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Tactual Cued Speech as a Supplement to Speechreading
Lorraine A. Delhorne, Joan M. Besing, Nathaniel I. Durlach, and Charlotte M. Reed

Introduction

The Cued Speech method devised by Cornett (1967) has proven to be a highly effective means of supplementing
the information available through speechreading. For example, highly trained deaf receivers of Cued Speech are ableto
achieve nearly perfect reception of cued conversational sentences (e.g., Nicholls & Ling, 1982; Uchanski et a., 1992). The
success of this method, combined with recent advances in speech recognition technology, motivates the development of an
automatic cueing system.

The goal of an automatic cueing system is to allow personswho are deaf or hard of hearing to receive cues,
equivalent to those used in manually Cued Speech, without the speaker needing to know the Cued Speech system. Such a
device would employ signal processing (e.g., automatic speech recognition) to derive phonetic or feature information from
the acoustic speech signal of a speaker, convert thisinformation to a set of cues, and display these cuesin real timeto the
speechreader.

In both manual Cued Speech and in previous work on the development of automatic cueing systems, the
supplementary cues to speechreading have been presented through visual displays. In Cornett's Cued Speech system, the
eight consonant categories are coded by handshape and the four vowel categories by hand location. These manual cues are
received visually and integrated with cues from speechreading. In previous work on an automatic cueing system (Cornett,
Beadles, & Wilson, 1977), cues derived from automatic speech recognition were displayed visually through an optical
system. This system, which wasworn like apair of eyeglasses, was similar in design to the Upton Eyeglass Lipreading Aid
(Upton, 1968). Through this display, cues were encoded through seven light emitting diodes. The projected image of this
display was superimposed on the face, near the lips, when the speechreader moved his/her own head in the correct position.

In more recent research towards the devel opment of an automatic Cued Speech system (Bratakos, 1995),
synthetic cues derived from images of manual cue productions were superimposed on uncued recordings of sentences. The
cues, which appeared as dightly smaller images of a hand, were presented discretely (i.e., without transitions) and at a
dightly faster rate than manually Cued Speech. Experimental results obtained with experienced receivers of manua Cued
Speech indicated that, when the synthetic cues were perfectly transcribed onto the video display, performance was
equivalent to that achieved through manual Cued Speech.

Although both manual and synthetic displays of Cued Speech have typicaly relied on the visual presentation of
cues, consideration may also be given to the use of the tactual sense for this purpose. Arguments may be made for potential
advantages of tactual compared to visual displays of cuesto supplement speechreading. Visual displays must be focused on
the face of the talker and projected in the receiver'sfield of vision such that the cues can be integrated with those derived
from speechreading. The presentation of the supplemental cues through a separate modality may allow for better
performance on the individual components. Provided that good integration of the two types of information can be achieved,
tactual displays of cues may lead to good performance and in some respects be more easily realized than visual displays.

Evidence of the successful integration of tactual cues with speechreading is provided by previous studies
employing avariety of tactile displays derived from acousti c-based representations of the speech spectrum (e.g., see
Weisenberger, 1992; Bernstein, 1992; Reed & Delhorne, 1995; Besing, Reed, & Durlach, 1995). In addition, some previous
studies have been concerned with the tactual reception of cues employed in Cued Speech. Reed et al. (1992) studied the
tactual reception of the manual cues associated with Cued Speech as a supplement to the Tadoma method of speechreading
employed by some deaf-blind individuals. Using “ Cued-Tadoma”, the consonant and vowel identification scores of normal
subjects (who were deprived of visual and auditory cues) improved by roughly 25 percentage points over scores for
Tadoma alone. The use of “Cued Tadoma’ as atherapeutic tool with deaf-blind children has also been reported (e.g.,
Lasensky & Lane, 1984; Cornett 1985; Lasensky & Danielson, 1987). Finally, Cornett et al (1977) have reported briefly on
a study in which cues were transmitted tactually using a keyboard. The output of the keyboard was a 300 Hz vibration
delivered by piezoelectric crystals to the fingertips. The subject watched the speaker's face and simultaneously received the
keyboard tactile stimulation. Near perfect performance was achieved for the reception of nonsense CV syllables.

The purpose of the current study was to continue to examine the feasibility of the tactual presentation of cues
employed in manual Cued Speech as a supplement to speechreading. A pilot study (Experiment 1) was conducted to
examine performance under conditions of speechreading alone and speechreading supplemented by tactual reception of the



manual cues of Cued Speech. Based on the encouraging results obtained in the pilot study, follow-up studies were
conducted to compare performance through visual and tactual reception of cues (Experiment 2A) and to investigate the
effects of speaking rate (Experiment 2B).

| Experiment 1 - Pilot Study

Subjects

Six normal-hearing subjects, al of whom were teachers or tranditerators of Cued Speech, participated in this
study. The length of time that they had been using Cued Speech ranged from 2 yearsto 16 years (mean = 8.7 years). None
of the subjects had any previous experience with the tactual reception of Cued Speech.
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Figure 1 Illustration of the experimental setup.

Procedure

A one-hour session was conducted with each subject to evaluate the reception of nonsense syllables and
sentences through Speechreading Alone (SA) and Speechreading plus Tactual Cues (S+TC). Two normal-hearing teachers
of Cued Speech (T1 and T2) served as speakers. Each subject was assigned a speaker and remained with that speaker
throughout the session. The experimental setup is shown in Figure 1. The speaker and the subject sat at atable facing one
another. The subject wore earplugs and was presented with speech-shaped masking noise under headphones to eliminate
any auditory cues. A dummy head was positioned to the right of the speaker (approximately an arm's length away) and was
blocked from the subject's view by a solid partition. This head was employed in the S+TC conditions such that the speaker
transmitted the manual cues using the dummy head as a spatial reference (rather than her own body). The subject received
the cues by placing his’/her hand loosely on the hand of the speaker and following the movements of the speaker's hand.
Thus, the subject received the cues by feeling the sender's hand while the cues were being formed, and at the same time
observing the sender's face for speechreading cues. For the SA conditions, cueing was not employed, and the subject simply
observed the face of the talker for speechreading cues.

Test materials were placed on atyping stand in front of the speaker. The speaker read the test materials and the
subject was instructed to repeat orally any part of the stimulus that they had received either through speechreading alonein
the SA condition or through speechreading combined with tactual cues for the S+TC conditions. The subjects' responses
were recorded by one of the experimenters. Before the actual testing began in the S+TC conditions, the speaker and the
subject spent approximately 5 minutes finding the most comfortable positions for their hands and feeling the various
handshapes and positions without using visual cues. All sessions were recorded on audiotape for later analysis.

Materials

I solated syllables. Materials were CVC nonsense syllables. For each of the syllables (C1-V-C2), C1 was
randomly selected from the full set of 24 English consonants used in the initial position; C2 was randomly selected from the



set of 21 consonants that can appear in the final position; and V was randomly selected from the full set of 16 English
vowels and diphthongs. Two 25-item lists of CV C syllables drawn from the above set were randomly generated. Subjects
were tested with onelist of 25 CVCsin the SA condition and the second list of 25 CVCsin the S+TC condition. All
subjects received the same CV Cs in the same conditions and in the same order of presentation. The subject was instructed
to provide a CV C response following the presentation of each syllable. Correct-answer feedback was not provided.

Sentences. The sentence materials included lists from the CID Everyday sentences (Davis & Silverman, 1970),
CUNY sentences (Boothroyd, Hanin, & Hnath, 1985) and Harvard sentences (IEEE, 1969). CID sentences are highly
contextual and considered typical of everyday, conversational speech. Each CID list contains 10 sentences whose length
ranges from 2 to 13 words per sentence. Each list contains 50 key words used in scoring. The CUNY sentences, also
conversational, though slightly more difficult, contain 12 sentences per list with each list ranging from 3 to 14 words per
sentence for atotal of 102 words per list. All wordsin each list are scored for correctness. The Harvard sentences are
considerably more difficult (i.e., lessinternally predictable) than the other sentence materials. Each sentence contains 5 key
words and lists were constructed to be phonetically balanced. Scoring is based on key-word identification. All sentence
testing was done in an open-set format (i.e., no topic was given prior to the presentation of a sentence). Examples of the
CID, CUNY, and Harvard sentences are provided in the Appendix.

Each subject received the same list(s) of sentences for the same conditions and in the same order of presentation.
For each of the two conditions (SA and S+TC), onelist of CID sentences, two lists of CUNY sentences, and one list of
Harvard sentences was presented. Following a sentence presentation, subjects were instructed to repeat orally any part of
the sentence they had received. Correct-answer feedback was not provided.
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Figure 2 Percent -correct results of pilot study (Experiment 1) averaged across the six subjects. Hatched bars
represent speechreading alone (SA) performance, and solid barsthetactual Cued Speech (S+TC) performance.
Nonsense syllables (upper panel) were scored for percent correct of individual phoneme (I C=initial consonant,
V=medial vowel, FC=final consonant) aswell aswhole syllable (CVC) identification. Sentences (lower panel) were
scor ed according to key word (CID and Harvard) or total-word (CUNY) identification.



Results

Isolated Syllables. Results from the nonsense syllable testing averaged across the 6 subjects are shown in the
top panel of Figure 2. The syllables were analyzed for percent correct of individual phonemes aswell as for complete
syllables. In al cases performance in the S+TC condition was better than in the SA condition. For complete syllables
(CVC), the SA score was 7% correct compared to 53% for the S+TC. For individual phonemes, the presence of the tactual
cues had aparticularly large effect on the identification of the media vowel (V) (58% for SA compared to 94% for S+TC)
and the final consonant (FC) (39% vs. 79%). A smaller effect was seen with the initial consonant (1C) identification where
there was an 8 percentage point improvement when cues were added to speechreading (57% correct for SA compared to
65% for S+TC).

Sentences. Performance on the reception of sentencesis shown in the bottom panel of Figure 2. Aswith the
nonsense syllable testing, subjects scored consistently higher when the cues were added to speechreading. Average scores
for SA and S+TC were 66% vs. 83% for CID sentences, 65% vs. 80% for CUNY Sentences, and 30% vs. 54% for Harvard
sentences. The presentation of tactual cues to supplement speechreading resulted in an average improvement over
speechreading alone of roughly 16 percentage points for conversational sentences and 24 percentage points for the less
contextual materials. The results of the pilot experiment demonstrated that with very little practice, subjects experienced in
the use of visual Cued Speech were able to show substantial improvements to speechreading alone through the tactual
reception of the manual cues associated with Cued Speech.

Several studies designed to follow up these preliminary results are described in Experiment 2 below.

Il. Experiment 2 - Follow-up Studies

Follow-up studies were conducted with two of the six subjects who participated in the pilot study. Subjects S1
and S2 and both speakers (T1 and T2) traveled to our laboratory for 2 days of further testing. S1, a 30 year old male,
learned to cue 9 years prior to our testing and worked as a Cued Speech trangliterator for 8 of the 9 years. S2, a 25-year-old
female, learned to cue approximately 2 years prior to testing and had been training and evaluating tranditerators for 1.5
years.

A. Comparison of Visual and Tactual Reception of Cues

Due to time limitations in the pilot study, visual Cued Speech scores were not obtained for comparison with
scores obtained using tactual reception of cues. In this follow-up experiment, two subjects were tested on the reception of
nonsense syllables and Harvard sentences under three modes of presentation: SA, S+TC, and S+V C (speechreading
combined with normal visual reception of cues). In addition, the number of trials obtained on each experimental condition
was increased over that obtained in the pilot study to provide a more reliable estimate of performance.

Procedure

Tactual Session. For both the S+TC and SA conditions, the experimental setup was the same as that used in the
pilot study (Figure 1) with the exception that the test materials were projected on awall behind the subject rather than being
displayed on atyping stand in front of the speaker. In thisway the speaker could easily read the test materials without
looking down. Asin the pilot study, one speaker was assigned to each subject: T1 served as speaker for S1 and T2 served
as speaker for S2.

Visual Session. Datafor both S+VC and SA conditions were obtained using videotaped recordings of the speech
material (with no audio signal). These materials were recorded in a professional studio by T1 and T2 on an earlier visit to
our laboratory (see Bratakos, 1995); however, only T2's recordings were used for this test session. The videotaped
recordings included both cued and non-cued materials. The subjects sat approximately 4.5 ft. from a 20-inch color monitor.
After each syllable or sentence was shown, the subjects recorded their responses in writing.

Materials

I solated Syllables. The CVC syllables were selected, generated, and randomized in the same manner asin the
pilot study. A total of 1438 syllables (SA=719, S+TC=719) were presented to each subject in the tactual session, and atotal
of 300 syllables (SA=150, S+VC=150) in the visual session.

Sentences. Harvard sentence materials were used for these sessions and included atotal of 8 lists (SA=4;
S+TC=4) for the tactual session and atotal of 12 lists (SA=6; S+V C=6) for the visual session.
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Figure 3 Results averaged acr oss the two subjects of Experiment 2A are shown for tactual session (upper panel) and
visual session (lower panel). In upper panel, hatched barsrepresent scoresfor speechreading alone (SA) and solid
barsrepresent scoresfor tactual Cued Speech (S+TC). In lower panel, hatched bars represent SA scores and solid
barsrepresent scoresfor visual Cued Speech (S+VC). Test materials and methods of scoring are as described for
Figure2.

Results

Results averaged across the two subjects are presented in Figure 3 for both the tactual (upper panel) and visual
(lower panel) sessions. The scores obtained in the tactual session for nonsense syllables are generally higher than those
obtained in the pilot study (compare with top panel of Figure 2). In particular, scores on the S+TC condition were higher
for total CVC syllable recognition as well as for identification of each individual component. The increased number of
trials, and increased exposure to the nonsense-syllable task, in the follow-up study appears to have led to greater
proficiency in thistask. Results on the Harvard sentences, however, did not indicate any improvements as aresult of the
additional exposure to thistask in the follow-up study. In fact, the Harvard S+TC score for the two subjects tested in the
follow-up study was roughly 5 percentage points lower than their scoresin the pilot study. This result may have arisen from
list-to-list variations in the Harvard sentences or from within-subject variability.

Results obtained for the visual reception of nonsense syllables through Cued Speech indicate nearly perfect
performance on this task. Compared to the nonsense syllable scores on the S+TC condition, scores on the S+V C condition
were dightly higher with the largest difference observed for total syllable recognition (S+VC=92% vs. S+TC=72%
correct). For Harvard sentences, an improvement to speechreading of roughly 28 percentage points (SA=23%; S+VC=51%)
was observed in the visual session compared to 13 percentage points (SA=31%; S+TC=44%) in the tactual session. In
general, the SA scores obtained with live-voice presentation in the tactual session exceeded those obtained with videotaped
materialsin the visual sessions. Scores on the aided conditions, however, indicated slightly higher performance on S+VC
(51%) compared to S+TC (44%) conditions. Nonetheless, with very little practice on the tactual reception of cues, subjects
obtained benefits to speechreading that approached the benefits derived from visual reception of cues.



B. Effects of Speaking Rate.

A question that arose during the pilot study was whether the speakers spoke at slower rates (and perhaps more
clearly) when presenting the cued material. A slower speaking rate in the S+TC condition may have made the
speechreading task easier and thus could account for some of the improvement seen in the S+TC condition. Using the
audiotaped recordings of each test session in the pilot study, measurements were made of the speakers' rate of speech while
presenting the CUNY sentences in the SA and S+TC conditions. The average speaking rate for the non-cued material was
roughly 4.5 syllables/sec (or 215 words/min) compared to an average rate of 3.4 syllables/sec (or 164 words/min) for cued
materials. Thus, the production of cues appears to have resulted in a speaking rate that was roughly 1 syllable/sec (or 51
words/min) slower than that for uncued speech.

A special condition was designed to determine whether the slower speaking rate for the cued vs. uncued
conditionsin the pilot study had an effect on the results. In this condition (SAg,;), the speaker presented material as she

did in the S+TC condition; however, the subjects were not given access (visualy or tactually) to the cues and attended only
to the speaker's face. (Thus, it was actually a speechreading alone condition). The speechreading scores obtained for this
condition were compared to the speechreading scores obtained when materials were presented in the normal SA condition
(where no cues were being produced).

Procedure

The physical setup for this experiment was basically the same asin Experiment 2A, except that the subjects were
assigned different talkers. Therefore, T1 served as speaker for S2 and T2 served as speaker for S1.

Materials
Four lists of Harvard sentences were presented under each of two conditions: SA and SA ...
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Figure 4 Performance of Individual subjects comparing the effects of speaking rate. The hatched barsrepresent
scores for speechreading when cuesare not presented (SA) and the solid bars represent scoresfor speechreading
when thetactual cues are presented but the subjects do not have accessto those cues (SA sitc)

Results

Results of each subject's performance in the SA and SA, . conditions averaged across the two speakers are
shown in Figure 4. The resultsindicate that the speaking rate difference of 1 syllable/sec in the cued vs. uncued conditions
did not affect speechreading scores. For S2, scores were identical for the two conditions, and for S1, the scores from the
two conditions were within four percentage points of each other. These results are in agreement with other studies (e.g.,
Frisina& Bernero, 1958; Byers & Liberman, 1959; Black, O'Reilly, & Peck, 1963; Clarke & Ling, 1976) which
demonstrated that rate of speaking does not affect speechreading ability when the rates do not deviate greatly from normal.



Summary and Conclusions

Theresults of the current study indicate that subjects who were familiar with the Cued Speech system were able
to supplement their speechreading scores through the tactual reception of the manual cues associated with this method.
That is, by placing a hand over the hand of a speaker who was producing cues, and at the same time attending to the
speaker's face for speechreading cues, subjects showed substantial benefits to speechreading without any specific training in
the tactual reception of the cues. Improvements to speechreading observed with the tactua reception of cues were only
dightly inferior to those obtained by these same subjects for the standard visual reception of Cued Speech.

The visual Cued Speech scores reported in Figure 3 for Harvard sentences are somewhat lower than those
reported by Uchanski et al. (1992) and Bratakos (1995) using the same set of videotaped cued materials. In these two
previous studies, an average improvement of roughly 55 percentage points was observed for Cued Speech reception of
Harvard sentences over speechreading alone, compared to roughly 28 percentage points in the current study. This
difference in performance on difficult connected-speech materials most likely arises from different levels of experiencein
the reception of Cued Speech. The subjects in the Uchanski et al. and Bratakos studies were all deaf individuals who were
highly experienced in the reception of Cued Speech. While the subjects in the current study were highly familiar with Cued
Speech as teachers and trangliterators, they were not as experienced in the reception of speech through this method. Future
studies will include experienced deaf receivers of Cued Speech.

Future research will be directed towards the development of an artificial tactual display of cuesfor usein an
automatic Cued Speech system. This research will draw upon current advances in the use of speech-recognition technology
for automatic Cued Speech (Bratakos, 1995) and developmentsin devices for the stimulation of the kinesthetic and
vibrotactile aspects of the tactual sensory system (Tan, 1996).

Appendix

Sentence reception test materials. Key words, as specified by the authors of these tests, are underlined.

CID Sentences (Davis & Silverman, 1970)
CID SentencelList A

Walking's my favorite exercise.

Here's anice quiet place to rest.

Our janitor sweeps the floors every night.

It would be much easier if everyone would help.

Good morning.

Open your window before you go to bed.

Do you think that she should stay out so late?

How do you feel about changing the time when we begin work?
Here we go.

0. Move out of the way.
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CUNY Sentences (Boothroyd et al., 1985)
CUNY Sentence List 1

Have you eaten yet?

How many of your brothers still live at home?

How many years of school did it take to become a nurse?

Where can | get my suit cleaned?

Cats are easy to take care of because you don't have to walk them.
She just moved into athree room apartment.

| like to play tennis.

We couldn't fly home yesterday because of the big snowstorm.

. Remember to get plenty of rest and drink lots of fluids.

10. Carvetheturkey.

11. Make sure you deposit that check.

12. Please make sure that you practice alot before your next piano lesson.
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Harvard Sentences (IEEE, 1969)
Harvard Sentence List 1

1. The hirch cance slid on the smooth planks.
2. Gluethe sheet to the dark blue background.
3. It'seasy totell the depth of awell.

4. Thesedaysachickenlegisararedish.

5. Riceisoften served in round bowls.
6
7
8
9
1

The juice of lemons makes fine punch.
The box was thrown beside the parked truck.
The hogs were fed chopped corn and garbage.
. Four hours of steady work faced us.
0. A largesizein stockingsis hard to sell.
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