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training system. Since themhe development ofthe micro-
ABSTRACT computer technique hadfered more advanced computer-aided
) o ) speech training prograntsathave enhancetthe possibility for
Computer-based visual speech training has become widely Usgdfoundly hearing-impairecthildren to develop intelligible
both within medical anghedagogical rehabilitation in Sweden.speech (Youdelman & Levitt, 1991; Arends, 1993; Javkin,
When learning speech motor abilitiear instruction is of great 1994). In several pre-schools asthools for deafind hard-of-
importance in order fothe learner to realise what is deVianthearing children in Sweden, computer-based visual speech
and what is correct ifis or her pattern of behaviour. The yaining has become a standard and valuable complement to the
correct behaviour shoulthen be established and automateqeqyiar speech training activities. This is in part due to an
through extensive traininfpr it to betransferred to untrained ongoing collaboratiorbetween the therapists and tHearing
situations. This paper discusses teaching strategies and rep?géhnology Group atkTH. The systemused is IBM’s

positive training results obtainedhrough the visually  gpeechviewell. The therapists report that tsystem is an
contrastive feedbadkat thismodern technical speech training gpjective and effective tool in assisting them in increasing the

aid offers. intelligibility of the children’s speech as @ives thembetter
possibilities toco-operatewith the children. The immediate

1. TECHNICAL AIDS FOR SPEECH and relevant visual feedback makes it edsiethe therapist to
TRAINING instruct the child and to explain what v&@ong and what is

. . . o ) correct in his or her production.
Traditional speech training witprofoundly hearing-impaired

children is based on methotisat help the children to learn 1.1. Important Demands on a Visual Speech
speech by looking athe therapist'sface and lips, through Training Aid
residual hearing or by feeling the therapist's face, throat and raining Al

expiration air, etc. to establ.is.h aro-sensory motor control of o results and experiences from computer-based visual speech
their speechmovements. Efficient speech training shoafter  ( 5ining with profoundly hearing-impaireghildren of various

the children possibilitly to perceive invisiblespeech 5ges have showthat in order to be efficient and enhance the
articulation as well as to imitate and compare thegal output possibility for a child to developntelligible speech, a visual

with that of the therapistMany training aids have been gpeech training aid has a number of important requirements.
developed wher¢he information of speech elements géen

through visual or tactile feedback to replatiee auditory » Clear instructions andpedagogical manuals
feedback used by hearing children durthg development of must be created and made available for use with
the speecHaculty. Speech wapresented through vibrators at different groups of children.

the fingertips and other parts of the body or as a visual signal to .
indicate various elements of speech. In early systanect
behaviour was indicated by a special lamp or bydgsftection

of a meter needleéSome systemased oscilloscopes to reveal
more detailed information othe acoustic patterns of speech. « The aid must be acceptable to the therapist as

The visual feedback dahe child’'s voice and
articulation should be shown immediately and
without delay.

Unfortunately,this type of technicahids was never evaluated well as to the childwhich meanghat the aid

within apedagogical programme. Despite fact that many of must be attractive, interesting, easibpm-

these aids have reported tmprove the speech ofsome prehensible, easy to handle, and motivating.

children, the use of them was limited. This was probdhbby to

the fact that the visualfeedback provided byhis type of  The visual pattern must be naturialgical and

technical speech training aid was difficult to understand, easily understandable. This medhat training

unnatural, delayed, unattractive, and had no motivational parameters as, e.g., pitctould be shown

impact on the children. vertically as pitch variationsccur; intensity
through the size of anobject that becomes

A significant contribution was made by Nickerson & Stevens larger as a sound becomes louder and smaller as

(1976) whenthey developedhe first computer-based speech a sound becomes softer; intonatiand stress



through a continuoused curve; durationcould speech training. Based on our work with SpeechViewer Il we

be shown horizontallyand voicing through a recommend the following training strategy.
relationship betweewmoicing and thechange of _ _ o o
a colour. 3.1. Diagnosis of Individual Deviations as a

¢ The aid shouldrovide a contrastive training, Basis for SpeeCh Training

that is, thecorrect model ofthe therapist and
the deviantproduction ofthe child areshown
simultaneously and compared with each other.

The first stageinvolves an assessment tbfe deviations that
should be corrected in order to incredise intelligibility of a
child’s speech.Many profoundly hearing-impaireahildren

+ The aid shouldprovide a flexible, individual, articulate several speech soumrdsrectly in isolatiorbut have
and structural speech anaice training and prgblems in prqducipg them qontrastively in.vgrious context§. It
give an objective evaluation ofhe child's is important to identify the unique characteristics of each child's
training results. phonological system through a phonological assessment.

Valuable informatiorwill be provided about how successfully
2. DESCRIPTION OF SPEECHVIEWER Il the childcan produce speech contrasts in spoken language and
the waysthe phonetic elements used diffesm thoseused in
The system consists of a P®@ith a colour display. A normal speech. Principles for an assessment of the phonological
microphone, an amplifier, and a speal@mnected to a system of profoundly deathildren as a basisor speech
M-ACPA card allow theuser to input, store and analyse speectraining have been described by Oster (1995a).
and then display it anplay it back. The software contains 15
interactive programs aimed at assisting a childaéhieving
awareness andontrol over various speeddttributes such as ad . ) ' s
voicing, timing, pitch, and loudness as well as refined alrt_rammg from becoming aseries of meaningles&rticulatory

ticulation andprosody. Feedback is given immediately througrg_ymnastic'_'sessions, the there_lpist rr_1ust b? pre_pared to spend
a variety of graphical designs and game-like strategjes time carrying out an appropriate diagnosis prior to therapy.

chronised with optional auditory playback. The programs arEherapy and assessmeate inseparable as assessment is

grouped into three sectionsfor different areas of use: reduired regularly during training. This approactolivious in
awarenessskill building, andspeech patterningThe displays 1he Structural Speech TrainingProgram”, which was
for basicawareness illustrate selected dimensionspsfech developed withirthe project with hearing-impairepre-school
such as pitch, loudness, timing, and the presence or absenc&dren. The program is designed agpratocol and is used
voicing. The skill building modules provide a game-like with _chlldrenwho posse_ss _some verlsills. Training isdone
strategy to strengthen ability in pitch, timingoicing, and on six levels starting with isolated spgech souiotlswed b)_/
speech sound productioRhonologyexercises aim to develop repeated syllables where thensonant is chosen dhe basis

the accurateroduction of one or more phonemes of a specifi@f visibility, repeated syllables with different stress patterns,
language. Whole words, shoghrases, and single Soundsalternated syllablesfor automatization of prosody, words

produced by the child are matched against models by contginingthe ;peech sounds of current intgr_ﬁm rele\_/ant
comparing spectra dhe targets with the child’productions. ~raining, and finally a short phrase containitige topical
The speech patterning programs displlag speech signal as wordg. The chllq s mastery of breath cont_rol,_lntensny, pitch,
oscillograms, spectra and spectrografies analysis and durathn, andvo_lce quality o_ngll Ievel_s is listed by the
training of refined articulation angrosody. Throughout the tN€rapistaccording to the statistics providedtigsystem. The
system the clinical managementallows the creation of &m Of this work includes following the phonological

sustained phoneme and speech segment models and Cl%%\fe_lopm_ent in pr_ofoundly hearing-impairetiildrenwho rely
profiles as well as the reporting and management of client da¥! visual information to learn to speak.

Therapy and assessment are inseparabl@ll assessment is
time-consumingand laborious. However, to prevent speech

With regard to inter-speaker variability problems, dialects, and.2. Instructions That Aim at Awareness,
deviant speech due to hearing disorders, a chddis “best Realisation, and Understanding
production” should be stored as a target to establish a new and

more correct behaviour through frequent training. §hel is By means of the visual feedback givertlie Speech Patterning
accomplished whethe child’s besproduction becomelis or Module "Pitch and Loudness”, it isasy to makehe child
her most commonproduction. This strategy is also used withaware of deviant production and in whaay it deviates and

the CISTA-AId training (Youdelman, 1994). show him orher how to produce it correctlyThe program
displays pitch and loudness either individually cmmbined
3. IMPORTANT GUIDELINES FOR over time. A split screen offers an exact comparison of a child’s

COMPUTER-BASED SPEECH TRAINING production with a model ahe therapist'sorrect production.

With childrenwho have some verbakills the most effective
An individual and efficient speech training mésifow certain  speech material hashown to be minimal worgairs that
general guidelines, irrespective of agetlve child’s need for contain that contrast which the child produces deviantly.



The voicing contrastbetween, e.g., /g/ and /k/ islearly Teachews ==Banasn BN
indicated with different coloursvoiced soundsare red and ::: [y i
voiceless sounds are green. In the lower portion of Figure 1, the » N o]
child’s failure to produce ®oicing contrasbetween final velar »
stops can be seen. The child’s peoduction:

teacher: T A G T A K
. Aﬁ - / I\
)

the child’s production:
| |

Figure 3: In the upper portion, the therapistiodel of correct
stress pattern is shown. The lower portghowsthe child’s
production.

Figure 1: The upper portion showthe therapist'smodel of 3.3. Contrastive Tr_alnlng to EStG._thh
correctly produced voicingontrast. The lower portioshows Correct Production and to Obtain a
an attempt by the child. New Pattern of Behaviour

When the child has been made aware of his or her deviant

Discrimination between, e.glong and shortvowel quantity, Production andealiseshow it deviates, a continuos contrastive
which is an important phonological contrast in Swedish, igaining should start, to obtain a new patternbehaviour.
visible through a difference in duration dfie redcolour, Oster (1989) showed that the visirgormation helpghe child
signifying voiced vowels. Figure 2 showthe therapist's to discoverthe correct place or manner dfie speech sounds,
correct pattern of the minimalord pair /haka/ (chin) and thus allowing him oher tomodify adeviant behaviour. In this
/hacka/ (chop) irthe upper portion, and grofoundly hearing- Study two 15-year-old profoundly hearing-impaireabys
impaired child’s production itthe lower portion. Thelisplay ~improved in producing quantitgnd voicing contrastdbetween

showsthat the childonly mastered thdong quantity of the Velar stops after contrastive visual training with SpeechViewer
vowel /a/. I. The contrastive training consisted of minimal wqydirs

containingthe phonological contrastand short sentences in
which the target words were included.

In Figure 4, a training session on the et level of the
Structural Speech Training Program descriabdve is shown.
In the upper portion, the therapist'sodel of the repeated
syllable /ma/ is recorded. In the lower portion, the imitated
production of a profoundly hearing-impairetild is shown. It
can be seen that the child produced the nasal /m/ deviantly.

teacher: " a m a L a L a

Figure 2: In the upper portion, the therapist's pattern of the
word pairs /haka/ (chin) and /hacké@hop) is shown. In the
lower portion, a prelingually hearing-impaired chilgieoduc-
tion is shown.

Figure 3 shows a training sessiontloé stress pattern in the
two homographs othe word /banan/ (track) and (banana),

which are produced with differenstress patterns. Pitch and Figure 4: Display of loudness oveime in “Pitch andLoud-

loudness areombined ovettime in the program “Pitch and " . .
Loudness”. The stressed syllable is visible in the therapistnseSS - In the upper portion, the therapist's pattern of repeated
model in the upper portionthrough a rising pitch, longer production of the syllable /ma/ is shown. In the lower portion, a

duration, and higher intensity (indicated by thickness of therofoundly hearing-impaireghild's deviantly produced nasal
line). In the lowerportion of the screen, the child’s deviant'" the repeated production of the syllable is shown.
stress pattern is shown.



The instructive feedback provided throutite contrastiveness 3.4, Further Training for Maintenance and

of the visual patterns together with traditional assistayieen Transfer to Untrained Material
by the therapist helped the child acquaerrect production

which is shown in Figure 5. Whenthe child has acquired the targebduction, significant
T e amounts of additional training must be invested to get him or
o | | | her to maintaincorrect production and transfeskills to

40 I I 1 . . . . . . .
= untrained situations. This is timeost important element in the
a ! ! ! speech training prograbyut themost difficult to carryout. The
| I | target production must be repeated and practised in a variety of

contexts. The ultimategoal is a stabilisation of correct
production and a system expansion.

4. DISCUSSION

It is important to point out thaventhe bescomputer program

Figure 5: In the upper portion, the therapist's pattern of th€ould never replacthe therapist buenly assist and facilitate
repeated production dfie syllable /ma/ is shown. In thewer his or her work. Computer-aided speech training is a

portion, the child’s correct production is shown. complement to traditional methods and hgedagogical value
for the therapistvho has agoodknowledge of articulatory and

acoustic phonetics as well as of the computer technique.
Individual differenceswill determine the particular training
material and order selectéar training, since the training is 5. REFERENCES
based on existing skills. The treatment is influenced by the
Senory-Motoric Approachdevised by McDonald (1964).
Bisyllabic drills are usedbeginning with small changes of

1. Arends N.The VisualSpeech Apparatusnstituut voor
Doven, Sint-Michielsgestel, The Netherlands, 1993.

tongue movement betwedéme production ofthe vowel and the 2. Javkin, H. “A new speech trainingystem: acoustic-
consonant followed by progressively larger changes of articulatory datayideo gamesand synthesizechodel
movement. parameters”Proc. of Second Intern. Symp. 8peech

The same positive effect was shown in a study by Oster ~ @nd Hearing Sciences, 81-92, Osaka, Japan, 1994.

(1995b). A5-year-old prelingually dedfoy acquired a natural 3. McDonald, E.Articulation Testing and Treatment,
pitch after a contrastive visuabice training with the"Pitch Pittsburgh, Stanwix House, 1964

and Loudness” program. Before trainingis fundamental

frequency was too high and monotonous, around 700 Hz, due to 4. Nickerson, R., Stevens, KTeaching speech to the
his lack of perception andontrol of his own voice.The child deaf. Can a computer help?lEEE Trans. Audio
learned and established a lower, &mdhis age, natural pitch Electro-acoustics, AU-21, 445-455, 1973.

and gained awareness and contnar his voice. In Figure 6,

an example of the instructifieedbackthat aimed atowering 5 Youdelman,_ K, Levlltt, H. E'pee_chl tramlngfof_ deaf
his fundamental frequency is shown.His spontaneous students using a palatographic d'SD.aWoC'.O First
phonation eight weeks after training had an average pitch of Intern. Symp. on Speech and Hearing Scientekl,
263 Hz. Osaka, Japan, 1991.
Tescher = Tottern oF Toiling 5iteoh 6. Youdelman, K. “Computer applications in teaching
am iy o -H"-.. speech to deaf chiIdr_enP,roc_:. of Second Intern. Symp.
1\ »\ _ -\\ on Speech and Hearing Sciences, 67-79, Japan, 1994.
\ \ \ \ 7. Oster, A-M. “Applications and experiences of
" D's first attemst computer-based speech traifin§TL-QPSR 1, 59-62,

1989.

8. Oster,A-M. “Principles for a complete description of
the phonological system of deaf children abasis for
speech training”, Profound Deafness andSpeech
Comm., London: Whurr Publ. Ltd., 441-461, 1995a.

Figure 6: In the upper portion, the therapistisodel of 9. Oster, A-M. “Teaching speech skills to deaf children by
repeated lowered pitch is shown ancthie lower portion, the computer-based speech training’toceedings of 18th
child’s positive training result is shown. International Congress on Education of the Deaf, Tel-

Aviv, Israel, 1995b.



