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ABSTRACT 
This study has been performed in order to improve the 
usability of computer-based speech training (CBST) aids. 
The aim was to engage the users of speech training systems 
in the first step of creating a new CBST aid. Speech 
therapists and children with hearing- or speech impairment 
were interviewed and the result of the interviews is 
presented in the form of design recommendations.  
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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 to correct the pronunciation, but the 
amount of help that they can provide is limited. Some 
children with speech deficits meet the therapist as little as 
30 minutes a month. 

Speech learning and speech training can be improved by 
the use 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.  

There is a wide consensus that computer-based speech 

training (CBST) systems are useful tools in speech training. 
However, they are not suitable for all the needed exercises 
and a major drawback is that they usually require help from 
educated personnel. From an interaction designer’s 
perspective we would like to raise the question if these 
systems are as usable as possible. 

CBST systems are today widely used in speech training for 
children with a hearing or speech impairment. Examples of 
such commercially available systems are SpeechViewer 
[1], developed by IBM in the 1980s and Box of Tricks [17] 
that was developed in the EU-project SPECO completed in 
2001 with participating universities from Sweden, England, 
Hungary and Slovenia. Other systems developed include 
the Indiana Speech Training Aid (ISTRA) [18], the Speech 
Illumina Mentor (SIM) [16], the Speech Training, 
Assessment, and Remediation system (STAR) [3], and the 
OLP-method [12].  

Both SpeechViewer and Box of Tricks are extensively used 
and acknowledged in speech training. But can the systems 
help the speech therapist and their students in all 
situations?  

From an interaction designer’s point of view, the 
development of many CBST systems seem to be driven by 
what is technologically possible rather than what is 
important for the users. This leads to systems that are 
advanced and useful, but not necessarily easy to use. 
Within the discipline of human-computer interaction 
(HCI), user involvement has been used as a way to ensure 
that the system is developed to be suitable not only to the 
task at hand, but also to the user and the environment 
around the user [7]. Central in this idea is that user 
involvement must begin as early as possible in the 
designing process, and that this involvement should 
continue until the system is finished [14]. 

When it comes to user involvement, SpeechViewer has 
been developed with “… extensive pilot testing and user 
feedback” [1, p. 984]. For Box-of-Tricks the developers 
report that they have been in close contact with speech 
therapists, and that the therapists have had the opportunity 

 

 

 



to come with comments on the usage of the system and 
occurring problems. User involvement is also reported by 
Mahshie et al. [9] but the involvement was in the later 
stages of the design process. The language tutoring system 
with the talking head Baldi [10,11] has been evaluated 
based on the effectiveness of the system, that is whether the 
children learn from the system, but there is no study 
presented where the usability of the system has been 
evaluated. Besides these examples, user involvement is 
mentioned as short remarks in the literature. 

To the best of our knowledge, there are no reports on 
interaction designer involvement in the initial phase when 
requirements are defined, before any parts of the system 
were constructed.  

The present study has therefore been conducted as one of 
the first steps in designing a new CBST system, the 
ARticulation TUtoR (ARTUR) [5], developed at KTH 
(Royal Institute of Technology), Sweden. The goal of 
ARTUR is to create a new speech training aid, with a 
virtual speech tutor, who can use three-dimensional 
animations of the face and mouth to give feedback on the 
difference between the user’s deviating pronunciation and a 
correct pronunciation. 

The aim in the present study was to engage the user group 
of CBST systems in the design of the new system before 
any particular technical solution was implemented, or any 
major design decisions were made. The informants, speech 
therapists and their pupils in speech training, were 
interviewed in a qualitative field study. The therapists and 
children were asked what systems and strategies they use 
today, what they need the most and what they would like to 
have in a new speech training aid. The information was 
compiled as design recommendations for a new speech 
training system.  

METHOD 
The method chosen for this study was semi-structured 
interviews [15]. This type of interview uses an interview 
script with open-ended questions, but the interviewer has 
the possibility to probe the interviewee further if needed or 
ask other questions depending of the situation. The main 
advantage of this type of interview is flexibility and 
adaptability to the situation at hand while still being 
structured. It is also suitable for interviews with children, 
where the interviewer has the possibility to explain and 
clarify if the child does not understand. 

Six interviews lasting approximately one hour each were 
performed with ten speech therapists. During two of the 
interview occasions three therapists were interviewed at the 
same time. The therapists had different educational 
background and their working experience ranged from a 
couple of years to up to thirty years. They were working 
with children from different age groups, ranging from three 
years old to teenagers. Their students had speech and 
language disorders and some of them had a hearing-
impairment. The interviews took place in the working 

environment of the therapists, as this made it possible for 
the therapists to show artifacts used in the training and for 
the interviewer to get a greater understanding of the speech 
training situation. 

Interviews were performed with nine children, seven boys 
and two girls. Six of the children had a hearing-disorder 
and were wearing either a hearing-aid or using a Cochlear 
implant. All but two were following speech therapy. The 
age of the children ranged from eight to fifteen.  

In the beginning of the project we planned to make 
observations of several speech training sessions, but after 
the first observation it was decided to not participate in any 
more lessons, mainly because the observer felt that her 
presence interfered too much in the session. The observer 
had a feeling of intrusion in a situation where something as 
delicate and private as speech was corrected and 
commented upon. 

HUMAN TUTORS IN SPEECH TRAINING 
The goal of CBST systems is not to replace the human 
speech therapist, but to be a complement, by giving the 
user additional training. In order to be successful, it is 
hence important that the system employs training and 
feedback strategies that are compatible with those of the 
speech therapist. This is especially true for a system such 
as ARTUR, where an animated agent takes the role of a 
virtual tutor. A virtual tutor will not be able to incorporate 
all the knowledge and creativity of human teachers, but 
speech training sessions with a real therapist nevertheless 
provide an important role-model for a CBST system with a 
virtual tutor. 

Primary school speech training with human therapists 
mostly follows the steps found in the literature: elicit, 
automate, generalize and facilitate linguistic use [8]. The 
length of the session ranges from 20 minutes to one hour, 
and the child must leave the ordinary school schedule, or 
come to the therapist after school has ended for the day. 
The therapist and child usually 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 speech training begins, the therapist assesses the 
deviations that the child has and based on this plans the 
training. There is no typical training session since it is 
adapted to the child and the uniqueness of his/her speech. 
However, one of the features that the sessions have in 
common is that they are always 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. The therapist tries 
to relate to the child’s daily life and reality in all the 
training exercises, and to further develop the language that 
the child already possesses. If possible, the child is trained 
in discriminating speech sounds and to listen to its own 
utterances.  



Many of the respondents talked about awareness, to 
enhance the awareness of the world of sounds, awareness 
of breathing, awareness of the language etc. The therapist 
often begins with the speech sounds that the child already 
masters and from these makes 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 if possible. When the 
child becomes more mature, the therapist and child together 
analyze in a more theoretical way what happens with the 
articulators during speech production. 

The above survey has important implications for the design 
of a CBST system, concerning the planning of training 
sessions, the importance of variation, the use of multimodal 
feedback and the need to adapt to the user. The most 
important implications are given below. 

RESULT 
The results of the study will be presented below in the form 
of design recommendations in italic, followed by an 
explanation of why these conclusions where made. 

General recommendations 
The speech therapist is irreplaceable and must be present 
in all stages of speech teaching. 

The speech therapist is necessary not only to evaluate the 
deviations of the child's speech and to make a plan of 
suitable exercises, but also to judge the mood of the child 
and depending on it make the speech training session as 
motivating as possible.  

An efficient CBST system must allow the speech therapists 
to easily adapt and refine the exercises depending on the 
development and motivation of the child during the 
supervised sessions. 

In a human-led session, the therapist makes quick changes 
between exercises and aids in order to make the session as 
fulfilling and stimulating as possible. This variation and 
knowledge are extremely difficult to mimic automatically 
with a computer-based system, but given the functionality a 
therapist would make the right choices.  

A computer-based speech training aid would be of most 
help if it supports repeated practice without the help of a 
speech therapist. 

Automation of the speech, that is to practice a speech 
sound until it can be produced automatically without being 
aware of how it is done exactly, requires much practice. 
Usually there is not enough time to accomplish this during 
speech sessions. If there were systems available that could 
give corrections without assistance from a therapist, the 
repeated practice to automate the speech sounds could be 
done by the child on her/his own. 

A speech training aid should be easy to adapt to the child 
and his/her problems.  

Every child with a speech deficit is unique and has unique 
difficulties. Another reason for adaptability is the 

motivational factor. Depending of the mood of the child, 
the system must be adaptable in order for the therapist to 
find an exercise that motivates the child enough to practice 
more. 

A CBST system should support language learning.  

Speech training is much more than just practicing on 
producing speech sounds. Children with speech deficits 
often have a second impairment in the form of a language 
deficit, and the therapist helps the child to further develop 
the language that the child already has conquered. 

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

The therapist tries to connect the exercises with the daily 
life of the child in order to support and develop the child’s 
own language. It is natural that a CBST ideally should do 
the same. 

User Profiles 
There should be a possibility to store the sounds being 
trained.  

This feature is important as a way to record the 
development of the child, but also to strengthen the 
connection between training and the child’s own life.  

A CBST should provide the possibility to store pictures and 
text together with the speech sounds. 

A reoccurring tool in speech training is a physical note-
book, in which pictures and text used in the training are 
collected. This tool should be adapted to the CBST 
situation. Using an electronic note-book such as Digital 
Portfolio [13] the therapist can enhance the connection 
between the training and the child’s experience by adding 
items that are relevant to the child. As an example, the 
exercises could be illustrated with digital images of the 
child’s own life. The interactive electronic note-book 
would hence make the system more adaptable and make it 
easier to vary the exercises in order to avoid that the 
training becomes boring.  

Exercises 
All types of speech sounds must be present in a computer-
based system. 

Due to the variability of the deviations that the children 
have, the system should ideally have the same variability. 
There is, for example, a difference in speech production 
disorders between children with hearing-impairment who 
are using hearing-aids and children with cochlear implants. 
Children with hearing aids usually have troubles hearing 
high frequency sounds, such as fricatives (for example ‘s’ 
in ‘sat’), whereas children with cochlear implants on the 
other hand can usually hear the high frequencies, but have 
problems with low frequency sounds (an example of a low 
frequency sound is ‘m’ in ‘mat’).  



Motivation 
To motivate the children using the system, it should contain 
game-like features.  

The therapists emphasized that it is almost impossible to 
teach a child anything if the child is not motivated and 
sometimes the therapist must ‘deceive’ the child to 
practice. This is the reason why songs and games are used 
to such a large extent in speech training. A game on the 
computer could make the child produce an enormous 
amount of utterances, many more than it would be possible 
to do with other activities.  

Another reason for using games and songs is that the child 
is not always aware of his/her own difficulties and if too 
much focus is put on the problems, the child might feel as 
being particularly bad. A game-like situation provides 
training without explicit focus on the pronunciation 
difficulties. 

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

The computer aid is further considered to be objective by 
the children. One of the respondents commented that it was 
easier for the child to take critical judgment from the 
computer than from the therapist.  

Negative feedback should never outbalance the rewards. 

Critical comments must, on the other hand, be both 
balanced by positive encouragement and limited to the 
most salient errors at the moment.  

Rewards 
Rewards should be distributed according to the effort made 
by the child, and not only the result of the child’s attempts.  

When talking about rewards during one of the interviews, 
the problem of how to distribute the reward came up [6]. 
The therapists agreed that the notion of rewards is good, 
but that current CBST systems often distribute the rewards 
based only on the result. An example of this is a game 
where the child steers a car with its voice and is supposed 
to avoid colliding with obstacles. The reward, a cheering 
sound, is only given if no collisions occurred, which seems 
hard on a child who has been trying hard and collided only 
once during the game. Another example is implementations 
where the child gets to play a game as a reward after 
producing a specified amount of good pronunciations. 
Since the children are at different levels and some children 
have enormous difficulties that might not ever be 
overcome, some children may never get to play a 
rewarding game or only play for a short time, if rewards are 
distributed according to results.  

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

This feature is needed not only because the children are 
different from each other, but also due to the fact that the 
child develops and acquires new skills.   

Parental Involvement 
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.  

Many parents would like to be more involved in the speech 
training. They have asked questions of where they could 
buy the computer-aids used by the therapists. ‘I think that 
there are many parents who would like it [the computer 
aid], to get support in what they can practice and how they 
can practice. Not only leave everything to the 
professionals, but as a parent do something simple in their 
daily life’ [6]. One of the therapists explained that she 
works a lot with the parents of the children. She had 
noticed that the best effect of training is shown 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, 
the exercises should be different from those used in school 
by the therapist. The reason given 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.  

Acoustical Models 
If pre-recorded models are used, it is important to have 
models of both sexes and a range of ages  

This recommendation comes from the fact that it is not 
always fun as a young individual to practice against a 
model of a different sex or age. The acoustic model is an 
utterance that the child should try to imitate, either a pre-
recorded utterance or a recording of the child’s own best 
production. 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 since there is then a freedom to build exercises that 
serve the needs of the child. The child also produces a 
unique acoustic spectrum that is difficult to model in any 
other way. There was no consensus among the therapists, 
some preferred the pre-recorded models, and some 
preferred to record the best production of the child. 

If the child’s own production should be used, as a model, it 
is important that recording and storing is easy. 

One reason why some of the respondents were reluctant to 
record the child’s own production was that it is difficult to 
use the recording functionality in the existing computer 
aids. Short sessions and impatient children can make the 
therapists avoid recording the child if the operation is 
complicated.  



Visual models 
The level of detail of visual models should be low and 
stylized.  

The visual model is a display of how the vocal tract should 
look like when producing different speech sounds. The 
visual model can also be used as a target to imitate in order 
to reach the desired production. 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 auditorially but 
since this is difficult for a hearing-impaired child, the 
visual channel becomes more important. One of the 
systems used in Swedish schools, Box-of-Tricks, has some 
drawings of the articulators, see Figure 1, and the children 
seem to like them although small children, in the age of 
three to four, have trouble understanding them. One 
therapist used old slides with pictures of what the mouth 
looks like when producing different speech sounds and 
others used drawn pictures of the vocal tract to describe 
speech sounds produced in the back of the mouth. One 
group of children was shown different pictures of the vocal 
tract, with varying amount of detail, from stylized drawings 
to high resolution images acquired with Magnetic 
Resonance Imaging (MRI), c.f.  Figure 2. The children 
were all a little perplexed by the MR Images, as they were 
too detailed. After a short explanation they all could 
understand the images, but the complexity of MRI is 
unnecessary or even confusing as a speech training 
feedback.  

The idea of using a three-dimensional model for visual 
feedback is supported by the speech therapists and possibly 
by the children.  

One therapist said that it would be of greatest interest if it 
were possible to record the speaking child on video. When 
presented with the idea of having an animated three-
dimensional model of the vocal tract, all the respondents 
were positive. Showing drawings from Box-of-Tricks, see 
Figure 1, to one of the children led to a discussion about 
animated pictures. The child commented the drawing by 

saying: ‘Can’t really understand how I should hold it [the 
tongue], it is easier when someone says it instead of 
looking at the computer’ [6]. 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 three-dimensional pictures he responded 
that he thought it would help a little, especially if the 
picture was animated.  

In an animated model some information can be excluded, 
but the palate and jaw must be present as a reference 
frame for the tongue.  

Another group of children were, besides the pictures of the 
vocal tract, shown animations of a talking head (c.f. 
Figure 3). They liked the animations, but they thought it 
was difficult to understand how to place the tongue since 
the palate was not displayed. They didn’t think it was a 
problem that the skin was transparent, although some of 
them said that they liked the see-through mesh of the face, 
since it gave a notion of how open the jaw was.  

 
Figure 2 MR Image [4] showing how the vocal tract 
looks like while producing an /s/ as in ‘sat’. 

Figure 1 Drawings from Box-of-Tricks showing the 
air-fl ow through the vocal tract constriction when 
producing an /s/ as in ‘sat’ [17]. 

Figure 3 Still picture of the animation showed for 
the children [2].  



Important features of the articulation should be highlighted 
in a model. 

The same group of children wanted important parts in the 
mouth (such as the tongue-palate contact for plosives or the 
narrow air passage for fricatives) to be distinguished from 
the rest, perhaps with another color.  

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.  

This design recommendation is based on findings in the 
interviews where the therapists explained that eventually 
the child must depend on his/her own internal feedback and 
not the feedback given by therapist, or an aid. This of 
course depends on how far the child has reached in its 
learning process and thus the feedback must be possible to 
vary. 

A computer-based speech training aid should give the 
possibility to enhance cues with the help of sign language, 
additional visual signals or written text.  

The therapists often use sign language to enhance the 
instructions or feedback given to the children. Written text 
in the CBST system may serve as a sub-titling facility, 
strengthening both hearing-impaired users’ speech 
perception, by using multimodal information, and 
providing a support for language learning, by establishing 
the link between speech sounds and the written text.  

DISCUSSION 
The goal of the study 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 users of computer-based 
speech training aids. Beside the design recommendations 
presented in previous sections, knowledge has been gained 
about the user groups, both speech therapists, and children 
with speech deficits and hearing-impairment.   

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 and different experience of 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, but at this stage we 
did not want to influence the informants by presenting an 
implemented prototype. Instead, the aim was to get their 
unbiased general opinions. 

Interviews have the drawback of depending much on the 
interviewer’s skills. Thorough preparation in the form of an 
interview script, which has been used in this study, makes 
the interviewer more stable in his/her role and less inclined 

to pose leading questions. The fact that the study was an 
exploratory study and that the field was relatively 
unexplored from a interaction designer’s point of view and 
thus not well known, also made it more difficult to pose 
leading questions. With these arguments as a foundation, 
the results presented in this study can be considered to rest 
on a solid scientific base. 

The results of a study depend much on the target group, in 
this case speech therapists and hearing-impaired children. 
Can the results be generalized to a larger user group? Our 
answer is yes, as 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. The 
results concerning motivation, rewards and models, are 
valid for any individual in speech production training, such 
as children with speech deficits, second-language learners 
and language teachers. The case of teaching languages, the 
same general conclusion applies. The teacher is not 
replaceable, but can be supported in the repeated practice 
by a computer-based system.  

Future work 
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 
find the minimum age where students understand feedback 
by a three-dimensional model. Motivation was an aspect 
that caught attention during this study and a coming study 
will focus on how a computer-based aid can help 
motivating a child to practice more by introducing more 
game-like features and rewards in the training.  

This study was the first step in involving the users in the 
process of designing and 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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