
glBindTexture GL_TEXTURE_2D [$::texture get 1] 
glBegin GL_POLYGON                           ; # Drawing  
   # Back Face 
    glTexCoord2f 0.0 0.0 ; glVertex3f -0.5 -0.5 -0.5 ; 
    glTexCoord2f 0.0 1.0 ; glVertex3f -0.5  0.5 -0.5 ; 
    glTexCoord2f 1.0 1.0 ; glVertex3f  0.5  0.5 -0.5 ; 
    glTexCoord2f 1.0 0.0 ; glVertex3f  0.5 -0.5 -0.5 ; 
glEnd                                        ; # Finished Drawing 
 
 

10.2.2. Drawing of the moving ball 
 
proc DrawObject {} { 
    glColor3f 1.0 1.0 1.0                            ; # Set Color To White 
    glEnable GL_LIGHT0                             ; # Enable Light 0 
    glEnable GL_LIGHTING                           ; # Enable Lighting 
    glPolygonMode GL_FRONT_AND_BACK GL_FILL     
    glBindTexture GL_TEXTURE_2D [$::texture get 2]  ; # Select Texture 2 (1) 
    gluSphere $::quadric 0.05 20 20                 ; # Draw First Sphere 
} 
 

10.2.3. Target Spheres code 

 
proc Vowel {vow color} { 
  glTranslatef [lindex $vow 0][lindex $vow 1][lindex $vow 2] ; # Position The Object 
  set ::testVowel [list [lindex $vow 0] [lindex $vow 1] [lindex $vow 2]] 
  glColor3f 1.0 1.0 1.0                          ; # Set Color To White 
  glEnable GL_LIGHT0                                 ; # Enable Light 0 
  glEnable GL_LIGHTING                               ; # Enable Lighting 
  glPolygonMode GL_FRONT_AND_BACK GL_LINE     
  glBindTexture GL_TEXTURE_2D [$::texture get $color] 
  gluSphere $::quadrica $::ratio 20 20                     ; # Draw First Sphere 
} 
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10.2.4. Calibration code 
proc villeCalibrate {} { 
 
  set answer [$::in2 callFunc Calibration "Initializing calibration..."] 
  
#Initialize values 
  set ::test 0 
  set ::calibrate 1 
 
  Initialize $::frameR 
  DisableButtons $::frameL 
   
  set ::info(test,say) "Calibrate" 
    
  sound info(soundObj,a) 
  info(soundObj,a) read A.wav 
 
#limits for the maximum in f2 
  set f [FormantExtraction info(soundObj,a)] 
  if {[lindex $f 0] > 550} { 
      set ::maxY [lindex $f 0] 
      puts "maxY $::maxY" 
  } 
     
  sound info(soundObj,i) 
  info(soundObj,i) read I.wav 
 
#limits for the maximum in f2 and minimum in f1 
  set f [FormantExtraction info(soundObj,i)] 
  if {[lindex $f 1] > 1700} { 
     set ::maxX [lindex $f 1]  
     puts "maxX $::maxX" 
  } 
  if {[lindex $f 0] < 400} { 
      set ::minY [lindex $f 0] 
      puts "minY $::minY" 
  } 
  set ::f3Normalized [lindex $f 2] 
   
  sound info(soundObj,u) 
  info(soundObj,u) read O.wav 
 
#limits for the minimum in f2 and minimum of f1 
  set f [FormantExtraction info(soundObj,u)]   
  if {[lindex $f 0] < 800} { 
      set ::minX [lindex $f 1]  
      puts "minX $::minX" 
  } 
  if {[lindex $f 1] < $::minY} { 
    set ::minY [lindex $f 0] 
    puts "minY $::minY" 
  } 
   
  set ::info(test,say) "End of calibration"  
  set ::calibrate 0 
 
  #write into a file the results 
  set user $::info(user,name) 
  append user .usr 
  set f [open ./users/$user w] 
    puts $f $::info(user,name) 
    puts $f $::info(user,height) 
    puts $f $::info(user,age) 
    puts $f $::info(user,language) 
    puts $f $::info(user,sex) 
    puts $f "### Values of normalization ####################################" 
    puts $f $::minX 
    puts $f $::maxX 
    puts $f $::minY 
    puts $f $::maxY 
  close $f 
   
  EnableButtons $::frameL    
} 
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10.2.5. Normalization code 
 

proc Normalize {val min max} { 
 
#  Update the buffer 
 for {set i 0} {$i<[llength $::bufferAux]} {incr i} { 
   lset ::bufferAux $i [lindex $::bufferAux [expr $i+1]] 
 } 
 lset ::bufferAux [expr [llength $::bufferAux]-1] [lindex $val] 
 
 set mean [::math::statistics::mean $::bufferAux] 
 set val $mean 
 
#if there is a calibration running 
  if {$::calibrate == 1} { 
    set auxmin [expr $$min+0] 
    set auxmax [expr $$max+0] 
     
    if {$auxmax < $val} {  
     set $max $val 
    } 
    if {$auxmin > $val} { 
      set $min $val 
    } 
  } 
  
 set interval [expr $$max-$$min] 
 set fnormal [expr ($val-$$min)/($interval*1.0)-0.5]       
 return $fnormal 
} 
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10.3. Surveys 

10.3.1. Profile of the testers 

 
Which is your nationality? 
 
Which is your mother tongue? 
 
How many languages are you able to speak? 
 
When did you arrive in Sweden? 
 
Do you have relatives living in Sweden, Swedish husband/wife? 
 
Do you have Swedish friends? 
 
Do you try to speak Swedish with friends or in the city? 
 
Do you have lectures in Swedish? 
 
Why do you want to learn Swedish, what are your goals with the new language? 
 
Is it important for you to achieve a good Swedish pronunciation?  
 
Do you think that your Swedish level is good, on a scale from 1 (very poor) - 5 (native speaker) 
how good is it? 
 
How tall are you? 
 
Male or female? 
 
Do you have any hearing problem? 

10.3.2. The software 
 
Do you think that any previous knowledge about computers is necessary to work with the 
system? 
 
How did the system meet with your expectations? 
 
Was the system intuitive for you? 
 
Did the talking head help you to use the software? 
 
How natural did you feel that the interaction with the talking head was in the calibration stage? 
 
Did you want more instructions about the program before starting with it? 
 
Any comments you would like to add: 
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10.4. Test results 
 

10.4.1. Session 1 
 
Tester 1. Swedish male. 
 

 

 
 
 
 
Tester 2. Swedish female. 
 

 

 
 
 
 
 
 
 
 
 
 

 Test 1 Test 2 Test 3 

    

A 1,424 5,337 1,348 

E 1,758 1,597 2,281 

I 11,375 1,690 4,013 

O 1,549 2,336 2,352 

U 2,656 1,507 1,492 

Y 2,870 1,517 1,590 

Ä 2,310 1,606 2,831 

Å 2,119 2,614 2,140 

Ö 2,750 2,680 2,440 

long A 2,684 2,048 1,589 

    

Total time 31.495 22.932 22.076 

Average time 3.150 2.293 2.208 

 Test 1 Test 2 Test 3 

    

A 1,878 2,954 9,536 

E 7,537 1,261 9,514 

I 10,134 10,319 9,529 

O 9,533 9,508 9,532 

U 1,043 1,762 1,093 

Y 1,971 1,677 1,201 

Ä 2,011 4,103 1,320 

Å 1,356 10,453 10,296 

Ö 1,215 1,914 2,827 

long A 10,354 10,063 2,441 

    

Total time 47.032 54.014 57.289 

Average time 4.703 5.401 5.729 
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Tester 3. Swedish male. 
 

 

 
 
 
 
 
 
Tester 4. Swedish female. 
 

 

 
 
 

 Test 1 Test 2 Test 3 

    

A 2,612 4,223 1,038 

E 10,447 9,791 6,841 

I 2,593 9,510 9,661 

O 10,367 7,909 9,511 

U 9,509 10,079 9,509 

Y 9,515 9,509 9,531 

Ä 2,670 4,783 3,265 

Å 10,301 8,904 2,810 

Ö 2,983 2,147 1,652 

long A 5,420 8,932 1,735 

    

Total time 66.417 75.787 55.553 

Average time 6.642 7.579 5.555 

 Test 1 Test 2 Test 3 

    

A 5,510 5,970 3,073 

E 1,287 2,354 1,790 

I 1,497 1,964 1,496 

O 1,503 1,788 1,432 

U 1,548 1,221 1,418 

Y 1,479 1,494 1,443 

Ä 1,422 2,265 1,682 

Å 2,239 1,341 1,310 

Ö 1,146 2,514 1,796 

Long A 1,491 1,040 1,460 

    

Total time 19.122 21.951 16.900 

Average time 1.912 2.195 1.690 
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Tester 5. Swedish male. 
 

 

 
 
 
 
Tester 6. Swedish male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 6,551 8,043 6,362 

E 3,061 4,930 4,478 

I 6,864 9,547 7,207 

O 4,546 9,549 2,780 

U 4,707 9,530 9,688 

Y 10,323 9,512 9,513 

Ä 1,781 1,564 1,855 

Å 10,248 10,408 10,164 

Ö 6,553 1,040 2,481 

long A 3,496 1,477 10,556 

    

Total time 58.130 65.600 65.084 

Average time 5.813 6.560 6.508 

 Test 1 Test 2 Test 3 

    

A 6,392 3,718 5,011 

E 1,352 2,055 2,472 

I 9,860 9,755 1,356 

O 4,969 5,827 1,840 

U 4,865 5,231 1,116 

Y 8,052 3,709 7,244 

Ä 1,510 1,600 2,023 

Å 10,060 2,284 2,855 

Ö 1,264 1,394 1,678 

long A 6,193 6,685 4,099 

    

Total time 54.517 42.258 29.694 

 Average time 5.452 4.226 2.969 
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Tester 7. Swedish female. 
 

 

 
 
 
 
Tester 8. Spanish female. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 3,356 4,867 0,485 

E 0,807 1,020 0,709 

I 10,414 9,640 2,039 

O 1,209 9,540 1,146 

U 5,196 3,571 1,525 

Y 1,163 1,465 1,082 

Ä 3,447 1,893 1,270 

Å 1,295 0,871 0,588 

Ö 4,754 1,700 3,133 

Long A 1,352 1,266 1,513 

    

Total time 32.993 35.833 13.490 

Average time 3.299 3.583 1.349 

 Test 1 Test 2 Test 3 

    

A 9,508 5,889 9,530 

E 5,050 5,191 9,516 

I 9,950 10,514 9,515 

O 7,726 2,457 2,031 

U 10,274 5,259 3,336 

Y 2,647 1,966 6,645 

Ä 10,400 10,318 9,957 

Å 2,402 5,691 2,014 

Ö 6,654 2,406 2,083 

long A 10,429 10,325 6,088 

    

Total time 75.040 60.016 60.715 

Average time 7.504 6.002 6.072 
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Tester 9. Italian female. 
 

 

 
 
 
 
Tester 10. Spanish male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 9,512 3,867 7,257 

E 9,515 8,641 4,791 

I 1,532 2,799 1,530 

O 2,311 1,537 2,481 

U 9,736 9,699 3,186 

Y 9,546 9,547 9,782 

Ä 9,516 9,547 9,516 

Å 9,516 6,666 9,516 

Ö 9,515 10,240 9,547 

long A 4,960 9,516 9,515 

    

Total time 75.659 72.059 67.121 

Average time 7.566 7.206 6.712 

 Test 1 Test 2 Test 3 

    

A 1,577 2,310 1,404 

E 1,592 9,768 9,626 

I 1,300 1,744 1,441 

O 2,549 3,548 3,506 

U 1,906 1,981 1,074 

Y 10,164 9,696 9,978 

Ä 9,516 9,515 9,516 

Å 5,435 9,516 9,516 

Ö 10,471 3,037 3,185 

long A 9,516 9,979 9,783 

    

Total time 54.026 61.094 59.029 

Average time 5.403 6.109 5.903 
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Tester 11. Spanish male. 
 

 

 
 
 
 
 
Tester 12. Italian female. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 9,515 7,902 1,235 

E 1,122 5,400 1,427 

I 1,075 1,109 1,741 

O 3,642 3,002 4,749 

U 3,500 10,142 6,029 

Y 10,178 9,506 1,222 

Ä 9,552 9,534 10,188 

Å 4,231 2,250 1,658 

Ö 7,582 8,211 10,298 

long A 3,458 2,028 4,817 

    

Total time 53.855 59.084 43.364 

Average time 5.386 5.908 4.336 

 Test 1 Test 2 Test 3 

    

A 1,026 1,681 1,851 

E 2,134 10,396 6,263 

I 10,418 1,572 10,417 

O 3,128 4,338 3,249 

U 9,809 9,543 3,402 

Y 9,516 7,407 4,412 

Ä 9,547 9,578 2,122 

Å 9,531 9,515 10,331 

Ö 9,515 9,516 9,562 

long A 1,861 9,563 9,578 

    

Total time 66.485 73.109 61.187 

Average time 6.649 7.311 6.119 
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Tester 13. Italian female. 
 

 

 
 
 
 
 
Tester 14. Spanish male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 6,166 1,090 1,113 

E 9,938 9,938 9,930 

I 2,833 1,142 1,653 

O 10,136 5,720 7,987 

U 1,584 9,716 9,876 

Y 10,400 9,516 9,515 

Ä 9,516 9,578 9,532 

Å 9,562 9,516 9,531 

Ö 9,516 7,908 9,547 

long A 1,944 9,935 9,562 

    

Total time 71.595 74.059 78.246 

Average time 7.160 7.406 7.825 

 Test 1 Test 2 Test 3 

    

A 1,821 1,528 1,335 

E 3,198 3,009 2,172 

I 1,855 5,954 1,357 

O 3,517 2,986 2,359 

U 1,890 1,548 1,217 

Y 9,753 1,287 9,594 

Ä 1,114 1,421 1,644 

Å 1,481 1,398 1,553 

Ö 1,078 1,410 6,870 

long A 2,941 3,054 3,157 

    

Total time 28.648 23.595 31.258 

Average time 2.865 2.360 3.126 
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Tester 15. French female. 
 

 

 
 
 
 
 
Tester 16. Syrian male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 4,440 9,546 1,440 

E 1,964 1,082 3,663 

I 1,862 1,985 4,128 

O 7,135 1,959 1,554 

U 2,648 1,261 1,896 

Y 2,977 1,557 1,383 

Ä 8,075 1,853 1,877 

Å 7,030 5,063 6,263 

Ö 10,427 10,255 10,342 

long A 9,578 9,516 1,331 

    

Total time 56.136 44.077 33.877 

Average time 5.614 4.408 3.388 

 Test 1 Test 2 Test 3 

    

A 1,981 7,373 1,342 

E 3,870 9,670 9,667 

I 9,676 9,518 9,510 

O 3,956 1,398 2,018 

U 6,798 9,583 2,320 

Y 2,190 2,889 2,736 

Ä 10,104 10,093 3,283 

Å 3,035 4,527 1,877 

Ö 8,360 5,487 1,517 

long A 10,070 10,466 8,004 

    

Total time 60.040 71.004 42.274 

Average time 6.004 7.100 4.227 
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Tester 17. German male. 
 

  Test 1 Test 2 Test 3 

    

A 9,500 1,834 9,670 

E 9,505 6,590 4,532 

I 4,263 3,367 10,350 

O 5,240 1,855 2,262 

U 10,003 9,905 5,558 

Y 9,515 9,555 9,675 

Ä 9,546 5,996 9,544 

Å 4,096 4,816 1,971 

Ö 9,869 9,585 2,095 

long A 9,535 7,593 4,999 

    

Total time 81.072 61.096 60.656 

Average time 8.107 6.110 6.066 
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10.4.2. Session 2 
 
 
 
Tester 1. Swedish male. 
 

 

 
 
 
Tester 3. Swedish male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 0,041 0,202 1,686 

E 0,530 0,398 1,686 

I 2,236 2,424 0,505 

O 1,175 1,006 2,289 

U 0,313 1,526 0,778 

Y 3,983 5,960 0,607 

Ä 3,068 1,508 6,150 

Å 0,895 0,844 4,497 

Ö 0,836 0,658 1,681 

long A 0,885 6,817 0,341 

    

Total time 13.962 21.343 21.513 

Average time 1.396 2.134 2.151 

 Test 1 Test 2 Test 3 

    

A 4,538 3,099 3,055 

E 5,789 2,125 3,055 

I 10,189 8,358 1,636 

O 0,977 10,450 3,132 

U 2,180 1,045 1,168 

Y 3,381 1,277 0,682 

Ä 1,655 1,439 1,843 

Å 1,498 1,439 2,477 

Ö 1,498 1,381 1,090 

long A 1,847 1,628 1,271 

    

Total time 33.552 32.241 18.753 

Average time 3.355 3.224 1.875 
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Tester 4. Swedish female. 
 

 

 
 
 
 
 
 
Tester 5. Swedish male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 0,284 0,302 0,796 

E 0,547 0,424 0,539 

I 4,972 3,027 1,946 

O 4,603 2,647 1,166 

U 0,894 0,817 0,365 

Y 0,314 0,807 0,610 

Ä 2,945 2,516 2,194 

Å 0,451 0,467 0,890 

Ö 1,718 4,083 1,300 

long A 4,147 9,944 1,597 

    

Total time 20.875 25.034 11.403 

Average time 2.088 2.503 1.140 

 Test 1 Test 2 Test 3 

    

A 2,512 3,005 7,432 

E 1,680 3,256 7,432 

I 5,455 1,331 1,933 

O 2,064 1,610 2,869 

U 1,230 1,676 0,970 

Y 5,084 2,352 1,347 

Ä 1,590 1,474 1,580 

Å 1,501 10,351 1,763 

Ö 1,715 2,744 2,563 

Long A 2,415 2,026 1,460 

    

Total time 25.246 29.825 23.284 

Average time 2.525 2.983 2.328 
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Tester 7. Swedish female. 
 

 

 
 
 
 
 
 
Tester 9. Italian female. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 2,681 0,244 0,326 

E 1,257 0,641 0,579 

I 9,585 5,350 2,925 

O 0,746 0,753 1,138 

U 1,350 0,642 0,965 

Y 1,340 1,287 1,391 

Ä 1,468 3,313 2,266 

Å 0,544 0,612 1,266 

Ö 9,573 5,076 1,747 

long A 3,918 1,263 1,257 
    

Total time 32.462 19.181 13.860 

Average time 3.246 1.918 1.386 

 Test 1 Test 2 Test 3 

    

A 1,372 0,511 0,544 

E 1,051 1,565 0,544 

I 0,980 1,020 1,873 

O 1,202 1,003 0,871 

U 9,943 2,268 0,788 

Y 4,643 4,398 3,031 

Ä 3,471 1,859 4,310 

Å 2,210 7,432 2,852 

Ö 4,010 3,212 2,233 

long A 1,756 5,027 1,414 
    

Total time 30.638 28.295 19.639 

Average time 3.064 2.830 1.964 
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Tester 10. Spanish male. 
 

 

 
 
 
 
 
 
Tester 11. Spanish male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 0,180 3,470 0,417 

E 0,931 1,090 0,667 

I 1,096 1,028 1,173 

O 9,802 7,638 3,589 

U 9,557 3,641 2,534 

Y 1,460 2,553 1,651 

Ä 3,287 1,676 2,182 

Å 9,754 5,935 3,614 

Ö 1,135 2,076 1,988 

long A 5,834 3,073 3,166 

    

Total time 43.036 32.180 20.981 

Average time 4.304 3.218 2.098 

 Test 1 Test 2 Test 3 

    

A 1,250 4,243 0,909 

E 1,972 1,708 0,832 

I 1,362 1,057 0,633 

O 1,314 1,092 0,600 

U 3,242 7,244 6,178 

Y 1,544 2,317 4,412 

Ä 9,853 10,351 6,673 

Å 1,541 1,657 1,508 

Ö 1,994 6,475 1,806 

long A 2,068 4,695 7,288 
    

Total time 26.140 40.839 30.839 

Average time 2.614 4.084 3.084 
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Tester 16. Syrian male. 
 

 

 

 Test 1 Test 2 Test 3 

    

A 1,584 1,278 3,478 

E 3,792 6,400 9,592 

I 10,168 1,590 7,714 

O 4,089 1,936 1,852 

U 3,944 2,272 1,982 

Y 3,754 2,136 3,617 

Ä 5,581 6,018 1,855 

Å 6,628 2,861 4,097 

Ö 9,989 5,482 4,473 

long A 7,824 3,181 5,561 

    

Total time 57.353 33.154 44.221 

Average time 5.735 3.315 4.422 
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10.4.3. Tests with the special tester 
 
Tester 18. Italian female. Session 1. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tester 18. Italian female. Session 2. 

 
 

 
 

 Test 1 Test 2 Test 3 

    

A 5,135 2,621 2,241 

E 9,919 10,437 9,783 

I 3,776 1,866 1,741 

O 4,441 1,753 1,612 

U 2,818 2,675 3,828 

Y 9,970 9,666 7,237 

Ä 9,512 8,047 2,199 

Å 9,553 9,600 3,681 

Ö 9,517 9,614 9,534 

long A 4,348 4,528 2,474 

    

Total time 68.989 60.807 44.330 

Average time 6.899 6.081 4.433 

 Test 1 Test 2 Test 3 

    

A 1,075 0,269 0,215 

E 9,942 6,696 6,238 

I 3,387 1,271 3,100 

O 1,020 0,907 1,342 

U 1,987 1,627 1,385 

Y 9,608 10,292 10,190 

Ä 2,026 2,783 1,646 

Å 1,996 1,452 3,544 

Ö 1,953 2,437 10,332 

long A 1,627 1,576 0,861 

    

Total time 34.621 29.310 38.853 

Average time 3.462 2.931 3.885 



 66 

Vowel time

0,000

2,000

4,000

6,000

8,000

10,000

12,000

A E I O U Y Ä Å Ö long A

Swedish vowels

Ti
m

e 
sp

en
t (

s)

Test 1
Test 2
Test 3

Vowel time

0,000

2,000

4,000

6,000

8,000

10,000

12,000

A E I O U Y Ä Å Ö long A

Swedish vowels

Ti
m

e 
sp

en
t (

s)

Test 1
Test 2
Test 3

 
 
 
 
Tester 18. Italian female. Session 3. 
 

 

 
 
 
 
 
Tester 18. Italian female. Session 4. 
 

 

 Test 1 Test 2 Test 3 

   
 

A 0,503 0,900 1,128 

E 4,491 4,299 0,961 

I 3,627 3,435 4,066 

O 3,625 2,674 3,629 

U 2,858 2,915 1,323 

Y 4,743 2,451 1,407 

Ä 2,264 4,010 1,428 

Å 5,230 2,074 4,149 

Ö 10,184 9,758 10,451 

long A 1,619 0,533 0,649 

    

Total time 39.144 33.049 29.191 

Average time 3.914 3.305 2.919 

 Test 1 Test 2 Test 3 

    

A 0,520 0,859 0,252 

E 10,039 2,882 2,927 

I 4,738 3,819 2,736 

O 1,744 2,850 0,916 

U 2,911 1,700 3,113 

Y 1,456 5,916 1,128 

Ä 9,636 2,414 1,812 

Å 9,531 1,173 1,595 

Ö 2,913 3,934 6,191 

long A 2,376 1,917 2,114 

    

Total time 45.864 27.464 22.784 

Average time 4.586 2.746 2.278 
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