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A proximal cause of reading disabilities is a deficit in phonological processing. A consequence of this deficit is infe-
rior performance in one or more cognitive operations that use phonological information, including phonological
awareness, lexical retrieval, and verbal memory. Some assert that these phonological processing difficulties are the
direct result of impaired auditory perceptual skills. This paper examines the theoretical and empirical grounds for
this hypothesis. First, evidence in support of perceptual deficits as a root cause of poor reading achievement and
specific language impairments is presented, followed by opposing evidence. Finally, research that has examined the
efficacy of interventions based on the auditory perceptual deficit hypothesis is reviewed.
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In the United States, nearly 2.9 million school-age children and
youth are identified as having a learning disability, representing
approximately 50% of the total number of children served in
special education programs (U.S. Department of Education,
2001). A majority of these children have chronic reading prob-
lems that place them at risk for academic failure, school with-
drawal, and a diminished quality of life. Over the past three
decades, an overwhelmingly vast and diverse base of empirical
research has provided convincing evidence that a proximal
cause of reading disabilities (RD) is a deficit in phonological
processing (e.g., Lyon, 1995; Share & Stanovich, 1995;
Stanovich, 1988; Stanovich & Siegel, 1994; Troia, in press). A
consequence of this deficit is inferior performance, regardless
of IQ, in one or more cognitive operations that use phonolog-
ical information, including phonological awareness (e.g.,
Blachman, 1991; Metsala, 1999; Stanovich, 1986, 1991;
Vellutino & Scanlon, 1987; Wagner & Torgesen, 1987), naming
(e.g., Badian, 1993; Felton & Wood, 1989; Wolf & Bowers,
1999), and verbal memory (e.g., Rapala & Brady, 1990;
Torgesen, Wagner, & Rashotte, 1994). But what causes this core
phonological processing deficit? Some researchers assert
phonological processing difficulties seen in children with RD
and children with language disorders are the direct result of
impaired auditory perceptual skills (e.g., Tallal, Merzenich,
Miller, & Jenkins, 1998; Tallal, Miller, & Fitch, 1993; Wright,
Bowen, & Zecker, 2000; Wright, Lombardino, King, Puranik,
Leonard, & Merzencih, 1997). The purpose of this paper is to
examine the theoretical and empirical grounds for this hypoth-
esis (see Kuhl, 1991, 1999; Nittrouer, 2002 for reviews of criti-
cal constructs in speech and non-speech perceptual research).

THE CASE FOR AUDITORY PERCEPTUAL IMPAIRMENTS AS A

ROOT CAUSE OF RD 

Early research investigating auditory perceptual difficulties
focused on children with specific language impairments (SLI)
who, as a group, appear to exhibit greater difficulty in speech
perception than their non-disabled peers of the same age.
Specifically, children with SLI display more errors when asked
to identify, discriminate, and serially order speech stimuli that

rely on temporally cued information, such as brief formant
transitions that cue place of articulation and rapidly occurring
voice onset times that cue consonant voicing features (Elliott,
1986; Elliott & Hammer, 1988; Elliott, Hammer, & Scholl,
1989; Leonard, McGregor, & Allen, 1992; Tallal & Piercy, 1974,
1975). Tallal and Piercy (1974), for example, found that chil-
dren with SLI performed more poorly than their typically
developing peers on discrimination and temporal order judg-
ment tasks using pairs of synthesized consonant-vowel (CV)
syllables in which the formant transitions of the stop conso-
nants were 43 ms in duration (the total duration of each sylla-
ble was 250 ms) and the syllables were separated by an inter-
stimulus interval (ISI) of 95 ms or less. In contrast, the chil-
dren with SLI performed just as well as the control partici-
pants on these tasks when pairs of synthesized steady-state
vowels of the same total duration were used as stimuli regard-
less of the ISI between the syllables. In a subsequent experi-
ment using similar procedures with the same group of chil-
dren, Tallal and Piercy (1975) presented two vowel-vowel syl-
lables (/ew/ and /aew/) in which the first steady-state vowel of
the syllable had a duration of 43 ms and two CV syllables (/ba/
and /da/) in which the formant transitions were lengthened to
95 ms. The performance of the children with SLI on the dis-
crimination and serial ordering tasks, compared with that of
the children without disabilities, was diminished for the
vowel-vowel stimuli but not for the CV stimuli at shorter ISIs.
These findings led the researchers to conclude that the dura-
tion of the acoustic cue (and not the formant transition itself)
was critical to accurate perception.

Deficits in processing the temporal aspects of acoustic sig-
nals among children with SLI do not appear to be confined to
speech; these children also perform more poorly than their age-
matched peers without language disorders on discrimination
and serial ordering tasks when pairs of complex non-verbal
tones (tones composed of multiple frequencies similar to those
found in the spectra of speech sounds) that differ only in fun-
damental frequency are presented with a combination of brief
ISIs and short tone durations (Tallal & Piercy, 1973a, 1973b).
Deficits in perceiving rapidly changing acoustic information in
speech and non-speech stimuli also have been found in some
children with RD (De Weirdt, 1988; Godfrey, Syrdal-Lasky,
Millay, & Knox, 1981; Hurford & Sanders, 1990; Reed, 1989;
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Tallal, 1980; Thibodeau & Sussman, 1979; Werker & Tees,
1987), particularly those who have poor pseudoword reading
skills arising from phonological processing difficulties (Adlard
& Hazan, 1998; Tallal, 1980; Tallal & Stark, 1981). For example,
Reed (1989) presented complex non-verbal tones of 75 ms
duration, vowels (/e/ and /ae/) of 250 ms duration, and CV syl-
lables (/ba/ and /da/) of 250 ms duration, separated by an ISI of
400, 300, 150, 50, or 10 ms, to good and poor readers. Although
the performance of the good readers on discrimination and
temporal order judgment tasks was not substantially affected
by decreasing ISIs, the performance of the poor readers was
affected. In other words, their accuracy decreased significantly
with shorter ISIs for non-verbal tones (recall that these were of
shorter duration than the other stimuli) and CV syllables (with
brief formant transitions), but not steady-state vowels. Reed
then identified the poor readers who performed worst on the
perceptual tasks and compared them with their matched con-
trols on a vowel serial ordering task in which white noise was
introduced. The increased difficulty of this task negatively
affected the performance of both groups equally. Because the
children with RD did not experience comparatively greater dif-
ficulty with processing the steady-state auditory cues in vowels
under demanding conditions, a deficit in processing brief
acoustic information appeared to be at the heart of the weaker
performance of children with reading problems.

Not only do children with SLI and RD have perceptual dif-
ficulties with rapidly presented auditory stimuli that contain
transient information, they also display more discrimination
errors when presented with rapidly occurring visual patterns
(e.g., flashes) than their normal peers (e.g., Eden, Stein, Wood,
& Wood, 1995; Lovegrove, 1993; Rose, Feldman, Jankowski, &
Futterweit, 1999; Tallal, Stark, Kallman, & Mellits, 1981) and
they are less adept at perceiving and producing sequential
motor movements, especially ones that occur rapidly (Tallal,
Stark, & Mellits, 1985; Wolf, 1991; Wolff, Cohen, & Drake,
1984). In conjunction with research findings from psychoa-
coustic studies like those described above, these results imply
that many children with language and learning disabilities
have a perceptual disorder that may be related to pansensory
deficits in temporal processing (for a review of this body of
work, see Farmer & Klein, 1995; Klein & Farmer, 1995; Tallal
et al., 1993). The auditory temporal processing deficit
described by Tallal, Merzenich, and their colleagues to be at the
core of at least some developmental disabilities, including RD
(Tallal, 1984, 1990; Tallal, Merzenich, Miller, & Jenkins, 1998;
Tallal et al., 1993; Tallal, Miller, Jenkins, & Merzenich, 1997), is
but one aspect of this fundamental disorder. Such a disorder
may emerge as early as the first year of life, possibly serving as
a biological marker of SLI (Benasich & Tallal, 1996), and con-
tinue to manifest itself throughout the life span as differences
in perceptual behavior, linguistic competence, neurophysio-
logical functioning, and brain morphology (e.g., Galaburda,
Corsiglia, Rosen, & Sherman, 1987; Galaburda & Livingstone,
1993; Galaburda, Menard, & Rosen, 1994; Merzenich &
Jenkins, 1995; Merzenich, Schreiner, Jenkins, & Wang, 1993;
Nagarajan et al., 1999; Tallal et al., 1993).

This evidence does not produce a "smoking gun" though; a
functional relationship between auditory perceptual difficul-
ties and phonological processing deficits must be demonstrat-

ed as well. At this time, such a relationship has not been estab-
lished, but correlational evidence suggests that both auditory
perceptual deficits and phonological processing deficiencies
are present in at least some children with RD. Specifically,
speech perception contributes unique variance in phonologi-
cal awareness performance and early reading achievement
(Chiappe, Chiappe, & Siegel, 2001; Manis, McBride-Chang,
Seidenberg, Keating, Doi, & Petersen, 1997; Metsala, 1997;
McBride-Chang, 1995; Nittrouer, 1999; Scarborough, 1998),
but only a subset of poor readers who exhibit phonological
awareness impairments also exhibit difficulties with speech
perception (Manis et al., 1997). This subset probably consists
of a large proportion of children with SLI; delayed morpho-
logical development is a prominent characteristic of SLI and
problems in speech perception have been found to hinder the
acquisition of grammatical markers (Elliott & Hammer, 1988;
Joanisse, Manis, Keating, & Seidenberg, 2000; Joanisse &
Seidenberg, 1998; Leonard et al., 1992; Stark & Heinz, 1996).
Moreover, children with SLI are more likely than not to have
reading problems (Catts, Fey, Zhang, & Tomblin, 1999;
McCardle, Scarborough, & Catts, 2001). Many studies of
acoustical perceptual deficits in children with RD may, in fact,
include a large number of participants with SLI rather than
with pure RD, which could produce an overestimate of the
presence of speech (and nonspeech) perception weaknesses in
the RD population.

McBride-Chang and her colleagues (McBride-Chang,
1996; McBride-Chang, Wagner, & Chang, 1997) believe that
speech perception influences reading indirectly through its
relationship with phonological awareness. For example,
McBride-Chang et al. (1997) determined that performance on
a speech discrimination task (the words bath and path were
presented on a continuum of voice onset time, which is the
acoustic property that differentiates these words) by kinder-
gartners was correlated with performance on phonemic
awareness tasks administered at the same time and 15 months
later. Children with the highest kindergarten speech discrimi-
nation scores eventually became the strongest readers in first
grade, but when the variance explained by IQ, verbal memory,
phonological awareness, and letter knowledge was statistically
removed, speech perception did not make an independent
contribution to growth in word recognition. However, speech
discrimination did make an independent contribution to
growth in phonological awareness, as did IQ and memory
(also see McBride-Chang, 1995).

THE CASE AGAINST AUDITORY PERCEPTUAL IMPAIRMENTS

AS A ROOT CAUSE OF RD

Although studies that support the existence of a general
temporal processing disorder in at least some children with
SLI and RD are persuasive, they have not gone unchallenged.
Perhaps the most notable critics, Studdert-Kennedy and his
colleagues (Studdert-Kennedy, Liberman, Brady, Fowler,
Mody, & Shankweiler, 1995; Studdert-Kennedy & Mody, 1995;
Mody, Studdert-Kennedy, & Brady, 1997) contend that find-
ings from the most influential studies (Reed, 1989; Tallal, 1980;
Tallal & Piercy, 1973a, 1973b) are flawed both conceptually
and methodologically for three reasons. First, they take issue
with use of the term "temporal processing" because it has been
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applied rather indiscriminately to different phenomena. For
example, temporal processing has been used to describe per-
ception of temporal aspects of the acoustic signal, including
formant transition duration, voice onset time, and fricative-
vowel gap time, perception of acoustic events that are sequen-
tially ordered, and perception of brief acoustic events.
Studdert-Kennedy and colleagues insist that there is a differ-
entiation between rate of processing and processing of rate. In
the former case, rapid perception of brief acoustic events is
implied; in the latter, perception of the temporal characteris-
tics (e.g., rapid changes in formant frequencies or voicing) of
the stimuli is implied. In the studies conducted by Tallal and
her colleagues, this differentiation is not clearly made,
although it appears that rate of processing is of concern (see
Tallal, 1980).

Second, Studdert-Kennedy and others reason that inde-
pendent deficits are likely responsible for the perceptual diffi-
culties children with SLI and RD display on non-verbal and
verbal auditory discrimination tasks, problems with the latter
arising from a linguistic deficit rather than a general auditory
perceptual disorder. Specifically, children with language
impairments and reading problems perform poorly on per-
ceptual tasks involving speech stimuli because they are less
capable of forming phonological representations for the stim-
uli (also see Sussman, 1993). A phonological processing disor-
der could result in poor discrimination of phonemes that dif-
fer in only one articulatory feature (i.e., place of articulation,
manner of articulation, or voicing), as do /b/ and /d/ in the CV
syllables used in much of Tallal’s work.

Third, they argue that appropriate non-speech control
stimuli have not been used in much of the research in speech
discrimination; consequently, difficulty with rapidly presented
brief tones may relate to a different underlying deficit. Tones
presented to children with SLI in Tallal and Piercy’s (1974,
1975) studies did not share the same brief and rapidly chang-
ing onset frequencies as the CV syllables that were presented;
if a temporal processing disorder was the root cause for the
children’s perceptual difficulties, then such non-verbal stimuli
should elicit the same pattern of diminished performance.
Mody et al. (1997) set out to examine this hypothesis in a sam-
ple of skilled and less skilled second-grade readers. In their
study described below, the less skilled readers read at grade
level and exhibited temporal order judgment difficulties
whereas the skilled readers read above grade level and did not
display serial order judgment problems.

Mody et al. (1997) created two complex non-verbal tones
of 250 ms duration with a 35 ms transition to serve as non-
speech control stimuli for synthetic CV syllables that differed
on one articulatory feature (/ba/ and /da/). The two tones were
composed of sine waves with durations and frequency trajec-
tories identical to those of the center frequencies of the second
and third formants of (/ba/ and /da/), respectively. Thus, tone
discrimination depended on perceiving brief transitions in
formant frequencies, but not on creating phonological repre-
sentations. They also assessed the children’s ability to discrim-
inate between other pairs of CV syllables that differed on all
three articulatory features: /ba/-/sa/ and /da/-/fa/. They found
that less skilled readers did not differ significantly from skilled
readers at any ISI (ranging from 10 ms to 100 ms) on tone dis-

crimination (actually, the skilled readers performed more
poorly than the less skilled readers at the shortest ISI).
However, the less skilled readers did make significantly more
discrimination errors when presented with /ba/ and /da/ at
shorter ISIs. The skilled and less skilled readers performed
comparably when discriminating between the two other CV
syllable contrast pairs. The researchers concluded that trouble
with discriminating between CV syllables could not be caused
by a general deficit in processing rapid acoustic information
because such a deficit also would have affected the less skilled
readers’ ability to discriminate between non-verbal tones that
were acoustically similar to their corresponding CV syllables.
Moreover, because the children who performed poorly on the
/ba/-/da/ discrimination task did not exhibit similar deficien-
cies in discriminating less phonetically similar CV syllables,
Mody et al. propose that it is phonetic similarity between
phonemes that creates perceptual difficulties for some chil-
dren. Support of this last point was provided in a study by
Stark and Heinz (1996), who found that children with SLI had
difficulty identifying steady-state vowels of both long and
short duration that were phonetically similar (/e/ and /ae/),
but not vowels that were more contrastive.

Other empirical evidence suggests that the existence of an
auditory temporal processing deficit in children (and adults)
with disabilities should not be accepted at face value (e.g.,
Bishop, Carlyon, Deeks, & Bishop, 1999; Brady, Shankweiler, &
Mann, 1983; Chiappe, Stringer, Siegel, & Stanovich, 2002;
Helzer, Champlin, & Gillam, 1996; Marshall, Snowling, &
Bailey, 2001; Nittrouer, 1999; Sussman, 1993). First, children
with SLI and reading problems perform poorly on discrimina-
tion tasks in which aspects of the acoustic signal other than
duration or speed are manipulated, which indicates that tem-
poral processing alone cannot explain these children’s audito-
ry perceptual deficits. For example, De Weirdt (1988) found
that poor readers were disadvantaged in comparison to good
readers on a pure-tone discrimination task in which the fre-
quency of the tones was manipulated rather than formant
transition duration or ISI. In this study, tones were presented
at a constant duration of 130 ms and an ISI of one second.

Second, replication of Tallal’s (Tallal, 1980; Tallal & Piercy,
1973a, 1973b) findings has been difficult to achieve (e.g.,
Norrelgen, Lacerda, & Forssberg, 2002). When pairs of com-
plex non-verbal tones differing in fundamental frequency were
presented at 40, 75, and 250 ms duration with ISIs of 10, 50,
100, and 400 ms to a large sample of children with and with-
out learning difficulties, Waber et al. (2001) found no interac-
tion between disability status and either stimulus duration or
ISI. The children referred for learning problems consistently
performed worse than their non-referred peers and the mag-
nitude of this difference remained constant across ISIs and
tone durations. Thus, impaired perception associated with
briefer and faster stimuli, reported in Tallal’s work, was not
found among this group of children with academic weakness-
es. In fact, Stark and Tallal (1988) reported a group of children
with SLI who exhibited discrimination errors for CV syllables
with formant transitions lasting 40 ms and 80 ms, which con-
flicted with their prior findings. However, in this experiment,
only two formant frequencies were used to synthesize the
stimuli rather than five. This raises the possibility that children
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with disabilities require more acoustic information or greater
redundancy in that information to be able to successfully per-
form discrimination tasks. Godfrey et al. (1981) reported that
their children with and without RD had more trouble dis-
criminating /da/-/ga/ pairs than /ba/-/da/ pairs because the
former differ only in their third formant whereas the latter dif-
fer in both their second and third formants. Once again, the
amount of acoustic information present appeared to affect
children’s relative discriminative abilities; when differences
were cued by less information, discrimination became more
difficult (also see Adlard & Hazan, 1998). This presumption is
consistent with the position taken by Studdert-Kennedy
(Studdert-Kennedy et al., 1995; Studdert-Kennedy & Mody,
1995; Mody et al., 1997).

Finally, researchers have paid little attention to the role of
attentional capacity in temporal processing and how attention
influences performance on psychoacoustic tasks. Breier,
Fletcher, Foorman, Klaas, and Gray (2003) examined this issue
in a large-scale study with 150 children between the ages of
seven and 14 years who were identified as having either RD
(but not SLI), RD plus attention deficit disorder with hyperac-
tivity (ADHD), ADHD, or normal development. Two findings
stood out: (a) children with ADHD exhibited a reduction in
performance across perceptual tasks and (b) the RD groups
exhibited higher detection thresholds for tone onset time
asynchrony but not tone gaps, which implies that these chil-
dren may have been more sensitive to backward masking
effects (these occur when a second signal is delivered in close
temporal proximity to the first signal and would be expected
to elevate thresholds). Such findings challenge the existence of
a pervasive deficit in auditory temporal processing among
children with RD and suggest that attention is an important
variable to consider.

INTERVENTIONS BASED ON AUDITORY PERCEPTUAL

RESEARCH

The controversy surrounding the temporal processing dis-
order that is presumed to be the root cause, in at least some
cases, for phonological processing difficulties and linguistic
impairments in children with RD and SLI has yet to be
resolved. Nevertheless, interventions based on this presump-
tion have been developed and tested (see Table 1 for descrip-
tions of these studies). For example, Hurford and Sanders
(1990) were able to significantly improve speech discrimina-
tion among second- and fourth-grade children with RD. The
intervention was relatively brief; children participated in the
training activities for 30-45 minutes per day for three or four
days. One group of children received the experimental treat-
ment in which their discrimination skills were progressively
refined for decreasing ISIs, first using pairs of steady-state
vowels, then CV syllables with liquid and nasal consonants
(which are continuant sounds much like vowels), and finally
CV syllables with initial stop consonants. Another group com-
pleted the same activities, but the stimuli consisted of simple
pure tones. Following training, the children in the experimen-
tal treatment group performed significantly better than those
in the control group on a measure of speech discrimination
that used untrained consonant sounds in the test stimuli.
Moreover, their post-treatment speech discrimination per-

formance was similar to that of a group of children without
reading problems. Hurford (1990) replicated this study with a
group of second- and third-grade poor readers who also
exhibited weak phonemic awareness on a sound deletion task.
Although children in the control group showed little improve-
ment in phonemic awareness at the end of the study, those
who were taught to discriminate pairs of syllables at faster
presentation rates demonstrated significant improvement.

Habib, Espresser, Rey, Giraud, Braus, & Gres (1999) used
acoustically modified speech in a rhyme detection task with 10-
to 12-year-old French-speaking children with RD to improve
their phonological awareness. The formant transitions were
differentially amplified and the entire speech signal was slowed
by a constant factor with a gradual reduction in degree of mod-
ification over the treatment period. The six children who com-
pleted the activities for one hour per day, five days per week, for
five consecutive weeks with acoustically modified speech
showed significantly greater improvement in phonological
awareness than six children who completed the same activities
with unmodified speech, who did not display any significant
improvement. These results were observed again after one
month had elapsed. In contrast, McAnally, Hansen,
Cornelissen, and Stein (1997) found that neither compression
nor expansion of syllable duration (the manipulation was uni-
form across the syllable rather than isolated to the formant
transition) or consonant formant frequencies significantly
improved the discrimination of CVC syllables (all consonants
were stops) in white noise over baseline performance (discrim-
ination without acoustic modifications) of 15 adolescents with
RD and 15 adolescents with average reading skills.

A computer-assisted instructional program called Fast
ForWord Language™ (FFW), based on the premise that inten-
sive training in auditory perceptual and spoken language com-
prehension skills can improve the communicative competence
and academic success of at-risk children and those identified
with disabilities, has been the subject of several recent studies.
FFW uses seven interactive game-like exercises to provide prac-
tice in non-verbal and verbal sound discrimination, vocabulary
recognition, and language comprehension. Children between
the ages of four and 14 complete the exercises for 60 to 80 min-
utes each day during the first week of training and for 100 min-
utes each day thereafter until they complete the program, usu-
ally within four to eight weeks. Most importantly, according to
the developers, the acoustic waveforms presented in the exer-
cises are prolonged using an algorithm that retains their spec-
tral content and, in some cases, their transitional elements are
amplified. As children progress through the exercises, signal
duration and intensity are gradually normalized. These signal
modifications are made to address the presumed auditory per-
ceptual difficulties of at least some children with SLI and RD.

Preliminary clinical studies conducted by the developers of
the FFW software yielded promising results (see Merzenich et
al., 1996; Tallal et al., 1996). In one study, seven children with
language disorders and reading difficulties between the ages of
five and nine participated in activities that incorporated the
acoustic modifications described above with gradual normal-
ization for three hours per day, five days per week, for four
weeks. The children played prototypes of the FFW game-like
exercises called "Circus Sequence" and "Phoneme
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Identification" and were provided individual instruction on
eight other language processing tasks. In addition, they lis-
tened to acoustically modified pre-recorded stories at home
for one to two hours each day. Five of the seven participants’
performance on the prototype exercises improved substantial-
ly over the treatment period, but performance on the other
eight exercises was not reported. As a group, their performance
on norm-referenced tests of speech discrimination and lan-
guage comprehension improved significantly. Moreover,
changes in presumed temporal processing (evaluated by per-
formance on a non-verbal auditory sequential perception
task) were highly correlated with posttest performance in lan-
guage comprehension.

In a second study, 22 children with language and reading
impairments between five and 10 years of age were matched for
age, nonverbal intelligence, and receptive language skills. They
were assigned to an experimental treatment condition in which
the activities incorporated acoustically modified signals or to a
comparison treatment condition in which the same activities
were presented with unmodified acoustic waveforms (e.g., nat-
ural speech). The activities used in both conditions included
revised versions of the "Circus Sequence" and "Phoneme
Identification" games and two additional FFW game proto-
types, "Old McDonald’s Flying Farm" and "Phonic Match."
Additional individual language instruction and homework
were provided to both groups. Children in both treatment
groups showed significant improvements in speech discrimina-
tion, memory, and receptive language skills after four weeks of
daily training (improvements in exercise performance were
evident for most, but not all of the children), but those who
completed the activities using acoustically modified signals
demonstrated significantly greater gains (about two years
growth), which were maintained six weeks later. In addition,
children in the experimental treatment condition displayed sig-
nificant gains in non-verbal auditory sequential perception,
whereas those in the comparison treatment condition did not.

Although these findings are encouraging, they do not
demonstrate the efficacy of FFW. First, the children in the Tallal
et al. (1996) and Merzenich et al. (1996) studies were provided
with individual language intervention and homework assign-
ments in addition to the computer exercises, which makes it
impossible to attribute the treatment results solely to the FFW
exercises (Gillam, 1999). Moreover, only a few of the FFW exer-
cises were included in these studies, so the FFW program per se
was not evaluated. Second, intervention time in these prelimi-
nary studies approximated 300 minutes per day, three times the
100 minutes per day required of FFW participants (Gillam,
1999). Third, because the intervention was multifaceted, it is
difficult to isolate the components of the treatment regimen
(e.g., discrete learning trials, massed practice, immediate feed-
back and reinforcement, instruction in multiple language skills,
progress monitoring and responsive adaptation, signal length-
ening and amplification) most closely associated with observed
improvements in auditory perceptual skills and language per-
formance (Gillam, 1999; Studdert-Kennedy et al., 1995; Veale,
1999). Fourth, some of the outcome measures were similar to
the FFW exercises, possibly biasing the results in favor of posi-
tive treatment effects (Veale, 1999).

The results of subsequent large-scale field trials of the entire

FFW program have been released to the public but have not
been published in peer-reviewed outlets (the findings are sum-
marized in Veale, 1999 and on the Scientific Learning
Corporation web site at www.scilearn.com). In the first field
trial, over 500 children with language comprehension deficits
between four and 14 years of age received FFW training from 63
specially trained clinicians at 35 sites (primarily clinics and pri-
vate practices) in the United States and Canada. The children
varied in their diagnoses and severity of disability, but according
to Tallal et al. (1997), approximately 90% of the participants
achieved a gain of about one standard deviation on one or more
norm-referenced tests of auditory perception and discrimina-
tion and oral language development. In a separate school pilot
study, 452 at-risk students in grades K through three in 19 pub-
lic schools in 9 school districts across the country participated
in a stratified randomized group experiment. The majority
(67%) of children who received FFW training over a period of
about 40 school days demonstrated significantly greater
progress (an average of 1.8 years growth) in language compre-
hension and phonological awareness in comparison to their
peers who did not receive training. Gillam (1999) noted five
major flaws in the field trials: (a) gains may have been overesti-
mated because the tests used to document progress were very
similar to some of the training exercises; (b) regression to the
mean was not accounted for by using confidence intervals, thus,
at least in the national field trial without a control group, differ-
ences between pretest and posttest scores simply may have been
due to measurement error (also see Studdert-Kennedy et al.,
1995); (c) inadequate participant selection criteria were estab-
lished; (d) there was no control of Rosenthal effects (examiners
also delivered the intervention, which may have biased their
administration and scoring of the outcome measures); and (e)
there was a reliance on norm-referenced tests, which are not
necessarily good indicators of children’s ability to use language
in authentic social and academic contexts.

Until recently, there was limited opportunity for independ-
ent replication and extension of these findings in experimen-
tal investigations; the developers of FFW were understandably
reluctant to release the software to other researchers before
related patents and licenses had been granted. Hook,
Macaruso, and Jones (2001) conducted the first published
independent experimental evaluation of FFW. Eleven children
with RD between the ages of seven and 12 years participated in
the FFW intervention for approximately two months while 9
other children with RD, matched for age, IQ, phonemic aware-
ness ability, and reading level, participated in a comparison
treatment in which the children completed activities from the
Orton-Gillingham (OG) multisensory phonics training pro-
gram. Another 11 poor readers, matched on the same criteria,
served as a longitudinal no-contact control group. The stu-
dents in the FFW group and the OG group made significant
but equivalent gains in phonological awareness, but neither
group demonstrated significant gains in word recognition, and
the OG group achieved higher posttest scores in decoding than
the FFW group. These results were obtained despite the fact
that the FFW group received over double the amount of inter-
vention time (56 hours) as that received by the OG group (25
hours). Although both the FFW group and the no-contact
control group showed gains in phonemic awareness and all
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aspects of reading (word recognition, decoding, and compre-
hension) over a two-year period following the intervention,
those gains were similar between groups. Children who partic-
ipated in a FFW displayed immediate gains in oral language
production, but not oral language comprehension, serial nam-
ing rate, or working memory; the gains in oral language were
not maintained two years later. Finally, the completion rate of
the FFW activities was not related to treatment outcomes.
These findings cast doubt on the efficacy of FFW for improv-
ing the language-related skills of children with reading disabil-
ities and, perhaps more importantly, suggest that a simpler,
less intensive, and more cost effective treatment yielded simi-
lar (and in the case of decoding skills, better) outcomes.
However, the results must be interpreted cautiously because of
the small and circumscribed sample selected for the study.

Troia and Whitney (in press) conducted another inde-
pendent experimental evaluation of the efficacy of FFW for a
group of elementary-age children referred for poor achieve-
ment. Twenty-five students between the ages of six and 12 par-
ticipated in the FFW program for about two months while 12
other children, matched for grade, IQ, and special education
eligibility, served as a no-contact control group. The children
in the FFW group outperformed their peers in verbal expres-
sion and, when the weakest students in both groups were com-
pared, in syllable and sound blending and reduction of prob-
lem behavior ratings. Thus, FFW had a substantial, albeit lim-
ited impact on children’s oral language skills, academic per-
formance, and social behaviors. Interestingly, Troia and
Whitney did not find an aptitude-treatment interaction for
their sample, possibly because the students performed well
within the average range on most of the dependent measures
before beginning the FFW program. The results from this
study must be considered in the context of three serious design
limitations. First, the sample of elementary school students
was not representative of the population of children with dis-
abilities for which FFW is intended. Second, participants were
not randomly assigned to treatment conditions and attempts
to match students were not completely successful. Third, a siz-
able number of students in the study never advanced to train-
ing levels at which the synthesized speech approximated nor-
mal rate and amplification characteristics and, consequently,
they may not have been able to achieve demonstrable
improvements in oral and written language.

In a separate study with migrant Spanish-speaking stu-
dents in grades one through six, Troia (submitted) found that,
except on a measure of sight word recognition where children
in a FFW treatment group achieved a significantly greater gain
than those in a no-contact control group, pretest to posttest
changes in test scores for English language proficiency, oral
language competence, phonological awareness, decoding and
reading comprehension, and classroom behavior were equiva-
lent for the two groups. However, when students who were
least fluent in spoken English in each group were compared,
the children in the treatment group demonstrated superior
gains in expressive language, sight word recognition, and pseu-
doword decoding. Once again, FFW seemed to have a sub-
stantial but limited impact on the oral language skills and
reading performance of children in the study. In this study,
random assignment was used for a majority of the partici-

pants, but successful exercise completion with diminished
acoustic modification was only a little more than 60%.

The studies conducted by Troia and his colleagues suggest
that FFW benefits children with the weakest oral language abil-
ities the most, a finding not in conflict with other research in
which children with RD received speech discrimination train-
ing using acoustic signal modifications that affected the tem-
poral envelope of the stimuli (cf. Habib et al., 1999; Hurford,
1990; Hurford & Sanders, 1990; McAnally et al., 1997). In both
of his studies, though, a comparison was made between a FFW
treatment group and a group that did not receive any special
auditory perceptual training or additional language compre-
hension instruction (a limitation shared with some of the
studies conducted by the program developers), so Hawthorne
effects could not be ruled out. In the study conducted by Hook
and her colleagues (2001), the effects of FFW were no greater
than those obtained with a more traditional intervention pro-
gram that involved no manipulation of the acoustic parame-
ters of training stimuli. Finally, little is known about the "active
ingredients" of FFW because a number of instructional vari-
ables (e.g., multiple language remediation exercises, variations
in program length, intensity, and completion for individual
students, and separate acoustical modifications) are con-
founded. As such, evidence supporting the effectiveness of
FFW, a program based on the premise that some children with
disabilities exhibit auditory temporal processing deficits, does
not necessarily validate the existence of such problems. In all,
the intervention research in this area is inconclusive and per-
haps a bit premature; we need a better grasp of the nature of
temporal processing and its relationships with cognitive and
linguistic skills required for literacy achievement.

Gary Troia, Ph.D., is assistant professor in the College of Education at the
University of Washington. He specializes in literacy assessment and instruc-
tion for at-risk learners and children with high-incidence disabilities. His cur-
rent research focuses on writing strategy instruction for elementary and mid-
dle school students and the development of a comprehensive metaphonologi-
cal skills curriculum for preschoolers with oral language impairments.

REFERENCES

Adlard, A., & Hazan, V. (1998). Speech perception in children with specific
reading disabilities (dyslexia). Quarterly Journal of Experimental
Psychology: Human Experimental Psychology, 51A, 153-177.

Badian, N. A. (1993). Phonemic awareness, naming, visual symbol process-
ing, and reading. Reading and Writing: An Interdisciplinary Journal, 5,
87-100.

Benasich, A. A., & Tallal, P. (1996). Auditory temporal processing thresh-
olds, habituation, and recognition memory over the first year. Infant
Behavioral Development, 19, 39-357.

Bishop, D. V., Carlyon, R. P., Deeks, J. M., & Bishop, S. J. (1999). Auditory
temporal processing impairment: Neither necessary nor sufficient for
causing language impairment in children. Journal of Speech, Language,
and Hearing Research, 42, 1295-1310.

Blachman, B. A. (1991). Early intervention for children’s reading problems:
Clinical applications of the research in phonological awareness. Topics
in Language Disorders, 12, 51-65.

Brady, S. A., Shankweiler, D., & Mann, V. (1983). Speech perception and
memory coding in relation to reading ability. Journal of Experimental
Child Psychology, 35, 345-367.

Breier, J. I., Fletcher, J. M., Foorman, B. R., Klaas, P., & Gray, L. C. (2003).
Auditory temporal processing in children with specific reading disabil-
ity with and without attention deficit/ hyperactivity disorder. Journal of
Speech, Language, and Hearing Research, 46, 31-42.

Learning Disabilities: A Contemporary Journal 1(1), 27-36, 2003

32



Catts, H. W., Fey, M. E., Zhang, X., & Tomblin, J. B. (2001). Estimating the
risk of future reading difficulties in kindergarten children: A research-
based model and its clinical implementation. Language, Speech, and
Hearing Services in Schools, 32, 38-50.

Chiappe, P., Chiappe, D. L., & Siegel, L. S. (2001). Speech perception, lexical-
ity, and reading skill. Journal of Experimental Child Psychology, 80, 58-74.

Chiappe, P., Stringer, R., Siegel, L. S., & Stanovich, K. E. (2002). Why the
timing deficit hypothesis does not explain reading disability in adults.
Reading and Writing: An Interdisciplinary Journal, 15, 73-107.

De Weirdt, W. (1988). Speech perception and frequency discrimination in
good and poor readers. Applied Psycholinguistics, 9, 163-183.

Eden, G. F., Stein, J. F., Wood, H. M., & Wood, F. B. (1995). Temporal and
spatial processing in reading disabled children. Cortex, 31, 451-468.

Elliott, L. L. (1986). Discrimination and response bias for CV syllables dif-
fering in voice onset time among children and adults. Journal of the
Acoustical Society of America, 80, 1250-1255.

Elliott, L. L., & Hammer, M. A. (1988). Longitudinal changes in auditory
discrimination in normal children and children with language-learn-
ing problems. Journal of Speech and Hearing Research, 53, 467-474.

Elliott, L.L., Hammer, M. A., & Scholl, M. E. (1989). Fine-grained auditory
discrimination in normal children and children with language-learn-
ing problems. Journal of Speech and Hearing Research, 32, 112-119.

Farmer, M. E., & Klein, R. M. (1995). The evidence for a temporal process-
ing deficit linked to dyslexia: A review. Psychonomic Bulletin & Review,
2, 460-493.

Felton, R. H., & Wood, F. B. (1989). Cognitive deficits in reading disability and
attention deficit disorder. Journal of Learning Disabilities, 22, 3-13, 22.

Galaburda, A. M., Corsiglia, J., Rosen, G. D., & Sherman, G. F. (1987).
Planum temporale asymmetry: Reappraisal since Geschwind and
Levitsky. Neuropsychologia, 25, 853-868.

Galaburda, A. M., & Livingstone, M. (1993). Evidence for a magnocellular
defect in developmental dyslexia. In P. Tallal, A. M. Galaburda, R.
Llinas, & C. von Euler (Eds.), Temporal information processing in the
nervous system: Special reference to dyslexia and dysphasia (pp. 57-69).
New York: The New York Academy of Sciences.

Galaburda, A. M., Menard, M. T., & Rosen, G. D. (1994). Evidence for aber-
rant auditory anatomy in developmental dyslexia. Proceedings of the
National Academy of Sciences, 91, 8010-8013.

Gillam, R. B. (1999). Computer-assisted language intervention using Fast
ForWord®: Theoretical and empirical considerations for clinical decision-
making. Language, Speech, and Hearing Services in Schools, 30, 363-370.

Godfrey, J. J., Syrdal-Lasky, A. K., Millay, K. K., & Knox, C. M. (1981).
Performance of dyslexic children on speech perception tests. Journal of
Experimental Child Psychology, 32, 401-424.

Habib, M., Espresser, R., Rey, V., Giraud, K., Braus, P., & Gres, C. (1999).
Training dyslexics with acoustically modified speech: Evidence of
improved phonological performance. Brain & Cognition, 40, 143-146.

Helzer, J. R., Champlin, C. A., & Gillam, R. B. (1996). Auditory temporal
resolution in specifically language-impaired and age-matched children.
Perceptual and Motor Skills, 83, 1171-1181.

Hook, P. E., Macaruso, P., & Jones, S. (2001). Efficacy of Fast ForWord train-
ing on facilitating acquisition of reading skills by children with reading
difficulties—A longitudinal study. Annals of Dyslexia, 51, 75-96.

Hurford, D. P. (1990). Assessment and remediation of a phonemic dis-
crimination deficit in reading disabled second and fourth graders.
Journal of Experimental Child Psychology, 50, 396-415.

Hurford, D. P., & Sanders, R. E. (1990). Training phonemic segmentation
ability with a phonemic discrimination intervention in second- and
third-grade children with reading disabilities. Journal of Learning
Disabilities, 23, 564-569.

Joanisse, M. F., Manis, F. R., Keating, P., & Seidenberg, M. S. (2000).
Language deficits in dyslexic children: Speech perception, phonology,
and morphology. Journal of Experimental Child Psychology, 77, 30-60.

Joanisse, M. F., & Seidenberg, M. S. (1998). Specific language impairment: A
deficit in grammar or processing? Trends in Cognitive Sciences, 2, 240-247.

Klein, R. M., & Farmer, M. E. (1995). Dyslexia and a temporal processing
deficit: A reply to the commentaries. Psychonomic Bulletin & Review, 2,
515-526.

Kuhl, P. K. (1999). Speech, language, and the brain: Innate preparation for

learning. In M. Konishi & M. Hauser (Eds.), Neural mechanisms of com-
munication (pp. 419-450). Cambridge, MA: MIT Press.

Kuhl, P. K. (1991). Perception, cognition, and the ontogenetic and phyloge-
netic emergence of human speech. In S. E. Brauth, W. S. Hall, & R. J.
Dooling (Eds.), Plasticity of development (pp. 73-106). Cambridge, MA:
MIT Press.

Leonard, L., McGregor, K., & Allen, G. (1992). Grammatical morphology
and speech perception in children with specific language impairment.
Journal of Speech and Hearing Research, 35, 1076-1085.

Lovegrove, W. (1993). Weakness in the transient visual system: A causal fac-
tor in dyslexia? In P. Tallal, A. M. Galaburda, R. Llinas, & C. von Euler
(Eds.), Temporal information processing in the nervous system: Special
reference to dyslexia and dysphasia (pp. 57-69). New York: The New
York Academy of Sciences.

Lyon, G. R. (1995). Toward a definition of dyslexia. Annals of Dyslexia, 45, 3-27.
Manis, F. R., McBride-Chang, C., Seidenberg, M. S., Keating, P., Doi, L. M.,

& Petersen, A. (1997). Are speech perception deficits associated with
developmental dyslexia? Journal of Experimental Child Psychology, 66,
211-235.

Marshall, C. M., Snowling, M. J., & Bailey, P. J. (2001). Rapid auditory pro-
cessing and phonological ability in normal readers and readers with
dyslexia. Journal of Speech, Language, and Hearing Research, 44, 925-940.

McAnally, K. I., Hansen, P. C., Cornelissen, P. L., & Stein, J. F. (1997). Effect
of time and frequency manipulation on syllable perception in develop-
mental dyslexics. Journal of Speech, Language, and Hearing Research, 40,
912-924.

McBride-Chang, C. (1995). Phonological processing, speech perception,
and reading disability: An integrative review. Educational Psychologist,
30, 109-121.

McBride-Chang, C. (1996). Models of speech perception and phonological
processing in reading. Child Development, 67, 1836-1856.

McBride-Chang, C., Wagner, R. K., & Chang, L. (1997). Growth modeling of
phonological awareness. Journal of Educational Psychology, 89, 621-630.

McCardle, P., Scarborough, H. S., & Catts, H. W. (2001). Predicting,
explaining, and preventing children’s reading difficulties. Learning
Disabilities Research & Practice, 16, 230-239.

Merzenich, M. M., & Jenkins, W. M. (1995). Cortical plasticity and learn-
ing: Some basic principles. In B. Jules & I. Kovacs (Eds.), Maturational
windows and adult cortical plasticity (Vol. 22, pp. 247-272). San
Francisco, CA: Addison-Wesley.

Merzenich, M. M., Jenkins, W. M., Johnston, P., Schreiner, C., Miller, S. L.,
& Tallal, P. (1996). Temporal processing deficits of language-learning
impaired children ameliorated by training. Science, 271, 77-81.

Merzenich, M. M., Schreiner, C., Jenkins, W., & Wang, X. (1993). Neural
mechanisms underlying temporal integration, segmentation, and input
sequence representation: Some implications for the origin of learning
disabilities. Annals of the New York Academy of Sciences, 682, 1-21.

Metsala, J. L. (1997). Spoken word recognition in reading disabled children.
Journal of Educational Psychology, 89, 159-169.

Metsala, J. L. (1999). Young children’s phonological awareness and non-
word repetition as a function of vocabulary development. Journal of
Educational Psychology, 91, 3-19.

Mody, M., Studdert-Kennedy, M., & Brady, S. (1997). Speech perception
deficits in poor readers: Auditory processing or phonological coding?
Journal of Experimental Child Psychology, 64, 199-231.

Nagarajan, S., Mahncke, H., Salz, T., Tallal, P., Roberts, T., & Merzenich, M.
M. (1999). Cortical auditory signal processing in poor readers.
Proceedings of the National Academy of Sciences, 96, 6483-6488.

Nittrouer, S. (1999). Do temporal processing deficits cause phonological
processing problems? Journal of Speech, Language, and Hearing
Research, 42, 925-942.

Nittrouer, S. (2002). From ear to cortex: A perspective on what clinicians
need to understand about speech perception and language processing.
Language, Speech, and Hearing Services in Schools, 33, 237-252.

Norrelgen, F., Lacerda, F., & Forssberg, H. (2002). Temporal resolution of
auditory perception and verbal working memory in 15 children with
language impairment. Journal of Learning Disabilities, 35, 539-545.

Rapala, M. M., & Brady, S. A. (1990). Reading ability and short-term mem-

Learning Disabilities: A Contemporary Journal 1(1), 27-36, 2003

33



ory: The role of phonological processing. Reading and Writing: An
Interdisciplinary Journal, 2, 1-25.

Reed, M. A. (1989). Speech perception and the discrimination of brief
auditory cues in reading-disabled children. Journal of Experimental
Child Psychology, 48, 270-292.

Rose, S. A., Feldman, J. F., Jankowski, J. J., & Futterweit, L. R. (1999). Visual
and auditory temporal processing, cross-modal transfer, and reading.
Journal of Learning Disabilities, 32, 256-266.

Scarborough, H. S. (1998). Early identification of children at risk for read-
ing disabilities: Phonological awareness and some other promising pre-
dictors. In B. K. Shapiro, P. J. Accardo, & A. J. Capute (Eds.), Specific
reading disability: A view of the spectrum (pp. 75-119). Baltimore, MD:
York Press.

Share, D. L., & Stanovich, K. E. (1995). Cognitive processes in early reading
development: Accommodating individual differences into a model of
acquisition. Issues in Education: Contributions from Educational
Psychology, 1, 1-57.

Stanovich, K. E. (1986). Matthew effects in reading: Some consequences of
individual differences in the acquisition of literacy. Reading Research
Quarterly, 21, 360-407.

Stanovich, K. E. (1988). Explaining the difference between the dyslexic and
the garden-variety poor reader: The phonological-core variable-differ-
ence model. Journal of Learning Disabilities, 21, 590-604.

Stanovich, K. E. (1991). Conceptual and empirical problems with discrepancy
definitions of reading disability. Learning Disability Quarterly, 14, 269-280.

Stanovich, K. E., & Siegel, L. S. (1994). Phenotypic performance profiles of
children with reading disabilities: A regression-based test of the phono-
logical-core variable difference model. Journal of Educational
Psychology, 86, 25-53.

Stark, R. E., & Heinz, J. M. (1996). Vowel perception in children with and
without language impairment. Journal of Speech and Hearing Research,
39, 676-686.

Stark, R. E., & Tallal, P. (1988). Language, speech, and reading disorders in
children: Neuropsychological studies. San Diego, CA: College-Hill.

Studdert-Kennedy, M., Liberman, A. M., Brady, S. A., Fowler, A. E., Mody, M.,
& Shankweiler, D. P. (1995). Lengthened formant transitions are irrele-
vant to the improvement of speech and language impairments. Haskins
Laboratories Status Report on Speech Research, SR 119/120, 35-38.

Studdert-Kennedy, M., & Mody, M. (1995). Auditory temporal perception
deficits in the reading-impaired: A critical review of the evidence.
Psychonomic Bulletin & Review, 2, 508-514.

Sussman, J. E. (1993). Perception of formant transition cues to place of
articulation in children with language impairments. Journal of Speech
and Hearing Research, 36, 1286-1299.

Tallal, P. (1980). Auditory temporal perception, phonics, and reading dis-
abilities in children. Brain & Language, 9, 182-198.

Tallal, P. (1984). Temporal or phonetic processing deficit in dyslexia? That
is the question. Applied Psycholinguistics, 5, 167-169.

Tallal, P. (1990). Fine-grained discrimination deficits in language-learning
impaired children are specific neither to the auditory modality nor to
speech perception. Journal of Speech and Hearing Research, 33, 616-617.

Tallal, P., Merzenich, M. M., Miller, S., & Jenkins, W. (1998). Language
learning impairments: Integrating basic science, technology, and reme-
diation. Experimental Brain Research, 123, 210-219.

Tallal, P., Miller, S. L., Bedi, G., Byma, G., Wang, X., Nagarajan, S. S.,
Schreiner, C., Jenkins, W. M., & Merzenich, M. M. (1996). Language
comprehension in language-learning impaired children improved with
acoustically modified speech. Science, 271, 81-84.

Tallal, P., Miller, S. L., & Fitch, R. H. (1993). Neurobiological basis of
speech: A case for the preeminence of temporal processing. Annals of
the New York Academy of Sciences, 682, 27-47.

Tallal, P., Miller, S. L., Jenkins, W. M., & Merzenich, M. M. (1997). The role
of temporal processing in developmental language-based learning dis-
orders: Research and clinical implications. In B. Blachman (Ed.),
Foundations of reading acquisition and dyslexia: Implications for early
intervention (pp. 49-66). Hillsdale, NJ: Erlbaum.

Tallal, P., & Piercy, M. (1973a). Defects of non-verbal auditory perception
in children with developmental aphasia. Nature, 241, 468-469.

Tallal, P., & Piercy, M. (1973b). Developmental aphasia: Impaired rate of

non-verbal processing as a function of sensory modality.
Neuropsychologia, 11, 389-398.

Tallal, P., & Piercy, M. (1974). Developmental aphasia: Rate of auditory
processing and selective impairment of consonant perception.
Neuropsychologia, 12, 83-93.

Tallal, P., & Piercy, M. (1975). Developmental aphasia: The perception of
brief vowels and extended stop consonants. Neuropsychologia, 13, 69-74.

Tallal, P., & Stark, R. E. (1981). Speech acoustic-cue discrimination abilities
of normally developing and language-impaired children. Journal of the
Acoustical Society of America, 69, 568-574.

Tallal, P., Stark, R. E., & Mellits, E. D. (1985). Identification of language-
impaired children on the basis of rapid perception and production
skills. Brain & Language, 25, 314-322.

Tallal, P., Stark, R. E., Kallman, C., & Mellits, E. D. (1981). A re-examination
of some nonverbal perceptual abilities of language-impaired and nor-
mal children as a function of age and sensory modality. Journal of
Speech and Hearing Research, 24, 351-357.

Thibodeau, L., & Sussman, H. (1979). Performance on a test of categorical
perception of speech in normal and communicatively disordered chil-
dren. Journal of Phonetics, 7, 375-391.

Torgesen, J. K., Wagner, R. K., & Rashotte, C. A. (1994). Longitudinal stud-
ies of phonological processing and reading. Journal of Learning
Disabilities, 27, 276-286.

Troia, G. A. (in press). Phonological processes and their influence on liter-
acy learning. In B. B. Shulman, K. Apel, B. J. Ehren, E. R. Silliman, & C.
A. Stone (Eds.), Handbook of language and literacy development and dis-
orders. New York: Guilford Press.

Troia, G. A. (submitted). Migrant students with limited English proficien-
cy: Can Fast ForWord Language™ make a difference in their language
skills and academic achievement? Remedial and Special Education.

Troia, G. A., & Whitney, S. D. (in press). A close look at the efficacy of Fast
ForWord Language™ for children with academic weaknesses.
Contemporary Educational Psychology.

U.S. Department of Education (2001). Twenty-third Annual Report to
Congress on the Implementation of the Individuals with Disabilities
Education Act. Washington, DC: Author.

Veale, T. K. (1999). Targeting temporal processing deficits through Fast
ForWord®: Language therapy with a new twist. Language, Speech, and
Hearing Services in Schools, 30, 345-352.

Vellutino, F. R., & Scanlon, D. M. (1987). Phonological recoding, phono-
logical awareness, and reading ability: Evidence from a longitudinal
and experimental study. Merrill-Palmer Quarterly, 33, 321-363.

Waber, D. P., Weiler, M. D., Wolff, P. H., Bellinger, D., Marcus, D. J., Ariel, R.,
Forbes, P., & Wypij, D. (2001). Processing of rapid auditory stimuli in
school-age children referred for evaluation of learning disorders. Child
Development, 72, 37-49.

Wagner, R. K., & Torgesen, J. K. (1987). The nature of phonological pro-
cessing and its causal role in the acquisition of reading skills.
Psychological Bulletin, 101, 192-212.

Werker, J. F., & Tees, R. C. (1987). Speech perception in severely disabled
and average reading children. Canadian Journal of Psychology, 41, 48-61.

Wolf, M. (1991). Naming speed and reading: The contribution of the cog-
nitive neurosciences. Reading Research Quarterly, 26, 123-141.

Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the
developmental dyslexias. Journal of Educational Psychology, 91, 415-438.

Wolff, P. H., Cohen, C., & Drake, C. (1984). Impaired motor timing control
in specific reading retardation. Neuropsychologia, 22, 587-600.

Wright, B. A., Bowen, R. W., & Zecker, S. G. (2000). Nonlinguistic percep-
tual deficits associated with reading and language disorders. Current
Opinion in Neurobiology, 10, 482-486.

Wright, B. A., Lombardino, L. J., King, W. M., Puranik, C. S., Leonard, C. M.,
& Merzenich, M. M. (1997). Deficits in auditory temporal and spectral
resolution in language-impaired children. Nature, 387, 176-178.

Learning Disabilities: A Contemporary Journal 1(1), 27-36, 2003

34



Ta
bl

e 
1

In
te

rv
en

ti
on

 S
tu

di
es

 f
or

 C
h

ild
re

n
 U

si
n

g 
A

co
u

st
ic

al
ly

 M
od

if
ie

d 
Sp

ee
ch

.

H
ab

ib
 e

t 
al

.(
19

99
)

H
oo

k 
et

 a
l.

(2
00

1)
H

u
rf

or
d 

(1
99

0)

Pa
rt

ic
ip

an
ts

E
xp

er
im

en
ta

l
Si

x 
10

-1
2-

ye
ar

-o
ld

s 
w

it
h

 R
D

E
le

ve
n

 7
-1

2-
ye

ar
-o

ld
s 

w
it

h
 R

D
E

ig
h

te
en

 2
n

d 
an

d 
3r

d 
gr

ad
er

s 
w

it
h

 R
D

 
C

om
pa

ri
so

n
 

N
on

e
N

in
e 

7-
12

-y
ea

r-
ol

ds
 w

it
h

 R
D

N
on

e

C
on

tr
ol

Si
x 

10
-1

2-
ye

ar
-o

ld
s 

w
it

h
 R

D
E

le
ve

n
 7

-1
2-

ye
ar

-o
ld

s 
w

it
h

 R
D

E
ig

h
te

en
 2

n
d 

an
d 

3r
d 

gr
ad

er
s 

w
it

h
 R

D
A

ll 
ch

ild
re

n
 w

er
e 

Fr
en

ch
-s

pe
ak

in
g

G
ro

u
ps

 w
er

e 
m

at
ch

ed
 f

or
 a

ge
,I

Q
,w

or
d

G
ro

u
ps

 w
er

e 
m

at
ch

ed
 f

or
 a

ge
,r

ea
di

n
g 

G
ro

u
ps

 w
er

e 
m

at
ch

ed
 f

or
 p

re
te

st
 

re
ad

in
g,

an
d 

ph
on

ol
og

ic
al

 a
w

ar
en

es
s 

u
si

n
g

ab
ili

ty
,a

n
d 

ph
on

em
e 

de
le

ti
on

 in
 r

ea
l a

n
d 

ph
on

ol
og

ic
al

 a
w

ar
en

es
s,

"e
du

ca
ti

on
al

,"
W

IS
C

-I
II

,W
R

M
T

-R
,a

n
d 

th
e 

LA
C

ps
eu

do
w

or
ds

an
d 

"c
og

n
it

iv
e"

 le
ve

ls

A
co

u
st

ic
 M

od
if

ic
at

io
n

Tr
an

si
ti

on
s 

w
it

h
in

 w
or

ds
 a

m
pl

if
ie

d
Tr

an
si

ti
on

s 
w

it
h

in
 w

or
ds

 a
m

pl
if

ie
d

IS
Is

 w
er

e 
pr

og
re

ss
iv

el
y 

sh
or

te
n

ed
 f

ro
m

 4
00

 
R

at
e 

of
pr

es
en

ta
ti

on
 s

lo
w

ed
 b

y 
co

n
st

an
t 

Tr
an

si
ti

on
s 

w
it

h
in

 w
or

ds
 s

lo
w

ed
to

 1
0 

m
s 

(c
ri

te
ri

on
 w

as
 s

et
 a

t 
8 

co
n

se
cu

ti
ve

 
fa

ct
or

 f
or

 s
ti

m
u

lu
s 

(u
p 

to
 2

)
G

ra
du

al
 n

or
m

al
iz

at
io

n
 o

ve
r 

pe
ri

od
co

rr
ec

t 
at

 1
0 

m
s/

>
24

 c
or

re
ct

 a
t 

IS
Is

<
80

m
s

G
ra

du
al

 n
or

m
al

iz
at

io
n

 o
ve

r 
pe

ri
od

Tr
ea

tm
en

t 
E

xe
rc

is
es

R
hy

m
e 

od
di

ty
 id

en
ti

fi
ca

ti
on

 u
si

n
g 

re
al

E
xp

er
im

en
ta

l g
ro

u
p 

re
ce

iv
ed

 F
FW

P
h

on
em

e 
di

sc
ri

m
in

at
io

n
 f

or
 v

ow
el

s 
an

d 
C

V
an

d 
ps

eu
do

w
or

ds
 f

or
 b

ot
h

 g
ro

u
ps

C
om

pa
ri

so
n

 g
ro

u
p 

re
ce

iv
ed

 O
G

 p
h

on
ic

s
sy

lla
bl

es
 f

or
 b

ot
h

 g
ro

u
ps

Tr
ea

tm
en

t 
Pe

ri
od

5 
w

ee
ks

A
pp

ro
xi

m
at

el
y 

tw
o 

m
on

th
s

3-
4 

da
ys

Tr
ea

tm
en

t 
In

te
n

si
ty

5 
h

ou
rs

/w
ee

k
8.

3 
h

ou
rs

/w
ee

k 
fo

r 
ex

pe
ri

m
en

ta
l g

ro
u

p
30

-4
5 

m
in

u
te

s/
da

y
5 

h
ou

rs
/w

ee
k 

fo
r 

co
m

pa
ri

so
n

 g
ro

u
p

O
u

tc
om

e 
M

ea
su

re
s

Sa
m

e 
as

 t
re

at
m

en
t 

ex
er

ci
se

 b
u

t 
n

ov
el

LA
C

 (
ph

on
ol

og
ic

al
 a

w
ar

en
es

s)
P

h
on

em
e 

de
le

ti
on

in
 r

ea
l a

n
d 

ps
eu

do
w

or
ds

St
im

u
li 

(e
xp

er
im

en
te

r 
de

ve
lo

pe
d)

W
R

M
T

-R
 (

w
or

d 
id

en
ti

fi
ca

ti
on

,
(e

xp
er

im
en

te
r 

de
ve

lo
pe

d)
w

or
d 

at
ta

ck
,a

n
d 

pa
ss

ag
e 

co
m

pr
eh

en
si

on
)

T
W

S-
3 

(s
pe

lli
n

g)
T

O
LD

/T
O

A
L 

(s
po

ke
n

 la
n

gu
ag

e 
co

m
pr

eh
en

si
on

 a
n

d 
pr

od
u

ct
io

n
)

R
A

N
/R

A
S 

(r
ap

id
 n

am
in

g)
W

J-
R

 N
u

m
be

rs
 R

ev
er

se
d 

(w
or

ki
n

g 
m

em
or

y)
Fi

n
di

n
gs

E
xp

er
im

en
ta

l g
ro

u
p 

m
ad

e 
si

gn
if

ic
an

t 
ga

in
s

O
G

 g
ro

u
p 

im
pr

ov
ed

 m
or

e 
th

an
 F

FW
 g

ro
u

p
E

xp
er

im
en

ta
l g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
tl

y 
w

h
ile

 t
h

e 
co

n
tr

ol
 g

ro
u

p 
di

d 
n

ot
in

 w
or

d 
at

ta
ck

gr
ea

te
r 

ga
in

s 
th

an
 c

on
tr

ol
 g

ro
u

p 
re

ga
rd

le
ss

G
ai

n
s 

w
er

e 
m

ai
n

ta
in

ed
 o

n
e 

m
on

th
 la

te
r

N
ei

th
er

 g
ro

u
p 

m
ad

e 
si

gn
if

ic
an

t 
ga

in
s 

in
 

of
gr

ad
e

G
ai

n
s 

ap
pr

oa
ch

ed
 p

er
fo

rm
an

ce
 le

ve
ls

 o
f

w
or

d 
id

en
ti

fi
ca

ti
on

 
T

h
ir

d 
gr

ad
er

s 
w

it
h

 R
D

 w
h

o 
re

ce
iv

ed
 

n
or

m
al

 r
ea

de
rs

FF
W

 a
n

d 
O

G
 m

ad
e 

si
m

ila
r 

ga
in

s 
on

 L
A

C
tr

ai
n

in
g 

p
er

fo
rm

ed
 s

im
ila

rl
y 

to
 a

 g
ro

u
p 

of
FF

W
 a

n
d 

co
n

tr
ol

 g
ro

u
p 

m
ad

e 
si

m
ila

r 
n

or
m

al
 r

ea
de

rs
,b

u
t 

se
co

n
d 

gr
ad

er
s 

w
it

h
 R

D
im

m
ed

ia
te

 a
n

d 
lo

n
g-

te
rm

 (
2 

ye
ar

s)
 g

ai
n

s
w

h
o 

re
ce

iv
ed

 t
ra

in
in

g 
st

ill
 d

is
pl

ay
ed

on
 L

A
C

,a
ll 

re
ad

in
g 

m
ea

su
re

s,
an

d 
sp

el
lin

g
in

fe
ri

or
 p

er
fo

rm
an

ce
 in

 c
om

pa
ri

so
n

 w
it

h
T

h
e 

FF
W

 g
ro

u
p 

m
ad

e 
gr

ea
te

r 
im

m
ed

ia
te

se
co

n
d 

gr
ad

er
s 

w
it

h
ou

t 
R

D
ga

in
s 

in
 s

po
ke

n
 la

n
gu

ag
e 

an
d 

ra
pi

d 
n

am
in

g,
bu

t 
th

es
e 

w
er

e 
n

ot
 m

ai
n

ta
in

ed
N

ei
th

er
 g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
t 

lo
n

g-
te

rm
 

ga
in

s 
in

 s
po

ke
n

 la
n

gu
ag

e 
or

 w
or

ki
n

g 
m

em
or

y

Learning Disabilities: A Contemporary Journal 1(1), 27-36, 2003

35



Learning Disabilities: A Contemporary Journal 1(1), 27-36, 2003 

36

H
u

rf
or

d 
&

 S
an

de
rs

.(
19

90
)

Tr
oi

a 
(s

u
bm

it
te

d)
Tr

oi
a 

&
 W

h
it

n
ey

 (
in

 p
re

ss
)

Pa
rt

ic
ip

an
ts

E
xp

er
im

en
ta

l
T

h
ir

te
en

 2
n

d 
gr

ad
er

s 
an

d 
4 

4t
h

 g
ra

de
rs

 w
it

h
 R

D
N

in
et

y-
n

in
e 

1s
t-

6t
h

 g
ra

de
rs

 
Tw

en
ty

-f
iv

e 
1s

t-
6t

h
 g

ra
de

rs
 in

 T
it

le
 1

 o
r 

Le
ar

n
in

g 
A

ss
is

ta
n

ce
 P

ro
gr

am
C

om
pa

ri
so

n
 

E
le

ve
n

 2
n

d 
gr

ad
er

s 
an

d 
4 

4t
h

 g
ra

de
rs

 w
it

h
 R

D
N

on
e

N
on

e
C

on
tr

ol
T

h
ir

te
en

 2
n

d 
gr

ad
er

s 
an

d 
14

 4
th

 g
ra

de
rs

 w
it

h
ou

t
N

in
et

y-
tw

o 
1s

t-
6t

h
 g

ra
de

rs
tw

el
ve

 1
st

-6
th

 g
ra

de
rs

 in
 T

it
le

 1
 o

r 
Le

ar
n

in
g

R
D

 
A

ll 
ch

ild
re

n
 w

er
e 

n
at

iv
e 

Sp
an

is
h

 
A

ss
is

ta
n

ce
 P

ro
gr

am
G

ro
u

ps
 w

er
e 

m
at

ch
ed

 f
or

 a
ge

,r
ea

di
n

g 
sp

ea
ke

rs
 in

 m
ig

ra
n

t 
ed

u
ca

ti
on

 
G

ro
u

ps
 m

at
ch

ed
 f

or
 g

ra
de

,I
Q

,a
n

d 
sp

ec
ia

l
le

ve
l,

an
d 

pr
et

es
t 

vi
su

al
 a

n
d 

C
V

 p
ra

ct
ic

e 
G

ro
u

ps
 w

er
e 

m
at

ch
ed

 f
or

 g
ra

de
,I

Q
,

ed
u

ca
ti

on
 e

lig
ib

ili
ty

di
sc

ri
m

in
at

io
n

 t
ri

al
s

an
d 

E
n

gl
is

h
 la

n
gu

ag
e 

pr
of

ic
ie

n
cy

 o
r 

w
er

e
ra

n
do

m
ly

 a
ss

ig
n

ed

A
co

u
st

ic
 M

od
if

ic
at

io
n

IS
Is

 w
er

e 
pr

og
re

ss
iv

el
y 

sh
or

te
n

ed
 f

ro
m

 
Tr

an
si

ti
on

s 
w

it
h

in
 w

or
ds

 a
m

pl
if

ie
d 

Tr
an

si
ti

on
s 

w
it

h
in

 w
or

ds
 a

m
pl

if
ie

d
40

0 
to

 1
0 

m
s 

fo
r 

vo
w

el
,C

V
 s

yl
la

bl
e,

Tr
an

si
ti

on
s 

w
it

h
in

 w
or

ds
 s

lo
w

ed
Tr

an
si

ti
on

s 
w

it
h

in
 w

or
ds

 s
lo

w
ed

an
d 

to
n

e 
pa

ir
s

G
ra

du
al

 n
or

m
al

iz
at

io
n

 o
ve

r 
p

er
io

d
G

ra
du

al
 n

or
m

al
iz

at
io

n
 o

ve
r 

p
er

io
d

Tr
ea

tm
en

t 
E

xe
rc

is
es

Fo
r 

th
e 

ex
pe

ri
m

en
ta

l g
ro

u
p,

ph
on

em
e

E
xp

er
im

en
ta

l g
ro

u
p 

re
ce

iv
ed

 F
FW

E
xp

er
im

en
ta

l g
ro

u
p 

re
ce

iv
ed

 F
FW

di
sc

ri
m

in
at

io
n

 f
or

 v
ow

el
s,

C
V

 s
yl

la
bl

es
w

it
h

 li
qu

id
s 

an
d 

n
as

al
s,

an
d 

C
V

 s
yl

la
bl

es
w

it
h

 s
to

p 
pl

os
iv

es
,i

n
 t

h
at

 o
rd

er
Fo

r 
th

e 
co

m
pa

ri
so

n
 t

re
at

m
en

t 
gr

ou
p,

to
n

e 
pa

ir
s 

w
er

e 
u

se
d 

Tr
ea

tm
en

t 
Pe

ri
od

3-
4 

da
ys

A
pp

ro
xi

m
at

el
y 

8 
w

ee
ks

A
pp

ro
xi

m
at

el
y 

10
 w

ee
ks

Tr
ea

tm
en

t 
In

te
n

si
ty

30
-4

5 
m

in
u

te
s/

da
y

A
pp

ro
xi

m
at

el
y 

8.
3 

h
ou

rs
/w

ee
k

A
pp

ro
xi

m
at

el
y 

8.
3 

h
ou

rs
/w

ee
k

O
u

tc
om

e 
M

ea
su

re
s

C
V

 s
yl

la
bl

e 
di

sc
ri

m
in

at
io

n
u

si
n

g 
n

ea
r

LA
S/

W
M

LS
 (

E
n

gl
is

h
 p

ro
fi

ci
en

cy
)

O
W

LS
 (

sp
ok

en
 la

n
gu

ag
e 

co
m

pr
eh

en
si

on
 

an
d 

fa
r 

tr
an

sf
er

 it
em

s 
(e

xp
er

im
en

te
r 

O
W

LS
 (

sp
ok

en
 la

n
gu

ag
e

an
d 

pr
od

u
ct

io
n

)
de

ve
lo

pe
d)

co
m

pr
eh

en
si

on
 a

n
d 

pr
od

u
ct

io
n

)
C

T
O

P
P

 (
ph

on
ol

og
ic

al
 a

w
ar

en
es

s,
ra

pi
d

W
J-

R
 S

ou
n

d 
B

le
n

di
n

g/
LA

C
/

n
am

in
g,

an
d 

w
or

ki
n

g 
m

em
or

y)
 

ex
pe

ri
m

en
ta

l r
hy

m
e 

pr
od

u
ct

io
n

 a
n

d
W

J-
R

 (
w

or
d 

id
en

ti
fi

ca
ti

on
 a

n
d 

w
or

d
ph

on
em

e 
se

gm
en

ta
ti

on
 t

as
ks

at
ta

ck
)

(p
h

on
ol

og
ic

al
 a

w
ar

en
es

s)
 

SS
R

S 
(s

oc
ia

l s
ki

lls
 a

n
d 

be
h

av
io

r)
W

J-
R

 (
w

or
d 

id
en

ti
fi

ca
ti

on
 a

n
d 

w
or

d
at

ta
ck

)
SS

R
S 

(s
oc

ia
l s

ki
lls

 a
n

d 
be

h
av

io
r)

Fi
n

di
n

gs
E

xp
er

im
en

ta
l g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
tl

y 
E

xp
er

im
en

ta
l g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
tl

y 
E

xp
er

im
en

ta
l g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
tl

y
gr

ea
te

r 
ga

in
s 

th
an

 c
om

pa
ri

so
n

 g
ro

u
p

la
rg

er
 g

ai
n

s 
in

 w
or

d 
id

en
ti

fi
ca

ti
on

 t
h

an
 

gr
ea

te
r 

ga
in

s 
in

 s
po

ke
n

 la
n

gu
ag

e 
re

ga
rd

le
ss

 o
f

gr
ad

e
co

n
tr

ol
 g

ro
u

p
pr

od
u

ct
io

n
 t

h
an

 c
on

tr
ol

 g
ro

u
p

C
om

pa
ri

so
n

 g
ro

u
p 

p
er

fo
rm

ed
 s

im
ila

rl
y 

C
h

ild
re

n
 in

 t
h

e 
lo

w
es

t 
qu

ar
ti

le
 w

h
o 

C
h

ild
re

n
 in

 t
h

e 
lo

w
es

t 
qu

ar
ti

le
 o

f
th

e 
at

 p
re

te
st

 a
n

d 
po

st
te

st
re

ce
iv

ed
 F

FW
 m

ad
e 

gr
ea

te
r 

ga
in

s 
on

 m
os

t
ex

p
er

im
en

ta
l g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
tl

y 
C

h
ild

re
n

 w
it

h
 R

D
 in

 e
xp

er
im

en
ta

l g
ro

u
p

m
ea

su
re

s 
th

an
 t

h
os

e 
in

 t
h

e 
h

ig
h

es
t 

qu
ar

ti
le

gr
ea

te
r 

ga
in

s 
in

 p
h

on
ol

og
ic

al
 a

w
ar

en
es

s 
pe

rf
or

m
ed

 li
ke

 a
ve

ra
ge

 r
ea

de
rs

C
h

ild
re

n
 le

as
t 

fl
u

en
t 

in
 E

n
gl

is
h

 in
 t

h
e 

(b
le

n
di

n
g)

 a
n

d 
re

du
ct

io
n

 o
f

pr
ob

le
m

E
xp

er
im

en
ta

l g
ro

u
p’

s 
p

er
fo

rm
an

ce
 s

im
ila

r 
ex

p
er

im
en

ta
l g

ro
u

p 
m

ad
e 

si
gn

if
ic

an
tl

y 
be

h
av

io
rs

 t
h

an
 c

h
ild

re
n

 in
 t

h
e 

lo
w

es
t 

on
 n

ea
r 

an
d 

fa
r 

tr
an

sf
er

 it
em

s 
gr

ea
te

r 
ga

in
s 

in
 w

or
d 

id
en

ti
fi

ca
ti

on
,w

or
d 

qu
ar

ti
le

 o
f

th
e 

co
n

tr
ol

 g
ro

u
p

at
ta

ck
,a

n
d 

sp
ok

en
 la

n
gu

ag
e 

th
an

 c
h

ild
re

n
 

le
as

t 
fl

u
en

t 
in

 E
n

gl
is

h
 in

 t
h

e 
co

n
tr

ol
 g

ro
u

p 






