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Treatment methods for severe auditory comprehension deficits in aphasic
patients are few. What does exist is not very effective. Recent advances
in the development of sensory substitution aids, specifically those that
provide transmission of information through tactile sensation, provide poten-
tial treatment.

Spens (1980) has compared a variety of speech-conveying tactile systems.
These are shown in Figure 1. They vary in their placement on the body--
finger (Spens, 1976); palm (Traunmyller, 1977; Schulte, 1972); wrist (Schulte,
1972); torso (Sparks, 1978); abdomen (Saunders, 1973; Scott et al., 1977); and
thigh (Englemann and Rosov, 1975), and they vary in the number of vibrators
employed--one, by Traunmyller (1977) and Schulte (1972), to an eight by 32
matrix by Sparks (1978). All are designed to convert acoustic information to
tactile pulses that are displayed on the skin. Spens (1980) concludes that
the best area to stimulate is the fingers, that stimuli with large spectral
changes are easier to learn than those with small spectral changes, and
that aids should be portable to permit training over a long period of time.
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Figure 1. Speech-conveying tactile systems. (After Spens, 1980).

While tactile sensory substitution of auditory information has been
reserved for deaf and severely hard of hearing patients (Saunders, 1973)
the method may be appropriate for aphasic patients who suffer severe audi-
tory comprehension deficits. Some aphasic patients have improved their
oral expressive use of language through intersystemic reorganization _
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(Rosenbek, Collins, and Wertz, 1976), a treatment that utilizes an intact
performance modality, for example, gesture, to improve performance in an
impaired performance modality, for example, speaking. Similar pairing of
an intact sensory modality, for example, tactile, with an impaired sensory
modality, for example, auditory, may improve auditory comprehension.

The purpose of this paper is to present our early results with two
patients using TELETACTOR, a wearable electrotactile sensory aid developed
by Saunders (1973), to improve auditory comprehension in severe, chronic,
aphasic patients.

METHODS

TELETACTOR, worn as a belt across the abdomen, presents acoustic fre-
quency, intensity, and temporal information through 32 pulse generators
which provide electrotactile stimulus patterns on the skin. A lé-week
controlled, treatment trial is being conducted to compare performance with
and without TELETACTOR.

Patients who meet selection criteria—-those who have suffered a single
left hemisphere CVA, are at least three months postonset of aphasia, demon-
strate binaural speech reception thresholds no worse than 40 dB, perform
between the 10th and 80th percentiles on the Porch Index of Communicative
Ability (PICA) (Porch, 1973) and below the 75th percentile on the Token
Test (Spreen and Benton, 1969)--are given baseline measures at intake and
after four, eight, 12, and 16 weeks of treatment. These include otologic
and neurologic evaluations, audiometric measures, and a battery of speech
and language tests. An A-B-A-B-A-B-A-B-A design, shown in Figure 2, is
employed. The first A is baseline measurement at intake, and each subse-
quent A is a reevaluation. Each B phase represents a four week treatment
period composed of five hours of treatment each week. This results in a
total of 20 hours of treatment during each phase and 80 hours of treatment
during the entire trial. The patient wears TELETACTOR during eight weeks
of the treatment trials but not during the other eight weeks of the trial.
This permits a comparison of performance when wearing the belt with perfor-
mance when not wearing the belt.
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Figure 2. Design of the 16-week treatment trial. Each A is an evaluation
and each B is a 4-week treatment period.
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Treatment follows a stimulus-response paradigm utilizing principles
of programmed instruction, specifically, paired associate and forced-choice
response. Tasks are arranged in a hierarchy of ascending difficulty
beginning where the patient demonstrates auditory comprehension problems.
During the treatment periods when the patient wears the belt, the auditory
signal is transduced by the belt to electrotactile stimulus patterns on the
abdomen that are not unlike the acoustic patterns found in the inner ear.
A siren, for example, will produce a sensation moving right, to left, to
right on the abdomen. Similarly, each speech sound will generate its own
characteristic pattern.

RESULTS

Two patients have completed the treatment trial. The first (L.D.) met
selection criteria but was later discovered to have suffered a previous
right hemisphere CVA in addition to a left hemisphere CVA. He was 14
months postonset when we began. He displayed significant improvement on
the treatment tasks. However, criterion measures showed no improvement
during the treatment trial. PICA Overall performance at intake, shown in
Figure 3, was at the 55th percentile, and after eight and 16 weeks of
treatment, it remained at the 55th percentile. Similarly, his CADL (Holland,
1980) total score was unchanged, 91 at intake and 91 at the end of the trial.
The Token Test (Spreen and Benton, 1969) total score deteriorated, 139 at
intake and 126 at the end of the trial. L.D. was randomized to the treat-
ment trial that presented the first eight weeks of treatment without the
belt. Figure 4 shows performance on a two-step auditory comprehension
task -- pointing to two pictorially represented nouns in a matrix of ten
that differed acoustically and semantically., It is representative of his
performance on all treatment tasks. During the first eight weeks, treat-
ment without the belt, performance increased from 78% correct in baseline
to 92% correct at eight weeks. During the second eight weeks, treatment
with the belt, performance increased to 100% correct.

The second patient (W.M.) was three years postonset from a left hemis~
phere CVA at entry. He met all selection criteria. W.M. made significant
gains on the treatment tasks when he wore the belt. Similar gains were not
seen during treatment without the belt. Criterion measures improved during
the trial. PICA Overall performance, shown in Figure 5, was at the 17th
percentile at intake, at the 27th percentile after eight weeks of treatment
with the belt, and at the 31lst percentile after eight weeks of treatment
without the belt. Performance on the CADL was a total score of 55 at
intake, 64 after eight weeks of treatment with the belt, and 49 after eight
weeks without it. His Token Test total score was 17 at intake, 27 after
eight weeks of treatment with the belt, and 31 after eight weeks without it.
W.M. was randomized to the treatment trial that presented the first eight
weeks of treatment with the belt and the second eight weeks of treatment
without the belt. Figure 6 shows performance on a one-step auditory
comprehension task —- pointing to a pictorially represented noun in a
matrix of ten nouns that differed acoustically but were related semantically.
It is representative of his performance on all treatment tasks. During the
first eight weeks, treatment with the belt, performance increased from 30%
zorrect in baseline to 587 correct at eight weeks. During the second eight
veeks, treatment without the belt, performance decreased to 56% correct.
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Porch Index of Communicative Ability
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Figure 5. PICA Modality Response
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mance at intake, after eight
weeks of treatment with the belt,
and eight weeks of treatment
without the belt.
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DISCUSSION

Few conclusions can be drawn from the performance of two patients.

The patient who did not improve on criterion measures during the treatment
trial was discovered to have bilateral lesions. Further, his auditory
comprehension met selection criteria, but it was not severely depressed
(72nd percentile on the Token Test at intake). And his treatment trial
was randomized into eight weeks without the belt followed by eight weeks
with the belt. The patient who improved on criterion measures met all
selection criteria, demonstrated more severe auditory comprehension
deficits (6th percentile performance on the Token Test at intake), and
received eight weeks of treatment with the belt followed by eight weeks of
treatment without the belt. Therefore, it may be inappropriate to compare
performance between these patients who differ in the cortical localization
of their lesions, severity of auditory comprehension deficits, and the
sequence of tactile belt treatment during the trial.

Both patients improved on treatment tasks during the first eight weeks
of the trial. That improvement may be a response to treatment and have
little to do with the presence or absence of the tactile belt. Some chronic
aphasic patients improve when they are treated (Smith, 1972; Broida, 1977)
regardless of what the treatment is. Our design -- eight weeks with the
belt and eight weeks without it -- may be confounded by time.

We have modified our design and the method for presenting stimuli and
recording responses. Presently, we are using a 20-session, random assign-
ment of treatment design in which subjects receive criterion measures at
intake, baseline testing on a single auditory comprehension task, 20
randomized treatment sessions -- ten with the belt and ten without -- and
post-treatment evaluation with criterion measures. We evaluate at baseline,
after each treatment session, and post-treatment in three conditioms:
auditory only, tactile only, and auditory-tactile combined. Comparison of
performance following treatment sessions with and without the belt and
comparison of performance among conditions —- auditory, tactile, and
auditory-tactile combined -- should permit us to test the efficacy of
tactile sensory substitution as a treatment for severe auditory comprehension
deficits in aphasic patients.

Further, we have developed a computer system to generate and present
the auditory and tactile stimuli and record each subjects' responses. This
avoids the lack of control and differences inherent in presenting auditory
and tactile stimuli via live voice.

It is necessary to collect more data on more patients to test the
efficacy of treating auditory comprehension deficits in aphasia with a
tactile aid. We are doing that. Certainly a rationale can be laid for this
effort. We are dealing with a group of patients suffering deficits that do
not have a viable treatment. The use of sensory substitution as a mode of
treatment for a variety of disorders is being hawked as effective by a
number of rehabilitation disciplines. Unfortunately, empirical evidence is
lacking to support these claims. We cannot advocate putting a tactile belt
on all aphasic patients, nor do our results qualify us for a no belt
prize. A test of the efficacy of the TELETACTOR for assisting aphasic
patients appears to be both timely and essential.
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DISCUSSION

I wonder why you did not add an additional condition, one where the
patient hears the auditory stimuli but receives tactile vibrations
that do not represent the auditory stimuli. This would serve as a
control to insure that the correct tactile stimuli really do assist
in auditory comprehension. Without this condition, any improvement
you might see could result from just wearing the belt and receiving
vibrations and have nothing to do with whether the tactile stimulus
represented the auditory stimulus.

That is a good point. We do have a check on your concern. There is
a condition where we look at what the patient does with only the
tactile representation of the auditory stimulus without hearing the
auditory stimulus. The data to date indicate some improvement in this
condition, for example from 10 percent correct in baseline to 17 per-
cent correct after treatment. Using a matrix of ten stimuli, this
improvement is close to chance. We could add the condition you
suggest in our daily criterion runs, but I worry about confusing the
patient by giving him tactile misinformation.

What do you tell the patients when you put the belt on them?

We have a standard set of instructions that indicate they will feel

vibrations on the belly in certain conditions, that they should pay

attention to these, and that the vibrations may help them understand
what they hear.

Why did you pick the abdomen to stimulate? I don't think it is the
best place to present a tactile stimuli.

You are probably correct. Spens says the finger is superior to other
areas of the body. Of course, it was Spens who developed the finger
vibro-tactile stimulator. We selected the abdomen because the device
available to us was Saunders' TELETACTOR belt. His research with deaf
children implied it may be useful as a sensory substitution device.

Have you thought about using a multiple baseline design?

Yes. We found our first design--16 weeks (eight weeks wearing the
belt and eight weeks not wearing the belt) was too long, and it was
confounded, probably, by time. We have switched to a 20-session,
random assignment of treatments design, ten wearing the belt and ten
not wearing the belt. We may consider a multiple baseline design in
the future.

How many baselines do you run? Are they stable? How many trials?
We run three baselines in each condition on three separate days.
Each baseline in each condition consists of ten trials. Baselines,
so far, are stable, within plus or minus ten percent. We run 50
trials during each treatment session, followed by daily criterion
measures, ten trials each in three conditions.

Is the instrument FDA approved? I worry about safety.

The belt is FBA approved, Food and Belly. It meets all safety require-
ments for electrical hazards.. It has passed several Human Studies
Committees' review both in our study and previous studies by Saunders.

-168-



We have exclusion criteria—--for example, no patient who wears a
pacemaker participates.

Because the belt helped deaf children develop a vocabulary does not
mean it will help an aphasic patient's auditory comprehension. The
deaf child has no auditory signal coming in. The aphasic patient does.
I suspect the inefficiency of auditory to tactile conversion and
several other problems will not make the belt very useful. The aphasic
patient will not depend on it.

You could be correct. We are doing the study to find out.

Just one more comment. There is a literature that says speech is so
special, there is no way to substitute for hearing it. Many have
given up trying, because no other system can handle the amount of
information conveyed by auditory stimuli.

We are familiar with that literature. It may be correct. We are also
familiar with the literature that implies that sensory substitution is
a panacea for a variety of ills. Unfortunately, there are few data

to support the efficacy of sensory substitution. We are conducting
the treatment trial to collect some empirical evidence. The time to
test a potential treatment is before it becomes an accepted treatment
without empirical support. That happened to us in aphasia. I would
not like to see that situation duplicated in the use of sensory
substitution.
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