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Abstract 
The aim of this master’s project was to produce a list of design recommendations to 
be implemented in a new computer-based speech training aid. The of the most general 
results are that the speech therapist is not replaceable by a computer and that a 
computer-based speech training aid is of most help during the process of making the 
speech automatic. Another general recommendation is that the speech therapists not 
only teach speech, but also help the child to develop the child’s own language, a 
development a computer-based aid must support. Some of the more specific design 
recommendations are that pictures, texts and sounds should be recordable and 
storable and that a new system should contain game-like features for motivation. If 
games are used as a reward, the reward should be distributed according to the effort 
made by the child and not only to the result that the child has accomplished. The data 
for this thesis was collected through interviews with speech therapists and children 
attending speech training sessions. The result of this thesis will be used by ARTUR 
(ARticulation TUtoR), a newly started research project, which is a collaboration 
between the Department of Speech, Music and Hearing (TMH) and the Department 
of Numerical Analysis and Computer Science (NADA). 
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Sammanfattning 
Syftet med det här examensarbetet var att ta fram designrekommendationer som 
skulle kunna implementeras i ett nytt datorbaserat talträningsstöd. Några exempel på 
generella designrekommendationer är att talterapeuten inte är utbytbar och att ett 
datorbaserat talträningsstöd skulle vara till mest hjälp vid mängdträning för att 
automatiserat uttalet. Ytterligare ett generellt resultat är att talterapeuten inte bara 
ägnar sig åt uttalsträning utan också hjälper barnet med dess språkutveckling, vilket 
leder till att ett datorbaserat talträningsstöd bör stödja detta. Några av de specifika 
designrekommendationerna är att det bör vara möjligt att spela in och spara ljud bild 
och text i ett nytt talträningsstöd och att systemet bör innehålla delar som liknar spel 
för att öka motivationen. Om spel används som belöning bör belöningen stå i relation 
till barnets insats och inte enbart det resultat som barnet presterar. Materialet till detta 
examensarbete samlades in via intervjuer med talterapeuter och barn som deltar i 
talträning. Resultatet av det här examensarbetet kommer att användas i ARTUR 
(ARticulation TUtoR), ett nystartat forskningsprojekt som är ett samarbete mellan 
institutionen för tal, musik och hörsel (TMH) och institutionen för numerisk analys 
och datalogi (NADA). 
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1. Introduction 
Unintelligible speech makes it difficult for an individual to fully function in a social 
setting and can be a social handicap. Difficulties in producing the different speech 
sounds and problems modifying the pronunciation may arise from the individual not 
hearing what is wrong because of reduced hearing or learning a language different 
from the mother tongue. Speech therapists and language teachers can help the 
individual to improve his/her speech, but the help is not without a cost. Some times 
children with speech deficits meet the therapist as little as 30 minutes a month. 

Speech learning and training can be more efficient by the usage of another 
modality than hearing. Due to the problems hearing the mispronunciation, it is 
important to show where and how the articulation is produced and how different 
speech sounds differ from each other. The most important parts of the learning 
process are feedback of the articulation and repeated practice, which is performed 
with the help of a therapist. Computer-based speech training systems are used in the 
learning process, but these are not suitable for all the needed exercises. Another 
drawback is that they usually require the help of educated personnel.  

ARTUR – ARticulation TUtoR is an interdisciplinary collaboration between the 
Department of Speech, Music and Hearing (TMH) and the Department of Numerical 
Analysis and Computer Science (NADA).  The main purpose of ARTUR is to support 
individuals with speech deficits in their speech training by developing a new speech 
training aid. 

The new system should be used by the teacher or by the student and the target 
group are individuals with speech deficits due to hearing impairment or learning a new 
language. Three unique features will distinguish the system in comparison with 
existing computer-based speech training aids (Engwall et al. 2004):  

• Feedback of the articulators based upon the students own pronunciation. 
• Video detection of the actual position of the student’s own articulators is used 
in the pronunciation evaluation in order to enhance feedback. 

• The system is developed and designed from the beginning with the training 
sessions for teachers and students in mind, and with students and teachers 
participating in the design process.  

1.1. Problem Definition 
ARTUR is in its initial phase, and has the need of some preliminary data to begin with. 
The target group in this stage consists mainly of children with hearing impairments 
with some residual hearing. The new system will be designed with the users in mind 
and in collaboration with the users. However, the ideas and thoughts of the users, 
both therapists and students, are not well known at the present. There is a need to 
understand what the therapists and children think of the existing systems and 
elucidate what they need and want. There is also a need to search the literature for 
research done in this area and evaluate the existing computer-based systems, mainly 
from the perspective of how the users actually use them.  

1.2. The Goal 
The goal of this master’s project is to generate a list of design recommendations to be 
implemented in a new system. 

The aim is to get in contact with the users of speech training aids, both children 
and therapists and engage them in the first step of designing a new system. To get 
profound knowledge of what a typical speech training sessions consists of and in 
which way and how often computer-based aids are used. This will be accomplished 
through interviews and observations of both therapists and children.  
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1.3. Delimitations 
To be able to perform an adequate result, within the time limit of 20 weeks full-time 
work, some restrictions had to be made. The study only considers articulation of 
Swedish spoken subjects, mainly children with hearing-impairment or speech deficit. 
The evaluation of existing computer-based systems will be restricted to those used in 
Sweden and more precisely those used at the schools involved in this study.  

1.4. Overview 
The report begins with a theoretical background of basic theory in phonetics, speech 
acquisition and speech training. This section also consists of information about speech 
training aids and motor learning. After the theoretical background a short theoretical 
section follows about the methods used in the project. After that a section describing 
how the project was fulfilled follows. The next section is the ‘result’ where the 
outcomes from the interviews with therapists and children are presented. Then the 
goal of this thesis, based on the results presented in earlier sections, is presented in 
‘design recommendations’. The last section is the ‘discussion’ where the thesis is 
analysed and further work is suggested.  
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2. Theoretical Background 
In this section the theoretical background of this thesis will be presented including a 
short review of the basic theories of speech, speech acquisition and speech training. 
There is also a short review of various computer-based speech training aids found in 
the literature. Finally some findings in motor learning are presented. 

2.1. Speech, Phonetics and Phonology 
Our ability to communicate through spoken language is often taken for granted and is 
usually done with little consideration after we have learnt to speak. The whole process 
underlying this ability is described in the field of linguistics, which consists of areas 
like phonetics, phonology, morphology, syntax etc. Spoken language involves the 
speech chain, from the speaker who on a cognitive level formulates sentences and 
who through fine motor control produces speech sounds. These speech sounds 
travels through the air as acoustic signals and reach the ear of the listener who tries to 
parse these sounds as something meaningful. In basic speech training, the study of 
phonetics and phonology is mainly used. 

In short, phonetics is the study of the production of speech sounds and their 
acoustic features (Elert 1995). This means that the area of interest is only how the 
vocal tract, that is the mouth, the nasal cavity and the beginning of the throat, is 
configured and how the sound can be described in acoustic or articulatory manners 
and nothing about the meaning of the sound in a language context. Phonology on the 
other hand is the study of how speech sounds carry meaning in a language. This 
distinction is however somewhat fuzzy and phonetics and phonology are often 
interlaced (McAllister 1994). Phonetics can be divided into the subgroups, acoustic 
phonetics, the study of speech as acoustic waves and articulatory phonetics, the study 
of how the articulators are used in speech. 

2.2. Speech Sounds 
Speech sounds are produced by air from the lungs and different configurations of the 
vocal tract. The main classification of the speech sounds are vowels and consonants 
that is based on how the speech sounds are produced by articulatory means. Vowels 
are distinguished as being voiced. The vocal cords vibrate and produce a tone and the 
passage of air is free. Consonants on the other hand can either be voiced our 
unvoiced, but are distinguished by the passage of air being partially or wholly blocked 
somewhere in the mouth.  

2.2.1. Vowels 
It is the shape of the vocal tract that gives the vowels their 
distinctive sound. The shape is manipulated by the tongue, 
the lips and the velum. There are three things to consider 
when defining a vowel by articulatory means the first is the 
tongue placement, up or down and front or back. The 
second is whether the velum is lowered or raised and the 
third is wether the lips are rounded or not. Beginning with 
the tongue placement, what is interesting is the highest 
point of the tongue. There are some vowels, the cardinal 
vowels, which are fairly easy to describe in means of 
tongue positions. The cardinal vowels are agreed upon as 
universal, and are [i], [a], [A] and [u] (Elert 1995). [a] as in 
‘hat’ is pronounced with the tongue in a forward and 
downwards position and [A] as in ‘large’ in a downwards 
but backwards position. The other two cardinal vowels are 

Figure 1 the cardinal vowels, a 
schematic picture of the 
extreme points of the tongue 
when pronouncing vowels. 
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pronounced with the tongue in an upwards position, [i] as in ‘feet’, in a front position 

and [u] as in ‘cool’ in a back position. The cardinal vowels are the extreme points of 
tongue positions and between these vowels the rest of the vowels are being 
pronounced. Liprounding also has an important role in creating the sound of a vowel 
and for the front tongue position there is a possibility for a rounded and unrounded 
vowel. [i] is an unrounded vowel and [y] is an example of a rounded vowel with the 
same position. Finally the velum needs to be considered. Some vowels are 
pronounced with the velum lowered so passage to the nasal cavity is open. These are 
called nasal vowels. 

2.2.2. Consonants 
As mentioned before the consonants are produced when the air from the lungs are 
partially or wholly blocked somewhere in the mouth. There are three features that 
distinguish consonants from each other and these are: voicing, place of articulation 
and manner of articulation. Some consonants are voiced like the vowels. An example 
of a voiced consonant is [m], as in ‘milk’, and an example of an unvoiced consonant is 

[s] as in ‘snake’. When describing the place of articulation Latin names of the passive 
articulator are used. According to Robert Mannell the names are (Mannell 2004):  
 
Bilabial – lower lip against upper lip,  
labio dental – lower lip against upper 

front teeth, 
dental –tongue tip or tongue blade 

against the upper front teeth,  
alveolar – tongue tip or tongue blade 

against the alveolar ridge,  
retroflex – tongue tip backwards 

against the hard palate,  
palato-alveolar – the front of the 

tongue against the alveolar 
ridge,  

palatal – the front of the tongue against 
the hard palate,  

velar – the back of the tongue against 
the soft palate,  

uvular – the back of the tongue against 
the uvula,  

pharyngeal – the root of the tongue 
against the pharynx wall and  

glottal – the vocal folds  
 
The manner of articulation describes to which the size of the air passage during 
production and the different terms are: plosive, fricative, nasal, lateral and tremulant. 
When the air is fully blocked for a short period of time and then released as an 
explosion, the manner of articulation is called plosive. An example of this is the 
bilabial unvoiced consonant [p] as in ‘pie’. The consonant [f], as in ‘fake’, is a voiceless 
fricative, and this means that there is a construction in the vocal tract making the air 
turbulent. When the air flows through the nasal cavity, due to the lowering of the 
velum and closing of the oral cavity, a nasal consonant is produced. An example of 
this is [m]. A lateral is a consonant where the airflow is led on the sides of the 

constriction in the vocal tract, and an example of this is the first consonant in ‘lake’ [l]. 
The last manner of articulation presented here is the tremulant, where an elastic part 
of the articulators, for example the tongue tip, is forced to a rapid vibration by the 
airflow, as for [r] in ‘rule’. 

Figure 2 the vocal tract. 
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Since speech, like any other sound, is a rapid wave movement through the air, 
the speech sounds can also be described in acoustic measures like pitch, duration, 
loudness and quality of the wave. The different configurations of the vocal tract affect 
the sound produced in the vocal cords and works like a filter. When studying the 
acoustic features of speech one usually uses a spectrogram, a diagram with frequency 
on one axis, time on the other and the darkness of the diagram corresponds to the 
intensity of the signal. The basic frequency in speech is called the fundamental 
frequency, f0, and all other tones are multiples of the fundamental frequency 
produced by vibrations of the vocal cord. Some of the frequencies are reinforced by 
the resonance depending on the configuration of the articulators. These resonance 
frequencies describe all the voiced sounds in speech and are called formants F. A 
vowel can be uniquely described by the first three formants, F1, F2 and F3. There is 
also noise in speech, like all the unvoiced consonants, these noises can also be seen in 
the spectrogram.  
 

 
Figure 3 Spectrograms, to the left: /asa/, the s producing a noise in the higher frequencies of the spectrogram. 
To the right: /asja/ with noise in the lower frequencies. 

2.2.3. Phoneme and Viseme 
The speech sounds can also be classified in another manner, as phonemes. A 
phoneme is the smallest unit in spoken language which makes a difference in meaning. 
For example in the word ‘bat’ the meaning of the word changes if one changes the ‘b’ 
to an ‘s’. Thus both ‘b’ and ‘s’ are phonemes in English. The phonemes are 
differentiated by a number of features, those described in the definition of consonants 
and vowels. Phonemes that are close and only differ in one feature are normally more 
difficult to distinguish than phonemes that differ in more than one feature (Anderson 
2000). Phoneme is an acoustic definition, but there is also a visual definition of speech 
sounds: the viseme. Visemes are visually contrastive speech sounds. Since there is less 
information present visually than acoustically, the phonemes are ordered into groups 
and each group is called a viseme (Fischer 1968). The Swedish vowels are divided into 
two visemes, rounded (/ö y u o å/) and unrounded (/a ä e i/) and the Swedish 
consonants has been visually classified in three groups; bilabials (/p b m/), 
labiodentals (/f v/) and ‘others’ (/t d n s l r sj tj j k g ng h/) (Mártony et al. 1970). 
Confusions between different visemes are less frequent than confusions within the 
same viseme.  

2.3. Invariance Problem 
There is an advantage to be able to describe the speech sounds in an articulatory 
manner, where to place the tongue etc, when trying to teach someone to speak. But 
there is a problem of lack of invariance. The same person can produce the same or at 
least almost the same speech sound in several different ways. If one by some means 
has locked the jaws, perhaps by holding something in the mouth, the tongue can 
compensate for the new configuration and still produce the desired speech sound 
(McAllister 1994). This is called intrapersonal variance and makes it difficult to exactly 
decide how the articulators are placed by just acoustic measures. Interpersonal 
variance refers to the differences that exist between different individuals in means of 
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how the vocal tract is shaped. Although two persons never have the same shape of the 
vocal tract and vocal cords we can all make similar speech sounds and produce 
understandable speech.  

2.4. More Phonology 
The phonemes are not used in isolation: they are combined in larger units called 
morphemes. Morphemes are combined into words and words into sentences. When 
combined, some of the phonemes are distorted and sound different. There is no clear 
boundary between one phoneme and the next since the articulators glide from one 
position to the other (Elert 1995). When one phoneme affects the next phoneme, 
mainly due to the physiological restrictions of the vocal tract, is called coarticulation. 
A language can unfortunately not be described fully by vowels, consonants and 
phonemes. Prosody or suprasegmental features, create meaning to a sentence and can 
be described as temporal features, dynamic features and tonal features. Temporal 
features control the duration of speech sounds and dynamic features influence stress 
patterns. Tonal features control the pitch and intonation. It is often difficult to make a 
clear distinction of what is a prosodic unit since several prosodic features can be 
combined to create meaning in a language (McAllister 1994). Prosody also includes 
studies of the melody of whole sentences.  

2.5. Speech Acquisition in a Normal Hearing Child 
Exactly how speech acquisition in a child is done on a mental level is not fully 
investigated. The process is highly complicated and our knowledge of the brain and its 
functions is not sufficient. Roughly one could divide the learning process in the 
following steps. At first the child hears and sees speech and stores a mental model of 
the target. Exactly how these models are stored is not known. The child tries to 
produce an utterance and  with the help of auditory feedback compares it with the 
mental model. With repeated practice the child will eventually learn to master the 
necessary transformation from auditory pattern to motor patterns (Mashie 1995). 
There is a huge amount of motor skills needed in the speech process and through 
audition the child must learn: 
 

• Placement of articulators 
• Control of the breath stream 
• Coordination of articulators 
• Coordination of articulatory, phonatory and respiratory elements of speaking 
• Production of adequate phonation (pitch and quality) 
• Accurate articulatory patterns of the larynx responsible for the production of 
voice vs. voiceless contrast, together with appropriate coordination of the 
patterns.  

• Breath support (Mashie 1995, page 463) 
 
The auditory channel is not the only one used in speech acquisition. Also the visual 
channel is used in getting cues on how to produce the desired speech sound. Visible 
articulatory movements are cues on that tell the child how to produce the speech 
sound and the auditory feedback provides a measure of how successful the child is 
(Öster 1995). The cues from hearing and seeing are not only important for learning 
how the positions of the articulators should be adjusted, but also for the timing and 
sequencing of speech sounds (Nickerson and Stevens 1973).  
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2.6. Speech Acquisition in a Hearing-Impaired Child 
Speech acquisition in prelingually and profoundly hearing-impaired children rarely 
develops spontaneously if. The degree of residual hearing is of importance for a child 
to develop a phonological model by itself. Sometimes hearing-aids or cochlea-implants 
can help the child. There is a great risk that the child will develop a deviant 
phonological model that will make it difficult for them to produce understandable 
speech without instructions and training by a speech therapist (Öster 1995). 

2.7. Speech Training 
Before speech training begins an assessment of the phonological model of the child 
must be done. It is important to have a basis of the child’s skills and to assess what 
speech areas need to be trained. The speech training is an iterative process with four 
general steps; elicit, automate, generalize, and facilitate linguistic use. How these steps 
are realized may vary between schools and therapists (Mahshie 1995). The first step is 
to teach the child to elicit the target production. Here the therapist shows the child by 
tactile, visual and auditory cues how to produce the target. The child is encouraged to 
repeate until an acceptable production is made. Without any technical aids the 
production is shown by the therapist’s lips and face. The child also gets tactile cues by 
sensing the breath stream and the vibrations on the throat of the therapist. If the child 
has any residual hearing, it is also used. The next step is automaticity that is to make 
the child do the production automatically. This is accomplished through repetitive 
practice until the production is made with little consideration on how it is done. The 
third step is to generalize the pattern to other contexts, for example into other syllable 
locations. The last step is to facilitate linguistic use and to stimulate the child to use 
the new skills in communicative speech and not only in imitated utterances.  

2.8. Speech Training Aids 
Before the dawn of computer-based aids, several types of aids were in use in the 
speech training process. Some simple non-electronic examples are the use of a feather 
or tissue in front of the mouth of the speaker to show air flow during speech 
production or pictures of the vocal tract and the articulators (Mahshie 1995). The 
oscilloscope is an example of an electronic aid used to show some of the acoustic 
features of speech. Not all aids were based on visual feedback. There have also existed 
aids giving the speaker feedback via vibrations describing the fundamental frequency. 
All these aids have in common that they address one particular feature of the speech 
process and that they were not able to provide feedback on how good the production 
was. There was always a need for a therapist to translate the results and compare it 
with a standard. 

2.9. Computer-based Aids in Speech Training 
Computerized systems provide several advantages, such as graphical interfaces, the 
option to use advanced algorithms to process the speech, the possibility to combine 
several features into a complete educational system and databases to store results. A 
definition of a computer-based speech training system, CBST is given by Kewley-Port 
(1994, page 255): ‘A CBST system can process one or more signals derived from 
speech, either acoustic or physiological for the purpose of providing feedback about 
speech production’. The first computer-based speech training system was developed 
in 1972 (Nickerson and Stevens 1973) and since then several different systems have 
been developed and used in schools for hearing-impaired children.  
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2.9.1. A Good System 
What distinguishes a good computer-based speech training system? Throughout the 
literature many design considerations are mentioned, but few are collected into a 
theoretical framework against which different systems can be compared or analyzed. 
Watson and Kewley-Port (1989) argues that a good system should possess the same 
properties as a speech therapist and defines this with the following characteristics; 
being able to assess the speech of a child and distinguish problem areas, being able to 
make a treatment plan, give cues in form of produced speech, give feedback based on 
the child’s production and keep records of how the child performs. Further down in 
their article the authors abbreviate the features to a taxonomy consisting of three 
characteristics upon which systems can be analyzed and evaluated (Watson and 
Kewley-Port 1989). The taxonomy is physical source of feedback, from which 
modality is the information of the speech production obtained, standards of 
evaluation, what kind of model should be used to compare the speech production 
with and level and type of detail on which feedback is based, that is how much 
processing should be done before the result is displayed and in which form it should 
be displayed. Bernstein also tries to make a taxonomy based on two characteristics. 
What kind of information that should be used, acoustic or physiologic and what kind 
of model should be used. These two characteristics coincide well with the first two in 
Watson and Kewley-Port’s taxonomy but the authors do not fully agree upon the best 
way of implementing them. Mahshie (1995) also carries out a discussion on good 
computer-based aids and does this from three main pedagogical factors. The task and 
target skills the child needs to learn, the cues given to the child and the feedback on 
how good the production was. Interesting here is perhaps the task and target skill that 
is not mentioned by either Bernstein or Watson and Kewley-Port. 

Other important considerations mentioned in the literature are those concerned 
with most computer-based systems. The system must be easy to use, clear instructions 
are needed and, the system must be acceptable for both therapists and children (Öster 
1996)  

2.9.2. Some Existing Systems 
There are several computer-based aids mentioned in the research literature, some of 
which has been developed into commercial systems and used at schools for hearing-
impaired children. However some of the systems have just been developed and tested 
but have never been put into use. Which of the systems mentioned below that has 
been used commercially is not explicitly written in the literature and there might be 
other systems that are not mentioned here.  

The first computer-based speech training aid used the acoustic signal and 
accelerometers to give visual feedback on speech (Nickerson and Stevens 1973, 
Nickerson, Kalikow and Stevens 1976). The feedback was given as time dependent 
displays Some of them just showed features of speech and some were game-like to 
motivate the child. After this system several computer-based aids have followed, using 
both the acoustic signal as well as the physiology of the speaker as a source of 
feedback. Systems that use the acoustic signal as the source of feedback are for 
example SpeechViewer by IBM (Adams et a. 1989), the Indiana Speech Training Aid 
(ISTRA) (Watson et al. 1989), the Speech Illumina Mentor (SIM) (Soleymani, 
McCutcheon and Southwood 1997a), STAR, the Speech Training, Assessment, and 
Remediation system (Bunnell, Yarrington and Polikoff 2000), SPECO (Vicsi et al. 
2001), the OLP-method (OLP 2003)  and the language tutor Baldi (Massaro and 
Light, 2004). Systems built on the physical source of feedback are rarer in the research 
literature. Keate et al. (1994) reports about a system using a transducer that measures 
the contact between the tongue and the palate to provide feedback to the user.  
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2.9.3. Box of Tricks - Trollerilådan  
Trollerilådan, in the literature known as SPECO (Vicsi et al. 2001, Vicsi and Szaszák 
2003) is a speech training aid developed in a EU-project with participating universities 
in Sweden, England, Hungary and Slovenia. The target group of the system is children 
with speech and hearing handicaps in the age of four to fourteen. The tasks that can 
be trained range from basic training of production of sounds to training of words and 
sentences. The system is divided into four modules: sound preparation, vowels, 
sibilants and intonation (Vicsi et. al 2001). The sound preparation module consists of 
exercises for training loudness, spectrum, pitch and rhythm. The modules for vowels 
and sibilants are similar with exercises from training basic articulation to training the 
speech sound in sound sequences, words and sentences. The physical source of 
feedback is the acoustic signal through a microphone and the model used is the 
speech of a ten year old girl. Cues are given to the user both through the auditory 
channel and through the visual channel for example as a picture of the vocal tract or 
as speech pictures placed in spectrograms to enhance important parts. The aim for the 
child is to cover the clouds and not the pictures associated with the correct production 
of the speech sound at hand. Feedback is given in the form of a goodness metric 
presented as an animated figure or a numerical value. The production of the child is 
compared with the production of the reference speaker or with an average from the 
good and acceptable utterances made by 20 normal-hearing children at the age of six. 
There is a functionality to manage and store user profiles and the results produced by 
the users. 
 

 
Figure 4 Trollerilådan, an exercise with the word ‘sol’ (‘sun’). The student should cover the cloud and not the 
sun with its utterance. 
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2.9.4. SpeechViewer 
SpeechViewer is a speech training system developed by IBM (Adams et al. 1989). It 
can give feedback on voicing, pitch, speech timing, loudness and vowel production. 
The system is intended mainly for children, with animated graphical displays and 
somewhat game-like features. There are thirteen exercises ranging from awareness 
exercises to differentiating between two or more phonemes. In two of the exercises, 
Pitch and Loudness and Spectra, the teacher can create more individualized exercises, 
training syllables, words or sentences. The source of feedback is acoustic via a 
microphone, and the models which are used to compare the child’s production with 
are either the teacher’s or the child’s best production. The teacher’s model is used 
during contrastive training and the child’s best production during matching. The 
program does not give any goodness metric depending on the child’s production. 
However, there is feedback ranging from simple, like a balloon that grows bigger the 
louder a person speaks, to complex feedback in form of real time spectra. The screen 
in the exercises with spectra, oscillograms or spectrograms, is split in two so the child 
can see the correct model and compare it with its own production which is a help 
both in building awareness and in contrastive training (Öster 1996). Also in this 
system, there is a functionality to record and store the utterances of the user. 
SpeechViewer has been translated and adapted to Swedish and has been used in 
different versions in the Swedish schools since 1987 (Öster 2004b). 
 

 
Figure 5 SpeechViewer, exercise with the balloon. Here two levels have been saved and the student should try to 
keep the balloon between the lines with the loudness of its utterance. 

2.10. Motor Learning 
A profoundly hearing-impaired child must rely much on proprioceptive feedback, 
which is the sense of fine motor control, to be able to produce speech. The auditory 
feedback is missing which is usually being used unconsciously to fine tune the motor 
behaviour of the vocal tract. 

A definition of motor learning is given by Schmidt and Lee (1999, page 264) 
‘Motor learning is a set of processes associated with practice or experience leading to 
relatively permanent changes in the capability of movement’. The term ‘relatively 
permanent’ is quite vague and means that the changes should have some lasting effect.  
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2.10.1. Practice 
Practice is probably the most important factor for learning in general and motor 
learning in particular. Some of the features of practice can only be handled by the 
teacher and are not considered in this report.  

A computer-based aid can help a learner by giving information on what kind of 
motor activity to be performed. The most common way to inform the learner is by 
giving verbal information about the activity. Instructions given to a learner verbally are 
important but they can also be overused. It can be difficult to describe in detail the 
movements involved and it can be hard to remember all instructions. A complement 
to verbal information, which is anyway difficult to give to hearing-impaired or deaf 
children, are models of the motor activity. Spatial information and dynamic 
movements can be modelled and this has been shown to have a positive effect on 
motor learning (Schmidt and Lee 1999). The models can be either expert or learning 
models. Some research implies that we learn more from mistakes and explanations of 
these mistakes than from perfect models (Schmidt and Lee 1999). This research has 
mainly been done with sports practitioners so there is no clear evidence that it is valid 
for all motor learning.  

Motor skills can be seen as either open, with a variability in environmental 
conditions like bicycling in the woods, or closed, with no variability in the 
environmental conditions like playing tennis. Variability of practice of these two types 
of skills seems to be quite important (Schmidt and Lee 1999) and it seems to be an 
even more important factor when considering motor learning in children. Studies by 
Booth and Kerr (Schmidt and Lee 1999, page 301) showed that variable practice was 
better than constant practice and that it was even more effective to practice 
approximations of the new task than the new task itself. Another thing considering 
the task and practice is randomization ‘… the evidence suggests that practicing a 
number of tasks in some nearly randomized order will be the most successful means 
of achieving the goal of stable learning and retention.’ (Schmidt and Lee 1999, page 
311).  

Motivation is another important feature to take into account when practicing a 
new skill. Much of the motivation must be accomplished without the help of a 
computer, as to give reasons why to practice and what the new skill will offer the 
learner. However an important part of motivation that can be enhanced by a 
computer-based speech training system is goal setting, which will lead to the 
possibility to see the advancement of the learning process. Schmidt and Lee (1999, 
page 287) refers to a study by Boyce where the results showed that those who could 
define their own goals or got goals defined by the teacher, got better results at 
shooting a rifle than those who where only told to ‘do your best’.  

Conclusion – Practice 
Model-based instructions are useful in motor learning and in particular it seems as if 
the best results are shown if a learner’s model is used. Perhaps even the child’s own 
production should be used in a speech training system combined with instructions on 
what is wrong with the model. Another important feature of a new system would be 
to support variability of the task and especially if the system should be used without a 
teacher the possibility to randomize the tasks to be practiced. In a new system it 
should be possible to set clearly defined goals to enhance the motivation of the 
learner. 

2.10.2. Feedback 
Feedback can be divided into inherent feedback and augmented feedback. Inherent 
feedback is information from the sensory system that most often is directly processed. 
An example of this is the auditory feedback of a normal hearing person. Some 
information must be learnt to be evaluated, for example proprioceptive feedback 
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which can be used to control the articulators of a hearing-impaired person. 
Augmented feedback is supplemental to inherent feedback and will here after be 
referred as just feedback. Feedback affects both performance and learning and can 
serve as guidance giving cues to the learner. Schmidt and Lee (1999) writes about two 
kinds of feedback, ‘knowledge of result’ (KR) and ‘knowledge of performance’ (KP). 
KP is feedback about the movement itself mostly used to correct the movement 
rather than to tell how good it was, for example ‘your tongue should press against the 
velum’. This kind of feedback can help the learner to be aware of movements that are 
hard to notice. KR on the other hand is feedback of the outcome relatively some 
preferred outcome e.g. ‘good, but not perfect’ or ‘it’s a 3 out of 10’. Studies on KP are 
not common even though this kind of feedback is probably the most effective in 
motor learning. More studies have been done on KR and Schmidt and Lee assumes 
that the results for KR also hold for KP (Schmidt and Lee 1999). 

2.10.3. Knowledge of Performance 
There are different possible types of KP, for example kinematic feedback and 
biofeedback. Kinematic feedback is information about the movement performed 
directly perceivable. Another way of presenting KP feedback is through biofeedback, 
which gives information about a movement that cannot be directly perceived, for 
example the voice of a deaf person in the form of spectrograms. There is no clear 
evidence to be found in the literature about which kind of KP feedback is the most 
effective. One of the ways of presenting KP is by videotape replays. It has been 
shown that these replays are most effective if they are supplemented with error 
correcting information. The videotapes does not necessarily need to be made by the 
learner, but can be a model. 

Conclusion – Knowledge of Performance 
An animated model would hold as feedback if it is supplemented with instructions 
elucidating important parts.  

2.10.4. Knowledge of Result 
When it comes to KR there are many results that might affect the design of a 
computer-based speech training aid. One finding that might feel surprising is that it is 
actually a risk to give feedback too often (Schmidt and Lee 1999). When giving 
feedback too often, the learner starts to rely on the feedback as guidance and does not 
learn enough to be able to perform the task in a later stage without feedback. In the 
beginning of the learning process, the learner should get much feedback as guidance 
and for motivational reasons, but as the learner become more skilled, the feedback 
should be reduced. One way to give less feedback to the learner is to make it possible 
for the learner himself/herself to determine when to get feedback. If the learner can 
choose for herself when to receive feedback, it will be more meaningful than when 
she gets feedback all the time. This might not be suitable for all learners and another 
way to reduce the amount of feedback would be to use bandwidth feedback. When 
giving bandwidth feedback one defines a bandwidth around the target goal where the 
learner is close enough a good result. When producing a result within the bandwidth 
the learner is given KR feedback like ‘correct’ and outside the bandwidth the learner 
gets more detailed error-correcting KR.  

If there is a great amount of information about a movement that can be 
presented, what should one present? If one is able to divide the information into 
segments of the movement, research has indicated that random feedback of different 
segments are better than blocked feedback, that is feedback from the same segment 
(Schmidt and Lee 1999). The random feedback might make the learner more aware of 
all the information and force the learner to process more information than blocked 
feedback where the learner focuses on one segment at time. When it comes to the 
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time between presenting KR and repeating the task again after KR the literature does 
not come with any clear instructions. Subjective estimations of the error done during 
the time the learner waits for KR-feedback might give the learner an error-detection 
capability. This capability might later help the learner to maintain his/hers 
performance when the KR-feedback is withdrawn. 

Conclusion – Knowledge of Result 
It should be possible to manipulate the amount of feedback given to the learner since 
it is possible to give too much feedback and since the amount of feedback needed 
depends on the different stages in the learning process. One way to reduce the 
amount of feedback is to allow the learner to ask for feedback when interested or use 
bandwidth feedback. If there is a need to give feedback on different segments of the 
movement to be learned, the segments should be randomized. 
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3. Choice of Method 
I have chosen to use exploratory field studies and more precisely direct observation 
and semi-structured interviews, to collect the data needed for this master’s thesis. 
Kerlinger and Lee (2000) describe exploratory studies as having three purposes: ‘to 
discover significant variables in the field situation, to discover relations among 
variables, and to lay the groundwork for later, more systematic and rigorous testing of 
hypotheses’. Since this project was one of the first steps in a research project, I felt 
that exploratory studies were an appropriate method to use.  

3.1. Direct Observation 
It can often be difficult to describe exactly what one does when using a particular 
computer-based system when not being in the context and situation of using it 
(Preece, Rogers and Sharp 2002). This can partly depend on the difficulty to 
remember details or because we tend to do things without considering how we do 
them. Because of this, direct observation can be a valuable source of information. 
There are different types of observations, ranging from ethnographic studies where 
the observer is part of the group being observed to studies where the observer is 
merely an onlooker, not participating whatsoever in the situation (Preece, Rogers and 
Sharp 2002). I decided to work as an outsider, not trying to be a member of the group, 
but participating by asking questions to get clarification when this did not disturb the 
people being observed. I chose to collect information by taking notes, not using any 
technical devices like video recordings. This decision was based mainly on the fact that 
less technical devices will be less intrusive and since the observation was done during 
speech sessions for children, the disturbance should be minimal. One major drawback 
of direct observation is that the observer might affect the situation being observed by 
just being there. This depends mostly on the observer and how interfering the 
observer is. However the individuals being observed often get used to the presence of 
an observer and act mostly as they should have done in an ordinary situation 
(Kerlinger and Lee 2000).  

3.2. Semi-Structured Interviews 
Kerlinger and Lee (2000) states that one purpose of interviews is that ‘It can be an 
exploratory device to help identify variables and relations, to suggest hypotheses, and 
to guide other phases of the research’. I chose to do semi-structured interviews and 
with semi-structured interview I here refer to a type of interview where there exists an 
interview script as a guidance, but the questions are open-ended with the possibility to 
probe the interviewee further if needed. The reason for this choice was my lack of 
experience as an interviewer and the nature of the data I was interested in. The main 
advantage of interviews is that they are flexible and adaptable to the situation at hand. 
This fact makes them a good tool for research involving children. The interviewer has 
the possibility to explain and clarify when the child does not understand. Some of the 
disadvantages of interviews are the large amount of time needed, not only for the 
interview but also the time needed to analyze the material. With interviews there is 
also the difficulty with experimenter bias to consider. Whether the interviewer asks the 
questions in a manner that will affect the interviewee. This is particularly important to 
consider when working with children, they are more easily affected by the body 
language and tone of the interviewer (Preece, Rogers and Sharp 2002). 
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4. Realization of the Project 
This master’s project was divided in four phases, a literature study and the preparation 
of the field studies, the field studies, analyses of the material, and writing the report. 
Under this section I shortly describe the details of the different phases. 

I began with a literature study, in which I tried to get accustomed to phonetics 
in general, speech training and the computer-based aids used in Swedish schools. To 
get a deeper knowledge of the systems used in Swedish schools, I got a demonstration 
of the systems at two occasions during this project. (Öster 2004a). During this first 
phase I also prepared the field studies by writing the needed documents and 
contacting schools and speech therapists. Originally I should have done the largest 
part of the study at a school for hearing-impaired children in Stockholm, but since it 
was understaffed I had to contact other schools and therapists. With the help of 
Anne-Marie Öster and the therapists I got in contact with, I was able to arrange six 
occasions for interviews.  

Then the second phase, the field studies begun, during which I performed six 
interviews with ten therapists, five interviews with children and one observation of a 
speech session. The therapists were of different education but in this thesis the term 
speech therapist or just therapist is used for all. There were seven speech therapists1 
and three special educationalists2. They work with children with speech and language 
difficulties from around three to sixteen years of age. The interviews lasted around 
one hour each and during the interviews I followed an interview script (appendix 1), 
took notes and used a tape recorder as a help for my memory. 

With the help of the therapists I got in contact with children that took part in 
speech training session on a regular basis and I performed interviews with five 
children, three boys and two girls in the age of nine to twelve. Four of the children 
wore hearing-aids. The interviews were recorded on videotape only used as a memory 
aid. During one of the interviews a speech therapist was present, but did not 
participate in the interview. Ingela Linered was present at all these interviews. She was 
watching the interaction between me and the children as a part of her master’s project. 
She also asked some questions about the interview I had performed. The interviews 
with the children also followed a script (appendix 2), but was shorter, around 10 
minutes in length. The pictures that were shown to the children are displayed in 
appendix 3. 

Only one observation of a speech training session was performed. Originally 
the plan was to do several observations but since the speech therapists were reluctant 
to let us participate and due to the result of this observation, no efforts were made to 
participate in other speech training sessions. The child participating in the session was 
a fourteen year old boy with a hearing aid. The session was somewhat shortened due 
to the presence of me and Ingela Linered. 

The third phase, analysing the outcome from the field studies, was intertwined 
with the second and fourth phase. After every interview I transcribed my notes and 
after a couple of interviews I analysed the result. Also when starting to write the 
report, it became natural to analyse parts of the material again.  

At the end of my master’s project, there was a possibility for me to participate 
in an open house at HiSUS - Hörselskadades i Stockholm Ungdomssektionen (HiSUS 
2004). To the happening, which was held at their youth recreation centre at 
Blekingegatan in Stockholm, parents and siblings to children with hearing-impairment 
came. Besides giving information about the ARTUR project, I had the possibility to 
ask some children about their opinions of some pictures of the vocal tract, both MRI-
scanned pictures, painted pictures and 3D-animations (appendix 4). Four children, all 
boys, aged from eight to fifteen were asked. Two of them had a hearing-impairment 
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and experience with speech training, and two had normal hearing and none or very 
little experience of speech training. 
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5. Result 
In this section the summaries of the interviews with speech therapists and children 
follows. It also contains conclusions drawn from the interviews. Also the result from 
the observed speech training session and from the open house at HiSUS is presented. 

5.1. Interviews with Speech Therapists  
The following analysis is based on my interviews with speech therapists.  

5.1.1. Speech Training 
As soon as it is discovered that a child has a speech deficit the speech training begins, 
sometimes as early as in the child’s second year. In the early years the parents are 
encouraged to interact and speak to the child and to use sign language initiated by a 
special educationalist3. In the preschool or in the primary school a more thorough 
training begins, mostly following the steps found in the literature: elicit, automate, 
generalize and facilitate linguistic use. The length of the sessions ranges from 20 
minutes to one hour, and the child must most often leave from the ordinary school 
schedule, or come to the therapist after school has ended for the day. The most 
common way is that the therapist and child meet once a week, but depending on the 
child and its problems, they can meet from three times a week to once a month.  

When the speech training begins, the therapist assesses the deviations that the 
child has and from these plans the training. There is no typical training session since it 
is adapted to the children and the uniqueness of their speech. However one of the 
features that the sessions have in common is that they are all playful and full of 
variation. The therapist does not only spend time training the phonetic difficulties that 
the child has, but also uses the material at hand to help the child with its language 
development which is often weakened. If possible, the child is trained in 
discriminating speech sounds and to listen to its own utterances. Breathing and voice 
exercises are other frequent elements in the speech training session. The therapist tries 
to relate to the child’s daily life and reality in all the training exercises, and to develop 
the language that the child already possesses.  

Many of my respondents talked about awareness, to enhance the awareness of 
the world of sounds, awareness of the breathing, awareness of the language etc. Often 
the therapist begins with the speech sounds that the child already master and from 
them make the child aware of the deviant speech sounds. The techniques that the 
therapist uses are multimodal enhancing the learning process with the help of vision, 
touch and hearing when possible. When the child becomes more mature, the therapist 
and child together can analyze in a more theoretical way what happens with the 
articulators during speech production. 

Conclusions – Speech Training 
Since speech training is usually performed just once a week and for a short period of 
time, the time is not enough to automate the learnt speech sounds. This leads to the 
need of a computer-based aid that could be used directly by the child without the help 
of the speech therapist. But the therapist is not replaceable and must from time to 
time be present to direct the training of the child. A new speech training system must 
be adaptable and contain words and pictures that can be related to the daily life of the 
child. The notion of being adaptable is also reinforced by the comments that there is 
no typical speech training session; it all depends on the child and its deficits. 
Awareness is one important feature in speech training. One way to enhance the child’s 
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awareness would be to make a possibility for the child to comment his/her own 
production when working with a speech training aid. 

5.1.2. Speech Training Aids 
One of the simplest and most common aids used in speech training is an old 
fashioned paper notebook, where the therapist and the child together paste pictures 
and write words containing the speech sounds that the child needs to practice. The 
child can either use the notebook at the sessions or take it home to colour and 
practice some more. There are existing materials, ‘Praxis’ or ‘Metafon’ (Pedagogisk 
Design 2004a, 2004b) with pictures that can be photocopied and used with the 
notebook or as parts of games like Memo. Both ‘Metafon’ and ‘Praxis’ are quite old. 
Some therapists referred to them as being ‘stone aged’, but they are good since they 
are easy to adapt to the situation and to create variation in the training. One therapist 
uses a computer-based version of the notebook called ‘Digital Portfolio’ (Elevdata AB 
2004) with the feature of being able to store sounds.  

One therapist said that almost anything that could be used to get in contact 
with the child and everything that the child considers to be fun is used. Thus the 
training is full of fairy tales, colours and games. Many therapists mentioned the drum 
as a good tool to teach the child the prosody of speech. A mirror was also mentioned 
by all the respondents as the main tool to make the child aware of where and how 
speech sounds are created. As one of the therapists puts it: ‘… then the child himself 
can be a model, to enhance the awareness that he/she has a tongue and that it makes 
dodges’4. One of the respondents stressed that it is also important to train without a 
mirror. When the child is able to elicit the speech sound it should train to depend on 
his/her own internal feedback instead of the mirror. This depends on the child and 
the deviations that the child has. Another way of making the child conscious of the 
mouth was presented by one of the therapists. It is a handheld doll with a moving 
tongue. It is also possible to put the hands inside the hands of the doll and make the 
doll use sign language. Sign language is often used by the therapists. A common 
technical aid to make the child aware of where the tongue should be placed in 
different articulations is a normal electrical toothbrush which vibrates and gives a 
tactile sensation in the mouth. Another of these tongue awareness aids is an artificial 
palate plate with a pearl or likewise being fastened, so that the child can feel 
something in his/her mouth when wearing the plate: the tongue will automatically 
wander off to the placement of the pearl. To train the breathing the child uses toys 
that one should blow into, or something as simple as blowing soap bubbles.  

Conclusion – Speech Training Aids 
A new system should make it possible to store sounds and if possible pictures and 
words since this is a very common way for the speech therapists to work. Another 
important feature would be to include signs as a possible way to explain or enhance a 
word or speech sound to be trained with a computer-based aid. If a new system could 
display the mouth of the child this could probably be used instead of or as a 
complement to the mirror which today is commonly used in speech training. The 
amount of feedback should be varied depending on the learning the child has 
established, since this is also done in speech training today.  

5.1.3. Computer-Based Aids 
Computer-based aids were commonly used by the therapists interviewed, mostly 
‘SpeechViewer’, ‘Trollerilådan’ and ‘Lexia’ (Logopedia AB 2004). ‘Lexia’ is a language 
tool, and is more used in language training than in speech training. Those who had 
used ‘SpeechViewer’ for some time used at least parts of it every speech session. One 
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therapist used ‘SpeechViewer’ together with an assistant in a special school5. The 
therapist assessed the development of the child every week and planned exercises with 
‘SpeechViewer’ and the assistant made sure that the child practised between the 
speech sessions.  

One of the most preferred features of computer-based aids is the possibility of 
variation, that something always happens and that the child can see the difference 
between two utterances. A game or exercise in the computer can make the child 
produce an enormous amount of utterances, many more than it would be possible to 
do with other activities. The computer is in this aspect more effective than a human 
being. The computer aid is also considered to be objective. One of the respondents 
commented that it was easier for the child to take critical judgement from the 
computer than from the therapist. The possibility of getting rewards from the 
computer, when doing something correct, makes the computer-aid interesting. There 
is also a factor of status, both for the therapist and also for the child. The parents of 
the children are often very impressed that their child uses a computer to practise 
speech. If the child uses a computer in speech training, the session might be perceived 
by the other children as less deviant from normal school activities. They might even 
be impressed if the child uses a computer during speech practising.  

The negative aspects of computer-based aids are the amount of time needed to 
learn the system, and that some might not be stable in all situations. One therapist told 
me how sad it is when the child sits there and wants to practise, and then the 
computer just freezes. Sometimes the system reacts although no sound is being 
present, or the system does not discriminate between similar but yet different 
utterances. There is a problem with ‘SpeechViewer’ being quite old and not working 
well with new computers and new operating systems. Another negative aspect of 
‘SpeechViewer’ is that there is not any new version planned from the creators.  

Conclusion – Computer-Based Aids 
It should be possible to get both criticism and rewards from a computer-based aid, 
criticism since the computer can be perceived as more objective than the therapist and 
rewards to enhance learning. A computer-based system must be stable. Time 
constraints and the expectations of the children make stability even more important. 
From this part of the interview also an argument for using a computer-based aid as 
tool for repeated practice came. 

5.1.4. Models 
When it came to the subject of models, the therapists were not in agreement. Some 
preferred pre-recorded models like those in ‘Trollerilådan’, and used a simple tape-
recorder as a complement if needed. Short sessions and impatient children sometimes 
make it difficult to use the function of recording models in ‘SpeechViewer’. However 
pre-recorded models can be difficult to use if the child has vast difficulties with its 
articulation because the child is then too far from the target sound. One therapist 
expressed that it is an advantage to record the child in ‘SpeechViewer’ since then there 
is a freedom to build exercises that serves the needs of the child. The child also 
produces a unique frequency which is difficult to model in any other way. If there 
should be pre-recorded models, there must be models of different ages and sexes. As 
one therapist explains it, it is not fun to always train against a ten year old girl if you 
are a boy or older than fourteen. Some therapists said that the children seems to like 
to match themselves, to train against their best production and in this way compete 
with themselves. 
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Conclusion – Models 
There is no consensus whether pre-recorded models or the child’s own production 
should be used as a model. If the child’s own production should be used as a model, 
the procedure to record and store the child’s utterance must be easy. If pre-recorded 
models are used in a computer-based aid, there must be models of different ages and 
different sexes.  

5.1.5. Importance of Variation 
Children can to some extent appreciate repetition and to play the same game over and 
over again, but they also need variation and ‘action’ as one therapist explained. It is 
important that the speech session is interesting so the child does not get bored. One 
therapist expressed the need of variation as: ‘Different things and different angles of 
approach, so that one, together with the child, can explore the possibilities and 
become more aware’6 . 

Conclusion – Importance of Variation 
Since the therapist and the child practise for such a long period there must be 
variation of the exercises in a computer-based system. 

5.1.6. Visual Support 
As mentioned before, the mirror is one of the most common tools used in speech 
training, and this is mainly since the visual channel is an important modality to use as a 
complement to hearing. Normal-hearing children discriminate the different speech 
sounds auditorily, but since this is difficult for a hearing-impaired child, the visual 
channel becomes more important. ‘Trollerilådan’ has some pictures of the articulators 
and the children seem to like them although small children, in the age of three or four, 
have trouble understanding them. One therapist used old slides with pictures of how 
the mouth looks like while producing different speech sounds and others used drawn 
pictures of the mouth to describe the articulation of the speech sounds produced in 
the back of the vocal tract. One therapist wanted to have good pictures of the vocal 
tract in the computer. ‘SpeechViewer’ is considered to give a good visual feedback in 
the form of spectrograms. The child can see wether its utterance is similar or deviant 
from the model.  

When presented with the idea of having a 3-dimensional model of the vocal 
tract, all the respondents were positive. Without any more explanation of the 
possibilities, one therapist stated that the children are very curious and that it is ‘… 
exciting with stuff like that’7. Further, the therapist said that it would be of greatest 
interest if it was possible to record the child on video, while speaking. This can be 
compared with something that another therapist said, namely that most children love 
to see themselves in a mirror, to play with the mouth and see the lips move. 

Conclusion – Visual Support 
There is a lack of good pictures of the vocal tract that can be a support in speech 
training. The speech therapists were positive to the idea of a 3-dimensional picture of 
the vocal tract and believed that it would be suitable for the children since they usually 
enjoy looking at themselves. 

                                                      
6 “Olika saker och olika infallsvinklar, så att man tillsammans med barnet utforskar 
möjligheterna och medvetandegör” 
7 “…spännande med sådana grejer.” 
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5.1.7. Motivation, Games and Deception  
Without the motivation of the child it is almost impossible to teach anything as one of 
my respondents expresses: ‘it doesn’t work without the child’s will-power’8.  
Sometimes the therapist must ‘deceive’ the child to practise because the child is not 
aware of his/her own difficulties and if too much emphasis is put on one problem, 
the child might feel as being particularly bad. That is the reason why songs and games 
are used to such a large extent in speech training apart from them being fun and 
motivating. The most frequently played game is ‘Memo’, where the child has to 
pronounce the word that it finds. Another way of using pictures in a game is to put a 
metallic clip on them and then try to fish pairs out of a pile. Some games are also used 
as a reward, after training for some time the child gets to play a game. These games of 
reward sometimes contain speech training elements, but they can also be used to train 
other skills like turn-taking or producing longer sentences.  

When talking about reward during one of the interviews, the problem of how 
to distribute the reward came up. For example, when playing the game ‘racetrack’ in 
‘SpeechViewer’, the child should control its voice and by this avoid to collide with 
obstacles. A great cheering sound is heard if the child has not collided once during the 
game. However the child might have done its very best, and perhaps only collided 
once, but then gets no cheering at all. The notion of reward is good, but that it is 
‘important that the reward is proportional to the child’s effort’9, as one therapist said, 
and not to the result of the child. Since the children are at different levels and some 
children have enormous difficulties that might not ever be overcome, some children 
might never get to play a rewarding game or only play for a short time, if the rewards 
are distributed according to results. 

Conclusions – Motivation, Games and Deception 
Games are a good feature to include in a computer-based speech training aid, in the 
sense as a motivation and also as a reward. Rewards should be able to be distributed in 
accordance with the effort made by the user and not only based on the results. This 
feature should be adaptable by the speech therapist according to the maturity of the 
child. 

5.1.8. Some Difficult Speech Sounds 
With any speech sound, it is important to practise the right pronunciation before it 
has become too established, because then it is difficult to change the pronunciation. 
All the speech sounds that are not visible from the outside are hard to learn, but it 
depends on the child and the difficulties that it has. A /p/ seems to be easy to learn 
since it is quite visible from the outside, but if the child has problems with breathing it 
could be very difficult. For children with hearing-impairment, the fricatives can be 
difficult since they are hard to hear. One therapist expressed that if a child conquers 
one of the /sj/ sounds of Swedish he/she should perhaps be happy about that, 
because to learn different /sj/ sounds is too much work for a particular child.  The 
child can be understood if he/she can pronounce at least one of them. Most therapists 
used pictures to teach the fricatives and also ‘SpeechViewer’ to distinguish between 
voiced and unvoiced fricatives. One said that it was easy to start with a /j/ and then 
try to get rid of the voiced part. Another therapist expressed that it is easier to begin 
with the fricatives that are far apart in the aspect of where to place the articulators, 
when trying to teach the child to produce them. 

There is a difference between children with hearing-impairment who are using 
hearing-aids and children with cochlear implants. Children with hearing aids usually 
have troubles hearing sounds with high frequencies, like the fricatives. Children with 
cochlear implants on the other hand can usually hear the high frequency sounds but 
                                                      
8 “Utan barnets inre motor av vilja går det inte” 
9 “Viktigt att belöningen står i proportion till barnets insats.” 
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have problems with low frequency sounds. This means that children with cochlear 
implants can have problems learning speech sounds like /n/, /m/, /l/ and /ng/. 

Another difficult speech sound to learn is /r/, which usually is the last speech 
sound to be learnt. Some children can have problem with /r/ all the way up to the age 
of fourteen. /R/ is often omitted or replaced with a /j/ or a /l/. When trying to teach 
the /r/the therapist often begins with a /j/ and tries to work on the way to a /r/. 

Conclusion – Some Difficult Speech Sounds 
It is not possible to decide which speech sounds are the most difficult because it 
differs from individual to individual. Children with hearing-impairment usually have 
more problems with high frequency sounds like the fricatives. Children with cochlea-
implants usually have more problems with low frequency sounds. 

5.1.9. Parental involvement  
One of the therapists told me that she works a lot with the parents of the child. She 
has noticed that the best effect of training comes when the parents are involved in the 
training in a positive way. Another therapist expressed that she didn’t believe that 
speech training with a computer-based aid would work well at home, and that it was 
better if the parents were stimulated to talk to their child and to read stories and fairy 
tales instead. However, after a while she concluded that if there would exist a 
computer-based system that was easier to use than the currently existing it could work. 
Several therapists expressed that if there would exist a system that could be used at 
home by the parents and child together, it should not be the same as the one used by 
the therapist in school. The reason was that it should be something specific to go to 
the therapist and the child should not get bored of the exercises done at the speech 
training sessions. It seems like many parents would like to be more involved in the 
speech training. Many have asked questions of where they could get hold of the 
computer-aids used by the therapists. ‘I think there are many parents who would like 
it, to get support in what they can practise and how they can practise. Not only leave 
everything to the professionals, but as a parent do something simple in their daily 
life.’10  

Conclusions – Parental Involvement 
It could be a good idea to involve the parents of the children more in the speech 
training but if this is done with the help of a computer-based system the exercises 
should not be the same as those used by the therapist at school.  

5.1.10. If only… 
During the interviews the respondents from time to time expressed wishes for things 
that could be better and things that they didn’t have today. One therapist wished for a 
game to train the voiced and unvoiced plosives, /p/, /b/, /d/ since they are difficult 
to discriminate by hearing. Another speech sound that is in the need of training is /r/, 
which one therapist missed in the ‘Trollerilådan’. Pictures were also wished for, for 
instance a large picture bank on the Internet or on a CD-rom, which could easily be 
printed out and used. The pictures need to be neutral in aspects of age. Most of the 
material today is made for small children and can be perceived to be very childish for 
children older than ten or adults who need to change their speech. If a new system 
would be created, one therapist wished for a thorough investigation of which pictures 
to use. The therapist thinks that the pictures need to be connected to an already used 
system of pictures and that some investigation on which level of abstraction etc 

                                                      
10 ”Jag tror att det är många föräldrar som kan tycka att det kan vara bra, att få ett stöd i vad 
det är de ska träna och hur de ska träna. Inte bara överlämna allt till de som är proffs utan som 
förälder kan man göra något som är enkelt i vardagen” 
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should be conducted. One therapist said, when talking about computer-aids: ‘Funny 
and beautifully designed, that something happens to avoid boringness. The systems 
shall have a lifespan, not only be fresh during the first week or the first month’11. 

Conclusions – If only… 
Pictures used in a new computer-based aid should vary in aspects of age and gender. 
There should also be considerations on which pictures to use, if they should be 
connected to any existing picture material. 

5.2. Observations of a Speech Training Session 
During the work of this master’s project, one observation of a speech training session 
was done at one of the schools visited. Although the child did not complain about our 
participation, the situation gave me an awkward feeling. During the speech training 
session we all played a game which was designed to make us practise pronunciation of 
two different consonants. Ingela Linered and I were also taking part in the game to 
make the situation less strange. At one point the child got a word which he 
pronounced wrongly because it contained a consonant that was not one of the 
targeted in the game. The speech therapist first seemed to start to make a comment 
and correction, but then hesitated and started to talk about something else. If we 
would not have been there, the therapist probably would have corrected the child and 
I felt that our presence made the therapist behave unnaturally. Speech is something 
personal and delicate and it felt very intruding to take part of the particular difficulties 
of the child.  

5.3. Interviews with Children 
Interviews with children participating in speech training sessions on a regular basis led 
to this analysis. 

5.3.1. Speech Training 
Overall it was difficult to get answers from the children about their speech training, 
mostly because they just thought that the speech training was simply fun and not 
difficult. They also had a hard time to remember what they usually did do during their 
sessions. All the children were mainly doing their speech practising together with the 
speech therapist. Only one child implied that he/she sometimes was reading aloud 
with the parents as an exercise. Three of the children found it especially fun to work 
with the computer during the speech training sessions, but it was not always without 
problems: ‘One time when we were supposed to work with the computer, when we 
were supposed to work with trolleri [Trollerilådan], then, then it didn’t work!’12. The 
child seemed to be very sad about this and hadn’t yet had the opportunity to try the 
program again.  

Conclusions – Speech Training 
Children seem to like to work with the computer, but again, it is important that the 
systems are stable and simple to handle. 

5.3.2. Pictures of the Vocal Tract 
Four of the children were shown MRI-scans (appendix 3) of the vocal tract, showing 
different speech sounds being pronounced. At first, all of them were quite perplexed, 

                                                      
11 ”Roligt och vackert designat, att det händer nåt så att det inte blir så himla trist. Systemen 
ska ha en livslängd, inte bara kännas fräscht första veckan eller första månaden” 
12 “En gång när vi skulle göra med datorn, när vi skulle göra nåt med trolleri [Trollerilådan] 
asså då, då funkade det inte!” 
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but after a short explanation, they seemed to understand what the pictures depicted. 
One child interrupted the explanation and continued by himself to explain more of 
the pictures and another corrected the position of the pictures so that it was more 
aligned with the child, when understanding what the picture was showing. None of 
the children found the pictures frightening or disgusting. After a short explanation 
they could also understand the difference between the pictures of s and t. Two of the 
children said after the interview that the pictures had been the most interesting and 
fun part of the interview. 

 
Figure 6 Picture from ‘Trollerilådan’, showing how the vocal tract is configured when producing a /s/. 

 
One child was shown pictures from ‘Trollerilådan’ representing the vocal tract. The 
child had used the computer-based aid from time to time and had seen the pictures 
before. When asked of its opinion, the child responded that: ‘Can’t really understand 
how I should hold it [the tongue], it is easier when someone says it instead of looking 
at the computer’13. When asked about an animated picture instead the child said that it 
would probably make it a little easier to understand. The child was used to handle a 
computer, both in school and at home and when asked about 3D-picture he 
responded that he thought it would help a little, especially if the picture was animated. 

Conclusions – Pictures of the Vocal Tract 
There seems to be no problem to use pictures of the vocal tract from the age of nine 
in speech training. The pictures are probably of extended help if they are animated. 

5.4. Open House at HiSUS 
This analysis is based on the interviews I was able to do at the open house at HiSUS. 
Those children who had participated in speech training had less trouble to relate too 
the pictures (appendix 4) and seemed to understand them better than the children 
who had not been participating in speech training. 

5.4.1. Drawn and MRI-scanned Pictures 
The children found the MRI-scanned pictures to be somewhat difficult with almost 
too many details that mislead their attention. One child said that he/she started to 
wonder what the other parts were. Only one child found the MRI pictures to be 
somewhat disgusting. They found that the drawn picture did not really display 

                                                      
13 “Kan inte riktigt förstå hur man ska hålla den [tungan], lättare när man säger det rakt ut än 
att titta på datorn” 
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correctly how pronunciation of t is done, but that the drawn picture was better since 
there were fewer details that distracted. However, the tongue should be more 
distinguished from the rest, perhaps with another colour.  

Conclusion – Drawn and MRI-scanned Pictures 
A drawn picture of the vocal tract would probably be better than MRI-scanned 
pictures and the important details in articulation should be highlighted. 

5.4.2. Animated Sequence of the Vocal Tract 
Here again, only one child found the sequences as a little disgusting because only the 
tongue and the eyes were displayed. The same child had trouble to form an opinion 
which view was the best. The other children did not consider the lack of skin to be a 
big problem although some of them expressed that it was difficult to understand 
where to place the tongue since the velum was not displayed in any of the animations. 
One child preferred the side view since it was easier to see the tongue movements. 
The other two children preferred the view with the grid since this gave a notion of the 
face and how the mouth was opened. 

Conclusions – Animated Sequence of the Vocal Tract 
Some information of the velum should be displayed in an animated sequence of the 
vocal tract. 
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6. Design Recommendations 
In this section a summary of the different conclusions drawn earlier in the thesis are 
presented. The design recommendations are presented in a short and concise form. 
For further background and motivation see earlier parts of the thesis, subsections 
given below. 

6.1. General recommendations 
• The speech therapist is not replaceable, he/she must be present in all stages 
of speech teaching but some of the repeated practice to automate the speech 
sounds can be done with less supervision. (5.1.1) 

 
• A computer-based speech training aid would be of most help if it supports 
repeated practice without the help of a speech therapist. (5.1.1, 5.1.3) 
 

• Speech training is much more than training production of speech sounds, the 
therapist often helps the child to develop the child’s language. A computer-
based aid should support language learning. (5.1.1) 

 
• Every child with a speech deficit is unique and has unique difficulties, which 
means that a speech training aid should be easy to adapt to the child and 
problems at hand. (5.1.1, 5.1.8) 

 
• The material used in a computer-based system should relate to the daily life of 
the children using the system. (5.1.1) 

 
• The pictures and material used in a new computer-based system should vary 
in aspect of age and gender, to be suitable for as many users as possible. 
(5.1.10) 

 
• The system must be stable. (5.1.3, 5.3.1) 

6.2. User Profiles 
• To make the system adaptable in order to easily relate to the daily life of the 
children, there should be a possibility to store the sounds being trained. This 
is also important as a way to record the development of the child. (5.1.2) 

 
• If possible, to further make the system connected with the life of the children 
and their language, it should be possible to store pictures and text together 
with the sounds. (5.1.2) 

 
• If the child’s own production should be used, as a model, it is important that 
it is easy to record and store it. (5.1.3) 

6.3. Exercises 
• All types of speech sounds must be present in a computer-based system since 
there is such a variability of the deviations of the children. (5.1.1) 

 
• To motivate the children using the system, it should contain game-like 
features. (5.1.7) 
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• Motivation should also be enhanced by the possibility to set clearly defined 
goals in the system by teacher or child. (2.10.1) 
 

• It should be possible to get both criticism and rewards from a computer-
based speech training aid. (5.1.3) 

 
• If games are used as a reward, the rewards should be distributed according to 
the effort and not only the result of the child’s attempts. (5.1.7) 

 
• The teacher should be able to vary the amount of reward in a computer-based 
aid. (5.1.7) 

 
• The exercises must be varying since the therapist and child practice during a 
long period of time. Variations of the exercises also strengthen motor 
learning. (2.10.1, 5.1.1) 

 
• If the system or parts of the system should be used outside the school, or 
without the presence of a therapist, the exercises must be different than those 
used by the therapist. This is mainly to prevent the speech sessions to be 
boring. (5.1.9) 

 
• The possibility to randomize the tasks should exist if the system should be 
used without a speech therapist. (2.10.1) 

6.4. Models 
• According to theories within motor learning, the user’s own production 
would be suitable as a model, combined with instructions on what is wrong 
with it. (2.10.1) 

 
• If pre-recorded models would be used, it is important to have models of 
different sexes and different ages. (5.1.4) 

 
• Theories in motor learning support the usage of an animated model if it is 
supplemented with information that elucidates important parts. (2.10.1) 

 
• A 3-dimensional model is supported by the speech therapists and children. It 
seems to be possible to use this type of cue and feedback with children that 
are at least nine years old. (5.1.6, 5.3.2, 5.4.2) 

 
• The level of detail of the model should be low and be more like a drawn 
model than a MRI-scanned picture. (5.4.1) 

 
• Important parts of the articulation should be highlighted in a model. (5.4.2) 

 
• An animated model is preferred. (5.1.6, 5.3.2) 

 
• In an animated model some information can be excluded. However, it has 
been shown that information about the velum is important to display. (5.4.2) 

6.5. Cues and Feedback 
• The amount of feedback given to the learner should be possible to vary, 
depending on the stages of the learning process that the child has established. 
(2.10.4, 5.1.2)  
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• If feedback is given on different segments of the oral movement the order of 
the feedback given should be randomized. (2.10.4) 

 
• A common way to help children with speech deficits is to use sign language 
which leads to the conclusion that a new system should give the possibility to 
enhance cues with the help of sign language. (5.1.2) 
 

• The system should be able to give feedback both in the form of KP – 
Knowledge of Performance and KR – Knowledge of Result, depending on 
the child’s learning level. (2.10.2) 

 

6.6. Other 
• Let the child evaluate and comment its own production in a computer-based 
speech training aid to enhance awareness. (5.1.1) 
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7. Discussion 
The goal of this thesis was to generate a list of design recommendations that could be 
implemented in a new speech training system. Qualitative data was collected from 
interviews with ten speech therapists and nine children. The main purpose of the 
interviews was to collect ideas, wishes and experiences from the users of computer-
based speech training aids. Beside the design recommendations presented in previous 
section, knowledge has been gained about the user groups, both speech therapists, and 
children with speech deficits and hearing-impairment.   

Has the right conclusions been drawn and has all the important aspects of 
speech training been understood? The number of therapists and children might be 
perceived as few. However, the last interviews only confirmed the findings from 
earlier interviews and no new information was gained. The fact that the speech 
therapists had different approaches to speech training and still gave similar answers 
adds confidence to the findings. The next stage would have been to show something 
concrete, like a prototype, upon which the children and therapists could comment.  

Interviews have the drawback of depending much of the interviewer’s skills. 
Thorough preparation in form of an interview script, which has been used in this 
project, made the interviewer more stable in her role and less inclined to pose leading 
questions. The fact that this master’s project was an exploratory study and that the 
field was relatively unexplored and thus not well known, also made it more difficult to 
pose leading questions. Well defined criteria, established in the beginning of the thesis, 
upon which the existing speech training aids would have been evaluated, would 
perhaps have made this thesis more coherent. However, the requirements of the thesis 
were not to find out how usable existing systems were in manners of common 
usability criteria. Rather it was requested to investigate how speech training was 
performed with the help of computer-based aids and what the speech teachers needed 
from a pedagogical viewpoint. The good and bad features of the existing speech 
training aids were anyhow expressed naturally by the therapists during the interviews 
and during demonstrations by Anne-Marie Öster (2004a). Notes about good and bad 
design were taken but not included in this report since this was not the focus of this 
thesis. With these arguments as a foundation, the results presented in this thesis can 
be considered to rest on a solid scientific base. 

The results of a study depend much on the target group, in this thesis speech 
therapists and hearing-impaired children. Can the results be generalized to a larger 
user group? Other groups of interest might be children with speech deficits, second-
language learners and language teachers. A profound hearing-impairment leads to 
speech deficits, and since the target group of this study has been children with 
hearing-impairment, the results will also hold for children with speech deficits. The 
only result that is closely tied to the hearing-impaired group is the need for sign 
language as a support in giving cues in a speech training system. However, sign 
language can also be used by children with speech deficits depending on their 
impairment. The results concerning motivation, rewards and models, are valid for any 
individual in speech production training. Considering the results about the speech 
therapist, these also apply to a language teacher. The teacher is not replaceable, but 
can be supported in the repeated practice by a computer-based system. Overall, the 
results are with few exceptions possible to generalize to other user groups. 

Some ways to continue this work, are obvious, for instance to implement the 
design recommendations in a prototype and further investigate them. It would also be 
interesting to look at which age a three dimensional model would be possible to use. 
Perhaps it could be used in a much younger age known at the present. Motivation was 
an aspect that caught attention during this project and it would be interesting to 
further investigate how a computer-based aid can help motivating a child to practice 
more perhaps by making the training more game-like. Motor learning was one area 
that gave a lot of information and an area where more research can be done. It would 
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be especially interesting to do studies on feedback on motor behaviour and investigate 
how the time and the amount of feedback affect performance and learning. It would 
also be interesting to do studies on KP since this kind of feedback has little research 
results in the literature, but is considered to be very important in motor learning. 

This thesis was the first step in involving the users in the process of developing 
a new computer-based speech training aid.  Hopefully further work within this field 
might be facilitated with the results obtained and with the contacts made with speech 
therapists and children.  
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Appendix 1 – Interview Script Adult 

Inledande information 
Jag genomför ett examensarbete vid Kungliga Tekniska Högskolan i Stockholm, det är 
ett samarbete mellan institutionen för tal, musik och hörsel och institutionen för 
numerisk analys och datalogi. Examensarbetet ingår i ett nystartat forskningsprojekt 
vid namn ARTUR (Articulation Tutor) vilkets syfte är att ta fram ett datorstöd för att 
hjälpa hörselskadade och döva barn i deras talträning. Min uppgift är att titta på 
talträningen och de stöd som används idag och utifrån dem komma med 
rekommendationer till det nya systemet. Syftet med den här intervjun är dels att få 
reda på mer om själva talträningen och att kunna få reda på vad som är bra och dåligt 
med de hjälpmedel ni använder idag.  
 
Jag vill poängtera att det inte är er som talpedagog/logoped som jag utvärderar utan 
de system som ni använder. Dina svar kommer inte kopplas till dig som person. 
Eventuellt kommer jag att beskriva din yrkesroll när jag sammanställer svaren. 
Resultaten kommer att rapporteras i min exjobbsrapport och kommer att ligga till 
grund för vidare forskning. Deltagandet i den här intervjun är helt frivillig. Du är fri 
att avbryta intervjun när som helst och behöver inte svara på en fråga om du av någon 
anledning inte skulle vilja det. 
 
Frågorna kommer att beröra två områden, talträning och datorstöd. Jag skulle vilja 
banda intervjun och banden kommer att användas som ett minnesstöd för mig när jag 
gör en sammanställning. När jag använt banden klart kommer de att raderas. Är det 
okej för dig att jag bandar intervjun? Jag kommer också att föra anteckningar medan vi 
pratar. Har du några frågor eller funderingar innan jag börjar ställa mina frågor? 

Talträning 
Först skulle jag vilja få reda på lite om talträningen.  
När påbörjas den, i vilken ålder? 
  
Kan du beskriva en typisk talträningslektion? 
 
Hur ofta har barnen talträning, hur länge brukar man hålla på? 
 
I litteraturen som jag läst beskrevs några typiska steg i talträningen. De var: lära barnet 
att uttala språkljudet, automatisera uttalet, generalisera till andra sammanhang och 
slutligen att underlätta språkligt användande. Är det samma steg som du tycker 
talträningen går igenom? 
 
Hur förklarar man ett språkljud? Förklaringar, känsel etc. 
 
Speciellt är jag intresserad av frikativorna, det som jag skulle kalla sj-ljud. Hur förklarar 
man en frikativa till ett hörselskadat barn? 
 
Börjar man lära ut en frikativa och sen en annan eller lär man ut dem genom att se på 
skillnaderna? 
 
Vilka övningar brukar man använda sig av för att lära ut frikativorna? 
 
Är det svårare att lära ut skillnaden mellan /s/ och /rs/ än s och /tj/? 
 
Vilka språkljud är svårast att lära ut? 



42 
 

 
Vilka språkljud är lättast att lära ut? 
 
Vilka hjälpmedel används i talträningen? 

Datorstöd 
Vilka datorstöd används? 
 
I vilken utsträckning används datorstöden: varje gång, ibland? Om inte alltid, varför? 
 
Hur används de?  
 
Vilka delar används inte? Varför? 
 
Vad är bra, roligt, stimulerande?  
 
Vad är svårt? Både att använda men också i utlärningsynpunkt. 
 
Vad saknar du i de system som finns idag? 
 
Vad föredrar du, förinspelade modeller eller inspelade; lärarens eller barnets? När 
passar vad? 

Övrigt 
Om man kunde visa en bild på hur det ser ut i munnen på den som talar, tror du att 
det skulle vara till hjälp i talträningen? 
 
Nu har jag inga fler frågor. Jag vill tacka så mycket för att du tog dig tid att svara på 
mina frågor. Har du några frågor till mig innan vi bryter upp? 
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Appendix 2 – Interview Script Child 

Inledande information 
Vi genomför varsitt examensarbete vid Kungliga Tekniska Högskolan i Stockholm. 
Ett examensarbete är som en stor skoluppgift. Våra examensarbeten ingår andra stora 
arbeten. Mitt (Elina) ingår i ett som ska ta fram ett nytt datorstöd för talträning och 
Ingelas för att ta reda på hur man ska jobba tillsammans med hörselskadade barn när 
man tar fram nya datorprogram.  
 
Jag vill intervjua dig och Ingela vill titta på och se hur jag beter mig när jag intervjuar. 
Efter jag har ställt mina frågor vill Ingela ställa några frågor också. Då kommer jag inte 
sitta med. I den här intervjun vill jag få reda på vad du tycker om talträningen, vad 
som är bra och dåligt. Av dina svar kanske jag kan komma på ett sätt att göra 
talträningen bättre som man kan använda i det nya talträningsprogrammet 
 
Det är viktigt att du vet att vi inte bedömer hur din talträning går. Jag vill bara veta hur 
du tycker talträningen är och vad du tycker om de system som ni använder och Ingela 
vill bara vet hur du tycker intervjun gick. Vi kommer inte berätta för någon hur just du 
svarar och ditt namn kommer inte att stå med när vi skriver om den här intervjun. Det 
vi skriver kommer att finnas i varsin rapport som vi ska skriva. Du behöver inte svara 
på våra frågor om du inte vill och du kan när som helst säga att du inte vill svara på 
några fler frågor. 
 
Om det är okej med dig kommer vi spela in den här intervjun på video, men det är 
bara vi två som kommer att titta på videon och sen kommer vi att förstöra den. Är det 
okej med dig att jag filmar intervjun? 
 
Har du några frågor innan jag börjar ställa mina frågor?  
 
Tränar du bara med terapeuten/logopeden/talpedagogen? 
 
Vad är roligast med talträningen? 
 
Vad är tråkigast med talträningen? 
 
Är det svårt att förstå läraren? 
 När då? 
 Varför då? 
 
Vad är svårast? 
 
Visa genomskärningen: 
Kan du berätta för mig vad du tror att du ser här? 
 
Kan du berätta för mig vad du tror är skillnaden mellan den här och den här bilden (s 
och t)? 
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Appendix 3 – Pictures of the Vocal Tract 
 
 

 
The pictures show MRI-scans of the vocal tract when a subject is pronouncing 
different speech sounds. Above each picture are letters given in Swedish which 
corresponds to the speech sound pronounced.  
(Engwall, O. & Badin, P (1999). ‘Collecting and analysing two- and three-dimensional 
MRI data for Swedish’, TMH-QPSR3-4, 1999, pp. 11-38) 
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Appendix 4 – Open House HiSUS 
These pictures where shown at the open house at HiSUS (Hörselskadades i 
Stockholm Ungdomssektionen). 
 
 
 
 
 
 
 

     
Pictures of the vocal tract from FONEM, developed by Johan Liljencrantz. 
 
 
 
 

     
Pictures of the vocal tract, MRI-scans, to the left /s/, to the right /t/. 
(Engwall, O. & Badin, P (1999). ‘Collecting and analysing two- and three-dimensional 
MRI data for Swedish’, TMH-QPSR3-4, 1999, pp. 11-38) 
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Pictures of the animations shown at the open house at HiSUS. The utterances were 
/VCV/, vowel, consonant, vowel, for example /appa/. Above a side view with no 
skin, below a view with a grid showing the skin.  
(Beskow, J. Engwall, O. & Granstrom, B. (2003) ‘Resynthesis of Facial and Intraoral 
Articulation from Simultaneous Measurements’ In Proc. of ICPhS 2003. Barcelona 
August 3-9. Editors: M.J. Solé, D. Recasens & J. Romero.) 


