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Evaluation of a Training Program Using Visible Speech in

German Schools for the Deaf

Regine Becker
Humboldt University of Berlin

Cordula Artelt
University of Potsdam

The present study provides insight into several technical and
computer-aided procedures that can be used with deaf stu-
dents to improve their speech. A visible speech device com-
bined with a training program was developed and evaluated
in six German schools for the deaf. The teachers were ini-
tially given special instructions about the work with their stu-
dents in accordance with our technical and training concept.
The students were able to build up a knowledge of visible
patterns of spoken sounds, syllables, and words. They used
this knowledge to recognize speech errors and to improve
their pronunciation. Teachers' experiences were mostly posi-
tive. As they said, this device made their work much easier.
The results show that visible speech can be used effectively;
however, it has to be embedded in a training program that
systematically builds up phonological knowledge and consid-
ers symbolic meanings from signed and written language.

Research evidence indicates that the majority of deaf

individuals do not have age-appropriate speech and

language skills (Conrad, 1979; McAnnaly, Rose, &
Quigley, 1987). The speech intelligibility of the major-
ity of hearing-impaired individuals with severe to pro-
found hearing loss is generally low (20%), as the results
of speech instruction in the past show (Markides,
1970). Similar intelligibility scores were found in Ger-
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man schools (Becker, 1993; Becker, Schildhammer, &
Ruoss, 1994) despite technical and educational im-
provements of the oral-aural approach.

This article deals with the development of a speech
training curriculum in German schools. More efficient
methods are necessary to improve speech intelligibility
of deaf speakers by taking into account time and effort
involved in speech training in the classroom.

Technical Aids for Speech Training

Because of the rapid development of instructional,
interactive technology and signal-analyzing devices,
computer-based speech training aids have become in-
creasingly important instruments in the work with deaf
students. Most of these computer-based resources (Ar-
ends, Povel, van Os, Michielsen, Claasen, & Feiter,
1991; Bernstein, Goldstein, & Mahshie, 1988; Lipp-
mann, 1982; Watson & Kewley-Port, 1989) are feed-
back methods enabling external control over peripheral
speech processes (like phonation, prosody, and articu-
lation). The aim of these aids is to improve the intelligi-
bility of deaf speakers. Speech parameters (like pitch,
intensity, vowel articulation) are trained by compensat-
ing for the lack of auditory feedback through the use
of vision and tactile perception. Speech training aids
offered in German schools for the deaf provide visual
(Esser, Nolte, & Printzen, 1983; Neppert, 1990) or vi-
brotactile (Breiner, 1990) representations of speech
sounds. Furthermore, physiological methods for mea-
suring and visualizing speech movements (e.g., lip and
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tongue movement) are available in clinics (Klajman,
Huber, Neumann, Wein, & Bockler, 1988; Schonle,
Grabe, Wenig, Hohne, Schrader, & Conrad, 1987).

Technical aids for deaf students can be differenti-
ated according to their main area of application: im-
provement of speech production or perception.

Speech Production Training

Levelt (1989) describes articulation as the motor exe-
cution of a phonetic plan and the syllable as a unit of
motor execution in speech. When executed, the sylla-
bles' phones are overlapping and interacting gestures
over time. Each gesture consists of dynamic phonetic
features, such as voicing and nasalizing (Levelt, 1989;
p. 346). Speech training aids mainly support the devel-
opment of self-regulation of speech processes. Via di-
rect feedback of gestures or single phonetic features
and the comparison with a target, one should be able to
improve and consolidate speech production skills and
speech motor control. Such improvements should be
reflected in the development of spontaneous speech
as well.

Most speech training systems are used for the mod-
ification of suprasegmental aspects of speech (intensity,
pitch) and acoustic characteristics of single sounds
(voicing, formant positions). The IBM SpeechViewer
system is a typical device that provides exercises for
phonation, pitch courses, voice-voiceless contrast, and
vowel accuracy. Pratt, Heintzelmann, and Deming
(1993) reported a study of six preschool children with
hearing-loss who were trained using the vowel accu-
racy module of the IBM SpeechViewer. The subjects
showed a treatment effect for at least one of the three
trained vowels. In no case did the pronounciation of all
three vowels improve through training. Problems arose
with the inaccuracy of the feedback, the lack of instruc-
tional feedback, and the nonlinearity of the criterion-
adjustment control provided by the computer system.
The authors therefore concluded that additional exter-
nal validations like listener judgments are needed to
evaluate the improvement of speech production skills.
Furthermore, it may be that training of single sounds
cannot result in fluent speech because coarticulatory
effects are ignored.

Watson, Reed, Kewley-Port, and Maki (1989) de-

veloped and evaluated ISTRA (Indiana Speech Train-
ing Aid), which provides a computer-based judgment
of speech quality. Their results showed strong relations
between computer-based and human judgments of
speech quality. The speech training system contains a
speech recognition processor that provides a goodness
metric to the trainee based on his best tokens. Without
setting normative data as a criterion, the trainee is
guided systematically toward better speech produc-
tions.

Mahshie, Vari-Alquist, Waddy-Smith, and Bern-
stein (1988) presented a study of computer-based
speech training and practice aids for profoundly deaf
students. Acoustic and physiological measurements ob-
tained from a microphone, an electroglottograph, and
a pneumotachograph were used for assessment and
training in a school or clinic. In the software develop-
ment, especially, the needs of young children were
taken into account. Different games were implemented
to teach sustained vocalization, production of repeated
syllables, and control of voice intensity and fundamen-
tal frequency (Fo). Speech training was conducted over
a 15-month period with 15 deaf children ages 3 to 11
years. Promising results were presented related to the
ease of use of the aid, the acceptance by the children of
the aid and the displays, and increased motivation of
the trainees for speech training.

In a study by Arends et al. (1991) prelingually deaf
children ages 4 to 7 years were instructed in different
subskills of speech (i.e., control of timing, voicing,
loudness, pitch, and vowel production). The 22 chil-
dren in the experimental group were trained by using
the Visual Speech Apparatus (VSA), and the 16 chil-
dren in the control group received speech training
based on the maternal reflective method of van Uden
(1977), a method focusing on a natural instructional
approach to language. Speech training was given only
on the basis of children's spontanously produced
speech. The performance of the children was measured
using the CID Phonetic Inventory and a specially de-
veloped test. The results showed that the experimental
group achieved significantly higher scores for voice
control and vowel production than the control group.
The younger children especially benefited from the
training with VSA. Segmental characteristics of longer
speech units (syllables, words, and sentences) can be
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trained via a spectrographic display in real-time (Lipp-
man, 1982; Stewart, Larkin, & Houde, 1976), which
provides information about the changing spectral pat-
terns of speech caused by articulatory movement and
coarticulatory influences.

Speech Perception Training

Along with conventional hearing aids, there are vibro-
tactile aids to support speech perception of deaf sub-
jects. Only 30% of phonemic information is visualized
by articulatory gestures of the lips. The Minifonator, a
vibrotactile device developed by Siemens (Weisenberg,
1989) is aimed at compensating insufficient lipread-
ing information. Utterances spoken into a microphone
are transformed into vibrations that can be perceived
by the skin. The amplitude of the incoming acoustic
waveform is used to modulate the amplitude of a
broad-band vibratory carrier. This device allows dis-
criminations of rhythm, stress, and duration patterns.
Furthermore, spectral information like voice-voiceless
contrasts is conveyed through the use of the broad-
band vibratory carrier. The aid can be used to support
speech perception, but also to improve speech produc-
tion skills.

Most of the reported studies deal with the instru-
mental aspect of computer-based speech production
and perception training. The efficacy of technical aids
in speech training of deaf students, however, depends
on the development of appropriate curricula. Further
research must therefore focus on the learning condi-
tions under which visual or tactile feedback helps to
improve speech production skills.

Treatment Effects With Spectrographic Display

There is no linear relationship between the acoustic
signal and the perceived speech code (Cole, Rudnicky,
Zue, & Reddy, 1980; Liberman, Cooper, Shank-
weiler, & Studdert-Kennedy, 1968). The decoding of
speech sounds is based on context-dependent, rule-
and knowledge-driven parallel processes with which
human speech perception operates. These special top-
down processes are not taken into account if the acous-
tic stimulus is transformed into another sensory mod-
ality. Only parts of the linguistic information can be

translated. A study by Cole et al. (1980) showed that
after intensive training about 80% of the phonetic seg-
ments of unknown spectrograms were labeled correctly
by a hearing subject. Segmentation and labeling pro-
cesses were performed with the help of phonetic and
phonotactic knowledge without the use of higher-level
knowledge (syntactic or semantic). The symbolic con-
tent of the test utterances was only partly disclosed
after the phonetic analyses were completed. This
means that no on-line speech processing takes place
and special instruction concerning the interpretation
and learning of the visible speech patterns is necessary
for the use of spectrographic aids in speech training.
Furthermore, a special program for deaf children must
allow them to build up phonetic and phonological
knowledge and consider symbolic meaning from
signed and written language.

A visual speech device providing spectrographic
feedback with a training program for deaf students of
different ages was developed and evaluated by our re-
search group (Becker, 1993; Hobohm, 1993; Ruoss,
1992; Schildhammer 1996). In our pilot study Schild-
hammer (1996) investigated the influence of speech
training with the visual speech device over a 12-month
period (70 15-minute training sessions per child).
Twenty-three prelingually deaf students with a mean
hearing loss from 85 to 117 dB ages 9 to 15 years were
investigated. The speech training included exercises
for basic attributes (timing, voicing, and loudness) and
articulatory skills at the word level (see Training pro-

gram) and was held individually two times a week. The
intelligibility of tape-recorded trained and untrained
words (48 items per student) was judged by naive lis-
teners both before and after the students' training.
Differences in training results were found dependent
on school grade level and speech production skills at-
tained before the training started. In the lower grades
(9 to 10,6 years) only the less intelligible students im-
proved their speech production skills significantly with
the visual speech aid (on the average from 25.2% to
38.4% intelligible phonemes). In the higher grades
(12,6 to 15,3 years), however, the different intelligibility
levels before training started had no effect on the im-
provements of the students' speech production skills
after training. All of the older students showed signifi-
cantly increased intelligibility ratings after participat-
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ing in the training scheme. The less intelligible older
students increased from a mean of 31.4% to 35.7% in-
telligibility and the more intelligible ones from 40.8%
to 43.3%.

These differences in the results for younger com-
pared to older students may have been caused by the
fact that conventional speech lessons are usually given
only between the first and the fourth grades. The ini-
tially less intelligible younger students may have im-
proved speech intelligibility with the spectrographic
display because of increased motivation and the provi-
sion of important information about the acoustic and
articulatory properties of fluent speech, that lipreading
and tactile cues are not able to offer. However, the more
intelligible younger students seem to have already
reached a certain level of speech production skills (on
average 42% of phonemes were intelligible), and thus
there was no significant improvement from practice
with the additional visible speech exercises. The older
students, however, had had regular speech lessons in
the elementary school some years ago. Through the
minimal amount of speech practice in the meantime,
they have lost former articulatory skills. Therefore, all
of them profited by the speech training with the visual
speech aid because it allowed them to refresh pre-
viously attained but recently lost speech abilities.

Research Questions

As results from the pilot study showed, the visual
speech aid can be used as an effective medium in the
speech training of deaf students. Visual feedback of
speech sounds in real time can improve speech produc-
tion by increasing external control and providing a
more efficient way of acquiring speech motor skills.
The less intelligible younger deaf students and all of
the older students benefited from the visual speech
aid. The system has now been tested in five German
schools over a 4-month period. Two major questions
led this investigation. The first is related to teachers'

acceptance and implementation of the program. What
do teachers experience when using visible speech in
speech training with deaf students of different age lev-
els? How do they handle the technical equipment, the
segmentation, and labeling processes of the spectro-

Table 1 Description of the sample (grade level, average
age, and number of students, number of training sessions
per teacher)

School

Giistrow
Giistrow
Giistrow
Bremen
Bremen
Bremen
Bremen
Oldenburg
Oldenburg
Dortmund
Dortmund
Dortmund
Berlin

Grade level

1
7

10
7
3
5

Kindergarten
1

10
1
1
5
2

No.
students

1'
s.>

3
3
7
5
5
7'
7
7

10
4

Age (year;
month) (M)

7;03
13;02
15;06
15;02
9;04

11;11
4;06
7;10

17;09
8;00
8;03

12;05
8;06

No.
training
sessions

116
50
57
10
25
46
39
96

103
44
21
42

—

'Two teachers per class.

'Subsample (see Table 2).

grams and the implementation of the whole training
program?

The second question is related to students' achieve-

ments. What level of performance do students reach
after training with visible speech as measured by the
number of corrected speech errors? What is the rela-
tion between the results achieved during the training
program in terms of modified speech motor skills and
the degree of hearing loss? How do the individual error
profiles and the various stages of the training program
influence training achievements?

Method

Participants

Sixteen teachers from 5 German schools for the deaf
participated in our study with a total of 75 students of
different grade levels. Three of the 13 classes were in-
structed by two teachers. Table 1 gives a description of
the sample. The whole research period (after introduc-
tion into the training program) lasted four months. As
Table 1 shows, however, there were differences among
teachers in the amount of lesson time devoted to using
the device (total number of training sessions).

We assumed that the amount and regularity of
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Table 2 Description of the subsample: grade level, degree of hearing loss at 500 Hz, 1 kHz, 2 kHz with and without
hearing aid, number of sessions, and training stages of individual students

Student

Kl
K2
K3
K4
K5
K6
K7
K8
K9
K10
Kll
K12
K13
K14
K15
K16
K17

Grade
level

10
10
10
10
10
10
10
7
7
7
7
7

10
10
10
10
10

Age

16;11
17;03
17;07
18;03
17;05
18;00
18;11
13;01
12;09
13;07
13;01
13;04
14;11
15;08
15;06
15;06
15;11

500
Hz

90
80
85
75
90
85
90
95
95

100
90
95
95

105
80
90
95

500 Hz
with

60
—
60
65
60
65
65
50
70
65
55
55
65
60
55
65
65

1kHz

100
90
90
95

105
100
85

110
115
110
100
110
105
110
90
90

110

1kHz
with

60
—
55
65
65
70
45
45
55
55
40
45
50
45
45
50
55

2 kHz

110
100
105
100
100
105
70

120
115
110
115
115
120
110
85
85

120

2kHz
with

65
—
60
70
65
70
45
45
65
60
55
50
60
55
35
55
70

No.
sess.

15
14
16
15
14
14
14
10
11
10
10
9

16
16
16
17
17

No.
train.
stages

9
9

10
9
8
9
8
8
8
8
8
8

11
11
11
11
11

training sessions as well as the age of the students
would have an effect on learning. A detailed analysis
of learning achievements (number of speech errors and
corrections) can therefore only be given for the older
students of the sample because only with them was it
possible to keep the learning conditions constant (see
also Experiences depending on age group). Table 2 contains

a description of this subsample consisting of 17 stu-
dents of the higher grades. Each student in the selected
subsample received on average 14 training sessions
during the investigation.

In German schools systematic speech lessons are
given in kindergarten and from first to fourth grade,
but students of the higher grades do not receive any
regular speech training. In the last 10 years the use of
substitutional media (German Sign Language, signed
German) and an emphasis on written language have
been discussed with the aim of improving the acquisi-
tion of a formal language system (Prillwitz & Wudtke,
1988; Wisch, 1990). Several teachers are recently using
signed German or other manual methods to facilitate
communication and instruction. The students in our
sample had received speech lessons that included
multisensory stimulation for speech, a focus on the de-

velopment of speech sounds and the syllable as the ba-
sic unit of instruction (except one class of the lower
grades that was trained with the auditory global
method).

Equipment and Procedure for Speech Training

The visible speech device provides spectrographic
feedback in real time (Hobohm, 1993). At the moment,
we work with a visualizing device consisting of a DOS
PC (386 or higher), TIGA graphic card (TMS 34010),
signal processing card (AT&T DSP 32c), color moni-
tor, microphone preamplifier (with preemphasis 12
dB/octave), and two head microphones (Beyerdynamic
M560 N[C]). A Fast-Fourier-Transformation (128
point-FFT, Hamming window, time resolution 8.4 ms)
was used for speech analysis. The linear frequency
scale runs from 50 to 5800 Hz. The intensity of energy
in the speech signal is indicated by color values. High
spectral energy is displayed in dark color values (pur-
ple, black) and low spectral energy is indicated by light
color values (green, yellow) (see Figure 1). The dura-
tion of the speech segment that can be analyzed is 2.5
seconds, or 4.8 seconds when special hardware compo-
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0

Figure 1 Spectrographic display of the German word "Auto"/auto/(car). In the
original computer display, spectral energy is indicated by color values.

nents with extended graphic and memory powers are
used.

Throughout the training, both teacher and student
wear head microphones that are alternately activated.
The monitor display is divided into two independently
movable traces. The ongoing display can be stopped
with a key stroke for comparisons of speech output. On
the upper track, the teacher gives a reference pattern.
He asks the student to label the single sound segments
of any spectrogram produced. The student then re-
peats the word until it is similar to the reference pat-
tern on the lower trace. Every time the teacher wants
to inform the student about speech deviations or about
correct speech production, he pauses the ongoing dis-
play. During speech training, manual methods of com-
munication (signed German or fingerspelling) and
written language are used to illustrate the meaning of
training words and to give speech instruction.

Training sessions are held individually. A training
session is not supposed to last longer than 15 minutes
and takes place at least two times a week. At least one
session is planned for each stage of the training. De-
pending on individual speech performance, a training
stage can last for several sessions. Individual perfor-
mance levels determine the amount of speech material
and intensity of training within each training stage.

A menu is placed beneath the two movable display

tracks with hot keys for the different functions of the
program (e.g., labeling of speech segments, editing and
saving functions, or changing of single display parame-
ters). A short description of these menu commands can
be recalled via a help function, which is also described
in more detail in the users' guide.

Training program. In addition to the development of the
visual speech aid, a training program for the use of
spectrographic feedback in speech training with deaf
students was developed and evaluated (Ruoss, 1992;
Schildhammer, 1996; Schildhammer & Becker, 1993).
The training program starts with exercises to train
basic skills (breathing control, phonation, nasality,
rhythm, phoneme contrasts, etc.) that are based on ex-
ercises proposed by Lindner (1984). Furthermore, the
program includes 11 training stages (see Table 3) in
which correct production of different vowels and con-
sonants is taught in the context of words. The pho-
nemes are introduced successively in a special order
proposed by Kloster-Jensen and Jussen (1974) that is
based in part on articulatory difficulty. Furthermore,
acoustic characteristics are considered when teaching
the visual similarities and differences of sound patterns
in the different stages of the training program. In the
initial training stages, only those combinations of con-
sonants and vowels are introduced that are easy to dis-
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Figure 2 Application of the visual speech device.

Table 3 Training program with 11 successive training
stages for word production

Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9
Stage 10
Stage 11

Phonemes

/p t k / / a o u/
/fjs/
/n m T)/

/ h /
/ x /
/c / / i l e eooeyY al/
/ b d g /
/v z j /
/ I /
/R/
/pf ts ks/

Words like . . .

Papa, Tag, Opa
Schaf, FuC
NuB, Oma
Haus, Hof
Fach, Tuch
Teich, Fisch
Biene, Geige
Junge Wiese
Lippen, Welle
Reise, Afrika
Apfel, Katze, Kekse

tinguish on the computer display. For example, back
vowels and voiceless plosives in the word "Opa"
(grandpa) are easy to distinguish because of their very
different acoustic features. In the following training
stages, the discrimination of the sound patterns be-
comes progressively harder as more and more new
phonemes are introduced, including phonemes with
similar sound patterns that are more difficult to dis-
criminate. With this structured speech instruction,
deaf students can build up a greater phonetic and pho-
nological knowledge. They learn to segment and label
visible speech patterns of rehearsed and nonrehearsed
words as well as to improve motor skills.

Speech production is associated with other lan-
guage and speech modalities. Word meanings (sym-
bolic relations) are worked out through the presenta-
tion of signs and written words. If the student fails to
master specific phonemes within a word context, addi-
tional prompts are given such as tactile cues, speech-
reading the sound, and listening to the sound. Basic ex-
ercises with visual feedback produced by single sounds
or syllables are also practiced.

Spectrographic features and speech errors. For different

speech sounds, specific invariant acoustic patterns can
be found in the spectrographic display, which can be
categorized following a learning episode (Cole et al.,
1980). As results of Ruoss and Schildhammer (1993)
indicated, the deaf students' ability to segment and la-
bel visible speech patterns increased with specific
speech training. After a 12-month period deaf students
ages 9 to 15,6 years reached pattern recognition scores
similar to those of adult experts who are very familiar
with visible speech patterns (see Table 4).

To work with their students in a similar way, the
teachers of our sample received special instruction in
segmenting and labeling the visible speech patterns
with the help of invariant phonetic cues. In our training
program (Schildhammer & Becker, 1993), acoustic fea-
tures of speech sounds are introduced sucessively via
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Table 4 Mean recognition scores for deaf students
(« = 20) ages 9 to 15, 6 years and experts (n = 4) for 12
visible speech patterns (words) (Ruoss & Schildhammer,
1993)

Correct answers
(mean score in %)

Segmentation
Phoneme labeling
Within phoneme class
Word recognition

Deaf
students

94.8
55.2
28.2
19.6

Experts

96.4
46.9
37.8
6.3

special test materials. Distinctions among phoneme
classes (plosives, fricatives, nasals, vowels) or even rec-
ognition of single phonemes (e.g., /sch/) are learned
with training.

Special instruction by the teacher is needed so that
deaf students learn to recognize their own speech er-
rors and learn to correct them with the help of visual
feedback. For this purpose, teachers have to be familiar
with the visual characteristics of different speech er-
rors. For the present purposes, examples of visualized
words from deaf speakers who were trained with visible
speech (Ruoss, 1992) were used for illustration. We
grouped these examples by contrasting an incorrect
pronunciation of a word (pretraining) with an intelligi-
ble pronunciation of the word (posttraining) and the
word spoken by a subject without hearing-loss (Schild-
hammer & Becker, 1993). Typical patterns of speech
errors can be shown in this way (Becker, 1993;
Becker & Druba, 1994), but even intelligible speech
pronunciation by deaf subjects differs significantly
from the given target. This difference appears to be the
consequence of speaker-specific pitch characteristics.
A speaker-independent display is not possible with
Fast-Fourier-Transformation. Phonatory deviations
(like falsetto pitch, breathiness, laryngeal strain), in
particular, influence the visual patterns in a negative
way. Further differences among speakers are caused by
different midfrequencies and band-widths of formants
based on different measurements of vocal tracts. In the
context of speech training, teachers have to decide (also
from listening to the speech) which spectrographic de-
viations are crucial speech errors or unimportant
speaker-specific variations. The teachers therefore re-
ceived intensive training on the device. During individ-
ual sessions with students, they were instructed to ana-

lyze and interpret speech distortions with the help of
the visual speech aid. The teachers' knowledge about
visual patterns of speech errors naturally increased
with practice and supervision. Frequent communica-
tion between experts and teachers ensured that prob-
lems could be solved and any inappropriate use of the
device could be corrected.

Procedures for Data Collection

Teachers' acceptance of the program were assessed
through a questionnaire. The items referred to (1) the
technical use of the device, (2) the segmentation and
labeling of speech patterns, (3) the teachers' goals in
using the device during speech lessons, (4) possible
combinations with other training approaches, (5) eval-
uation of the speech training aid, and (6) ideas for im-
provement of the visual speech display.

A second measuring instrument was developed for
the recording of the individual learning and speech
performances. The teachers had to collect the number
and type of training words, speech errors, and correc-
tions for each learning stage of the training program.
Phonetic transcriptions of the spoken words were made
by the teachers to record speech errors. We used two
measurements of word corrections. "Short-term cor-
rections" are speech corrections that were observed to
occur within one training session. In the next session a
selection of these corrected words (not all) was pre-
sented together with new training words (of the same
learning stage). Speech corrections were classified as
"habitual" if they were maintained over two consecu-
tive sessions.

Teachers' instructions and procedures were the
same across the five participating schools. The visual
speech device was installed at each school. Instruction
of the teachers took place on two successive school
days. It contained (1) a theoretical introduction to the
speech training program, (2) practical examples and
exercises in the use of the device, (3) introduction to
the measuring instruments, (4) exercises in the seg-
mentation and labeling of sound-patterns, and (5) exer-
cises in the assessment of speech errors. Members of
the research team visited schools regularly for super-
vision. Technical problems were solved, questions con-
cerning practical work were answered, and, where
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I number of errors •number of error corrections

I . I I
L1 L2 L3 L4 L5 L6 L7 L8 L9

* number of words / training stage

Figure 3 Absolute number of training words, speech errors and error corrections over nine
training stages (LI to L9) for one subject.

needed, theoretical issues regarding the program were
elaborated. At least one individual training session per
teacher was supervised and discussed.

Data collection was completed in 17 weeks, after
which teachers were given the questionnaire concern-
ing the acceptance and implementation of the program.
The second measuring instrument was used by the
teachers to record the individual learning and speech
performances per student and training session. The
data concerning a student's training achievement were
thus collected for each training session given.

The sample was devided into two age groups. In
the first group, there were 33 students (1st to 4th
grade) ages 7 to 9 years and 5 preschool children ages
4 to 5 years. They were trained by eight teachers. In
the second age group there were 37 students (5th to
10th grade) ages 12 to 19 years. Eight teachers worked
with them.

Measurements

Teacher questionnaire (evaluation of the program). De-

scriptive analyses of the teacher questionnaire items
were conducted separately for each group according to
the different age levels and training conditions. Most

of the questionnaire items were multiple choice items
where more than one answer was possible. When
teachers were asked to name other variables that they
thought influence students' improvement of articula-
tion, they were free to list those variables they thought
were relevant (e.g., students' motivation, intelligence,
degree of hearing loss). All analyses of the question-
naire items are based on the proportion of chosen items
and free answers.

Assessment of students' achievement. During individual

training sessions with each student the teachers de-
cided whether training words were pronounced cor-
rectly or which speech errors occurred in a training
word. Most of the teachers had no problems in seg-
menting the patterns after they had received instruc-
tion. Recognizing the invariant patterns and labeling
the spectrograms were more difficult. The teachers
learned step by step to segment and label the visible
speech patterns with the help of invariant phonetic
cues (see Ruoss & Schildhammer, 1993). The number
of training stages undertaken with students varied
strongly across schools and classes. Teachers used the
measuring instrument after each training session to (1)
list the words that were trained, (2) the specific speech
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Table 5 Five error categories and their sources

Category Source

Substitution (a) Voicing error
(b) Place of articulation
(c) Manner of articulation
(d) Place and manner of articulation
(e) Vowel duration
(f) Substitution, neutralization or

nasalization of vowel and diphtong
Omission (a) Vowel

(b) Consonant
Addition (a) Sound with related articulatory

position
(b) Neutral vowel between consonant

blend
(c) Neutral vowel at word final position
(d) Neutral vowel at word medial position
(e) Aspiration of vowel
(f) Others

Phonation (a) Inappropriate pitch level
(b) Pitch fluctuation
(c) Impaired loudness control
(e) Pitch breaks

No classification —

errors made, (3) the speech error corrections made
with the help of the device, and (4) the stability of cor-
rections (correct pronounciation of those words that
were corrected during the previous session). See Fig-
ure 3 for a single case illustration of the relations be-
tween number of training words, errors, and error cor-
rection over nine training stages.

Students' speech errors could be categorized ac-
cording to the following five error categories: substitu-
tion, omission, addition, phonatory deficits, and un-
classified errors. More than one error could occur per
word. Table 5 shows the different sources of speech er-
rors. For short-term corrections of speech errors we formed
three categories: corrected, partly corrected, and not
corrected words. Their relative frequency per type of
speech error and training stage was calculated. Fur-
thermore, we differentiated between four types of ha-

bitual corrections: stable, partly stable, nonstable, not
checked. Again, the relative frequency in each speech
error category and training stage was calculated.

The number of training words, speech errors,
short-term corrections, and habitual corrections varied
across students. For the purpose of comparison we ag-
gregated data and formed three measures: (1) students'

speech performance before training session: each parti-
cipant's number of speech errors for each error type
was converted to percent (based on the total number of
trained words); (2) students' speech performance after
training session: each participant's number of correc-
tions for each correction type was converted to percent
(based on the total number of speech errors made); and
(3) students' stability of speech performance after two
consecutive sessions: each participant's number of ha-
bitual corrections for each stability type was converted
to percent (based on the total number of corrections
made). All three measures were computed both as an
overall measure as well as separately for the nine com-
pleted training stages.

Results

Teachers' Evaluation of the Program (Teacher

Questionnaire)

The majority of teachers (93%) found the use of the
device easy without studying the handbook intensively.
Most of the teachers had no problems in segmenting
the patterns after instruction. Recognizing the invari-
ant patterns and labeling the spectrograms were more
difficult to manage. The number of training stages un-
dertaken with students varied strongly across schools
and classes. These conditions had not been sufficiently
controlled by the researchers. Only half of the teachers
worked strictly in the way the training program sug-
gested.

Preferences suggested by the teachers related to the
further use of the visual speech aid in lessons were two
teachers per class (50%), training to be conducted in-
dividually (31.3%), the visual device to be available in
the classroom (37.5%), an emphasis on the improve-
ment of articulation (93.8%), and speech error assess-
ment (31.3%). As the majority of teachers said, it was
possible to combine the visual speech aid with different
training approaches of speech and language instruction
as well as manual methods of communication. From
their point of view, students' acceptance and motiva-
tion was high. It was possible to work with the device
with nearly all students. There were not always articu-
lation improvements, but teachers' judgments about
the use of the device were generally very positive. They
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Table 6 Proportions (%) of teachers' free and fixed responses to the questionnaire
items depending on students' grade level: Grades K—4 and Grades 5-10

Item/frequency %

Speech instruction
Exercises following the program'

Basic exercises
Word exercises
Different phoneme order
Individual exercises

Individual exercises adapted to or based on*
Students' individual problems
Students' vocabulary
Materials from lessons

Review of the device
Improvement of articulation"

Other variables that might have effects on the
learning outcomes*

Degree of hearing loss
Speech performance
Motivation

Grades K-4
(8 teachers)

87.5
75.0
50.0
87.5

37.5
62.5
25.0

65.3

37.5
75.0
12.5

Grades 5-10
(8 teachers)

100
87.5
12.5
75.0

0
25.0
25.0

86.7

0
25.0
0

"Based on fixed responses.

'Based on free responses.

concluded that the device is easy to use, a good motiva-
tor, and an effective supplement to conventional speech
instruction methods.

For some questionnaire items, however, age differ-
ences could be found (see Table 6). The training pro-
gram consists of 11 training stages in which all German
sounds are successively introduced. The teachers of
the younger children changed the suggested phoneme
order because some articulation patterns had not yet
been acquired by their children. The teachers of the
younger students also modified the training program
by taking more into account the students' individual
needs and abilities, particularly concerning vocabulary
and sounds. The teachers of the older students worked
in the suggested manner.

Articulation improvements were more often re-
ported with the older students than with the younger
ones. Variables like teachers' oberservations of chil-
dren's intelligence and degree of hearing loss seemed to
have a stronger effect on the results of speech training
of the preschool children and students of the lower
grades. On the other hand, in our pilot study Schild-
hammer (1996) found a significant correlation score
(r = .59) between intelligence (measured by Raven's
Standard Progressive Matrices) and improvement of

Table 7 Mean and standard deviation of speech errors in
the five categories

Error category

Substitution
Omission
Addition
Phonation
No classification

Mean

25.7
3.7

11.8
4.1
2.4

Standard
deviation

21.1
4.4
9.8
5.0
3.5

speech intelligibility (after speech training) only for the
older students of her sample (12,6 to 15,3 years). For
both age groups no relationships between degree of
hearing loss and speech production skills (before and
after speech training) are reported.

Assessment of Students' Achievement

The following results are based on the subsample of 17
students (see Table 2). As Table 7 shows, two of the
most frequent errors during the training belong to the
categories substitution and addition (obtained from
phonetic transcriptions by the teachers). Correcting
these error types seems to be an important task of
speech training with visible speech.

Table 8 provides insight into individual achieve-
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Table 8 Error profiles "articulatory deficits" and "speech deficits" for each student based on the frequencies of errors
(in %) in 5 error categories

Student

Kl
K2
K3
K4
K5
K6
K7
K8
K9
K10
Kll
K12
K13
K14
K15
K16
K17

Error
profile

1
1
1
1
1
1
1
2
2
2
2
2
2
1
1
1
1

Substitution

20.3
17.6
7.0

24.2
14.1
5.6
6.7

49.1
30.8
71.2
69.2
37.5
38.8
3.5

18.6
14.9
8.5

Omission

2.9
1.8
0
0
6.3
0
0
5.5

11.5
1.9
3.9
8.3

15.3
1.2
2.3
1.1
1.1

Addition

10.1
12.3
5.6
9.1
3.1

22.5
1.7

12.7
40.4
17.3
15.4
18.8
16.5
3.5
4.7
4.3
2.1

Phonation

0
3.5
0
1.5
1.6
1.4
0
5.5

13.5
1.9

17.3
2.1

10.6
3.5
4.7
2.1
1.1

NC

0
3.5
0
0
0
0
0
1.8
0
7.7
1.9

12.5
2.4
0
3.5
6.4
1.1

NC = no classification.

ments in five error categories. There appear to be two
different error profiles. Subjects who fit the "articula-
tory deficits" profile typically substituted (category 1)
and added (category 3) phonemes. They showed
mainly articulatory errors; characteristics of the voice
were not strongly affected. Students who fit the
"speech deficits" profile, on the other hand, showed
deviations in all categories. This means they made ar-
ticulatory errors, and they showed numerous phona-
tory deficits or nonclassifiable speech errors.

For analysis of students' speech performance after
training, we computed a MANOVA with a within-
subject design. The number of error corrections served
as the dependent variable and the type of correction
(not corrected [M = 5.0, SD = 8.3], partly corrected
[M = 28.6, SD = 14.2], and corrected word [M = 66.4,
SD = 20.1]) served as within-subject factor. There was
a significant effect, F(2,32) = 48.33; p < .01, for type
of speech correction. This means that training words
were more likely to be corrected completely than partly
or not corrected at all.

For the analysis of the stability of speech perfor-
mance a MANOVA with within-subject design was
computed. The number of habitual corrections served
as the dependent variable. The type of habitual correc-
tions (nonstable [M = 3.0, SD = 5.7], partly stable

Table 9 Correlations between the number of corrected or
not corrected words or the number of stable or not stable
corrected words and the degree of hearing losses at 500 Hz,
1 kHz, 2 kHz with hearing aid (n = 17)

Training words

Stable corrected
Corrected
Not stable corrected
Not corrected

500 Hz

-.12
-.46

.26

.54*

1kHz

:53*
-.08

.03

.09

2 kHz

.27
-.32

.20

.29

*p < .05.

[M = 22.0, SD = 13.0], stable [M = 30.5, SD = 23.6])
served as the within-subject factor. A significant effect
of the type of stability could be found, F{2,32) = 12.85;
p < .01. Training words were more likely to be stably
corrected than partly stable or nonstable, which means
that former speech errors occurred less frequently.

Correlational analysis (Table 9) indicated that the
frequency of uncorrected speech errors correlated sig-
nificantly with the degree of hearing loss at 500 Hz
(with amplification) (r = .54). That means an effect of
residual hearing (at 500 Hz) on learning achievement
could be found. On the other hand, there was a positive
correlation between the degree of hearing loss at 1000
Hz (with amplification) and the number of stable cor-
rections (r = .53). Habitual speech correction (mea-
sured over a period of two training sessions) seemed
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Table 10 Mean and standard deviation of speech
correction in 9 subsequent training stages (aggregated into
3 levels)

Training stage Mean

Table 11 Number of subjects with "no speech errors,
complete correction, partial correction, and no correction of
speech errors" at the successive training stages (LI to L9)

Standard deviation Training No speech Complete Partial No speech

L1-L3
L4-L6
L7-L9

61.9
61.5
78.9

24.5
33.6
40.8

stages correction correction correction

not to be positively related to residual hearing abilities.
No significant correlations could be found with hear-
ing loss measured at 2 kHz. We therefore concluded
that there is no substantial influence of residual hearing
abilities on learning achievements.

No significant differences could be found between
the two error profiles "articulatory deficits" (M = 51.2,
SD = 14.9) and "speech deficits" (M = 54.3, SD =

17.8) with respect to the number of speech correction.
Independent of the given error type, speech correc-
tions occurred with the help of the visual speech aid.

Furthermore, we examined the error correction de-
pending on the training stage using a MANOVA. In
nine succeeding training stages, students learned
words with a successively increasing phoneme reper-
toire. The visual discrimination and the articulatory
difficulty of training words increased step by step. The
repeated measure factor "training stage" was aggre-
gated to three levels. This was necessary to ensure that
there were enough cases for each level. The number
of complete word corrections served as the dependent
variable. No effect could be found. There was no sig-
nificant influence of the within-subject factor training
stage on speech correction, although the articulatory
and visual difficulty of the training words increased
with training stage. There was even a small training
effect. Articulatory errors concerning the more diffi-
cult words of training stages 7 to 9 were more often
completely corrected than errors during the first train-
ing stages where easier training material was used
(Table 10).

The numbers of subjects who had no speech errors,
complete corrections, partial corrections, and no cor-
rections of speech errors was counted at each training
stage. The results are presented in Table 11. There
were training stages in which no speech errors oc-
curred among some students. The majority of students
tended to make more complete word corrections than

LI
L2
L3
L4
L5
L6
L7
L8
L9

0
1
2
4
3
2
5
3
0

7
8
4

10
4
4
5
2
0

3
2
4
1
3
2
1
3
3

partial word correction or no correction with increas-
ing training stage. Detailed analyses of error patterns
indicated that / h / as initial sound and the substitution
of nasals with stops was difficult to correct. More com-
plete corrections occurred with additions of sounds,
voicing deficits, and impaired loudness control.

Discussion

The aim of the present study was to examine the use of
spectrographic feedback for the improvement of
speech production skills of deaf children and adoles-
cents. Teachers and students of five German schools
for the deaf participated. The investigation focused on
two major issues: teachers' acceptance and implemen-
tation of the program and the individual achievements
of the students evaluated by the teachers.

Our experiences with instructing 16 teachers for
the deaf showed mostly positive results. After a short
instruction period the teachers were able to make use
of the visual speech aid for the speech training of deaf
students of different grade levels. It was not difficult for
the teachers to use the device technically. They were
specially instructed and supervised to segment and la-
bel visible speech patterns (see Ruoss & Schildhammer,
1993). Although they had problems in segmenting and
labeling the spectrograms, as well as interpreting
speech errors during the initial stages, their proficiency
increased rapidly with practice.

The most preferred condition for using the device
in their lessons was teaching with two teachers. One
teacher could concentrate on speech training with a
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single student, while the other teacher carried on
teaching the rest of the class. Nearly all teachers
thought the visual speech aid was good for articulation
improvement (detailed analysis of learning achieve-
ments are given later) but less useful for the initial ac-
quisition of sounds. One third of the teachers saw it
as an effective instrument for the assessment of speech
deficits. The majority of teachers thought that the de-
vice is compatible with different training concepts and
could be combined with other techniques and manual
communication methods. This means that the visual
speech device could be used as a supplementary aid
within a multisensory approach to speech instruction.
Teachers judged that the students' acceptance and mo-
tivation was positive. They concluded that the visual
speech aid was a convenient tool with a strong motiva-
ting effect in speech instruction.

Taking into account the different age groups, the
results of the teachers' questionnaires revealed that the
training program should have focused more strongly
on individual speech performance of preschool and
elementary school children, particularly in terms of
different phonemes and words that they are able to use.
The teachers suggested that the training program
should be kept flexible to take the different needs of the
children into account. With the older students there
were no problems in training them in accordance with
the overall program. The systematic and structured
material was judged to be very helpful for speech in-
struction with students of higher grades.

A detailed analysis of learning achievements in in-
dividual training sessions was conducted with the older
students only. Only with them had it been possible
to keep the learning conditions constant. Learning
achievements were measured according to the number
and type of speech errors and corrections. Further-
more, the degree of hearing loss as well as the fre-
quency of training sessions and the training stage were
taken into account as factors influencing the learning
process.

Substitutions and additions of phonemes were the
most frequent error categories. It was possible to cate-
gorize two error profiles based on an analysis of the
frequency of different error types for each student.
Students with the profile "articulatory deficits" mostly

made errors in the area of articulation. Students with
the profile "speech deficits" showed phonatory or non-
classifiable errors in addition to errors in articulation.
Insofar as the training program focuses particularly on
articulatory features, we expected that students with
both articulatory and phonatory deficits would profit
less from our training program than those with articu-
latory deficits only.

The type of error profile had unexpectedly no
effect on correction and constancy of speech produc-
tion. Training words were more likely to be completely
corrected by the visual speech aid than partially or not
corrected at all. Speech correction was very effective in
most cases and students did not repeat the same errors.
They had learned to correct them within one lesson.
Correlational analysis between degree of hearing loss,
speech corrections (in one training session), and habit-
ual corrections (over two successive training sessions)
indicated that the visual speech aid could be used suc-
cessfully by individuals having different amounts of re-
sidual hearing. Similar results were found in the clini-
cal study of Schildhammer (1996). There was no
significant correlation between the degree of hearing
loss and intelligibility after speech training with the
visual speech aid.

There was also no significant effect of the training
stage reached on speech correction. It was even pos-
sible to find a small training effect. More corrections of
speech errors occurred during the advanced than dur-
ing the initial training stages despite the more difficult
speech material used. Analyses of speech errors re-
vealed that some specific errors were less frequently
corrected (e.g., articulatory problems with / h / as the
initial sound, substitutions of nasals with stops) than
others (like additions of sounds, voicing deficits or im-
paired loudness control). Therefore, it seems to be
important to focus on individual error profiles in
the training program. Detailed analyses of individual
functional deficits are the prerequisites for goal-
oriented therapeutical actions. Further research, there-
fore, should address individual error profiles that could
serve as a basis for a single-subject-oriented speech
training. One interesting approach in this regard was
proposed by Ziegler and Hartmann (1993) for the as-
sessment of dysarthria. They developed a computer-
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ized intelligibility test that allows a functional analysis
of speech errors by specific phonetic structured items.
The instrument can also be used for assessment of the
speech production of deaf children.

In conclusion, results of this study indicate that a
visual speech device with accompanying training pro-
gram can be an effective supplementary tool for speech
training and assessment. The particular training pro-
gram examined here could be improved by being tai-
lored to individual and age-dependent speech perfor-
mance and also by teaching the symbolic meanings of
words with the help of signs and written words. Such
a program could be readily integrated into the speech
lessons used in programs for deaf children.
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