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This study compared the speech perception enhance
ment provided by two multichannel tactile aids: a 
new version of the Tickle TalkerT

'" and the Tactaid 7. 
The subjects' impression of benefit was also 
examined. In an AB pattern, six adults with hearing 
impairment used each device daily for approximately 
18 weeks and attended 12 training sessions. When 
tactile information was provided, the group demon
strated a significant enhancement for the perception 
of words (mean 17.2%) and phonemes (mean 12.9%) 
in monosyllabic word lists, words in sentences (mean 
14.2%) and speechtracking (mean 7.7 wpm). The 
Tactaid 7 provided a significantly greater enhance
ment for the perception of words (21 % versus 
13.4%), phonemes (16.7% versus 9.1%) and some 
speech features in monosyllabic word lists. Subjective 
ratings were slightly higher for the Tactaid 7, and four 
subjects preferred this device. Either device may be 
suitable for those not able or willing to have a 
cochlear implant. 

Studies have shown that, for people with a 
severe-profound or profound hearing impair
ment, a tactile device can supply infonnation 
to supplement that available via audition and 

vision, thereby improving sound awareness 
and speech perception. For discussion of the 
development and use of tactile speech percep
tion devices see, for example, Kishon-Rabin, 
Boothroyd and Hanin (1996), Oller (1995), 
Reed, Durlach, Delhorne, Rabinowitz, and 
Grant, (1989) and Summers (1992). Despite 
the potential for benefit demonstrated in these 
studies, the level of clinical usage of tactile 
devices remains relatively low. In contrast, is 
the well-documented clinical success of the 
cochlear implant (see, for example, Osberger, 
Fisher & Murad, 1996; Parkinson, Parkinson, 
Tyler, Lowder, & Gantz, 1998; Staller, Beiter, 
& Brimacombe, 1995). A cochlear implant 
has clear advantages over a tactile device, 
including utilising the natural auditory neural 
pathway, typically providing an individual 
with a benefit to speech perception greater 
than that to be expected from a tactile device, 
and providing a realistic possibility for 
device-alone perception of connected speech. 
Nevertheless, a role remains for tactile 
devices. Cochlear implantation may not 
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always be an option, for such reasons as 
medical contraindications to surgery, mUltiple 
handicaps, unwillingness to undergo surgery, 
and the cost of the surgery and the device. 
Parents may also agree with the view of some 
in the Deaf community that hearing impair
ment is not a disability to be "corrected" 
(Lane & Bahan, 1998; Tucker, 1998). In 
these circumstances, a tactile device is an 
alternative for supplying supplementary 
acoustic information. 

Tactile device research has continued to 
improve the type and increase the arnount of 
information available through these devices, 
with the general trend being towards multi
channel devices. Multichannel tactile devices 
generally provide time, intensity and spectral 
information. At the time that the present 
study was conducted, one of the most widely
used commercially-available tactile devices 
was the multichannel Tactaid 7 produced by 
Audiological Engineering Corporation (who 
has since released the seven channel Tactaid 
2000 and the two channel LTD)~ As such, the 
Tactaid 7 was an appropriate benchmark 
against which to compare performance with 
other prototype multichannel tactile devices. 
In the present study performance with the 
latest version of a prQtotype multichannel 
tactile device, the Tickle Talker™, is 
compared with that demonstrated with the 
Tactaid 7 ("Tickle Talker" is a· registered 
trademark of The University of MeJbourne). 

The Tickle Talker was developed to 
provide tactile speech information to supple
ment the auditory and visual information 
available to people with a hearing impair
mept. Previous studies have evaluated use of 
the device by adults with a severe or 
profound hearing impairment (Cowan, Alcan
tara, Blarney, & Clark, 1988; Cowan, Alcan
tara, Whitford, Blarney, & Clark, 1989a; 
Cowan, Blarney, Sarant, Galvin, Alcantara, 
Whitford, /jl; Clark, 1991 a). When using the 
device, subjects demonstrated a significant 
increase in speechtracking rate in all three 
studies, and also a significant enhancement 
for the perception of phonemes in monosyl
labic words and words in sentences in two 

studies (Cowan et al., 1988, 1991a). Re
sponses provided by the subjects to the 
monosyllabic word lists in Cowan et al. 
(1988) were also subjected to phonemic 
analysis. The group demonstrated a signifi
cant enhancement for the perception of initial 
and final consonant manner, vowel duration, 
and vowel first and second formant, but not 
for consonant pl'ace or consonant voicing 
(Blarney, Cowan, Alcantara, & Clark, 1988). 

The Tickle Tarker development program 
also included field trials with children 
(Alcantara, Cowan, Blarney, & Clark, 1990; 
Cowan, Blarney, Galvin, Sarant, Alcantara, 
& Clark, 1990), and laboratory studies 
examining, for example, tactile perceptual 
skills (Blarney, Alcantara, Cowan, Galvin, 
Sarant, & Clark, 1992), speech feature recog
nition (Cowan, Blarney, Alcantara, Clark, & 
Whitford, 1989b), and device safety (Cowan, 
Blarney, Alcantara, Blombery, Hopkins, 
Whitford, Sarant, Galvin, & Clark, 1992a). 
Together, these studies identified avenues for 
improving the operation and functionality of 
the Tickle Talker. Developments have 
focused on improving the appearance and 
ease of use of the device., and on increasing 
the quality and quantity of useful speech 
information provided (Cowan, Blarney, 
Sarant, Galvin, & Clark, 1991b; Cowan, 
Blarney, Sarant, Galvin, Alcantara, Whitford, 
& Clark, 1992b). Clinical experience and 
research results were also used to develop a 
training prograrn for children with impaired 
hearing (Galvin, Cowan, Sarant, Blarney, & 
Clark, 1993). This training approach was 
subsequently applied with adults with 
impaired hearing in a comparative study of 
the Tactaid II+ and the Tactaid 7 (Galvin, 
Mavrias, Moore, Cowan, & Clark, 1999). 

As discussed above, the Tactaid 7 is one of 
the most widely-used commercially-available 
tactile devices. Four previous reports in the 
literature have used open-set word and 
sentence tests and speechtracking to evaluate 
adults with a severe or profound hearing 
impairment using the Tactaid 7 (Galvin et al., 
1999; Plant, 1998; Reed & Delhome, 1995; 
Waldstein & Boothroyd, 1995). Those 
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studies evaluating word recognition demon
strated either no significant enhancement 
(Waldstein & Boothroyd, 1995) or only 
min,imal enhancement (Galvin et al., 1999) 
when the Tactaid 7 was used. Results were 
more positive for the recognition of words in 
sentences, with three of four studies demon
strating a significant group enhancement 
(Galvin et aI., 1999; Plant, 1998; Reed & 
Delhorne, 1995). Of the studies reporting 
speechtracking results, all three reported a 
significant group enhancement, though there 
was some variation in results across individ
uals (Plant, 1998; Reed & Delhorne, 1995; 
Galvin et aI., 1999). 

Although a number of studies have 
separately evaluated use of the Tactaid 7 and 
the Tickle Talker, no within-subject compar
isons of performance with the two devices 
have been conducted. Comparisons across 
studies can be problematic, due to variations 
in the training and experience provided, the 
evaluation materials used and, perhaps most 
importantly, the subject groups. The main 
aims of this study were to evaluate the 
speech perception enhancement provided to 
adults with a hearing impairment through 
use of a new version of the Tickle Talker, 
and to make a within-subject comparison of 
performance with this device and the 
Tactaid 7. The study also aimed to assess 
and compare the subjects' impression of 
benefit obtained through use of the two 
devices. A secondary aim was to describe 
the new prototype Tickle Talker. 

METHOD 
DeSign 
An AB study design was employed, with the 
order of device use balanced across subjects. 
Each device was used for approximately 18 
weeks, with subjects attending 12 training 
sessions and two evaluation sessions during 
each period of device use. 

Devices 

The Tickle Talker consists of a lapel micro

phone, a speech processor and a handset. 

The device employs a speech feature selec

tion approach to analyse the speech input 
(Cowan et aI., 199Ib). The extracted speech 
information is presented to the user via 
electrocutaneous stimulation of the digital 
nerve bundles, which lie along the sides of 
the fingers. The stimulation is delivered via 
eight stainless steel electrodes mounted in 
four rings worn on one hand. The user's 
preferred dynamic range of stimulation for 
each electrode is programmed into the 
speech processor using customised software. 
A sensitivity control on the speech processor 
allows the user to adjust the sensitivity of 
the system. 

The advantages of electrocutaneous stimu
lation are that it can be conducted using 
smaller transducers and less power than 
vibrotactile stimulation. The advantages of 
stimulating nerve bundles, as compared with 
nerve endings, are that it provides a more 
plea~ant sensation and a wider dynarnic range 
of stimulation (Blarney & Clark, 1987). The 
advantages of using the digital nerve bundles 
are that they provide a particularly well
ordered spatial arrangement and a large repre
sentation in the somatosensory cortex. 

The new version of the Tickle Talker used 
by the subjects in this study incorporated an 
improved design electrode handset and 
speech processor. Details of the previous 
version of the speech processor were 
presented in Cowan et al. (1991b). Circuitry 
changes in the improved version enabled the 
non-active ring electrodes to act as the return 
electrode, allowing elimination of the 
separate ground electrode previously worn at 
the wrist. A transformer was used to generate 
the required voltage, so that supply for 
patients with high· skin impedance levels was 
improved, and the power supply on the 
speech processor board was isolated to 
improve electrical safety. The new glove" 
style electrode handset was formed from a 
single piece of flexible Neoprene™. All 
wiring was isolated from the skin surface by a 
layer of flexible adhesive that is heat sealed 
to the Neoprene™. Clinical experience had 
indicated that the main problems with the 
previous handset were the wrist-worn ground 
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electrode and the requirement for loose finger 
ring wiring across the back of the hand to 
accommodate flexing of the wrist. With these 
two features eliminated, the new handset was 
more robust, comfortable and cosmetically 
appealing than the previous design. 

The crossover frequencies of 900Hz, 
1100Hz, 1300Hz, 1500Hz, 1800Hz, 2200Hz 
and 4000Hz specified the boundary with the 
next electrode for the eight electrodes. The 
particular speech processing strategy 
programmed into the Tickle Talker speech 
processor controls .the selection of speech 
features from the input signal. The strategy 
employed in this study extracted estimates of 
the fundamental frequency and the second 
formant frequency of the speech input, as well 
as the overall amplitude of speech in the 
bands up to 4000Hz and from 4000Hz to 
8000Hz (Cowan et aI., 1991b). The speech 
processor electrically encoded the information 
prior to presenting it to the user. The funda
mental frequency was encoded as pulse rate, 
and changes in rate were perceived' as changes 
in the "roughness" of the stimulation. The 
second formant was encoded as electrode 
position and provided cues to vowel formants. 
The amplitude of speech was encoded as 
pulse width. Changes in amplitude were 
presented as changes in the intensity of stimu
lation, and provided time-intensity and vowel 
cues. The presence of high frequency infor
mation above 4000Hz was encoded and 
presented as stimulation on electrode 8, 
located on the outer edge of the little finger. 
The presence of an unvoiced sound was 
encoded and presented as stimulation on 
electrode I, located on the outer edge of the 
index finger. Only one electrode was activated 
at any given time, although the subjective 
,experience was of a paired stimulus when an 
unvoiced consonant was presented. 

The Tactaid 7 consists of a speech proces
sor, a sleeve-covered row of seven vibrators 
and a processor-mounted or lapel microphone 
(The tactaid 7 manual was available at the 
time of writing from Audiological Engineer
ing Corporation, 35 Medford Street, 
Somerville, MA 02143, U.S.A.). Similar to 

the Tickle Talker, the Tactaid 7 employs a 
speech feature selection approach to analyse 
the speech input and is multichannel. The 
spectrum from 200Hz to 7000Hz is divided 
across the seven bandpass filter channels, with 
crossover frequencies at 380Hz, 500Hz, 
700Hz, 1245Hz, 1680Hz and 3180Hz. The 
processor uses a zero-crossing analysis circuit 
to establish the two spectral peaks in the 
incoming signal. The peaks represent the first 
and second vowel formants, or the peak 
energy in the bands 200Hz to 1250Hz, and 
800Hz to 7000Hz for consonants. The main 
differences between the two devices are the 
mode and site of stimulation. In contrast to 
the electrotactile Tickle Talker, the Tactaid 7 
employs vibrotactile transducers, with infor
mation presented to the user via mechanical 
depression of the skin. Mechanoreceptor 
nerve fibres in the skin respond when their 
receptor terminals undergo mechanical defor
mation. A maximum of two vibrators are 
active at any given time. The vibration rate 
for each vibrator is 250Hz. The strength of 
the vibration depends on the amplitude of the 
input signal and the volume control setting 
selected by the user. In comparison with 
electrotactile stimulation, vibrotactile stimu
lation provides less potential for unpleasant 
stimulation, and a greater dynamic range for 
responding to intensity variations. The vibra
tory array of the Tactaid 7 is most often wom 
on the sternum, though it may also be worn 
on the abdomen, the forearm or the back of 
the neck. The advantage of these positioning 
options is that the device is less visible and 
there is no interference with daily activities. 

The Tactaid 7 provides cues to the pattern 
and stress of syllables and phoneme duration 
through the presentation of the waveform 
'envelope. Stimulation on particular vibrators 
provides information on vowel formant 
frequencies and consonant manner (e.g. 
nasality was indicated by stimulation on 
lower channels, and high frequency frication 
was presented on channels six and seven). 
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Subjects 
A pool of potential subjects was selected 
from the adult client base of Australian 
Hearing (an Australian Government statutory 
authority providing services to pensioners 
and childreI). with a hearing impairment). 
Selection was based on the following crite
ria: a better-ear, three-frequency average 
pure tone threshold greater than 80dBHL; 
limited or, preferably, no experience with 
multichannel tactile devices; no other signifi
cant impairment such as a sight-impairment; 
no incapacitating illness; and geographically 
close to the clinic to attend weekly sessions. 
Of this pool, six subjects were willing to 
commit to attending weekly sessions and 
using the relevant device daily. Subject 
details are presented in Table 1. Only subject 
5 (S5) had some prior experience with a 
multichannel tactile device, having partici
pated as S5 in a previous comparative study 
of the Tactaid II+ and the Tactaid 7 (Galvin 
et aI., 1999). Only Sl was not fitted with 
hearing aids, having reported them to be of 
no benefit. All other subjects wore their 
personal hearing aids during the study. 
Subject 1, S2 and S3 initially used the 
Tactaid 7, whilst S4, S5 and S6 initially used 
the Tickle Talker. 

TRAINING AND EVALUATION 
For each period of device use, the planned 
program of weekly sessions consisted of 
twelve training sessions followed by two 

TABLE I 
Audiological and Device use Details of Subjects 

evaluation sessions. As shown in Table I, the 
number of weeks taken to complete the 
fourteen sessions varied depending upon the 
availability of the subjects. Note that the 
Tickle Talker was used for only eight weeks 
by S 1 and for only ten weeks by S2. Further
more, S2 completed only eleven of the 
twelve training sessions and one evaluation 
session with the Tickle Talker. 

The training sessions were designed to 
familiarise the subject with the tactile device 
and to provide practice in recognising and 
using the tactile information. In each session 
the subject was provided with ten minutes of 
training on the tactile-auditory perception of 
phonemes and words, thirty minutes of train
ing on the tactile-auditory-visual perception 
of sentences, and twenty-five minutes of 
training on the tactile-auditory-visual percep
tion of conversational-level speech, includ
ing speechtracking. In the initial sessions 
with each device, some training was also 
provided in the tactile-alone perception of 
such basic features as sound intensity and 
syllable pattern. 

The training was provided by an experi
enced audiologist (2nd author) who 
specialised in the rehabilitation and 
counselling of adults with profound and total 
hearing losses. The audiologist had 15 years 
experience with a range of vibrotactile aids, 
including the Tactaid 7, but no previous 
experience with the Tickle Talker. Prior to 
and during the study the audiologist was 

Subj. Age(yrs) Onset(yrs)" PTAb Hearing Order of Device useC(wks) 
aids fitted device use IT T7 

S1 68 58 NRe none Tlm 8 14 

S2 56 48 110dB binaural Tlm 10 18 

S3 43 24 115qB binaural Tlm 17 18 

S4 80 66 105dB left TIfT7 26 18 

S5 76 67 110dB left TIfT7 18 18 

S6 60 unknown 108dB right TIfT7 20 15 

• approXimate age at onset of profound heanng loss. b pure tone average at 500Hz, 1kHz and 2kHz In the better ear. 

C number of weeks taken to complete training and evaluation protocol. dDNF: did not finish. e NR: no response at the limits of the audiometer 
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trained and supported by a second clinician 
(1st author) with extensive experience with 
users of the Tickle Talker. 

Subjects were evaluated using the open-set 
Consonant-Nucleus-Consonant (CNC) 
Words test (Peterson & Lehiste, 1962), the 
open-set Speech Intelligibility Test (SIT) 
Sentences (Magner, 1972) and speechtrack
ing (de Filippo & Scott, 1978). The evalua
tion conditions were auditorycvisual and 
tactile-auditory-visual, with these being 
effectively visual-alone and tactile-visual for 
S1, who did not use hearing aids. The long
term average presentation level for the test 
materials was 70dBA. Subjects were seated 
1.5 metres from the sound source in a well-lit 
and quiet room. 

The CNC Words test and the SIT 
Sentences were presented on videotape by 
an unfamiliar female speaker and an 
unfamiliar male speaker respectively. Four 
lists of each test were pr¥sented ill each 
condition. The order of evaluation condi
tions was balanced, and the lists used were 
randomised across subjects and devices. 
Each list of the CNC Words test contained 
50 Il!onosyllabic words. Responses were 
scored for the perception of words and 
phonemes, as well as for the consonant 
features of initial and final manner, place 
and voicing, and the vowel features of 
duration, first formant and second formant. 
Each list of the SIT Sentences contained 80 
key words in 16 sentences. Responses were 
scored for the number of key words correct. 
The speechtracking text used was the 
children's novel "The Witches" (Dahl, 
1983). Five minutes of speechtracking was 
completed in each condition in six alternate 
training sessions and in the final evaluation 
session. In the remaining training sessions 
speechtracking in the tactile-auditory-visual 
condition was used as a training task, and 
these results are not reported. The order of 
conditions was balanced across sessions, 
subjects and devices. 

Pre-training evaluation would have been 
useful in demonstrating any immediate 
benefit from the tactile device, and also 

provided a benchmark for demonstrating 
improvement due to training and/or experi
ence. However, the authors had previous 
experience of pre-training evaluations with 
adult users of tactile devices, particularly 
during a similar study comparing the Tactaid 
11+ and the Tactaid 7 (Galvin et aI., 1999). 
Such experience had suggested that pre
training evaluations can be difficult for the 
device user and may negatively influence 
their attitude towards the tactile device and 
their motivation to participate in the study. 

Questionnaire 
Subjects completed a questionnaire at the 
end of each period of device use. Subjects 
were asked to indicate whether each tactile 
device helped them "not at all", "a little" or 
"a lot" in the following contexts: awareness 
of environmental sounds, talking to one 
familiar person in quiet conditions, small 
grO\lP conversation, UlJderstanding speech in 
background noise, watching television, and 
attending meetings. Subjects were also asked 
to indicate if .they were "very dissatisfied", 
"dissatisfied", "satisfied" or "very satisfied" 
with the following aspects of each device: 
size, appearance, wearing comfort and 
convenience, electrode/vibrator placement, 
reliability, battery life, and overall benefit. 
Finally, the subjects were asked to indicate if 
they had experienced "a deterioration", "no 
change", "some improvement" or "a signifi
cant improvement" in their speech under
standing, voice quality, and voice level when 
using each device. For each question, the 
most negative response was allocated a score 

~of 1 and the most positive a score of 3 or 4 
- depending on the number of response 
options. An average was taken across some 
items, so that a rating was obtained for each 
device for the following dimensions: 
Environmental Sound Awareness; Physical 
Attributes (mean of six items); Help in 
Speech Perception (mean of five items); 
Change to Speech Understanding; Changes 
to Voice (mean of two items); and Overall 
Device Benefit. 
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Statistical Analysis of Speech 
Perception Results 
To evaluate and compare the speech percep
tion enhancement provided by the two 
devices, an analysis of variance (ANOV A) 
was conducted for each test material. All 
scores of the six subjects were included. 
Three-way ANOVAs with repeated measures 
were used, with condition, device and subject 
as fixed factors (Note that the inclusion of 
subject as a fixed factor limits the application 
of any significant conclusions made to this 
particular group of subjects). For the speech
tracking results, the ANOV A was combined 
with -a regression analysis in a General 
Linear Model, and session number was used 
as the independent variable (covariate) 
(Minitab Reference Manual, 1995). The 
regression analysis was included because a 
linear relationship was expected between the 
tracking rate and the number of sessions 
completed. Where a three-way ANOVA 
produced a significant interaction effect 
relevant to the questions posed in this study, 
a further one-way ANOV A was conducted. 
With condition as the factor, each one-way 
ANOV A evaluated if perception was signifi
cantly enhanced with each device and/or for 
individual subjects. The F -values and p
values for all of the main effects and interac
tion effects of all of the analyses are 
presented in Tables A-I to A-V Of Appendix 
A. For the group, two effects in the three
way ANOV A were relevant to the questions 
posed in this study. These were the condition 
effect, which indicates whether perception 
was enhanced for the group when tactile 
information was provided, and the condition 
by device interaction effect, which indicates 
whether any enhancement demonstrated by 
the group varied across the two devices. For 
the individual subjects, two effects in the 
three-way ANOVA were relevant to the 
questions posed in this study. These were the 
condition by subject interaction effect, which 
indicates whether any enhancement demon
strated when tactile information was 
provided varied across individuals, and the 
condition by device by subject interaction 

effect, which indicates if any enhancement 
demonstrated by individual subjects varied 
across the two devices. 

The results are discussed in terms of 
enhancement scores to give a better indica
tion of the degree of additional benefit 
provided by each device. The enhancement 
score is the difference between the tactually
aided and the tactually-unaided score (i.e. the 
T A V score minus the relevant A V score). 

RESULTS 
Speech Perception 
For clarity, the statistical analysis of the 
performance of the group is reported 
separately from that of the individual 
subjects, even though, as explained above, 
the results stem from the single three-way 
ANOVA conducted for each material. 

Performance of the Group. This discussion 
will initially describe the presentation of the 
resUlts in the figures, and then summarise the 
resUlts of the statistical analysis for the group. 
Figure 1 presents scores for the perception of 
words and phonemes in monosyllabic word 
lists and key words in sentences. The 
enhancement scores demonstrated with the 
Tactaid 7 and the Tickle Talker were, respec
tively, 21% (SE = 1.5) and 13.4% (SE 2.3) 
for words, 16.7% (SE 1.2) and 9.1 % (SE = 
0.9) for phonemes, and 15.7% (SE = 1.2) and 
12.6% (SE = 1.2) for sentences. Figures 2a, 2b 
and 2c present scores for the perception of the 
features of initial consonants, vowels and final 
consonants, respectively, in monosyllabic 
word lists. Scores were obtained with each 
device in the auditory-visual and tactile
auditory-visual conditions, and are collapsed 
across four lists and six subjects. Figure 3 
presents the mean speechtracking rates in the 
auditory-visual and tactile-auditory-visual 
conditions for each data collection point. In 
keeping with the order of device use for 
diffetent subjects, Figure 3a presents rates 
collapsed across SI, S2 and S3, and Figure 3b 
presents rates collapsed across S4, S5 and S6. 
For the entire group, the enhancement score 
was 8.2wpm (SE = 1.2) with the Tactaid 7 and 
7.2wpm (SE 1.1) with the Tickle Talker. 

,. 
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FIGURE 1 
Mean group (n = 6) percent correct scores for the 
perception of words and phonemes in CNC word lists 
and key words in SIT sentences. Scores were obtained 
using the Tactaid 7 or the Tickle Talker in the 
auditory-visual and tactile-auditory-visual conditions. 
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FIGURE 2B 
Mean group (n = 6) percent correct scores for the 
perception of vowel features in CNC words. Scores 
were obtained using the Tactaid 7 or the Tickle 
Talker in the auditory-visual' and tactile-auditory
visual conditions. 
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FIGURE 2CFIGURE 2A 
Mean group (n = 6) percent correct scores for the 
perception of initial consonant features in CNC 
words. Scores were obtained using the Tactaid 7 or 
the Tickle Talker in the auditory-visual and tactile
auditory-visual conditions. 

In the three-way ANOVAs, a significant 
condition effect (F > 30.7, p < 0.001) was 
found for each material (refer to Table A-I 
and Table A-II). This result indicates that the 
group's perception of words, phonemes and 
speech features in monosyllabic word lists, 
key words in sentences and speechtracking 
rate was enhanced when tactile information 
was provided. 

In the three"way ANOV As, no significant 
condition by device effect (F < 3.8, p > 
0.054) was found for the perception of initial 

Mean group (n = 6) percent correct scores for the 
perception of final consonant features in CNC words. 
Scores were obtained using the Tactaid 7 or the 
Tickle Talker in the auditory-visual and tactile
auditory-visual conditions. 

consonant features -or vowel duration in 
monosyllabic word lists, words in sentences 
or speechtracking rate (refer to Tables A-I 
and A-II). Thi!i result indicates that, for these 
materials, the level of enhancement demon
strated by the group was not significantly 
different with each device. In contrast, a 
significant condition by device effect (F > 
7.0, p < 0.01) was found for the perception 
of words, phonemes, vowel formants and 
final consonant features in monosyllabic 
word lists. This result indicates that, for these 
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FIGURE 3A 
Mean group (n = 3) speechtracking rate for each 
data collection point Rates were obtained in the 
auditory-visual and tactile-auditory-visual conditions 
using the Tickle Talker or the Tactaid 7 and are 
collapsed across 51 to 53. 

Tickle Talker 
~ Tactile-auditory-visual 
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FIGURE 38 
Mean group (n 3) speechtracking rate for each 
data collection point. Rates were obtained in the 
auditory-visual and tactile-auditory-visual conditions 
using the Tickle Talker or the Tactaid 7 and are 
collapsed across 54 to 56. 

materials, there was a significant difference 
in the level of enhancement demonstrated by 
the group with each device. As shown in 
Figures 2a and 2b, the level of enhancement 
demonstrated by the group on these materials 
was around 5.5 percentage points with the 
Tickle Talker and 12 percentage points with 
the Tactaid 7. Although the enhancement 
demonstrated was greater with the Tactaid 7, 
the one-way ANDV As conducted to examine 
group performance with each device individ
ually found a significant condition effect for 

all of these materials with each of the Tactaid 
7 (F > 45.9, p < 0.001) and the Tickle 
Talker (F > 9.1, p < 0.005) (refer to Table 
A-III). This result indicates that the group's 
perception of these materials, i.e., words, 
phonemes, vowel formants and final conso
nant features in monosyllabic word lists, was 
significantly enhanced when either device 
was used. 

Performance ofIndividuals. In the three-way 
ANDVAs, no significant condition by 
subject effect was found for the perception of 
phonemes and initial consonant manner in 
monosyllabic word lists, words in sentences 
or speechtracking rate (F < 1.3, p > 0.27) 
(refer to Tables A-I and A-II). This result 
indicates that, for these materials, the level of 
enhancement demonstrated when tactile 
information was provided was not signifi
cantly different for individual subjects. In 
contrast, a significant condition by subject 
effect (F > 2.5, p < 0.037) was found for the 
perception of initial consonant place, initial 
consonant voicing, vowel duration, vowel 
first formant, vowel second formant, final 
consonant features and words in monosyl
labic word lists. This result indicates that, for 
these materials, some individual subjects 
demonstrated a greater level of enhancement 
than did some other subjects when tactile 
information was provided. In the one-way 
ANDV As conducted to examine the perfor
mance of each subject individually, a signifi
cant condition effect was found for all of 
these materials for S2 (F > 14.0, p < 0.002) 
and S5 (F > 5.4, p < 0.035), for all materials 
except final consonant manner for S 3 (F > 
5.2, p < 0.038), and for all materials except 
initial consonant voicing for S4 (F > 5.6, p < 
0.034) (refer to Table A-IV). The results for 
SI and S6 were markedly different, with a 
significant condjtioiI effect found for the 
percept jon of initial consonant place, vowel 
duration, final consonant manner (S 1 only) 
and words in monosyllabic word lists (F > 
4.7, P < 0.048), but not for the perception of 
initial consonant voicing, vowel first formant, 
vowel seconq{opnant, final consonant place, 
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or final consonant voicing (F < 2.2, p > 
0.16). These results indicate that, when 
tactile information was provided, S2, S3, S4 
and S5 demonstrated enhanced perception of 
most or all speech features, whilst S 1 and S6 
demonstrated enhanced perception of only a 
limited number of speech features. 

In the three-way ANOV As, no significant 
condition by subject by device effect was 
found for any material (F < 1.3, p > 0.3) 
except vowel second formant in monosyl
labic word lists (F = 2.9, p = 0.021) (refer to 
Tables A-I and A-II). This result indicates 
that, for the majority of materials, the level 
of enhancement demonstrated by individual 
subjects was not significantly different with 
each device. In contrast, for the perception of 
vowel second formant in monosyllabic word 
lists, the level of enhancement demonstrated 
with the two devjces was not equal for some 
individuals. In the one-way ANOVAs 
conducted for each subject to examine 
performance with each device, a significant 
(F > 8.0, p < 0.03) condition effect was 
found for S2, S3, S4 and S5 when using the 
Tactaid 7, but not for SI or S6 (F< 5.9, P > 
0.051) (refer to Table A-V). In addition, a 
significant (F> 6.1, p < 0.049) condition 
effect was found for S2, S3 and S4 when 
using the Tickle Talker, but not for SI, S5 or 
S6 (F< 5.0, p > 0.067) (refer to Table A-V). 
This result indicates that S2, S3 and S4 
demonstrated enhanced perception of vowel 
second formant in monosyllabic word lists 
with each device, whilst S 1 and S6 did not 
demonstrate enhanced perception with either 
device. Only S5 demonstrated enhanced per
ception with one device only (the Tactaid 7). 

Speech Perception Summary 
To summarise the main findings for the 
group, the perception of all materials was 
significantly enhanced when either tactile 
device was used. A significantly greater level 
of enhancement was demonstrated with the 
Tactaid 7 for the perception of words, 
phonemes, vowel formants, and initial and 
final consonant features in monosyllabic 
word lists. The main findings for the individ

uals were that a similar level of enhancement 
was demonstrated across the subjects for the 
perception of phonemes and initial consonant 
manner in monosyllabic word lists, words in 
sentences and speechtracking. Scores for the 
perception of the other speech features were 
more variable, with SI and S6 not demon
strating a significant enhancement for some 
features. For almost all materials the level of 
enhancement demonstrated by individuals 
was not statistically, significantly different 
with each device. 

Questionnaire 
The group ratings (collapsed across the six 
subjects and, for some dimensions, multiple 
items) calculated for each dimension of the 
questionnaire are presented in Figure 4. As 
shown, for Environmental Sound Awareness 
the group rated both devices at around 2.7 
out of 3. Most subjects were satisfied with 
both devices, though two were dissatisfied 
with the Tickle Talker, and one with the 
Tactaid 7. 

For Help in Speech Perception, the group 
rated both devices at around 1.5 out of 3. The 
subjects generally reported only "a little" 
help was received in only some of the five 
contexts specified. For each device, five 
subjects reported that "a little" help was 
provided when talking to one familiar person 
or in a small group. For the Tactaid 7, only 
two subjects reported any help with speech 
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FIGURE 4 
Mean group (n = 6) ratings for six dimensions of 
device use assessed via questionnaire. 
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in noise, TV, or meetings. For the Tickle 
Talker, only one subject reported "a little" 
belp for meetings or TV. Only SI rated one 
device (the Tactaid 7) markedly higher than 
the other device. 

For Physical Attributes, the grOl,!p rated 
both devices at around 2.S out of 4. The 
subjects were most often dissatisfied or very 
dissatisfied with the six physical attril>lJ.tes of 
the devices. The exceptional attributes were 
the reliability of the Tactaid 7, with all 
subjects being satisfied or very satisfied, and 
the appearance of the Tickle TalIser, with 
three subjects being satisfied. Again, only SI 
rated one device (the Tactaid 7) more highly 
than the other device on all items. 

For Change to Speech Understanding the 
group rating was higher for the Tactaid 7 
(3.2 out of 4) than for the Tickle Talker (2.8). 
Most subjects reported "a little" improve
ment with each device. 

For Changes to Voice, the group rating was 
higher for the Tactaid 7 (2.S out of 4) than the 
Tickle Talker (2.0). The subjects generally 
reported "no change" with either device. 

For Overall Device Benefit the group 
rating out of three was slightly higher for the 
Tactaid 7 (3 out of 4) than the Tickle Talker 
(2.7). Most subjects were "satisfied" with the 
benefit provided by each device, though two 
were "dissatisfied" with the Tickle Talker 
and one with the Tactaid 7. In contrast, S 1 
was "very satisfied" with the Tactaid 7. 

The final preference of S1, S2, S4 and S6 
was for the Tactaid 7, with these subjects 
pointing to the ease of device use and the 
information received. Subject 2 commented 
that the device "didn't take as long to get 
used to" and was superior in picking up 
sound at a distance and in background noise. 
Subject 4 found it could be worn in more 
situations and was not visible. Subject 1 felt 
that the device "gives a better idea of the 
rhythm of speech". In contrast, S3 found it 
harder to keep the vibrators in place and S5 
found the signal easier to ignore. Subject 3 
and S5 preferred the Tickle Talker because 
the signal was "more definite". Subject 3 
also felt it was more convenient and simpler 

to use, though SS felt it was "tougher" to get 
used to. In contrast, S6 found the sensation 
of Tickle Talker stimulation "irritating" and 
"numbing", and S2 felt that the device was 
"more difficult to blend into everyday life". 

DISCUSSION 
When using either multichannel device the 
group demonstrated enhanced perception of 
words, phonemes and speech features in 
monosyllabic word lists, words in sentences, 
and speech tracking rate. The enhancement 
demonstrated was greater with the Tactaid 7 
than the Tickle Talker on a number of 
materials. Most individual subjects demon
strated enhanced perception of all materials, 
with performance not significantly different 
across devices. ~articular exceptions were S 1 
and S6, who failed to demonstrate enhanced 
perception of many of the speech features 
when tactile information was provided, The 
group's subjective questionnaire ratings for 
the Tactaid 7 were, overall, slightly higher 
than those for the Tickle Talker, and four of 
the six subjects preferred the Tactaid 7. 
Despite the fairly negative ratings given for 
device performance in specific contexts, 
most subjects were satisfied with the overall 
benefit provided by eacl1 device. 

The questionnaire results for the Tickle 
Talker are consistent with the speech percep
tion tests results, as most subjects reported 
just "a little" help when talking to one famil
iar person or in a small group. The subjects 
were more negative in their ratings of the 
device in other contexts, such as listening to 
television or speech in noise, but the actual 
benefit of the device in these contexts was not 
evaluated. The ratings for the Physical Attrib
utes of the device suggest that there is scope 
for improvement in each area examined. 

A summary of the methodological details 
and results obtained with the Tickle Talker in 
previous studies is presented in Table II 
(Cowan et aI., 1988; Cowan et a1., 1989a; 
Cowan et aI., 1991a). The results are presented 
as tactile enhancement scores, that is, the 
difference between scores in the visual or 
auditory-visual condition and the tactile-visual 
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or tactile-auditory-visual condition. For the 
perception of words and phonemes in 
monosyllabic words, words in sentences, and 
tracking rate, the enhancement demonstrated 
with the Tickle Talker by the three previous 
groups was generally greater than or equal to 
.that demonstrated by the present group. The 
exception to this statement is that the 1989a 
group did not demonstrate a significant 
enhancement for the perception of phonemes 
in monosyllabic word lists or words in 
sentences. The general superiority of the 
earlier results may have been due to levels of 
training and experience, or to other inherent 
characteristics of the sbbjects. The previous 
studies provided between 2 and 9 times the 
number of hours of formal training as did the 
present study. In addition, all of the subjects 
in the 1991a study, and two of the subjects in 
the 1989a study had a longer period of home 
use with the device than the present subjects. 
There is some evidence that performance 
with the Tickle Talker improves w~th train
ing and/or experience. When using the 
Tickle Talker, the present group demon-

TABLE II 

strated a significant increase in tracking rate 
enhancement with additional training 
sessions (slope = 0.87, p = 0.014), and 
Cowan et al. (l991a) reported a significant 
increase with additional sessions for two 
long-term users. There are many subject 
characteristics that may have influenced the 
reported results, such as the age of the 
subjects, their ability to combine speech 
information obtained via different modali
ties, and their motivation. However, discus
sion of influential subject characteristics ..: 
remains speCUlative given that all of the 
studies under discussion involve small 
subject groups. 

The present results for speech feature 
perception with the Tickle Talker indicate 
that the device provided segmental informa

't 

tion that the subjects used to enhance their 
perception of phonemes and words. It is 
likely that this information was also used to 
enhance the perception of words in sentences 
and speech tracking rate, however it is also 
possible that subjects used only tactile 
suprasegmental information to improve 

Methodological Details and Group Enhancement Scores (in percentage points or words per minute) 
for Previous Studies of Adults With a Hearing Impairment using the Tickle Talker Subjects were evaluated 
using open-set word and sentence tests, and speechtracking.) 

Cowan et 1988 Cowan et 1989a Cowan et 1991a ~ 

words NRa NR 27%b 

phonemes in words 13%C 1% (NSd) 30%0 

words in sentences 21%e 14%f (NS) 15%f 

speechtracking 13wpm9 13wpmh 18wpmi 

n 4 3 4 

prior experience none n=2 n=2 
Cowan et aI., 1988 Cowan et aI., 1989a 

length of study 6mths 6mths not specified 

training 35hrs 50hrs n 1 45hr, n =1 25hr 
n = 2: trained in 

Cowan et aI., 1989a 

home use n =21 mth n = 2 4 hrslday daily 

test conditions Vi rrvk n=1Vrrv n = 2: vrrv 

n =2 AVI fTAvrn n =2: AVfTAV 

•NR: not reported. bAS words. ( CNCwords dNS: not significant at «=0.05. • ClD sentences. f BKB sentences. 9averaged acrOss final tnree sessions; 
n 3 h averaged across five sessions.' n= 3. averaged across final five sessions IV: visual-alone condition. 'N: tactile-Visual condition. IAV 
auditory-visual condition. m TAV: tactile-auditory-visual condition. 
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perception of these materials. The relatively relatively highly experienced on this task. In 
modest size of the enhancement demonstrated the two previous group studies of Reed and 
(4.8 to 7.8 percentage points) suggests that Delhorne (1995) and Galvin et aI. (1999) 
the tactile speech feature cues may have been some individual subjects failed to demon
redundant to the auditory and visual informa strate a significant benefit from use of the 
tion received, or may have been difficult to Tactaid 7. Similarly, the single subject of 
perceive consistently and/or to integrate with Waldstein and Boothroyd (1995) demon
auditory and visual information. strated a very limited benefit. The training 

The results with the Tactaid 7 in the and evaluation protocol used in Galvin et al. 
present study can be compared with those of (1999) was similar to that used in the present 
four previous reports in the literature that study. The differences in results obtained 
have used open-set word and sentence tests 

provides further support for the point,
and speechtracking to evaluate adults with a 

discussed in Galvin et al. (1999) and 
severe or profound hearing impairment 

mentioned above, that subject characteristics (Galvin et aI., 1999; Plant, 1998; Reed & 
are likely to influence the benefits gained Delhorne, 1995; Waldstein & Boothroyd, 
from tactile device use. 1995). Table III presents methodological 

The speech feature results obtained with details and tactile enhancement scores for 
the Tactaid 7 indicate that the devicethese studies. Across materials, the level of 
provided segmental information that theenhancement demonstrated by the -present 

group is greater than that reported elsewhere, subjects were able to use to improve their 
and was more consistent across materials and perception of phonemes and words in 
subjects. The exception is the 13.1 wpm monosyllabic word lists. The enhancement 
speechtracking rate enhancement reported demonstrated for the perception of final 
for Plant's (1998) single subject, who was consonant features was particularly positive. 

TABLE III 

Methodological Details and Group Enhancement Scores (in percentage points or words per minute) 

for Previous Studies of Adults With a Hearing Impairment Using the Tactaid 7 (Subjectswere evaluated 

using open-set word and sentence tests, and spe~chtracking.) 


Reed & Delhorne, Waldstein Plant, 1998 Galvin et al., 
1 1999 

words NTb -8.3%C(NSd) NT 6%e 

phonemes in words NT -4.5%C(NS) NT 2.3%e(NS) 

words in sentences 1 0.3%f, 6.5%g 4.6%h(NS) 10.1 %f 5.6%'(NS) 

speechtracking 5.9wpmJ NT 13.1wpmk 5.6wpml 

n 7 1 8 

prior experience n = 4 Tactaid II none none none 

length of study up to 4yrs 17wks 18mths 10-13wks 

training none 78hrs 154hrs 10.5hrs 

home use daily daily infrequent daily 

test conditions vm/TVn V/TV V/TV n =4 V/TV 

n =4 AvofTAVP 

•authors reported Individual results averaged across 2 to 4 evaluations conducted in a4 year period; group results here were estimated from graphs
of indiVidual results, 0 not tested < AB words, a NS: not significant at (1=0,05, e CNC words. f IEEE Sentences, 9 CUNY Sentence Test. 
h CUNY Topic-Related Sentence Sets and CUNY Connected Discourse Paragraphs, 'SIT Sentences, :averaged across ail sessions. k averaged across 
f,nal flYe sessions Iaveraged across seven sessions. "'V: VISual-alone condition. n TV: tactile-visual condition. 0 AV: auditory-vISual condition. 
PTAV: tactile-aud'tory-vlSual condition. 
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As with the Tickle Talker, the question
naire results for the Tactaid· 7 were generally 
consistent with the speech perception test 
results, with most subjects reporting only "a 
little" help from the device in speech percep
tion with one familiar person or in a small 
group. A notable exception was 81. This 
subject's questionnaire ratings were by far 
the most positive of all subjects, yet Sl failed 
to demonstrate significantly enhanced 
perception for some speech features when 
tactile information was provided. Given the 
unobtrusive design of the Tactaid 7, the 
dissatisfaction expressed by the subjects with 
the Physical Attributes of the device was 
surprising. Consistent satisfaction was only 
expressed for the reliability of the Tactaid 7. 

In comparing the present results obtained 
with the two devices, the group enhancement 
demonstrated for the perception of words, 
phonemes and some speech features in 
monosyllabic word lists was slightly but 
significantly greater with the Tactaid 7 than 
with the Tickle Talker. Group questionnaire 
ratings were also slightly higher for the 
Tactaid 7 on all dimensions. Additionally, all 
individuals demonstrated a greater enhance
ment with the Tactaid 7 for the perception of 
words and phonemes in monosyllabic word 
lists, and for words in sentences, and the 
majority of individuals demonstrated a 
greater enhancement for the perception of 
speech features and speechtracking rate. On 
the other hand, most of these modest individ
ual differences were not statistically signifi
cant, the final preference of two subjects was 
for the Tickle Talker, and only one subject 
rated the Tactaid 7 higher on a majority of 
the questionnaire items relating to speech 
perception. Overall, the results suggest a 
modest superiority for the Tactaid 7 in terms 
of speech perception enhancement and 
subjective preference. It is possible that the 
lack of a consistent advantage across materi
als and individual subjects was influenced by 
the.small sample size and the modest size of 
the real performance difference between the 
two devices. The devices are designed to 
transmit similar speech information, 

A COMPARISON OF A NEW PROTOlYPE TICKLE TALKER'" WITH THE TACTAID 7 

although the Tickle Talker has dedicated 
electrodes for a voicing signal and high 
frequency information. It may be that the 
speech processor of the Tactaid 7 is more 
efficient or accurate in extracting and/or 
encoding the required information, or that 
the mode and site of stimulation employed 
make it easier for the user to detect and 
discriminate the relevant information. 

Comparison of performance across 
subjects indicated that S 1 and 86 had more 
difficulty than did the ot1:ler subjects in 
perceiving and/or using some of the speech 
feature information provided by the devices. 
Furthermore, for the items relating to help 
provided for speech perception, 86 provided 
ratings that were generally lower than those 
provided by the other subjects. As noted 
above, it is extremely difficult to isolate 
subject characteristics which may have influ
enced the individual subject's use of the 
tactile information, particularly given the 
small sample size. For example, Pearson 
correlation coefficients calculated for the 
auditory-visual scores and the level of tactual 
enhancement indicated no consistent trend 
across materials (e.g. r -0.36 with the 
Tactaid 7 and r = -0.24 with the Tickle 
Talker for speechtracking rate, and r = 0.61 
with the Tactaid 7 and r = 0.83 with the 
Tickle Talker for words in sentences). A 
controlled study involving a large subject 
group in the order of hundreds of users 
would be required to adequately examine the 
influence of multiple subject-related factors. 

Although the overall enhancement of 
speech perception scores was modest, the 
relatively positive questionnaire ratings for 
overall device benefit, as well as the enthusi
asm of the subjects during the study, 
suggests that other benefits were gained by 
the subjects from their participation in the 
study and their use of the devices. In general, 
these subjects were resigned to the adverse 
effects of hearing impairment on their family 
life, social life and self-confidence. In most 
cases, an attitude that they were "beyond 
help" had developed over a number of years. 
The provision of communication training and 

31 



KARYN L. GALVIN, JAN GINIS, ROBERT S. C. COWAN, PETER J. BLAMEY and GRAEME M. CLARK 

general counselling, coupled with the intro
duction to a tactile device providing informa
tion that was previously inaccessible, had a 
positive effect on most of the subjects. 
Increased self-conf!dence in communicating 
and increased participation in communica
tion were reported, and these are very worth
while benefits of device use and participation 
in a training program. Follow-up information 
obtained also indicated a positive outcome 
for the subjects up to 3 years after the 
completion of the study. Experience with a 
new type of device encouraged some 
subjects to investigate cochlear implantation, 
an option they had not previously been 
prepared to consider. This was an important 
outcome, given that the expected enhance
ment from a cochlear implant for postlinguis
tically deafened adults exceeds those 
demonstrated in the present study (Blamey, 
Arndt, Bergeron, Bredberg, Brimacombe, 
Facer, Larky, Lindstrom, Nedzelski, Peter
son, Shipp, Staller, & Whitford, 1996). 
Subject 3 and S4 were subsequently 
implanted, and S5 is still considering implan
tation. S 1 initially continued as a consistent 
user of the Tactaid 7, but now uses the LTD 
from Audiological Ellgineering. S4 contin
ued to use the Tactaid 7 for 3 to 4 hours per 
day depending upon communication 
demands. S5 no lopger uses the Tactaid 7, 
with size being the main problem, but has 
expressed interest in using the LTD if implan
tation does not proceed. Subject 6 continued 
to use the Tactaid 7 for a year, but found the 
size of the device a problem; she now uses the 
LTD. Note that, as the Tickle Talker was a 
prototype research device, clinical support for 
its continued use was not available. 

In conclusion, six adults with a profound 
hearing impairment gained a subjective 
impression of benefit and demonstrated 
enhanced speech perception through use of 
the Tactaid 7 and the Tickle Talker. Both 
objective and subjective measures produced 
modestly superior results for the Tactaid 7. 
The Tactaid 7 or the Tickle Talker would be a 
suitable alternative for those not able or 
willing to have a cochlear implant, or as an 

intermediary device for those exploring the 
option of implantation. Benefits that are not 
measured by speech perception testing, such 
as improved self-confidence and motivation 
to improve communication, may be gained by 
some subjects through use of either device. 
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APPENDIX A 

TABLE A-I 

F-statistics and p-values for main effects and interaction effects of the three-way analyses of 
variance with repeated measures conducted for the group on the scores for the perception of 
speech features in monosyllabic word lists. Scores were obtained in the auditory-visual and 
tactile-auditory-visual conditions from all six subjects using the Tactaid 7 and the Tickle 
Talker. Italics indicate effects which reached significance at a = 0.05. 

Initial Consonant Vowel Final Consonant 
Effect Manner Place Voicing Duration 1 st 2nd Manner Place Voicing 

formant formant 

condition" 49.5 61.4 30.7 81.2 72.0 96.0 82.6 61.7 49.8 

< 0.001 <0.001 < 0.001 < 0,001 < 0.001 < 0.001 < 0.001 < 0.001 < 0,001 

device" 1,4 0.24 0.08 0,22 1.5 0.02 0,16 0.57 0,7 

0.24 0.63 0.78 0.64 0.22 0.88 0.69 0,45 0,41 

subjectb 47.7 37.7 53.6 86.7 101.2 1453 973 47.5 57.6 

< 0.001 < 0.001 < 0.001 < 0.001 <0.00 < 0.001 < 0.001 < 0.001 <0.001 

cond x dey· 0.8 0.11 1,6 3.8 7.0 12.0 12.9 7.6 9.0 

0.39 075 0.21 0.054 0.01 0.001 0.001 0.007 0.004 

cond x subjb 1.3 2.5 3.4 2.2 3.6 11.9 2.5 3.9 3.8 

0.27 0.036 0.009 0.06 0.006 < 0.001 0.037 0.003 0.004 

dey x subjb 2.2 2.7 1.0 2.8 5.9 7.6 9.7 6.7 10.8 

0.06 0.028 0,47 0.022 < 0.001 <0.001 <0.00 < 0.001 < 0.001 

cond x dey x 0.7 1.2 0.7 0.8 1.3 2.9 0.96 1.1 0.5 

subjb 0.65 0.33 0.6 0.60 0.3 0.021 0,45 0.36 0.76 

• degrees of freedom = (1,72). b degrees offreedom =( 5.72), 

TABLE A-II 

F-statistics and p-values for main effects andinteraction effects of the three-way analyses of 
variance with repeated measures conducted for the group on the scores for the perception of 
words and phonemes in monosyllabic words, words in sentences and speechtracking. Scores 
were obtained in the auditory-visual and tactile-auditory-visual conditions from all six subjects 
using the Tactaid 7 and the Tickle Talker. Italics indicate effects which reached significance at 
a =0.05. 
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Effect Words Phonemes Sentences Sp'tracking 

A COMPARISON OF A NEW PROTOTYPE TICKLE TALKER'· WITH THE TACTAID 7 

conditiona 255.7 247.5 126.7 88.3 

< 0.001 < 0.001 < 0.001 < 0.001 

devicea 1.6 1.4 0.12 0.7 

0.21 0.24 0.73 0.4 

subjectb 204.8 215.4 186.9 206.2 

< 0.001 < 0.001 < 0.001 < 0.001 

cond x deva 12.4 20.8 1.5 0.12 

0.001 < 0.001 0.22 0.73 

cond x subjb 3.0 1.0 0.85 1.2 

0.016 0.42 0.52 0.33 

dey x subjb 12.2 8.1 18.1 10.9 

< 0.001 < 0.001 < 0.001 < 0.001 

cond x dey x subjb 0.32 0.68 0.12 0.4 

0.89 0.64 0.99 0.84 

• degrees of freedom =(1,72) for words, phonemes and sentences and (1,143) for speechtracklng, b degrees of freedom =(5,72) for words, 
phonemes and sentences and (5,143) for speechtracking, 

TABLE A-III 

F-statistics and p-values for the condition effects of the one-way analyses of variance with 
repeated measures conducted for the Tactaid 7 and the Tickle Talker on the scores for the 
perception of speech features, words and phonemes in monosyllabic word lists. Scores were 
obtained in the auditory-visual and tactile-auditory-visual conditions from all six subjects. 
Degrees of freedom =(1,46). Italics indicate effects which reached significance at a =0.05. 

Vowel Final Consonant Words Phonemes 

Effect 1st 2nd Manner Place Voicing 
formant formant 

Tactaid 7 51.2 86.2 88.1 70.7 45,9 179.1 195.5 

< 0.001 < 0.001 < 0,001 < 0.001 < 0.001 < 0.001 < 0.001 

Tickle Talker 21.6 20.5 13.9 10.8 9.1 83,0 65.9 

< 0.001 < 0.001 0.001 0.002 0.005 < 0.001 0.046 

TABLE A-IV 

F-statistics and p-values for the condition effects of the one-way analyses of variance 
conducted for each subject on the scores for the perception of speech features in monosyllabic 
word lists. Scores were obtained in the auditory-visual and tactile-auditory-visual conditions 
from all six subjects using the Tactaid 7 and the Tickle Talker. Degrees of freedom = (1,14). 
italics indicate effects which reached significance at a = 0.05. 

Initial Vowel Final Words 
Consonant Consonant 

Subject Place Voicing Duration 1st 2nd Manner Place Voicing 
formant formant 

Sl 10.7 1.3 5.1 2,2 0,01 9.0 0,01 0.05 30.1 

0.006 0,27 0.04 0,16 0,92 0.009 0.94 0.82 < 0.001 

S2 16.6 14.0 24.6 16.6 36.1 24.6 17.3 23.5 18.9 

0.001 0.002 <0.001 0.001 <0.001 < 0.00 0.001 < 0.001 0.001 
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TABLE A-IV CONTINUED 

Subject Place 

Initial 
Consonant 

Voicing Duration 1st 
formant 

Vowel 

2nd 
formant 

Manner 

Final 
Consonant 

Place Voicing 

Words 

S3 9.5 8.8 14.3 77.7 13.3 2.9 5.2 5,4 15.8 

0.008 0.01 0.002 0.001 0.003 0.11 0.038 0.036 0.001 

S4 5.6 3.7 22.7 14.1 15.9 29.0 56.0 29.1 48.2 

0.034 0.077 < 0.001 0.002 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

S5 10.1 5,4 17.3 7.9 14.3 13.1 29.2 19.1 81.0 

0.007 0.035 0.001 0.014 0.002 0.003 < 0.001 0.001 < 0.001 

S6 6.7 2.0 4.7 2.3 1.1 0.9 1.6 0.25 14.7 

0.021 0.18 0.048 0.16 0.31 0.36 0.23 0.62 0.002 

TABLE A-V 

F-statistics and p-values for the condition effects of the one-way analyses of variance 
conducted for each subject with the Tactaid 7 and the Tickle Talker on the scores for the 
perception of vowel second fonnant in monosyllabic word lists. Scores were obtained in the 
auditory-visual and tactile-auditory-visual conditions. Degrees of freedom:;;:: (1,6). Italics 
indicate effects which reached significance at a. :;;:: 0.05. 

Device 51 52 53 54 55 

Tactaid 7 0.08 80.1 72.1 8.0 11.6 5.9 

0.79 < 0.001 < 0.001 0.03 0.014 0.051 

Tickle Talker 0.19 8.3 18.5 6.1 4.0 5.0 

0.68 0.028 0.005 0.049 0.092 0.067 

------ _._
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