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2F 1112 Talteknologi utökad kurs 2007 : Essay 
 

1. Choosen topic 

 
The aim of the following essay is to describe a ”killer application” using speech technology as a 
significant core component. A killer application consists in a computer program or a system that 
is so useful and desirable that it proves the value of the underlying technology. 
 
Having noticed that language learning requires a combination of the acoustical domain as well as 
the speech production and the speech recognition domains, I am going to describe a system that 
combines in an exhaustive way all these technologies. It should take into account the different 
part of the learning process and use different speech techniques in order to help the user in the 
acquisition of the correct features of the target language. I have already used in the past computer 
system to learn a language. However, I soon noticed that the interactive part, especially 
concerning the speech recognition, has limited interaction possibilities. 
Since the acquisition of other languages has become a must in our society and that there are 
possibilities of improving the currently available techniques, I am greatly interested by this topic 
and imagine an evolution in this domain. 
 

2. Description of the application area and the target users 

 
The area of language learning is a domain where different types of speech technologies could be 
successfully implemented.  
First of all, it is important to determine the different areas that play a role in the learning process 
of a foreign language. Once that is done, it is then useful to think about which speech 
technologies could be implement in the corresponding areas. 
 
Nowadays, many educational computer programs are commercialized to help at learning a 
language. However, they mostly focus on the grammar and formal aspects of the written 
language because it is much easier to verify the improvement in that domain. The programs that 
also include an oral communication unit usually provide limited interaction and adaptation 
opportunities to the specific problems encountered by the learner relative to his/her mother 
tongue. 
 
The idea is therefore to provide a complete program for language learners including several 
speech technologies in order to cover different areas of oral language learning. This program 
should be highly flexible in order to adapt the learner. More details will be provided later on in 
this paper. On the other side, the program should also be adaptive. That is, it should take into 
account the learner’s improvements and should be easily personalized. 
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2.1 General considerations  

 
As a child, one first learns the language by hearing the sounds and discriminates between some 
words between the age of 7-11 months. One’s ear recognizes and pick up the sounds occurring in 
the surroundings. This perception is developed and the babbling sounds of the baby include only 
the phonemes heard in the languages spoken in the environment [1]. This explains why one has 
difficulty to acquire and discriminate between foreign speech sounds when one grows older. The 
brain has not picked up certain acoustical differences and classifies several sounds under a same 
category. Thus, this part of the acquisition process needs special training for language learners.  
 
Let us think now about the general aspects taken into consideration by most language teachers. 
Usually, language teachers focus on the grammatical aspects and the formal structure of the 
language (written part). The lexical part is treated, beginning with basic life situations. A specific 
and limited vocabulary is then acquired. 
Looking on the semantic side, teachers usually put the accent on the meaning expressed. The 
syntax (construction of complex signs from simpler signs) [2] is learned by example and 
analogies with other languages. For example, the structure subject+ verb+ object is accurate in 
many European languages. 
The written form is the best form to assess the knowledge concerning the grammatical knowledge 
of the person. What is more, it is easier to asses than oral interrogations that require time 
investment. 
 
However, the written form does not give clues about the acoustical part of the language and the 
variation in the pronunciation. The phonetic alphabet provides indications but is often not well 
known by language learners. 

2.2 Target users 

 
Typically, such a program can be used at home, by any learners, independently of the age. But 
since it is obvious that children need some additional attention when thinking about the 
presentation (attractive-to-the-eye environment), the duration of the “virtual lecture” and the 
pedagogical content, the program should be declined in two versions: one for younger learners 
and one for adults. But basically, the software is targeted to all the persons who would like to 
learn how to speak a new language, and would like to improve and learn an acoustically, and 
grammatically correct way of talking. 
 
Besides the individual use, this program can be also used as additional pedagogical tool by 
language teachers at school. In that case, the accent should not only be put on the individual 
evaluation of each participant, but also on a comparative part of different accents existing among 
the participants. This could help further the students to realize the different ways we produce 
speech sound. Moreover, it is widely accepted that computer exercises can turn out to be a good 
pedagogical tool to maintain attention and diversify the lecture in order to avoid having only a 
frontal confrontation teacher- students. The pedagogical aspect is thus also an important 
characteristic. Learning by entertaining increases the willingness of the learner to retain 
information, independently on the age of the learner. 
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3. Argumentation on the usefulness of the system and the relevance 

of the speech technology in that area 

 
It is quite obvious that speech producing and recognition application can be used in the domain of 
language learning, since the method and the domain take place in the same research domain. 
 
One of the main difficulties encountered by foreign learners is the reproduction of speech sounds. 
Indeed, as explained here above, since speech production is unconsciously learned as child we do 
not think how to produce specific speech sounds in our mother tongue. 
When learning a new language, learners are suddenly confronted with new sounds they have 
possibly never heard before. 
 
During classes, it is technically impossible for the teacher to correct individually and all the time 
the specific accent of each student. This would take too much time, and would imply a too 
strongly individual coaching. Thus, most of the students get only a general idea on what the 
words should sound like but get actually little feedback on how good or bad they performed the 
articulation. 
 
The basic idea consists then firstly to fill this gap in the learning process by providing an ever 
patient teacher (the talking head), always available and remembering all the improvement steps 
of his pupil. 
 

4. Literature survey and description of similar existing speech-based 

programs or applications 

 
Concerning automatic speech recognition (ASR), there have been many publications in the 
language teaching community. Criticism has been expressed regarding the two main features of 
ASR that is to be used by language learners: the ability to recognize accented or mispronounced 
speech, and the ability to provide good evaluation of pronunciation quality. In particular there are 
problems with the recognition performance. It must be at an acceptable level and the 
identification of the target language errors must resemble that of native listeners in many cases 
are not met. [3] 
 
Automatic speaker recognition consists in most of the software in a trial to imitate in the best 
possible way sentences spoken by a native speaker. 
A temporal diagram is provided, but not necessarily a spectrogram. 
 
As shown during the course, experiments have been carried out in Estonia with foreign language 
learners in order to improve the accent and avoid misunderstandings. This was done during 
summer sessions. Although this version has not been commercialized so far, it has been showed 
that the results among students were significant: bad pronunciation between phonetically similar 
words implying confusion in the communication processes occur less frequently. That means that 
the students get the difference between two different pronunciations.  
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When looking at specific language learning programs, several trials have been done. For 
example, the software Rosetta Stone offers a speaking recognition system to “improve [the] 
pronunciation by using dynamic speech recognition to compare [the] speech with a native 
speaker”. [4] 
 
Educational programs such as ADI [5] aim at proving general help on 
school topics (for example French, English) for young people (11-15). 
They include several types of interactions (multimodal interaction, but 
without the inclusion of a speech recognition device) which are for 
example done via a talking figure reacting on mouse clicks. However, 
the aim is not to test the talking ability of the user, and the interaction 
here is limited to a “coaching” and motivating contact. This kind of application focuses on the 
human-machine interaction with talking characters. Entertainment and coaching are the main 
part, since the oral improvement part is totally absent. 
 

5. Description of the system components and the prerequisites 

imposed by the application area or the users.  

 
This application requires very flexible and high reliable speech recognition system. As mentioned 
here above, the reliability of the system is still a challenge in the area of language learning, 
because the deviation from the standard pronunciation of words is much wider for foreign learner 
than for native speaker. In order to help the student, the system should firstly be able to recognize 
the actual sentence. 
The assumption that the users do not know a lot about speech technology should lead to a choice 
of a simple interface and easy to use environment. The state-of-the art technology working in 
background should be discrete, quick and provide understandable information for the user. 
Forman frequencies and other specific vocabulary should be introduced in a limited amount. 
 
This part of the essay will now cover the description of the different software tools. 

5.1 Physiological 3D Model 

 
I will begin by talking about the model of the human body, which should give a more 
comprehensive view of the speech production for the learner. 
 
One step is to explain carefully to the student the way the specific sounds of the target language 
are produced on the physiological level. On a second time, feedback should be provided by 
showing the trial of the student, illustrated on a 3D – model, and allow a comparison with the 
correct way of pronouncing it. 
 
The parts of our body implied in the production and modulation of speech sounds, i.e. the lungs, 
the vocal tract, larynx, the vocal folds, are usually not well known. Providing information on how 
we can modify the quality of our vowel and consonant production will help the learners to 
become aware of their own language particularities. They will then be more receptive to the 
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different pronunciation existing in other languages and will less try to adapt the sounds to those 
existing in their mother tongue, which is bad for other people’s understanding. 
 
What is more, the models should be completed by taking care of the mother tongue of the 
speaker. Indeed, it is an important factor in language learning, which is very often not considered 
by classical learning methods. 
The way a learner acquires a new language depends strongly on the analogies he/she is able to do 
in relation with his/her mother tongue.  
Thus, typical pronunciation mistakes accruing for a certain group a languages could be detected 
by the program and adequately handled in order to allow the learner to adapt his/her way of 
pronouncing the very sound. 
 
This system implies the use of a classical voice recognition part depending on the user’s 
characteristics. Other specific characteristics such as the gender,  
The whole application should be handled by an interactive teacher, including a talking head, a 
voice synthesis system, and a voice recognition part in order to dialog with the learner during 
typical conversational exercises. 
 
Ideally, it should detect grammatical mistakes of the learner, as well as unsuccessful 
pronunciation and provide accurate and adapted explanation according to the learner’s mother 
tongue. The grammatical analysis can occur via recognition of typical syntaxes existing within a 
language. However, in this part, spontaneous speech should be limited in order to allow a correct 
matching. Thus, a solution would be to limit the available topics for dialogues. This allows a 
reduced vocabulary and the recognition part will be able to focus on grammar and not only purely 
on recognition of words.  
 
The anatomical upper part of the human body should be modeled on computer. This should be 
a moving model, showing the different places where each vocal sound is produced. I would 
typically provide a model for the production of vowels, and another for the consonants. This 
model should be intuitive (that means that it does not need to be identical to the last tiny detail to 
the human model, but allow simplification in order to emphasize the crucial anatomical parts 
involved). It should also be exhaustive in the sense that it should model all the sounds of the 
targeted language. 
 
It should show the movements and place of the tongue, the jaw opening, the mouth un/rounding. 
For this purpose, a 2D or a 3D model is necessary. The user should be able to zoom on the body 
parts. 

 
In that area, several models have been done. For example in the illustration on 
the left side we can see a 3D- model of the tongue that has been done at KTH 
[]. Magnetic Resonance Imaging (MRI) as well as opto- palatography are 
means of getting specific information. [6]. The advantage of a 3D model 
consists on a more accurate and more intuitive illustration. 
 
 
 
Figure 3- 3D representation 



Karin Auslender Talteknologi, utökad kurs 27.03.2007 

8/12 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1- 2D representation1   Figure 2- 2D representation2 
 

5.2 Speech synthesis system linked with multimodal interaction 

 
A speech synthesis system based on formant analysis and concatenation should be as well part of 
the exhaustive educational software. This system will be “used” by the talking head when 
explaining to the student what he did wrong. 
When thinking about pronunciation exercises, it would be also very important to have recorded 
words (or part of sentences) spoken by a native speaker of the target tongue. This part already 
exists in some commercial version of language software.  
Although it requires more computer resources, the learner should not be disturbed by some 
truncated pronunciation that could occur with concatenation- and other speech synthesis methods. 
The voice should sound as natural as possible. 
 
As mentioned here above, a multimodal speech interaction system is desirable in order to 
improve the human-computer interaction (this is valid essentially for the home-learning, not so 
much if the program is used at school). 
 
The talking head should be programmed with facial emotions and this for several reasons. 
The more natural the head is, the better the learner’s acceptance is likely to be (and the patience is 
very important when speaking about learning). In that sense, the talking head acts as a coach, 
showing emotions according to the learner’s performance. Happiness when the learner improved, 
patience, gentle humor and motivation when the learner turns out to be tired or encounter some 
problems. 
Another use of the facial emotion could be to illustrate non verbal communication in the target 
language. Indeed, language is spoken in countries with specific cultural habits. 

                                                 
1 http://www.vocalfocus.com/images/respire.jpg 
2 University of Pittsburgh, Medical centre: http://www.pitt.edu/~crosen/voice/anatomy2.html 
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In order for the learner to be able to identify culture- specific reactions, the talking head could 
show with its face how quickly (or slowly) native speakers would react. 
For example, Asiatic people are not likely to show many emotions on their face. On the contrary, 
Latin people have a very expressive gestures and picture emotions quite quickly. Possible pitfalls 
like the different meanings of nodding the head (meaning “no” in certain countries!) can thus be 
mentioned by the talking head. This will provide more cultural information for the language 
learner, but need of course to be explicitly mentioned. [7] 
What is more, the talking head should be able to speak in the target language as well as in the 
learner’s language. According to the level of competence of the learner, the talking head will 
provide information in the foreign language, or in the user’s mother tongue. 
This implies a limitation on the user’s languages. A certain amount of languages should be 
provided according to the area the program should be commercialized. 
 

5.3 Speech recognition system 

 
An automatic speech recognition system should also be part of the program in order to get the 
words spoken by the learner. In the commercialized applications, the interaction does not include 
a grammatical analysis of spontaneous speech in a foreign language. This very interesting domain 
should be implemented. 
 
But first of all, it should recognize the language the human is using (the target language or his/her 
mother tongue). Then, a deeper analysis should be done considering 2 distinct parts, depending 
which type of exercises the learner is currently doing. 
One kind of analysis would be to focus on the grammatical elements. Grammatical, syntax 
mistakes should be recognized by the system. The pronunciation is put in that case on the 
background. This mean that the recognizer should have a very wide threshold to recognized 
potentially deformed words pronounced in the target language. Accurate grammatical and syntax 
rules of each language should thus be implemented. 
 
On the other side, the focus is put on the quality of speech production: the accent of the language. 
The recognizer should be quite strict and point out the different part of the words that may be 
wrong. In regard to that point, we experienced in a laboratory session with VoiceXML the 
possibility of choosing the level of acceptance for the recognition of a word. This comes to put a 
lower or higher threshold level on the Gaussian curves corresponding to the probability of the 
pronounced word to be the same than the expected word. 
 
Modeling typical errors done by specific language group might help the program to recognize the 
error. For example, knowing that many French people do not pronounce the “h”, the program 
could look for the possible mistake if the learner is a French speaker. If the learner is a Japanese 
speaker, the program could focus, among others, on the fact that Japanese people usually do not 
differentiate the “r” and the “l”. 
This would be a way of optimizing the recognizer and to provide accurate information. 
 
This recognition part should be linked with the physiological model of speech production (3D-
upper human body model); in order to show the learner his/her own pronunciation as well as the 
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correct one. Thus, directly after having spoken a word, the learner is provided with feedback and 
can correct himself/herself. 
In that area, a project is currently running at KTH under the name ARTUR [6]. It aims at 
providing feedback on the user's acoustic production. It uses 3D- visual or tactile information, 
showing the in internal parts of the mouth (tongue, palate, jaw etc) to give feedback on the 
difference between the user's deviation and a correct pronunciation. 
 

6. Friendliness of the system.  

 
The friendliness of the system depends greatly on the capacity of the talking head to interact with 
the learner. The system should be easy to understand for all users. Typically, elderly people react 
differently to computer interaction than younger people, who have a more intuitive approach of 
the machine. The age of the user plays a role.  
Moreover, it should still remain very simple to use, although a lot of different methods and 
technologies are implemented.  

6.1 The challenge of an easy-to-use software 

 
The main difficulty is encountered by the final users, because teachers and students very rarely 
possess extended knowledge about ASR tools and thus might use them in an inaccurate way or 
do not understand the bunch of technical material provided. The interface should thus be limited 
to the information that remains useful for the user. Too technical information should be put aside, 
in order to offer more clarity in the results for the user. 
 
First of all, the different exercise possibilities should be clear for the user. This involves an 
introduction part, where the talking head can play the role of a guide to inform the learner on the 
way the program functions. 
No interaction is needed at that level, but maybe the possibility for the user to ask some basic 
questions on understand or additional information, such as “how can I print this page”, or “will 
you be able to understand me in any languages?”. 
However, since this part is only an introduction, it should not require too much interaction. 
 

6.2 Potential problems 

 
The main problem in the recognition part is to face redundancies in spontaneous speech. Because 
the learner does not know how to interact with the system, the application should be able to 
handle “non informative” speech, such a coughing, hesitations and so on. 
This part will not appear in the learning section, since the sentences are already known by the 
software and that a comparison will be done. But any kind of requests typically requires being 
able to handle spontaneous speech, that is, sentences the program does not know in advance. 
 
False interpretation from the program can lead to irritate user. Since it is impossible to warranty a 
100% accurate word recognition, a very low word error rate, a commonly used and recognized 
way of evaluating the quality of a speech recognition system, should be used. 
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For children, the duration of the sessions should be shorter than for adults. They might also 
appreciate an application with more game, or more colorful pictures. Although this is not directly 
linked with the speaking performances, it is important to keep in mind this aspect, because it can 
influence the willingness of the student to learn the language.  
Typically, the talking head could be a young appearance, looking rather like a friend than like an 
adult. The appearance of the talking head should thus be adaptable, which can be easily realized 
(and have already been done, see laboratory exercises of the Talteknologi course). 
 

6.3 Other possible application areas 

 
Speech therapists could have a use of this program by suppressing the “foreign language 
acquisition” part. Indeed, the 3D- models could help people experiencing deformed pronunciation 
to learn the correct pronunciation in their mother tongue. This more limited application should be 
reinforced by specific additional indications in the speech recognition part since dyslexia and 
other troubles often implies specific and repetitive mistakes. It could be an advantages for the 
computer to recognize quickly the typical mistakes (for example, say /z/ instead of /s/ ) in order 
to help more quickly the patient. 
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