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Abstract

Background: there is some indication that the use of delayed auditory feedback (DAF) is a potentially
helpful technique in the treatment of stuttering. Several devices for DAF are also commercially. However,
not all individuals who stutter experience a positive effect on speech fluency when speaking under DAF. And
those who do show a positive effect, may differ considerably as to the degree and the conditions in which
the effect is seen. Therefore, the decision whether or not to attempt the use of DAF in an given client is
usually not straightforward. Aim: starting from a literature review, the present paper discusses and illustrates
factors to take into account when considering the use of RAA in an individua client. Four types of factors
are distinguished: factors inherent to the client such as gender, age, stuttering severity, dysfluency pattern,
origin of stuttering, and biological subtype; factors outside the client including delay time, intensity, manner
of delivery, speech mode, and speech situation; possible side-effects like a reduction in speech rate, an
increase of speaking fundamental frequency and vocal intensity, lengthening of vowels, and a possible effect
on speech naturalness; others namely cosmetics, finances, and the long-term effect. Conclusion: the review
shows that most likely multiple factors play a role, but with the currently available data it is very hard to
predict whether a given individual will or will not benefit from the use of DAF. Overal, the evidence for the
influence of the different factors is still meager. Moreover, some studies present data of a quality that can
hardly be considered "evidence".

Key Words: Stuttering; Treatment; Delayed Auditory Feedback.

Resumo

Tema: a realimentacéo auditiva atrasada (RAA) é ao que parece, uma técnica que tem sido utilizada no
tratamento da gagueira com hons resultados. Muitos aparelhos de RAA sdo comercializados. No entanto,
nem todas as pessoas que gagugjam experimentam melhora na fluéncia da fala ao utilizar a RAA e quando os
efeitos sdo positivos observam-se diferencas consideraveis em relacdo ao grau e as condigdes em que a
melhora na fala ocorreu. Neste sentido, a decisdo de utilizar ou nd a RAA no tratamento de um cliente nem
sempre é Gbvia. Objetivo: o presente artigo se propde a discutir e ilustrar fatores a serem considerados, no
que se refere a utilizagdo da RAA em terapia individual, com base em uma revisdo de literatura. Quatro tipos
de fatores s@o apresentados: fatores inerentes ao cliente, tais como sexo, idade, severidade de gagueira,
tipologia da disfluéncia, origem da gagueira e tipo biologico; fatores externos ao cliente, como o tempo de
retorno da informag&o auditiva, intensidade, modo de apresentacdo, modalidade e situagdo de fala; possivels
efeitos colaterais como reducdo da velocidade de fala, aumento da frequiéncia fundamental e da intensidade
vocal, prolongamento de vogais e um possivel efeito na naturalidade fala; outros fatores como questdes
estéticas, questdes financeiras e durac@o do efeito na fala. Conclusdo: a revisio aponta a influéncia de fatores
multiplos, mas com os dados existentes é dificil predizer se o individuo sera ou ndo beneficiado pelo uso da
RAA. Em suma, aém das evidéncias em relagdo a influéncia de diferentes fatores serem ainda pobres, alguns
estudos apresentam dados de pouca qualidade que ndo podem ser considerados "evidéncia'.
Palavras-Chave: Gagueira; Tratamento; Realimentac8o Auditiva Atrasada.
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Introduction

Stuttering is complex speech disorder that is
not so easy to define (Schiefer, 2005). According
to theWorld Health Organization (1977) stuttering
isadisorder in the rhythm of speech in which the
individual knows precisely what he or she wishes
to say, but at thetimeisunableto say it because of
an involuntary repetition, prolongation, or
cessation of asound. The prevalence of stuttering
in general isestimated at about 1% with amaleto
femaleratioof 3to 1. (Bloodstein, 1995). A higher
prevalenceisusually reportedin children. Andrade
(1997), for instance, found a prevalence of about
2,9%in2.980 childrenfrom 1t0 11:11 yearsof age
of aneighborhood of the city of S&o Paulo (Butanta
community).

Therapy for stuttering usually fallsinto one of
two groups: fluency shaping approaches or
stuttering modification approaches. Stuttering
modification therapies are based on the reduction
of the avoidance behaviors, fears and negative
attitudes of the stutterers (Andrade, 2003). The
concepts and feelings associated with stuttering
can bevery strong (Andrade et al, 2004) and vary
among different countries and cultures (St Louis
et al, 2005). Examplesof stuttering modification
therapies are the methods of Van Riper (1973) and
Gregory (1986). Fluency shaping programs, on the
other hand, aim at enhancing fluency by the
stimulation of areasthat will help the stutterer to
monitor his speech. An example of this approach
is the PFPF (Programa Fonoaudioldgico de
Promocéo de Fluéncia) developed by Andrade
(2003). Fluency shaping therapy sometimes make
use of techniqgues such as surface
electromyography (Sassi,, 2003, Andrade e Sassi,
2003, Sassi and Andrade, 2004) and also delayed
auditory feedback. In the latter technique a
speaker's verbal output is fed back in to his ears
after ashort delay.

IN1950B.S. Leefirgt reported on the deleterious
effectsof delayed auditory feedback (DAF) onthe
speech of normally fluent speakers. He called the
effect "startling", causing the person to stutter, to
slow down while raising his voice in pitch or
volume, or to stop compl etely. Some of hissubjects
tested devel oped "a quavering slow speech of the
type associated with cerebral palsy" and revealed
"tension by reddening the face" (p. 640). Soon
after studies appeared showing that inindividuals
who stutter, by contrast, DAF may improve speech
fluency (Nessel, 1958; L otzmann, 1961; Chase et
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a., 1961a; Bohr, 1963; Zerneri, 1966; Soderberg,
1969). Today there is some evidence that the use
of DAF is a potentially helpful technique in the
treatment of stuttering (Kalinowski et al., 1993,
1996; Stuart et al., 1997; Stuart and Kalinowski ,
2004; Sparkset a., 2002; Macleod et d ., 1995; Van
Borsel et a., 2003). Several devicesfor DAF are
alsocommercialy availableranging fromlarge-sized
desk models over body-worn battery-powered
devices to (almost) invisible prosthetic DAF
devices.

It should be recognized too, however, that not
al individuals who stutter experience a positive
effect on speech fluency when speaking under
DAF. And those who do show a positive effect,
may differ considerably as to the degree and the
conditionsin which the effect is seen (Bloodstein,
1995; Ward, 2006). The outcome in agiven client
probably is a function of multiple factors and as
such the decision whether or not to attempt the
useof DAFisusually not straightforward. Starting
from a literature review, the present paper has as
an objective to discuss and illustrate factors to
takeinto account when considering the use of DAF
inanindividual client. Four types of factors can be
distinguished: factorsinherent to the client, factors
outsidethe client, possible side-effects, and others.

Factorsinherent totheclient

Among thefactorsinherent to the client witha
possibleinfluence on the effect of DAF are gender,
age, stuttering severity, dysfluency pattern, origin
of stuttering, and biological subtype.

Gender

It has been shown that in non-stutterers males
are more susceptible to DAF than females
(Bachrach, 1964; Mahaffey and Stromstra, 1965;
Timmons, 1971; Fukawaet al. , 1988). In people
who stutter there appears to be no difference in
the effect of DAF in male versus female stutterers
(Fukawa et al., 1988). Grosser et al. (2000)
nonethel ess observed that male stutterers tend to
show agreater reduction of speech ratethan females
under DAF. This reduction, which resulted from
an increased duration of individual syllables, was
not necessarily perceived, however, as an
improvement in fluency.

Borsel et al.
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Age

Anaogousto the finding in non-stutterers that
younger individuals are more susceptible to DAF
than older individuals (MacKay, 1968; Siegel etdl.,
1980), Burke (1975), reported more benefit in
younger children (7 to 12 y) who stutter than in
older children (13to 18y). He a so reported, though,
that there may be an interaction with stuttering
severity and delay time. The positive effect of DAF
does not totally wane off with age and several
studies reported positive effects in adults as well
(seefor instance Stuart et al., 1997; Kalinowski et
al. 1996; Van Borsdl et al., 2002). Withregard to the
use of DAF in children, Perkins et a. (1974) till
remarked that children are often so annoyed by it
that they are unwilling to cooperate.

Severity

As far as severity of stuttering is concerned,
the general tendency seems to be that there is a
significant effect in severe stutterers and no
significant improvement in mild stutterers
(Soderberg, 1959; L otzmann, 1961, Naylor, 1953,
Nessdl, 1958, Ham & Steer, 1967, Burke, 1975; Sparks
et a., 2002). It has even been suggested that less
severe stutterers perform much like normal speakers
and have difficulty being fluent (Van Riper, 1971).
One may wonder then, if perhaps there exists a
kind of floor effect and what the critical severity
level, for instanceintermsof SSI score(Riley, 1994),
might be.

Dysfluency pattern

Systematic research of the impact of the
dysfluency pattern exhibited on the effect of DAF
is still lacking. Personal clinical observation
suggestsat any ratethat DAF may belesseffective
in individuals in whom blocks constitute the
majority of their fluency failuresthaninindividuals
demonstrating predominantly repetitions and
prolongations. This is not quite unexpected. For
feedback to be changed by a DAF device, there
first must be a speech signal, which by definition
islackingin blocks.

Origin of stuttering

So far DAF has been used most frequently in
individualswith developmental stuttering and only
occasionally in cases of stuttering of later-onset.
Positive effects in individuals with neurogenic
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stuttering werereported by Downieet al. (1981) in
two patients with Parkinsonism, and by Marshall
& Starch (1984) and Marshall & Neuburger (1987)
in respectively 1 and 3 participantswho devel oped
stuttering after head inury. Balasubramanian et al.
(2003), on the other hand, observed no effect of 50
ms DAF in a 57-year-old male with acquired
stuttering following anischemiclesionintheright
frontal lobe and the pons.

Biological subtype

A recent study by Foundas et al. (2004)
suggested that within the population of
development stutterersthere may betwo biological
subgroups with different susceptibility to DAF.
They found DAF to be more effectivein agroup of
individuals with an atypical planum temporale
asymmetry (i.e. right planum temporalelarger than
|eft planum temporal €) than inagroup of individuas
with atypical planum temporale asymmetry (left
planum temporale larger than right planum
temporale). It should be noted, however, that the
group withthe atypical planar asymmetry was also
the group that exhibited greater dysfluency at
baseline. Assuch, itisnot clear if thedifferencein
benefit wasreally caused by the asymmetry of the
auditory association cortex or rather by the
difference in stuttering severity.

Factorsoutsidetheclient

In addition to factorsinherent to the client, there
are al'so anumber of factors outside the client that
should be considered when using DAF. They
include delay time, intensity, manner of delivery,
speech mode, and speech situation.

Delay time

All of the currently available DAF devices
alow different delay times. With the Kay Elemetrics
Facilitator 3500, for instance, delay timesfrom 10
to 500 msin 10 msincrements can be chosen. One
of the versions of the Casa Futura School DAF has
16timedelaysbetween 13 and 213 ms. The Belgian
device DEFSTUT alowsdelay timesfrom 0to 200
msin Imsincrements. In non-stutterersit hasbeen
shown that some delay times are more disruptive
than others and that the delay for maximum
interference varies with age: the older a subject,
the shorter the delay producing maximal
interference (MacKay, 1968). Fromtheliteraturein
stuttering it is also quite clear that amelioration
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can be obtained at various auditory feedback
delays. From aclinical point of view, the question
at stake iswhether there exists an optimum delay
time?

Kalinowski et a. (1996) defined the optimum
delay as "the shortest delay which produces the
maximum reductionin stuttering frequency". Delay
times used appear to vary from study to study. In
the majority of studies afixed limited number of
delay timeswastested, less often participantswere
free to choose the delay time. Studies also vary
with respect to how the 'optimum' delay was
determined. In some studies the optimum was
based on objective measures of dysfluencies, in
others it was based on subjective judgments of
the participants. Results of some of the major
studies that investigated various delay times are
summarized in table 1. In addition, afew authors
suggested optimum delay times based on clinical
experience Thus Ryan (2004) suggested a delay
timeof 150 ms, Skotko (2004) adelay timebetween
58and 75ms.

In interpreting the results from the studies
included in Table 1, some caution is necessary.
One should take into account that the optimum
delay times mentioned are in fact group results
that do not necessarily apply in every individua
client. Moreover, thereis someindication that the
optimum delay time may vary according to age,
stuttering severity, and therapy history. With regard
to age, similar delay times resulted in a greater
benefit in younger children than older childrenin
the study by Burke (1975). Similarly, delay times
that yielded asignificant effect in severe stutterers
often showed no significant improvement in mild
stutterers (Soderberg, 1959; Lotzmann, 1961;
Naylor, 1953; Nessel 1958; Ham & Steer, 1967;
Burke, 1975; Sparkset a., 2002). With respect to
therapy history Ryan (2004) observed that
individuals, who received intensive treatment in
the past that relied heavily on speaking rate
reduction, were unable to 'find' adequate control
over disfluent moments unlessthe delay was over
70ms. The majority of thisclientswho tried using
adelay setting as short as 58ms during the initial
periods, ultimately requested a DAF increase at
least for awhile.

Analogousto thequestionif thereisan optimum
dday time, onemay aso ask if thereexistsamaximum
delay time, i.e. thedelay timeinwhich DAF ceases
to operate and the amount of stutteringsunder DAF
start to outnumber the amount of stutterings under
non-altered feedback. According to Soderberg
(1969) the maximum delay time, also called the
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negative L ee-effect, varies with stuttering severity.
In milder cases a negative Lee-effect would occur
with delay times of 100 and 200 ms, in severe cases
with delay timesof 200 and 300 ms.

Intensity

Apart from alowing different delay times the
currently available DAF devices also allow to
feedback the speech signal at different levels of
intensity. Accordingto Butler & Galloway (1957) the
greatest effect of DAF (i.e. most disruptive) in non-
stutterersisobserved when feedback isloud enough
to mask bone conduction with 50dB. As far as we
could ascertain there is only one study that
investigated the effect of different intensity levels
in stuttering individuals. Using intensity levels of
65, 75, 85 dB in nine indiviudals during a reading
task Gibney (1973) found that lower intensity levels
gavegreater facilitation. Overall, studiesof DAFin
stuttering individualsarefar from clear with respect
totheintensity level used. Sometimes the intensity
level is smply not mentioned (Adamczyk, 1959;
Novak, 1978). Sometimes the most comfortable
listening level for the participant (Zimmerman et al.
1990, Van Borsel et a. 2003) was used. Still other
studies used "a speech level output to the subject's
earsthat isconsistent with auditory self-monitoring
during their normal conversation” (85dB SPL)
(Kalinowski et al., 1996). As the latter reference
suggest, one should indeed make a distinction
between signal input level to the microphone and
speech output level to the subjects' ears when
discussing intensity in the use of DAF.
Unfortunately, the manuals of some of the DAF
devicesarefar from specific either on thisissue. The
Casa Futura School DAF has 10 volume levels and
DEFSTUT has 30 volumelevelsbut in neither case
there is any specification of the intensity at each
possible level. The manua of the Kay Elemetrics
Facilitator, on the other hand, is quite specific: the
device has an amplitude range of speech output (at
headphones) from 70to 90 dBSPL.

Manner of delivery

With respect to manner of delivery Stuart et al.
(1997) found binaural DAF (50-msdelay) to more
effective than monaural DAF in agroup of eleven
participants during reading aloud. Binaural
presentation of the feedback signal reduced
stuttering on average by 70%, monaural
presentation by 60%. No significant differences
were found, however, between right and left
monaural DAF.

Borsel et al.
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Speech mode

Studies investigating the effect of DAF in
individuals who stutter have done so in different
speech modes: reading aloud, picture description,
repeating words or sentences, spontaneous
speech, and conversation. The available results
doasyet not yield aclear picture of thedifferential
effect of DAF in various speech modes. Soderberg
(1959) investigated oral reading and spontaneous
speech and found a significant reduction of
frequency and duration of stuttering in both
conditions. Using Picture description and repeating
short sentences Burke (1975) reported areduction
of stuttering under DAF in the former condition
and an increase in the latter. In the study by Van
Borsel et al. (2003) participants stuttered somewhat
morein conversation under DAF than during ora
reading, picture description, and repeating words
and sentence. It should be remarked that all data
today are based on assessment in laboratory
situations. Objective data on the effect of DAF in
different real everyday speaking situationsarestill
lacking.

Pereira et a (2003) found that the duration of
consonants of stuttererswhen fluentissmaller than
that of fluent speakers, indicating that when they
are fluent, stutterers speak faster than fluent
speakers. This might reflect a compensatory
mechanism in the speech rate, trying to keep the
balance of the prosodic structure.

Generally speaking, DAF dlowsthe speech rate
and the higher the delay time the more the speech
rate is reduced. A number of authors have also
suggested that it is precisely the reduction in
speech rate that brings about fluency under DAF
(Wingate, 1976; Perkins, 1979; Costello-Ingham,
1993). Studiesby Kainowski et d. (1993, 1996) and
McLeod et al. (1995), however, have shown that a
slow speech rateisnot really necessary for fluency
enhancement under DAF. They observed
decreases in stuttering frequency at both normal
and fast rates of speech with a50ms delay.

It has also been observed that speaking under
DAF may lead to an increase of fundamental
frequency (Soderberg, 1959; Lechner, 1970), at
least at delay times of 140ms, and to an increase of
vocal intensity (Howell, 1990), similar to what has
been observed in non-stutterers under DAF (Lee,
1951; Black, 1951; Atkinson, 1953; Fairbanks, 1955;
Chase et al. 1961b). Perhaps these changes

represent a kind of Lombard effect. In addition,
Howell (2004) and Howell et a. (1988) reported that
people who stutter tend to elongate the vowels

TABLE 1. Overview of studiesthat investigated various delay times

Study [ Optimum delay (ms) initalic .
Sodarberg (1969) 60-100-140-220 un'der DAF, an effept that would be ameliorated by
Lotzmann (1961) 50-100-150-200-250-300 using short delay times.
Novak (1978) 55-110-165-220 To what extent possible changes like that of
Kalinowski et al. (1996) 25-50-75
Ven Borsd et 4, (2003) 93147, 503 speech rate, fundamental frequency, vocal

intensity, and vowel duration affect speech

Possible side-effects

When applying delayed auditory feedback, one
should a so reckon with anumber of possible side-
effects. These include a reduction in speech rate,
an increase of speaking fundamental frequency
and vocal intensity, lengthening of vowels, and a
possible effect on speech naturalness.

According to Andrade et al (2003, p.81): "...
speech rate is an important index when analyzing
the effectiveness of treatment, since one of the
goalsof speech therapy isto providefor the patient
the ability to present the same speech pattern as
that of individualswith no communication deficits,
i.e. such that the patient's speech does not sound
different from that of fluent speakers'. Britto
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naturalness, isasyet unclear. Thereareonly afew
studies on speech naturalnessunder DAF yielding
moreover conflicting results. While Martin et al.
(1984) found no differencein naturalnessin people
who stutter under non-altered feedback compared
to DAF, Stuart and Kalinowski (2004) and Stuart et
al. (2006) found speech significantly more natural
sounding with the device than without the device.
Perhapsthisdivergent findingsresult from the use
of a different delay time (250ms in the study of
Martin et al.1984 versus 50msand 60msin the study
of Stuart and Kalinowski, 2004 and Stuart et al.
2006 respectively) and maybe a so the combination
with frequency altered feedback (+ 500Hz in the
study of Stuart et al. 2006). Natke (2000) suggested
that the critical delay time with respect to
naturalness lies at 100 ms, above which speech
would start to sound unnatural.
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Others

Finally, we must mention yet three other aspects
to reckon with when considering the use of DAF
in an individual client: cosmetics, finances, and
thelong-term effect. The currently available DAF
devicesdiffer significantly from one another asto
size and conspicuousness and what is cosmetically
acceptablefor oneclient isprobably not for another.
Conspicuousness may be a factor that prevents a
client to make use of the devicein spite of apositive
effect on speech fluency (Van Borsel et al., 2003).
In this respect the SpeechEasy devices devel oped
by Janus Dev. Group, the smallest of which fits
completely in the ear canal, are by far the most
attractive types but they are also the most
expensive ones.

Purchasing a DAF device always implies a
substantial financial investment anyhow, with
pricesranging from 995 US$ (the casafuturaschool
DAF) to 4900 US$ (the completely in the canal
SpeechEasy device), depending also on additional
possibilitiesand options (such asfor instance other
types of altered feedback, automatic voice
activation, noise-canceling,...). It should be
recognized that the devices normally comewith a
trial period and warranty. The devices from Casa
Futurafor instance may be returned within 60 days
for a 100% refund when sold to, bought from, or
approved by a speech-language pathologist and
returned within 30 days for a 90% refund when
bought by consumers directly from Casa Futura
Technol ogies. Comparable conditions are applied
by the Janus Dev. Group and Laytec for the
SpeechEasy devices and the DEFSTUT
respectively.

Although a trial period is certainly an apt
procedureto find out if agiven client may possibly
benefit from the use of a DAF device, satisfaction
will ultimately depend on thelong term effect. The
available data suggest that an immediate reduction
of stuttering when speaking under DAF does not
awayspersistsover timebut it seemsasyet difficult
to predict in which clientsthe effect of DAF will or
will not wear off. Nor is clear which factors are
involved. Adamczyck (1959) reported a great
improvement in speaking in 13 cases and a slight
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improvement in 2 casesusing DAFfor 2to 3months.
In the nine participants in the study by Van Borsel
et a. (2003) repeated exposureto DAF continued to
promote fluency over a 3 month period but there
washo evidencethat length of exposureand fluency
enhancement were in a linear relationship. Using
DAF in combination with FAF (frequency atered
feedback) in nine people who stutter, Stuart et al.
(2006) found that the proportions of stuttering
events were significantly reduced at initia fitting
and remained so 12 months post follow-up. A
number of studiesin individuals with dysfluencies
of neurogenic origin reported mixed results. A 32-
year-old man with a four year history of acquired
stuttering studied by Marshall and Starch (1984)
continued to emit lessthan three stuttered syllables
per minuteat follow-up sessionsat 2, 7,9, 21 28 and
101 days after completion of the formal treatment
programwith DAF. Marshall and Neuburger (1987),
however, observed a return to baseline stuttering
levels during the maintenance phase and
reoccurrence of stuttering at follow up (3 months)
in two of three cases acquired stuttering following
head injury. And of two patientswith Parkinsonism
reported by Downie (1981) the first maintained
useful benefit for about one year but by then he
appeared to become habituated and the apparatus
was no longer effective. The second patient found
the apparatus still extremely helpful after twoyears
use.

Conclusions

It cannot be denied that DAF may have a
positive effect on speech fluency in a number of
stutterers. An overview of the relevant literature
shows, however, that most likely multiple factors
play arole and with the currently available datait
isvery hard to predict whether an individual will or
will not benefit from the use of DAF. Overall, the
evidence for the influence of the different factors
isstill meager. Moreover, some studies present data
of a quality that can hardly be considered
"evidence". The present review raised more
questions than answers which can only be
answered by future research.

Borsel et al.
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