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spectrograph was introduced to provide visual
feedback. Within two sessions, the client was
able to produce [‰±] correctly. We were then
able to use his production of [‰±] to obtain a
correct [r]. The data indicate that this type of
biofeedback can be useful for eliciting correct
production of [‰±].

An adult who was not able to produce
singleton consonantal [r] or any of the r-colored
vowels correctly (although he could produce
some consonant clusters containing [r]) was
enrolled in a treatment program for remediation
of these sounds. When, after 17 therapy
sessions, he was still unable to produce any of
these sounds accurately, a real-time speech

sound that can be difficult to remediate when it is
misarticulated is [r] (Bernthal & Bankson, 1988;
Goda, 1970; Secord, 1981). This difficulty is

reflected in numerous papers on techniques for the
remediation of [r] and [‰±] in children (e.g., Janzen & Shriberg,
1977; Mowrer, 1975; Pendergast, 1971; Shriberg, 1975,
1980; Wood, 1988). Although little has been written about
the results of intervention with adults who continue to
misarticulate the sound, it has been our personal clinical
experience that remediation attempts are often unsuccessful.

The techniques that have been suggested for the
elicitation of correct [r] or [‰±] have generally focused on
using another sound as the starting position and then
making modifications to achieve the [‰±] (Janzen &
Shriberg, 1977; Mowrer, 1975; Pendergast, 1971;
Shriberg, 1975; Wood, 1988). The technique developed by
Shriberg (1975), for example, is one in which the client is
instructed to make specific nonspeech lingual movements
in order to develop a conscious awareness of lingual
movement and position. Following this initial stage, the
client is instructed to produce an [l] and then move the
tongue tip posteriorly along the roof of the mouth. Data
collected with this evocation technique indicated that
approximately 70% of the 65 children who participated in
the investigation produced the vocalic variant with
minimal instruction. In addition to techniques that make
use of one speech sound to elicit another, other strategies
have been devised. For example, Shriberg (1980) reported
a technique that makes use of a bite stick to aid in jaw
positioning, and there are other techniques that, although
they have not targeted [r] exclusively, include a program
for [r] (e.g., Young & Hawk, 1955; McDonald, 1964b;
Baker & Ryan, 1971).

   Biofeedback has not been promoted frequently as a
technique for articulation remediation (for [r] or any other
sound), although a few authors have reported its use
(Netsell & Cleeland, 1973; Reisberg, 1968; Wolfe & Irwin,
1975). Currently, biofeedback uses appear to be increasing
(Guilford & Hnath-Chisholm, 1991; Hardcastle, Gibbon, &
Jones, 1991; Ruscello, Cartwright, Haines, & Shuster,
1991; Stenson, Downing, Smith, & Smith, 1991).
   Biofeedback has also been used for other problems,
including modification of velopharyngeal closure for
speech (Hoch, Golding-Kushner, Siegel-Sadewitz, &
Shprintzen, 1986; Lotz & Netsell, 1987; Ruscello, Shuster,
& Sandwisch, 1991) and stuttering (Guitar, 1975; Hanna,
Wilfling, & McNeill, 1975; Lanyon, Barrington, &
Newman, 1976; Moore, Dunster, & Lang, 1975). In a
biofeedback therapeutic regimen, a client is provided with
perceptual information about performance that is generally
not present on a conscious level (Fuller, 1980).
   In biofeedback approaches, instrumentation often
provides information to be used by the client. Ruscello,
Shuster, and Sandwisch (1991), for example, used air flow
tracings obtained from a pneumotachograph to signal
instances of unwanted nasal air flow during the production
of [s]. Hardcastle et al. (1991) described the use of the
visual feedback provided by electropalatography to
develop a variety of skills, such as the awareness of motor
patterns, the targeting of specific articulatory postures, and
the ability to produce target sounds in different vowel
environments.  Microcomputer-based applications, such as
the IBM Speechviewer, have been used to provide visual
feedback to clients with problems such as apraxia of
speech and hearing impairment (Guilford & Hnath-
Chisholm, 1991), foreign accent difficulties (Stenson,
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Downing, Smith, & Smith, 1991) and phonological
disorders (Ruscello, Cartwright, Haines, & Shuster, 1991).

If the desired behavior can be brought under conscious
control with instrumental feedback, the client can often
correct the behavior, and this type of conscious feedback
can then be eliminated. Usually, the client will continue to
monitor speech consciously through natural speech
feedback channels such as kinesthesia, audition, and
tactility until production becomes automatic. The purpose
of the present case study is to document the successful
correction of [r] misarticulation in an adult using visual
feedback from real-time speech spectrography.

Method
History

K. is an 18-year-old college student who was referred
for treatment by one of his instructors who had noticed
K.’s incorrect production of [r]. K. had had speech
remediation for correction of his [r] in elementary school
for 2-3 years, but remediation attempts were unsuccessful.
He had no history of any learning, neurological, or
language problems. Audiological evaluation using pure-
tones indicated normal hearing bilaterally with the excep-
tion of a mild loss at 6 and 8 kHz in the right ear. K.
demonstrated normal speech reception thresholds and
speech discrimination in both ears.

Evaluation Procedures
K. was given the West Virginia University Articulation

Screening Test (Cartwright, 1982), which consists of a
word list containing all of the consonants and vowels of
English. It was noted, perceptually, by the three investiga-
tors that he produced consonantal [r] incorrectly in all
contexts with the exception of the consonant clusters [gr],
[tr], [dr], [fr], and [str]. He was unable to produce any of
the vocalic variants correctly. K. was subsequently asked
to read a list of 45 single words that contained singleton [r]
in initial and medial positions, [r] clusters, and the various
vocalics with [r] coloring (as in car, door, bear, etc.). He
also read the sentence portion of A Deep Test of Articula-
tion (McDonald, 1964a) as well as pairs of single words
and sentences that contrasted [r] and [w] (e.g., run/won).
Perceptual judgment indicated that he did not produce the
singleton consonantal [r] or any of the vocalics correctly in
any context. K. was only able to produce the clusters listed
in initial position. Reliability of the phonetic transcription
of K.’s errors was evaluated by asking a speech-language
pathologist with 20 years of clinical experience to tran-
scribe the list of words mentioned above. Agreement
between the first two authors and this speech-language
pathologist was 89%. The Oral Speech Mechanism
Screening Examination-Revised (St. Louis & Ruscello,
1987) was administered to assess oral structure and
function. K. demonstrated no problems with his oral
structures or abilities. He did report that he had a deviated
septum that was to be surgically corrected.

The type of error that K. made on consonantal [r] was
judged to be a distortion or derhotacization of the sound
rather than a substitution of [w] for [r]. This judgment was

made perceptually and then confirmed acoustically, using
wideband spectrograms as produced by a Kay Elemetrics
5500 Sonograph. Figure 1 depicts spectrograms of K.’s [w]
and [r] productions. It is clear that the [w] and [r] differ.
The second and third formant onsets are higher for the [r]
than for the [w] and the slope of F

2
 for the [r] is flatter than

for the [w].
Acoustic measures were also made on the words with

initial consonant clusters that were perceptually judged to
be produced correctly by K. Figure 2 shows a spectrogram
of the word [trein]. This production of [trein] was one that
was judged to contain a correct [r]. Although it does differ
from normative acoustic data for [r] in that F

2
 is above

2000 Hz, and there is a greater distance between F
2
 and F

3
,

with its F
2
 value of 1320 Hz and its F

3
 value of 2200 Hz (a

difference of 880 Hz), it is closer to typical utterances than
is K.’s singleton [r]. Adult men typically display a mean F

2
of 1061 Hz and a mean F

3
 of 1546 Hz that results in a mean

frequency difference between F
2
 and F

3
 of 485 Hz

(Dalston, 1975). The average F
2
 value for K.’s singleton [r]

was 1020 Hz and the average value for his F
3
 was 2404 Hz,

FIGURE 1. Spectrograms of the words “run” and “won.”
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resulting in a mean difference between F
2
 and F

3
 of 1384

Hz. The pattern observed for [trein] was also observed for
the other clusters that K. was judged to produce correctly.
The clusters that were not produced correctly displayed
acoustic features similar to those of singleton [r].

Training Program
A variety of techniques was employed during the first

two sessions in an attempt to elicit correct production of
the [r] or [‰±]. We had K. produce an [l] and then pull his
tongue back in attempt to achieve a correct [‰±] (Shriberg,
1975), produce an [i] and make various modifications until
he achieved an [‰±] (Mowrer, 1975; Pendergast, 1971;
Wood, 1988), and attempt to break down the clusters that
he could produce into the singleton [r] plus a vowel. We
worked on eliciting [‰±] in isolation because he was not
able to produce the singleton [r] or [‰±] correctly in any
word in any phonetic context. The technique that was
judged most successful (perceived to be the most [r]-like to
the clinicians and to the client) was the one in which K.
used the [l] in an attempt to produce a correct [‰±]. There-
fore, after the first two sessions, the other techniques were
used for only a small part of each session (5-10 min) in
order to provide some variety and in the hope that the
effectiveness of these techniques might improve. K was
able to produce an approximation of [‰±] from the earliest
therapy session using the [l] method. After 17 50-min
sessions, during which he attempted an average of 45
productions/session using the [l] technique (approximately
765 trials), his production of [‰±] remained an approxima-
tion of the correct sound. A spectrogram of the [‰±] that K.

was able to produce using this technique is shown in
Figure 3, along with a spectrogram from a normal male
speaker. The obvious difference between K.’s production
and that of the normal speaker is in the distance between F

2
and F

3
. In the normal production, F

2
 and F

3
 are so close as

to be nearly indistinguishable. K.’s F
2
 and F

3
 are quite clear

and separate.
Because K. was able to produce the [r] correctly in

some clusters, we also worked on the clusters [str] and [tr]
in initial position in words. Initially, correct production of
these words was inconsistent (69% and 77%, respectively).
It remained inconsistent throughout the semester (80% and
81%, respectively) and we were never able to elicit a
correct [r] by asking K. to break up the clusters (e.g., st-r).

 Because none of the published techniques was success-
ful in bringing about a correct production (K. had a 0%
accuracy rate for each of the 17 sessions), we decided to
use the spectrograph as a feedback device. The Kay
Elemetrics Sonograph Model 5500 generates its spectro-
graphs on a video screen in real time, and we thought that

FIGURE 2. Spectrogram of the word “train.”

FIGURE 3. Spectrograms of the vowel [‰±] as produced by K.
and a normal male speaker.
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this type of display might be useful to the client. K. was
asked to produce his normal [‰±]. The first and second
formants were pointed out and the space between them
discussed. The clinician modeled a correct production and
described the way in which the pattern of her second two
formants differed from his. She then produced continuous
phonation as she moved her articulators to produce various
vowels, to demonstrate how formant patterns changed as
the vowel changed. K. was instructed to produce an [‰±]
and then to move his tongue around to “move the formants
around” in a manner similar to the clinician’s demonstra-
tion. This was done to allow K. to experience the visual
consequences of changes in his own articulator movement
on the spectrograph. K. was next asked to produce his [‰±]
and then to try to move his tongue into the position that
had been described to him in order to achieve an [‰±]
formant configuration like that the clinician had demon-
strated. He reported he had difficulty in determining where
to move his tongue in order to achieve correct production.
As a result, the clinician suggested he use the [l] technique
that he had been using in treatment to help him locate the
correct tongue placement. K. was told, however, to use
only the visual display on the monitor as an index of
correct placement. We did not set a number of training
trials or a response accuracy criterion because we did not
know if the client could use such information to modify his
misarticulations.

Results
K. was able to move his tongue into a position such that

his F
2
 and F

3
 came together on the spectrographic display.

These productions met both acoustic and perceptual criteria
for a correct [‰±]. A portion of each correct production was
gated and played back for K. to hear. He indicated that
when he achieved what he was told was a correct produc-
tion, it did not sound “right” to him. K. was able to
produce a correct [‰±] 60% of the time (12/20 trials) during
the first session in which the spectrograph was used. He
could not, however, achieve correct articulatory position-
ing for the target unless he began with production of [l],
and his productions did not consistently achieve acoustic
and perceptual acceptability.

By the second session using the spectrograph, K. was
able to produce the [‰±] correctly 100% of the time (12/12
trials), but he had to begin with the [l]. This spectrographic
work occurred after he had spent the initial part of the
session working on the [‰±] without visual feedback with
an accuracy rate of 0% (0/35 trials). During the third
session after the spectrographic work was initiated, K. was
able to produce the [‰±] consistently without using the [l]
and then without using any spectrographic feedback. His
response accuracy rate using spectrographic feedback, but
not the [l] technique, was 97% (34/35 trials), and the
accuracy rate when both the [l] technique and the feedback
were eliminated was 100% (10/10 trials). We were then
able to elicit a consonantal [r] from the [‰±]. We achieved
this by asking K. to produce his [‰±] and then a vowel. A
spectrograph of a correct [‰±] produced by K. is shown in
Figure 4. It is evident that this differs from his production

shown in Figure 3. The second and third formants of the
vowel in Figure 4 are so close as to be nearly inseparable
from one another.

We confirmed the validity of these acoustic measures
with perceptual judgments from two speech-language
pathologists who were unfamiliar with the client or the
nature of the investigation. These judges were asked to
listen to a tape of K. made prior to the initiation of treat-
ment and were told to transcribe the subject’s speech. Both
judges determined that K. demonstrated a problem with the
articulation of consonantal [r] and its vocalic variants.
They also determined that the type of error was a distortion
of the phonemes. The judges were then asked to listen to
several randomized isolated productions of [‰±], produced
both before work with biofeedback (the “closer” approxi-
mation that K. was able to obtain using the [l] technique),
and after work with biofeedback. The judges rated the produc-
tions made prior to the biofeedback treatment as distortions
and those made after this intervention as correct productions.
The agreement between judges was 100% for both tasks.

Discussion
The results of the training procedure indicate that K.

was able to benefit from biofeedback to correct distortion
of [r]. K. reported that having the visual feedback enabled
him to find the correct position for his tongue in a way that
verbal description of positioning by the clinician could not.
He found the visual feedback much more concrete. The [‰±]
lends itself well to such a procedure because it has a
distinctive pattern that is easily explained to a client, and
because it can be produced as a continuant that maintains
its spectrographic shape.

It appears, however, that spectrographic feedback alone
was not sufficient for K. Initially, we found it necessary to
use the [l] technique in order to help K. locate the correct
tongue position for [‰±]. The use of a technique to aid the
client in finding the “ball park” position (in conjunction
with the spectrograph) may be necessary to help provide
limits for potential tongue positioning within the oral

FIGURE 4. Spectrogram of the vowel [‰±] as produced by K.
after treatment with biofeedback.
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We realize that a real time spectrograph is not readily
available to most practicing professionals, but the results
suggest that clients who are resistant to traditional methods
of articulation treatment can benefit from such information.
K. received a substantial amount of treatment without
results. The feedback procedure was employed as a final
technique to effect correct production, and it was success-
ful. In the future, it may be possible to use such feedback
techniques in the speech and hearing laboratory for
acquisition purposes, and then refer the individual to
another facility such as a school speech-language pathol-
ogy program for automatization training using traditional
practice techniques (Ruscello, 1984).

We have begun to explore this type of arrangement with
a local school district so that the biofeedback procedure
can be used with school-age children. Preliminary data for
2 female subjects who were resistant to [r] acquisition are
promising. Acoustic and perceptual data indicate that 1 of
the 2 was able to achieve correct production of [‰±] within
the first training session in which spectrographic feedback
was used. We are continuing to work with both of these
children. In addition, we are beginning to explore the
variables that are important in training individuals to make
use of this type of biofeedback procedure. Some of these
variables seem to include the rate of time the utterance
travels across the spectrograph screen and the ability to
integrate auditory and visual feedback. It is an area that
warrants further investigation.
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standpoint. As Kent (1982) alludes in his paper, K.’s
“correct” production may lie in the tolerance of the ear of
the perceiver rather than in the mouth of the speaker.
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