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Although there are numerous reports of the
use of biofeedback in clinical applications, little
is known about the relative advantages or
disadvantages of biofeedback over traditional
treatments or about how to determine whether
biofeedback might be effective for a given
client. This study compares the results of two
modalities of training on a respiratory rate
control task. One group of normal young adult
subjects (n = 18) received postresponse verbal
guidance (knowledge of results), whereas

another similar group (n = 18) received visual
biofeedback training (a real-time form of
knowledge of performance). The results
suggest that biofeedback would be most
effective for subjects with relatively poor
response to initial training (stimulability), that
verbal guidance and biofeedback are likely to
be equally effective for those with midrange
stimulability, and that those with relatively high
stimulability may not benefit from biofeedback.

B iofeedback is information provided to people (and
other animals) about some aspect of their physi-
ologic activity, displayed in a way that is intended

to facilitate their learning to control that activity (Rubow,
1984). It makes the unobserved or inadequately perceived
aspects of action observable. Once behavior becomes
observable, it often may be brought under voluntary
control by an actively participating learner (Basmajian,
1982). By providing information that can guide a learner
through unfamiliar actions, biofeedback can lay the
groundwork for the development of new motor skills
(Schmidt, 1988).

Any information that is intended to guide the learner’s
movements is feedback. Feedback may be received during
or after a movement. Intrinsic feedback is natural sensory
information about a movement. It is a natural result of
performing the task and is experienced through any one or
a combination of the senses. Extrinsic (augmented)
feedback is information that augments intrinsic feedback. It
is the type of guiding information most commonly used by
clinicians and athletic trainers to assist motor learning.
Extrinsic feedback takes several forms. Knowledge of results
(KR) is extrinsic information, usually verbalized, given to
a learner about the success of a movement after a trial has
been completed. Most speech-language pathologists’
contingent responses to their clients’ efforts are in the form
of KR (Schmidt & Young, 1991). A variant of KR is
knowledge of performance (KP), which is postresponse

information about the nature, rather than correctness, of a
movement pattern. An example of KR might be “That was
good,” whereas a clinician providing KP might say, “That
was still a bit fast…. Next time, stretch out the words a bit
more.” Biofeedback is a form of extrinsic feedback that is
presented during the movement, rather than after its
completion. Although biofeedback is extrinsic, the learner
responds to it as if it were a form of intrinsic feedback.
Biofeedback may be characterized as a kind of knowledge
of performance, rather than knowledge of results, because
its displays contain detailed information, rather than simple
confirmation of success. Because learners rely heavily on
guidance during the early skill-acquisition stage of motor
learning, this is when biofeedback is most effective
(Schmidt, 1987, 1988).

Biofeedback has been applied with some benefit to the
management of speech and related disorders including
stuttering, hyperfunctional voice, alaryngeal voice,
velopharyngeal insufficiency, neurogenic dysarthria,
dysphagia, articulation and phonological disorders, and
speech of individuals with profound hearing impairment.
Table 1 presents brief descriptions of a representative
sampling of relevant clinical studies. No attempt is made
here to provide critical analyses of these studies. To do so
would require extensive consideration of methodological
issues that are beyond the scope of this paper.

Most of the reports cited in the table are individual or
small-group case studies that do not attempt to contrast
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TABLE 1 (part 1 of 2). Sampling of clinical studies using biofeedback in the management of speech disorders.

Author(s) & Speech Biofeedback
Year Disorder Type N Design Comment

Blood, 1995 Stuttering Visual: respiratory 4 Case studies: intensive Combined intensive biofeedback
movement, phonation treatment w/follow-up treatment for fluency establishment

with counseling for relapse
management.

Craig et al., 1996 Stuttering Visual: EMG relaxa- 97 4-group comparison Several approaches found to be
tion of facial muscles treatment and follow-up effective, including EMG biofeedback.

Dembowski & Stuttering Visual: respiratory 1 Single subject design Benefits of biofeedback seen in
Watson, 1991 movement, EGG acquisition stage, not later.

Manschreck, Stuttering Visual and auditory 8 Multiple case studies Combined progressive and EMG re-
Kalotkin, & EMG relaxation of laxation. Transfer addressed by having
Jacobson, 1980 masseter patients complete all biofeedback-

aided tasks without biofeedback.

Watson & Alfonso, Stuttering Visual: EEG, respir- 2 Short-term demonstration Showed how visual biofeedback
1991 atory movement of application might be applied to treatment.

Allen, Bernstein, Hyperfunctional EMG relaxation: 1 Multiple baseline design EMG display modality unspecified.
& Chait, 1991 voice laryngeal area with follow-up Biofeedback applied across

nonspeech and speech activities.

D’Antonio, Lotz, Ventricular Visual: fiberoptic 1 Case history with follow- Patient with post-traumatic ventricular
Chait, & Netsell, dysphonia visualization of larynx, up phonation was unable to alter
1987 subglottic pressure phonation until visualizing her larynx.

Stemple, Weiler, Hyperfunctional Visual: EMG at 7 8 sessions with follow-up EMG levels reduced and voice quality
Whitehead, & voice laryngeal area judged improved.
Komray, 1980

Watson & Alfonso, Spasmodic Visual: EGG 1 Short-term exhibit of Results of a single 20-minute treat-
1991 dysphonia application ment session.

Watson, Allen, & Ventricular Visual: EMG at 1 Multiple baseline design Validated effects of EMG changes via
Allen, 1993 dysphonia laryngeal area (across speech tasks) Psub, laryngoscopy, and perceptual

with follow-up judgments.

Connor, Hamlet, Alaryngeal voice Visual: intraoral 1 Six sessions: reduction Improved differentiation of /t/ and /d/,
& Joyce, 1985 pressure of intraoral pressure improved intelligibility.

Hoch, Golding- Velopharyngeal Visual: fiberoptic 2 Feedback for initial Effects of biofeedback seen in
Kushner, Siegel- insufficiency visualization of velo- training, followed by acquisition stage, not later.
Sadwitz, & pharyngeal port “traditional” treatment
Shprintzen, 1986

Witzel, Tobe, & Velopharyngeal Visual: fiberoptic 1 Feedback for initial Feedback effective for acquisition
Salyer, 1988 insufficiency visualization of velo- training, followed by after “traditional” methods

pharyngeal port “traditional” treatment unsuccessful.

Witzel, Tobe, & Velopharyngeal Visual: fiberoptic 3 Biofeedback provided as Authors do not claim that feedback
Salyer, 1989 insufficiency: post- visualization of velo- adjunct to treatment made a difference, but patients said it

pharyngeal flap pharyngeal port helped.

Booker, Rubow, Dysarthria: CN VII Visual: facial muscle 1 Patient compared signals Patient improved facial symmetry and
& Coleman, 1969 paralysis EMG from normal and impaired function.

sides of face.

Hodge & Hill, Dysarthria: ataxia Visual: SpeechViewer 1 Biofeedback provided as Visual feedback appeared to help
1994 & spasticity pitch and intensity adjunct to treatment patient modify syllable timing and

vocal intensity.

Netsell & Dysarthria: Auditory: EMG of 1 Case study: reduction of Noted differential improvement in
Cleeland, 1973 hypokinetic levator labii superior lip retraction speech vs. nonspeech tasks.

Netsell & Daniel, Dysarthria: flaccid Visual: air pressure 1 Case study Patient generated air pressures in
1979 speech range during nonspeech task.
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TABLE 1 (part 2 of 2). Sampling of clinical studies using biofeedback in the management of speech disorders.

Author(s) & Speech Biofeedback
Year Disorder Type N Design Comment

Rubow & Swift, Dysarthria: Visual: voice 1 Case study Initial biofeedback treatment followed
1985 hypokinetic intensity and by use of “wearable” threshold-driven

subglottic pressure voice intensity feedback at home.

Bryant, 1991 Dysphagia Visual: EMG activity 1 Case study: trained Target EMG levels adjusted as
of submandibular area. valsalva & Mendelsohn patient progressed. Patient achieved
Additional threshold- maneuvers functional oral feeding capability.
driven auditory signal

Crary, 1995 Dysphagia Visual: EMG at hyoid 6 Case studies Patients trained to maintain target
level levels of EMG for 2 s during

pharyngeal phase. Five of six
progressed to full oral feeding; one
advanced to puree.

Schultz, Perlman, Dysphagia Visual: EGG display 1 Case study: trained EGG display also revealed tendency
& VanDaele, Mendelsohn maneuver to fatigue. This helped to optimize
1994 feeding routine.

Michi, Yamashita, Articulation/phono- Visual: palatograph 6 Case studies: misarti- Biofeedback was most effective for
Imai, Suzuki, & logical disorders, and display of culations of /s/ speakers with anomalous tongue
Yoshida, 1993 repaired clefts frication position: those with slight deviation

did as well without biofeedback.

Shawker & Articulation/phono- Visual: Ultrasound 1 Case study: /r/ production Production elicited readily with
Sonies, 1985 logical disorders in a child with 2 years of biofeedback, but accuracy fell in

failed treatment absence of transfer activities.

Shuster, Ruscello, Articulation/phono- Visual: real-time 1 Case study: /r/ production Patient produced correct sound with
& Smith, 1992 logical disorders spectrograph after 17 ineffectual visual feedback while reporting the

sessions sound was not “right.”

Shuster, Ruscello, Articulation/phono- Visual: real-time 2 Case studies: /r/ production Both children required transfer and
& Toth, 1995 logical disorders spectrograph after years of fruitless maintenance treatment following

treatment acquisition.

Dagenais, Critz- Speech with pro- Visual: palatograph 18 Case studies: group and Palatograph group achieved visual
Crosby, Fletcher, found hearing individual comparison targets better, but these did not
& McCutcheon, impairment always result in improved listener
1994 judgments.

Ertmer & Stark, Speech with pro- Visual: real-time 1 Case study: training pre- Accuracy of imitations of disyllables
1995 found hearing spectrograph speech vocalization in a increased, as did developmental level

impairment 3-year-old of spontaneous vocalizations.

Fletcher, Speech with pro- Visual: palatograph 5 Case studies All subjects achieved improved
Dagenais, & found hearing linguapalatal contact for the target
Critz-Crosby, impairment sounds, and listeners reported
1991 improved intelligibility. Improvements

in new patterns were greater than for
established but erroneous patterns.

biofeedback with nonbiofeedback therapies. Notable
exceptions are studies by Rubow (1984); Dagenais, Critz-
Crosby, Fletcher, & McCutcheon (1994); and Craig et al.
(1996). Rubow (1984) compared the effects of three
varieties of feedback on the performance of 24 normal
young adults engaged in a nonspeech respiratory task that
required them to maintain a specified expiratory pressure
during a series of 5-second trials. The three forms of
feedback were posttrial knowledge of performance and two
modalities of real-time knowledge of performance:
auditory and visual biofeedback. Subjects receiving visual
biofeedback observed an oscilloscope display containing a

target trace and a second trace representing their expiratory
pressure during each trial. The auditory feedback took the
form of a constant intensity tone presented via headphones
to the left ear and a variable intensity tone representing
expiratory pressure presented to the right ear. In both
biofeedback conditions, subjects were required to match
the target with the varying signal (which represented their
own expiratory pressure). Posttrial knowledge of perfor-
mance took the form of a visual display identical to the
visual biofeedback display, except that it did not appear
until the completion of each trial. Rubow found that real-
time visual biofeedback was superior to auditory feedback
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or visual posttrial knowledge of results in facilitating the
acquisition of the respiratory target.

Dagenais et al. (1994) compared two groups of children
with profound hearing loss in their learning of consonants
under two training conditions. Nine children in one group
were trained to achieve specific linguapalatal contacts in
target syllables using palatographic visual biofeedback.
Another nine children were trained in accordance with
traditional aural-oral techniques using vocabulary items
as stimuli. Generally, the palatography group quickly
achieved better linguapalatal contacts than did the aural-
oral group for alveolar and velar consonants and for
sibilants. Despite the efficacy of palatography in training
specific linguapalatal contacts, listeners’ perceptual
judgments of subjects’ production of word lists did not
reflect the improvement in linguapalatal contact patterns
for all sounds. The authors speculated that some subjects in
the aural-oral group may have produced perceptually
adequate sounds using atypical articulatory contacts.
Further, the palatography subjects, who were trained in the
production of consonants in nonlexical syllabic contexts,
may not have generalized the new articulatory contacts into
lexical items as readily as those in the aural-oral group who
were trained with lexical stimuli. These results suggest that
although new motor skills may be acquired through
biofeedback training, these skills may not improve commu-
nicative function unless they are incorporated into appro-
priate communicative contexts.

In contrast, Craig et al. (1996) compared three treat-
ments for stuttering in a group of 77 subjects, ages 9 to 14
years, and found them equally effective. The three treat-
ment approaches were intensive smooth speech, elec-
tromyographic (EMG) relaxation biofeedback applied to
facial muscles during speech, and home-based smooth
speech. The three experimental groups were compared
with a group of 20 control subjects who were on a waiting
list for treatment. In most cases in the three experimental
groups, frequency of stuttering in various contexts was
reduced substantially, and speech rates rose. The three
methods were similar in their effectiveness, in both short-
term and long-term follow-up.

It appears that biofeedback can be an effective training
modality, but it is not clear from group studies that it is any
more effective than nonbiofeedback approaches that
generally use materials and resources that are readily
available and less costly than biofeedback devices.
Therefore it would be cost-effective to develop guidelines
from which to predict which clients are most likely to
benefit from biofeedback and which are likely to succeed
in treatment without biofeedback. The work of Middaugh
(1990) suggests an approach.

Attempting to demonstrate the unique value of EMG
biofeedback in the acquisition of voluntary control of an
individual muscle, Middaugh (1990), an occupational
therapist, trained subjects to move the abductor hallucis.
She chose this small muscle of the foot for study because it
is unfamiliar to most people and is, therefore, poorly
controlled. Middaugh studied four groups of normal
subjects. An EMG feedback group received auditory and
visual biofeedback during training sessions; another group

was given facilitating tactile stimulation at the location of
the muscle; a third group was simply instructed in the
desired foot movement and told when to begin and end
practice trials; and a control group received no training.
Although the EMG group was the only one to improve
significantly, the tactile stimulation group did almost as
well. To understand this result, Middaugh examined the
pretrial characteristics of her subjects. She found that only
those with relatively good pretraining (baseline) control
did well in the tactile stimulation condition and that those
with poor pretraining control did well only in the EMG
feedback condition. For those subjects with little pretraining
ability, the biofeedback became essential for effective
practice. Middaugh concluded that some patients are more
likely to benefit from biofeedback training than others, and
that it is essential to “select the right technique for the right
patient” (p. 202).

The present study is an attempt to determine whether
pretraining ability, or stimulability, can be used to distin-
guish those individuals who would best benefit from
biofeedback from those who are likely to succeed with
nonbiofeedback training. A relatively simple nonspeech
task, performed by healthy young subjects, was chosen for
the first phase of this investigation to isolate stimulability
and response to training from potentially confounding
factors, such as overlearned speech patterns and other
factors that might pertain to disordered speech (e.g.,
cognitive factors, anxiety, physiological or neurological
impairment). Although these and many other factors may
be critical elements in clinical practice, this study was
designed to determine whether there is a relationship
between stimulability and biofeedback in the normal
population before making any attempt at generalization to
specific clinical populations. If such a relationship is
found, then it will be suitable to explore its implications for
clinical populations with disordered speech production
systems whose treatment involves motor learning. This
would include individuals with speech and related disor-
ders such as stuttering, hyperfunctional voice, alaryngeal
voice, velopharyngeal insufficiency, neurogenic dysarthria,
dysphagia, articulation and phonological disorders, and
profound hearing loss.

Methods
Subjects

The subjects were 36 undergraduate students. All
subjects were healthy young adults by appearance and self-
report. During a screening interview, potential subjects
who had received formal voice training were excluded
because the experimental task was close to one they may
have practiced. Subjects were asked specifically for self-
assessment of respiratory function, exercise tolerance, and
general motor coordination. No tests of these functions
were performed, as verbal self-report was deemed adequate
for this phase of the investigation. Subjects whose data
were included in the study did not report or demonstrate
(by casual appearance) difficulties with physical coordina-
tion, speech, respiration, or hearing. A minimum age of 18
years was required to obtain informed consent, but
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subjects’ ages were not recorded. Eleven were male, 25
were female.

Experimental Task
The experimental respiratory task involved learning to

control the rate of abdominal-diaphragmatic quiet respira-
tion. Subjects were trained to inhale to a comfortable level
and then to regulate the rate of exhalation to approximately
25% of tidal volume per second for at least 2 seconds. The
task was designed for this study as a generic motor task
and although it is similar to respiratory activity during
speech, it was not chosen for its relevance to any particular
speech act or speech disorder. Rather, it was selected as a
task that could be assumed to be within the physical
capabilities of normal young people, one that could be
readily represented by a biofeedback display, and one that
could be readily measured for purposes of this study. An
abdominal breathing task was chosen because it is gener-
ally unfamiliar to individuals who have not undertaken
formal speech or voice training, although it may be
assumed to be within the capabilities of normal young
people. Further, this task was selected to focus on the
short-term relationship of stimulability to biofeedback
training for skill acquisition, without consideration of
transfer and generalization processes. Transfer and
generalization are distinct from skill acquisition in motor
training and therapy (Schmidt, 1998) and are not examined
in this study.

Instrumentation
The computer-based Cafet™ system (Goebel, 1986)

simultaneously monitors amplitude and timing of phona-
tion and respiration. Phonation is monitored acoustically
through a clip-on electret condenser microphone. Chest
wall expansion is monitored via a chest bellows that is
placed around the torso at the level of the upper abdomen
and secured with a Velcro strap.1 Analog-to-digital
conversion of these signals is performed by a proprietary
circuit board. Visual representation of phonatory amplitude
and chest wall expansion are integrated in an amplitude-
by-time display that is automatically refreshed with each
new inspiration. Parameters can be adjusted to define and
modify specific targets in tasks ranging from prephonatory
respiration through spontaneous conversation. The user can
choose from three types of software to control the system,
depending on clinical requirements. For the present study,
the Cafet For Kids™ software (Goebel, 1989) was used
because it can be configured to present a visual target for
rate of exhalation (Figure 1). It should be noted that the
present experimental task did not require or measure
phonation.

Procedures
Each subject participated in a single session lasting

approximately 30 to 50 minutes.
Phase 1: Orientation. The subject was seated comfort-

ably in a straight-backed chair in view of the Cafet monitor
screen. The chest bellows was placed about the upper
abdomen, at the level of the lower ribs, and secured with a
Velcro strap. The respiratory task was explained verbally,
and then the subject was asked to relax and breathe quietly
while the program calibrated for tidal volume. The
calibration phase generally ranged from 3 to 6 cycles, with
an occasional need for restarting if the subject moved.
Calibration cycles were not recorded. After the calibration
phase, each subject was instructed in the nature of the task
by viewing between 5 and 10 cycles showing the visual
trace of chest wall movement on the screen while the
experimenter explained the display. These instructional
cycles were frequently interrupted by the experimenter to
illustrate various components of the task or the display;
they did not function as practice cycles. When the subject
indicated an understanding of the relationship of the
display to his or her respiration, the instructional phase was
concluded. The subject was then given an illustration of
displays representing on-target performance (“Good”) and
four types of error, which were defined as follows: (a) rate
of expiration too shallow (“Hit Top”), (b) rate of expiration
too steep (“Hit Bottom”), (c) sudden rapid exhalation
(“Too Sudden”), and (d) failure to contract the abdomen
(“Held Breath”). Subjects received the illustration that
appears in Figure 2 for reference during verbal instruction
and probe phases.

Phase 2: Initial Training (Verbal Feedback = Post-
response Knowledge of Performance). The monitor was
turned so that it could be observed by the experimenter, but
not by the subject. The subject was then asked to practice
the target breathing pattern for 6 minutes. Verbal guidance
was provided at the completion of each exhalatory cycle,
principally in the form of the phrases shown on the
reference illustrations (Figure 2). As indicated, guidance
that contains information about the nature of the response
and not simply whether it was correct or incorrect, is
termed knowledge of performance (KP).

1Because the Cafet system has only one transducer, it cannot reflect lung
volume change accurately under all conditions. Nevertheless, because
subjects stayed within the midrange of vital capacity and probably used
fairly consistent relative volume contributions of the rib cage and
abdominal components of the chest wall, it is believed that the Cafet
system provided an adequately accurate lung volume change signal for
the purposes of this study.

FIGURE 1. Target display for the respiratory rate control task
showing respiratory trace (inhalation/exhalation) and expira-
tory rate target (parallel diagonal lines).
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Phase 3: Baseline Probe (Verbal Feedback = Post-
response Knowledge of Results). In this 3-minute phase,
the subject remained unable to see the monitor. Feedback
was restricted to the words “good” or “not good.” As
indicated, postresponse feedback that is limited to the
adequacy or inadequacy of the response is termed knowl-
edge of results (KR). The percentage of error-free trials in
this phase was used as the measure of baseline skill, or
stimulability.

Random Selection of Subjects for Biofeedback or Verbal
Feedback. At the close of the baseline phase, subjects were
randomly assigned to groups in which they received verbal
knowledge of performance feedback (Phase 4a) or biofeed-
back (Phase 4b).

Phase 4a: Additional Verbal Feedback Practice (Verbal
Feedback = Postresponse Knowledge of Performance).
The monitor remained out of the subject’s line of sight as
the target pattern was practiced for 6 minutes with verbal
guidance from the experimenter, as in Phase 2.

Phase 4b: Biofeedback Practice (Biofeedback = Real-
Time Visual Display Representing Abdominal Wall
Movement). The monitor was turned to face the subject,
who then practiced the target breathing pattern for 6
minutes while observing the visual trace during each cycle.
No verbal feedback was given during this phase.

Phase 5: Retention Probe (Verbal Feedback = Knowl-
edge of Results). This 3-minute phase was identical to the
baseline phase. The difference between performance in this
phase and in Phase 3 was defined as the practice increment.

Data Collection
The Cafet For Kids program acquired and recorded data

relative to the number and type of errors (e.g., breath-holding,
fast airflow) for each respiratory cycle. The number of
respiratory cycles in each phase were also recorded. These
data were automatically stored on disk. Stimulability is
defined in this study as the number of error-free trials in
Phase 3. This represents a subject’s ability to perform the
task after initial instruction. Skill acquisition, or practice
increment, is defined in this study as the difference in the
percentages of error-free respiratory cycles in Phases 5 and 3.
If the subject succeeded in learning the target pattern, then
the percentage of error-free cycles in Phase 5 was higher than
in Phase 3, and the practice increment was positive.

Analysis
Subjects in the biofeedback (Phase 4b) and verbal

instruction (Phase 4a) groups were matched by rank for
stimulability (Phase 3 performance); then their practice
increments were analyzed as the dependent variable. It had
been the author’s intention to follow Middaugh (1990) by
dividing the groups into stimulable and nonstimulable
subgroups on the basis of baseline scores falling above or
below the group mean. However, visual examination of the
data (see Figures 3 and 4) suggested an ad hoc three-way
division based on stimulability. It appeared that subjects
who were readily stimulable tended to have negative
practice increments with biofeedback. Subjects who were

FIGURE 2. Reference drawings given to subjects to explain
posttrial verbal (knowledge of performance) feedback during
Phases 2, 4a, and 5. The first drawing (“Good”) represents
successful completion of a trial. The other drawings represent
possible error types. The word or phrase at the top of each
illustration was spoken by the experimenter at the close of
each respiratory cycle.
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poorly stimulable tended to have negative practice incre-
ments with knowledge of performance. Subjects in the
midrange of stimulability appeared to have positive
practice increments regardless of training modality.
Consequently, the data were analyzed for three equally
sized groups on the basis of relative level of baseline skill:
high, middle, and low. Statistical analysis was performed
using a repeated measures two-factor (training condition ×

stimulability level) ANOVA with a Bonferroni-adjusted
alpha of 0.0167. Post hoc means testing used Bonferroni-
adjusted confidence intervals (α = 0.003).

Results
Figures 3 and 4 show percent error-free trials in

stimulability and retention phases for the knowledge of

FIGURE 4. Subjects who received biofeedback (Phase 4b) are ranked by stimulability (Phase 3) score (diagonal solid line). Vertical
bars represent practice increments. Upward bars represent positive practice increments, or skill acquisition.

FIGURE 3. Subjects who received verbal knowledge of performance feedback (Phase 4a) are ranked by stimulability (Phase 3)
score (diagonal solid line). Vertical bars represent practice increments. Upward bars represent positive practice increments, or skill
acquisition.
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performance and biofeedback groups, respectively, with
subjects arranged by training condition and ranked by
stimulability scores in descending order. Practice incre-
ments, which are simply the retention scores minus the
stimulability scores, are shown as rising (or falling)
columns. Table 2 shows mean differences in practice
increment scores for high-, middle-, and low-baseline skill
subjects in the KP and biofeedback (BF) conditions. A 2 ×
3 (training condition × stimulability level) ANOVA
revealed a significant main effect for stimulability [F(2,
30) = 5.64, p < .01] but not for training condition [F(1, 30)
= 0.28, p = .60]. An interaction between stimulability and
training condition failed to reach significance at the
Bonferroni-adjusted alpha of 0.0167 [F(2, 30) = 3.37, p <
.05]. Group data for this analysis are shown graphically in
Figure 5. Post hoc tests using Bonferroni-adjusted confi-
dence intervals (α = .003) indicated that the mean practice
increment of the biofeedback/high-stimulability (BF/High)
group differed from those of all other groups and that
differences among means of all other groups failed to reach
significance.

Measures of Effect
Maxwell and Delaney (1990) argue that tests of

significance, such as those reported here, are well suited
for hypothesis testing but may fail to address clinically
relevant questions about effect size. “Particularly if
decisions are to be made on the basis of an experiment
about whether it would be cost effective to implement a
particular program, to have an estimate of the magnitude of
the effect is critical” (p. 97). Measures of effect size
provide indications of the strength of experimental effects
and are also valuable because they provide standardized
indices of relationships that are independent of sample
sizes or of the original measurement units. This standard-
ization permits the comparison of studies with different
sample sizes and units of measurement (Meline & Schmitt,
1997).

Two of the measures of effect size that Meline and
Schmitt (1997) discussed are applicable to the data in this
paper. They are the correlation ratio (η) and the standard-
ized difference mean (d). The correlation ratio, or Eta (η),

reflects effect size when comparing more than two means,
as in the ANOVA procedure. Meline and Schmitt (1997)
adopt Cohen’s (1977) definition of a large effect size for
the Eta statistic where η2 > 0.138. Eta was computed for
the main effects of stimulability and training, and for the
interaction between them. There was a large effect size for
stimulability (η2 = 0.273) and for the interaction of
stimulability and training (η2 = 0.184), and a negligible
effect size for training condition (η2 = 0.009).

Discussion
These data support the hypothesis that the level of

stimulability is related to the probable benefit of biofeed-
back treatment for a respiratory rate control task. Individu-
als who are likely to benefit from biofeedback include
those whose stimulability levels are in the low to middle
ranges. This is particularly relevant for those in the low-
stimulability range because subjects in that range experi-
enced a negative practice increment under verbal knowl-
edge of performance. That outcome is consistent with the
numerous clinical reports in which biofeedback treatment
succeeded in patients for whom years of traditional
treatment had failed (Allen, Bernstein, & Chait, 1991;
Crary, 1995; Daniel & Guitar, 1978; D’Antonio, Lotz,
Chait, & Netsell, 1987; Fletcher, 1989; Fletcher, Dagenais,
& Critz-Crosby, 1991; Gallegos, Medina, Espinoza, &
Bustamante, 1992; Ruscello, Shuster, & Sandwisch, 1991;
Schultz, Perlman, & VanDaele, 1994; Shawker & Sonies,
1985; Shuster, Ruscello, & Smith, 1992; Shuster, Ruscello,
& Toth, 1995; Watson, Allen, & Allen, 1993; Witzel,
Tobe, & Salyer, 1988). In contrast, those in the middle
stimulability range appear to be equally likely to benefit
from biofeedback and nonbiofeedback training.

The single most striking finding is that high-stimulability
subjects experienced a large decrement in performance
after receiving biofeedback training, whereas other effects
were moderate in comparison. Despite the failure of the
interaction of stimulability and training condition to reach
significance, it is apparent from examination of the

TABLE 2. Group means and standard deviations.

Combined
       Group KP Practice BF Practice (n = 12)

High Stimulability –3.33 –28.17* –15.75
n = 6 21.14 14.40 21.58

Mid. Stimulability 7.17 10.17 8.67
n = 6 19.62 25.92 21.97

Low Stimulability –5.33 6.83 0.75
n = 6 11.78 11.44 12.76

Combined 0.50 –3.72
n = 18 17.81 24.81

Note. Asterisk indicates significant difference from other means at
Bonferroni-adjusted confidence interval.

FIGURE 5. Mean practice increments for high-, middle-, and
low-stimulability groups under biofeedback and knowledge of
performance conditions.

P
ra

ct
ic

e 
In

cr
em

en
t

Downloaded From: http://ajslp.pubs.asha.org/ by a ReadCube User  on 04/26/2016
Terms of Use: http://pubs.asha.org/ss/rights_and_permissions.aspx



Volin 89

combined means in Table 2 and the graphic representation
in Figure 5 that the main effect of stimulability results from
this decrement. Although the combined means for the
high-stimulability groups were substantially lower than
those of the middle- and low-stimulability groups, it is
apparent that most of that difference is attributable to the
performance of the BF/High group. This negative practice
increment experienced by the biofeedback/high-stimulability
group presumably resulted from the disruptive effect of
biofeedback on its already effective internal representa-
tions of the task, which enabled the group to achieve high-
stimulability scores. In effect, these subjects had to
recalibrate the task according to the biofeedback param-
eters in order to acquire the biofeedback-induced respira-
tory pattern.

In considering these findings, it is important to bear in
mind that they reflect events that take place in the acquisi-
tion phase only and do not refer to long-term learning or
generalization. It is during the acquisition phase, in which
the learner requires substantial guidance, that biofeedback
has been shown to be most effective (Schmidt, 1987,
1988). Long-term learning is achieved in later stages of
motor learning (Schmidt, 1988), which are not addressed in
this paper. The data reported here are relevant to the
efficacy of early-stage, acquisition training procedures.

In summary, these findings suggest that biofeedback
training, where appropriate to a given task, should be
considered strongly for clients who demonstrate poor
stimulability during evaluation or trial treatment. However,
it appears that biofeedback may be no more effective in the
establishment of new motor behaviors than more standard
methods involving verbal feedback for clients who
demonstrate fair to good stimulability. For those with
excellent stimulability, it appears that biofeedback may
actually interfere with their development of skills that have
already been acquired by forcing them to recalibrate the
task according to the biofeedback parameters.

It should be noted that these conclusions are prelimi-
nary. They are based on brief training intervals, a relatively
simple nonspeech task, and normal subjects. It would be
premature, therefore, to generalize these results with
confidence either to speech tasks or to speech-disordered
populations. Nevertheless, speech production is a motor
activity (see, e.g., Gracco, 1994). As such, it is subject to
fundamental principles of motor learning, such as the need
for consistent and frequent guidance during the acquisition
stage and the need for removal of guidance as well as
extended practice during transfer and generalization stages
(Hegde & Davis, 1992; Schmidt, 1987, 1988). It remains
to be seen whether the patterns observed in the present
study persist over longer training periods on similar tasks
and on different tasks involving other aspects of speech
production and greater complexity. Additional research is
needed to resolve these questions. Ultimately, this line of
research must be extended to clinical populations with
speech and related disorders involving physiological
systems for which biofeedback can be provided. These
include the respiratory, laryngeal, articulatory, oropharyn-
geal, and auditory systems. Rubow (1984) wrote that the
use of biofeedback is limited by the “sparse literature on

treatment efficacy as well as poor understanding of the
biofeedback process” (p. 207). The present work is offered
as a small step toward that understanding.
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