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SECTION 19. TACTILE AIDS 

IMPROVED ELECTROTACTILE SPEECH PROCESSOR: TICKLE TALKER 
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From the Department of Otolaryngology and the Human Communication Research Centre. University of Melbourne (Cowan, Millard, Blarney. Oark). The Bionic Ear Institute (all 
authors). and the Cooperative Research Centre for Cochlear Implant, Speech and Hearing Research (all authors). Melbourne. Australia. 

The Tickle Talker, an eight-channel electrotactile speech processor, has been developed from continuing research at the University of Melbourne. 'The 
development of the device has focused on production of reliable speech-processing hardware, design ofcosmetically and ergonometrically acceptable electrode 
transducers, implementation of acute and chronic biomedical studies demonstrating device safety, design and testing of alternative speech-encoding strategies 
to provide benefit to speech perception and production, and design and testing of appropriate training methods for optimizing benefits. 'The Tickle Talker has 
been shown to provide benefits in supplementing lipreading or aided residual hearing for hearing-impaired adults and children. Improvements in speech 
processing have resulted in an increase in benefits to speech perception, and open the way for more flexible approaches to encoding speech input Continuing 
development of the electrode circuitry has now produced a device that is robust and has an extended battery life. Safety studies have clearly demonstrated that 
there are no long-term contraindications to device use. 'The results suggest that the device has a role to play in rehabilitation programs for severely and profoundly 
hearing-impaired adults and children. 

INTRODUCTION 

Developers of tactile devices for use in assisting the hear
ing-impaired have focused on the encoding of speech infor
mation through stimulation of the intact kinesthetic system of 
the individual. The primary spur for continuing tactile devel
opments has been the successful use of natural tactile or 
Tadoma methods of speech perception by profoundly deaf or 
deaf-blind users. l Approaches have used the ability to sense 
patterns of vibration on the skin surface or to sense electrical 
currents applied to the skin surface.2,3 A wide range ofspeech
processing schemes, keyed to the proprioceptive capacities of 
either the vibrational or electrotactile sense modality, have 
been developed and submitted to trials in a large number of 
devices. Encoding schemes have provided tactile transforms 
of the speech waveform, cues to single speech features such 
as fundamental frequency or speech amplitude, or cues to 
multiple spectral and amplitude features.4 At the University 
of Melbourne, work has progressed since 1984 on the devel
opment of an electrotactile speech processor, or ''Tickle 
Talker," which provides a tactile transform of speech features 
similar to those used successfully in the Nucleus multichannel 
cochlear implant. The device uses speech-processing hard
ware similar to that of the cochlear implant, but rather than 
produce a radio frequency output to an implanted electrical 
package, the device produces biphasic electrical pulses that 
are applied to an electrode handset (eight electrodes in four 
rings) positioned on the fingers ofthe nondominant hand. The 
positioning is critical, as this placement results in stimulation 
of the digital nerve bundles that underlie the skin on the sides 
of the four fingers. Use of the nerve bundles is a crucial aspect 
of the device development, since this results in a more 
pleasant sensation than stimulation at other body sites. The 
initial speech-processing scheme chosen (F2) presented in
formation on second formant frequency, speech waveform 
amplitude, and fundamental frequency.s Initial studies with 
both severely and profoundly hearing-impaired adults and 
children showed that the device could provide significant 
benefits to speech perception when used in combination with 
either lipreading or lipreading plus aided residual hearing.6,7 

In assessing the benefits achieved, and in postulating how 
benefits might be improved, a number of factors have been 
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isolated that are critical to the successful use of any tactile 
device, including 

1.	 The speech features encoded by the device, and the ability 
of users to access this information. 

2.	 The communication needs of the user. 

3.	 The habilitation and management program, including 
specific tactile training. 

4.	 The cosmetics and reliability of the device. 

This paper will describe studies conducted to improve the 
benefits provided to hearing-impaired adults and children 
using the Tickle Talker by addressing the speech information 
provided through the device. While the other three factors are, 
of course, all linked with the first and also must be addressed 
to ensure successful device use, the provision of relevant, 
easily discriminated information is the basic element oftactile 
device use. 

METHODS 

The program involved a number of stages, including psy
chophysical evaluation ofusers' ability to recognize different 
electrode configurations and stimulus patterns; based on re
sults of these studies, development of alternative encoding 
strategies to target the information not being well-encoded by 
the previous prototype device and initial testing with nor
mally hearing subjects; and subsequent clinical trials of im
proved encoders with both hearing-impaired adults and chil
dren. 

Psychophysical evaluations reported elsewhere7 were con
ducted on a number of possible means of increasing the 
number of electrodes through which information could be 
encoded. Based on these studies, alternative encoding strat
egies using multiple electrode pattern recognition were devel
oped and tested using a combination of speech feature dis
crimination and comprehension tasks. 

In the psychophysical and speech feature discrimination 
studies, subjects were asked to discriminate between paired 
stimuli that varied in only one speech feature, presented in an 
ABx format, using only tactile input from the Tickle Talker. 
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TABLE I. GROUP MEAN PERCENf CORRECf SCORES ON ABx
 
FEATIJRE DISCRIMINAnON TASK FOR SEVEN NORMALLY
 

HEARING SUBJECTS USING nCKLE TALKER ALONE
 

UF2 F2 F1F2 
Speech Feature Subtest Encoder Encoder Encoder 

Syllable number 96 71 90 
Vowel length 75 75 72 

Vowel FI frequency 81 74 87 
Vowel F2 frequency 70 78 66 

Initial consonant voicing 70 60 62 
Overall 79 72 76 

Subjects were asked only to indicate whether the test stimulus 
was more like the fIrst or second probe stimulus (ie, A or B). 
Testing was conducted with seven normally hearing subjects 
using three different speech-processing strategies (F2, FIF2, 
and UF2). The F2 was the original strategy employed in the 
Tickle Talker. In the FIF2, an additional signal to encode the 
fIrst formant frequency was added. In the UF2, a signal to the 
presence of an unvoiced consonant was added (via activation 
of electrode I on the outside of the index fInger in addition to 
the F2 electrode). 

Three hearing-impaired adults participated in the adult 
clinical evaluations. Two of the adults were profoundly hear
ing-impaired and did not use hearing aids. The third adult was 
severely-to-profoundly hearing-impaired and used the device 
in combination with aided residual hearing. The adults were 
evaluated on perception ofvowels and consonants in a closed
set discrimination task, and on open-set Arthur Boothroyd 
(AB) monosyllabic words and Barnford-Kowal-Bench (BKE) 
sentences. For all materials the subjects were tested using the 
tactile input in combination with lipreading. Test stimuli were 
presented on videotape, with the visual signal presented via a 
28-cm television monitor located 1.5 m from the subject and 
with the audio signal presented via loudspeakers in free fIeld. 
Sound level was monitored at the tactile device input micro
phone by a sound level meter, and was kept at 70 dB A
weighted sound pressure level (dBA). The subjects were 
evaluated with two speech-processing schemes (F2 and UF2). 

Subsequently, a number of profoundly deaf children were 
evaluated with improved speech-processing schemes. Three 
different schemes were evaluated: the F2 scheme originally 
developed and tried; a scheme dubbed F2HF, which added a 
signal to the presenceofhigh-frequency consonants (encoded 
via activation of electrode 8 on the outside of the little fInger); 
and the UF2 strategy previously described. Eight children 
participated in the comparison of F2HF and F2, and four of 
these children subsequently participated in the F2HF versus 
UF2 comparison. In all cases, the children were evaluated on 
perception of speech features including vowel length and 
place, initial and fInal consonant manner, and initial and fInal 
consonant voicing. Materials were paired word discrimina-

TABLE 2. MEAN PERCENT CORRECT SCORES ON CLOSED-SET
 
VOWEL AND CONSONANT DISCRIMINAnON AND ON
 

OPEN-SET WORD AND SENTENCE PERCEPTION FOR TIIREE
 
PROFOUNDLY HEARING-IMPAIRED ADULTS USING
 

TWO DIFFERENf TACTILE ENCODERS IN COMBINAnON
 
wrrn LIPREADING
 

AB BKB 
Encoder Vowels Consonants Words Sentences 

un 94.5 80.5 75.5 57 
F2 80.5 65.5 72 55 

tion tasks based on those included in the PLOTT test. The 
children were asked to discriminate which word was pre
sented. All test stimuli were presented live-voice, with only 
the tactile signal plus aided residual hearing, by a familiar 
audiologist. The children were also evaluated with Phoneti
cally Balanced Kindergarten (PBK) monosyllabic words and 
BKE sentences, using the tactile device in combination with 
lipreading and aided residual hearing. Presentation was live
voice, and was monitored via a sound level meter to be at 70 
dBA. 

RESULTS 

Results of the ABx feature discrimination tasks are shown 
in Table 1. In each case, scores represent group means for the 
seven normally hearing subjects with the three different 
encoders. Overall, the mean score for the UF2 encoder was 
the highest, and was signifIcantly greater than for F2, but not 
FlF2. On syllable number, scores for both the FIF2 and UF2 
were signifIcantly (p < .05) higher than with the F2 strategy. 
On fIrst formant (FI) perception, scores for the FlF2 strategy 
were signifIcantly higher than for F2 or UF2. On vowel 
second formant (F2), scores for the F2 scheme were signifI
cantly higher than for either of the other two schemes. Finally, 
on initial consonant voicing, scores for UF2 were signifI
cantly higher than for either F2 or FIF2. 

Results for the adult comparisons are shown in Table 2. 
Mean scores for the three hearing-impaired adults using the 
UF2 encoder were higher as compared with the F2 encoder. 
Differences were signifIcant (p < .05) for perception of vow
els and consonants, but not for open-set words and sentences. 

Results for the pediatric comparisons are shown in Tables 
3 and 4. Mean scores for the eight hearing-impaired children 
were signifIcantly higher with the F2HF, on discrimination of 
consonant initial voicing and on PBK words. Similarly, mean 
scores for the group of four hearing-impaired children show 
signifIcantly higher scores (p < .05) for initial consonant voic
ing, fInal consonant voicing, and PBK words when they were 
using the UF2 encoder as compared with the F2HF strategy. 

DISCUSSION 

Overall, the results of the group of studies suggest that the 

TABLE 3. MEAN PERCENT CORRECT SCORES ON CLOSED-SET FEATIJRE DISCRlMINATION AND OPEN-SET WORD AND SENTENCE
 
TESTS FOR EIGlIT Clffi..DREN USING TWO DIFFERENT TACTILE ENCODERS IN COMDINAnON WITH LIPREADING AND AIDED
 

RESIDUAL HEARING
 

Vowel Vowel Initial Initial PBK BKB 
Encoder Length Place Manner Voicing Words Sentences 

F2HF 94 84 93 74 63 85 
F2 90 87 95 60 54 85 
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TABLE 4. MEAN PERCENT CORRECT SCORES ON CLOSED-SET FEATURE DISCRIMINATION AND OPEN-SET WORD AND SENTENCE
 
TESTS FOR FOUR ClllLDREN USING TWO DIFFERENT TACTILE ENCODERS IN COMBINATION wrrn LIPREADING AND AIDED
 

RESIDUAL HEARING
 

Initial Final Initial Final 
Vowel Vowel Consonant Consonant Consonant Consonant PBK BKB 

Encoder ungth Place Manner Manner Voicing Voicing Words Sentences 

un 96 89 93 85 78 81 61 80 

F2HF 90 86 93 86 65 75 49 77 

UF2 encoding strategy, providing an additional signal to an 
unvoiced consonant, provided improved speech perception 
benefit for hearing-impaired adults and children using the 
Tickle Talker. 

The results of the ABx speech feature discrimination test
ing indicate that the device is flexible enough to present 
different speech features, including cues to voicing or vowel 
fonnant frequencies (first or second), which can be easily 
discriminated in the tactile display presented to users without 
additional cues from lipreading or aided residual hearing. The 
drop in perception of vowel F2 frequency with the advanced 
encoders would be anticipated, since the entire range of F2 
frequencies previously presented over eight electrodes was 
now telescoped onto only six electrodes. 

The results of the speech perception testing with pro
foundly hearing-impaired adults and children show that the 
device can target particular speech cues (ie, in this case, 
encoding of initial consonant voicing), which are unavailable 
from lipreading, and can provide clear tactile cues to improve 
perception of these features. These cues can then be used to 
improve overall speech perception, as shown by the results of 
the open-set word test. 

In summary, severely and profoundly hearing-impaired 
adults and children can use the output from the improved 
Tickle Talker to increase their speech perception ability when 
using the tactile device in combination with lipreading or 
lipreading plus aided residual hearing. The encoding hard

ware is flexible, and different encoding schemes can be used 
to provide specific speech features in the tactile display, 
which can be easily discriminated by users. Further studies 
are under way to improve the cosmetic appearance and 
reliability of the hardware prior to a commercial release of the 
device. In addition, studies will identify appropriate means of 
training users of the device. The ability of subjects to use the 
device for tactile-alone perception of words and sentences 
will also be evaluated, and if possible, appropriate encoding 
strategies for this level of benefit will be developed. 
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INTRODUcnON 
For the profoundly and severely-to-profoundly hearing

impaired child, lipreading and hearing aids are not always 
sufficient to develop adequate speech perception and produc
tion skills. Tactile devices have been investigated as a source 
of supplementary speech infonnation, with most research 
focusing on speech perceptioB benefits. However, speech 
production difficulties are also a major issue for these chil
dren, and research into tactile devices should include investi
gation of the option to use them as speech production aids. 
This paper will present the results from an initial examination 
of the suitability of one tactile device for speech production 
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monitoring. 
METHOD 

The Tickle Talker was developed by the University of 
Melbourne and consists ofa speech processor, a ring handset, 
and a microphone. Eight electrodes, positioned on each side 
of the four finger rings, stimulate the digital nerve bundles. 
The speech processor, based on the Nucleus cochlear implant 
speech processor, presents the fundamental frequency of 
speech, the second fonnant frequency ofspeech, an indication 
ofthe presence ofhigh-frequency infonnation. and an unvoiced 
signal. Earlier studies have shown speech perception benefits 
for children using the Tickle Talker with aided residual 
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