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ABSTRACT 

Two matched groups of severely language impaired school 
children (SLI) participated in a 4-week long training 
program consisting of daily sessions with computer-based 
speech and language games during which they listened to 
manipulated speech. For one of the groups the auditory 
stimuli were simply embedded in pink noise (S/N=3 dB) 
while for the other the same original stimuli were 
temporally and spectrally modified in line with Tallal’s et al. 
[9] transform. Pre- and post training assessments of the 
children’s psycholinguistic age ratio showed that children 
in both groups had a significant improvement from in 
psycholinguistic age from pre- to post-training but that 
there were no significant differences between the “noise” 
and the “transform” groups. This outcome is discussed 
against the background of poorly defined phonemic 
categories in SLI children and dyslexics.  

1. INTRODUCTION 

Despite normal development in many aspects, some 
children encounter problems in their performance of 
various tasks involving language processing. The issue has 
been extensively debated in the literature. Many studies 
have found auditory problems in the processing of speech 
sounds resulting in for example less sharply defined 
discrimination functions [1, 2, 3, 4, 5, 6, 7] and that children 
with dyslexia may be less categorical [8] or less consistent 
in their phonetic classification or auditory cues [2]. The 
arguments about the roots to the language processing 
problems seem to follow two main lines of reasoning. One 
line focuses on general temporal processing deficits [9, 10] 
arguing that children with language learning problems have 
a deficit in rapid temporal processing. The other line of 
reasoning presents arguments based on phonetic and 
phonological processes involved in the perception of 
speech sounds [6, 11, 12, 13, 14]. Tallal and colleagues 
found that training with temporally and spectrally 
manipulated stimuli (involving slowed down speech tempo, 
with the subsequent increase in duration of the formant 
transitions, and amplitude enhancements of consonant 
onsets) resulted in “…a dramatic improvement in receptive 
speech and language in LI children ” [language impaired], 
[9, p. 83]. These studies were criticized by the proponents 
of the phonetic view who argue that Tallal’s assumptions 
e.g. about the rapid characteristics in the speech signal are 
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pported by phonetic theory or empirical results [6, 11, 
, 14]. 

 the often devastating effect of language processing 
ts for the individual children, there is justified interest 
ethods that might alleviate the problem. Thus 
ting the potential role of different language training 
ms [9, 10, 15, 16] and understanding the working 

ples of such programs are obviously important 
ch goals. For instance, in a study by Marler et al. [15] 
en with language learning impairments (LLI) and a 
l group with typical language participated in at 4 
 intervention program either with the training 
m developed by Tallal and colleagues Fast ForWord 
) [17], or a computer-assisted instruction program 
hed by Laureate Language Systems (LLS) [15]. Their 
inary results suggest that neither FFW nor LLS 

ed in a significant improvement in terms of higher 
ard masking thresholds [15]. Also in this vein of 
ting the potential psycholinguistic effects of different 

of training, the present study was carried out with two 
s of severely language-impaired children (SLI) who 
ed training with different sets of auditory stimuli 
ted in a variety of language exercises and games.  

2. METHOD 

to the implementation of the training program the 
ts were tested with a battery of 19 standard language 
The Illinois Test of Psycholinguistic Abilities [18] 
) test battery (ITPA), containing 13 subtests to assess 
ain communication channels, the audio-vocal (AV) 

he visual-motor (VM), and six tests of reading 
rehension and phonological awareness. Examples of 
ts in ITPA are auditory reception, visual reception, 

al auditory ability, auditory sequence memory, sound 
sis, word flow and general grammar ability. The 
 of the subtests were calculated to an estimation of 
tal psycho-linguistic age (PLA). Comprehension was 
red in a word reading task and sentence reading task 
e time spent fulfilling these tasks was calculated. The 
ts’ word coding ability was tested with word and 
chain tests and a Word Recognition Index was 

ated. Rhyme recognition, syllable and phoneme 
ntation and phoneme identification and deletion was 
 as related to phonological awareness. Finally, a 
rdized Swedish test for word synthesis (UMESOL) 
as used. 



2.1 SUBJECTS

All the participants were enrolled in a special resource
center for severely language impaired children,
“Haellsboskolan, Resource Center Speech and Language”,
and diagnosed as suffering from general severe language
impairment, language impairment, severe speech delay or
general language impairment as assessed by a professional
team of speech pathologists, speech therapists and 
psychologists. Albeit great variability in cognitive profiles
they were all considered to perform within the normal
intellectual range. The subjects’ chronological ages ranged
from 9 to 14 years. 24 subjects were split into two matched
groups according to the results of the test battery and their
chronological age.

2.2 STIMULI

The stimuli consisted of manipulated pairs of natural
recordings of VCCV sequences forming non-words and in
which the medial consonant segments in the second
sequence were reversed, e.g. [ΟλϕΟ]/ ΟϕλΟ]. The vowels
were either [Ο] or [Ε]. Two female women speaking
standard central Swedish read the non-words. A total
amount of 1443 stimuli were prepared, half of which were
masked by noise, S/N=3 dB, and the other half were slowed
down by 50%, band pass filtered by a filter bank simulating
the 21 Bark bands and amplitude processed within each
band to enhance by up to 20 dB the onset amplitude
contrasts (see figure 1). The manipulation of the latter set of 
stimuli was to create stimuli similar to those used by Tallal
[9].

Figure 1: Illustration of the dynamic amplitude processing
using a tone with constant input amplitude.

2.3 TRAINING PROCEDURE

The prepared sound stimuli were implemented in a 
commercial computer based education program, Lexia 4 
[20]. The training period lasted over 4-5 weeks, a total of 16
sessions. In the 16-20 min. long sessions the children used
the stimuli during a variety of exercises and games. General
adjustments such as number of answer alternatives and time
availability were made before each session and the
exercises were planned on a weekly basis to ensure
individually adapted increase in task complexity. One of
the groups, Group N, used the stimuli masked in noise in
the training and the other group used the stimuli
manipulated according to Tallal’s transform [9], Group T.
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m is licensed to use the FFW program and she had
 hand picked out games in Lexia 4 that resembled
used in FFW.

4. RESULTS

completion of the training program the subjects were
d with the same test battery as before the training
. The scores of the pre and post training tests were
ted to analysis with Wilcoxon Signed Ranks Test and
d a significant improvement for both groups in the
subtests of the AV-channel (p< .0001). The

hannel did not reveal any statistical differences
r in the pre- and post training comparison nor
en the groups. The PLA was very significantly
ved for both groups (p< .0001), if calculated on the
ores. Calculated in stanine scores, on the other hand,
sult was only shown in an advantage for Group N

Group T (see figure 2). Comparison between the
d results from both groups’ pre and post training
 revealed very significant improvements in 18 of the
ts, a tendency to improvement in 6 (e.g. sentence
g, WRI, phoneme identification and sound synthesis)

o change in 5 (e.g. auditory sequence memory, letter 
 and visual repetition).

Group TGroup N

S

S
Post training 

Pre training 

e 2: Error bars of the total pre and post scores of 
o-linguistic age (PLA) for Group N (listening to
i embedded in noise) and Group T (listening to
i manipulated according to Tallal’s et al. transform
) [9].

 together, the results showed improvements after 4-5
 of training for both groups. In contrast, the
etween group comparison revealed no differences at
23 of the subtests; a very significant difference in 
tage for Group N in reduction of the time spent to
ete the word reading test; a tendency to advantage for
 N in PLA, auditory reception and WRI; and finally a 
cy to advantage for Group T in general auditory
 and in the total score of phonological awareness.
esults in the latter tests, though, showed large
dual differences and were very unstable. The subtests



that did not show any training effects for neither group were 
visual sequence memory, visual reception and auditory 
sequence memory. 

5. DISCUSSION 

This study was set out to compare training in severely 
language impaired children with two sets of manipulated 
stimuli – embedded in noise or transformed according to 
Tallal’s et al. transform [9]. The comparison between the 
pre- and post testing scores indicate significant training 
effects for both groups in a majority of the language tests. 
The between-group comparison revealed no significant 
advantage for training with stimuli according to Tallal’s et 
al. transform [9] over training with stimuli in noise. In fact, 
the results indicate a positive training effect for Group N in 
4 of the subtests over Group T. The failure of the present 
study to replicate good results of training with manipulated 
stimuli reported earlier [9, 10] is in agreement with earlier 
studies that do not find support for the hypothesis of Tallal’s 
et al. [9] proposed ‘temporal processing deficits’ [6, 11, 12, 
14, 15, 21]. What, then, might be the reason behind this 
discrepancy and why are the reportedly good results not 
easily replicated? These questions need to be considered 
against the background of language learning, language 
processing mechanisms, including the fundamental ability 
to direct attention to relevant properties in the speech signal 
in the development of phonological representations of 
language. The stimuli manipulations in terms of prolonged 
formant transitions and consonant amplifications suggested 
by Tallal and colleagues [e.g. 9] renders the speech signal a 
strange, vocoder-like character that might draw attention to 
global aspects of speech and language and thus increase the 
positive effect of general training. The intense and massive 
exposure in the intervention program may certainly 
contribute to maintaining the children’s interest in the 
exercises and games. The result found in the present study 
in the increase in some of the post-test scores even for the 
Group N, corroborates the notion of general focus on 
speech and language, since there seems to be no other 
theoretical explanation for an advantage of training with 
stimuli embedded in noise. The stimuli that Group T was 
exposed to include a 50% prolongation that reflects a 
slowing down of the speech tempo. Such a slowing down of 
the speech may be done spontaneously by speakers in a 
variety of ways to accommodate to many listeners’ needs 
[22]. For listeners with language problems the slower 
speech gives extra processing time for classification of 
stimuli [11] or to “…disambiguate poorly coded ones. 
[phonetic representations] ” [23, pp. 31].  Such extra time 
may be especially important if the listeners’ phonemic 
representations are not optimally developed [4, 8, 11, 21]. 
Listeners with language problems often do worse on some 
auditory tasks, as mentioned above, performances that have 
been interpreted as a deficit in general auditory processing 
mechanisms [9, 10]. On the other hand, when using 
synthetic speech-analogue stimuli, presented to the listener 
as non-speech, the performance may be equivalent to 
typical listeners, as reported by, Serniclaes and colleagues 
[8] for example. In experiments designed to study the 
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nship between categorical perception and dyslexia, 
authors found that children with developmental 
ia were less categorical than average readers when 

timuli were perceived as speech stimuli, mainly 
se the dyslexics were actually better at discriminating 
tic differences between stimuli that belonged to the 
phoneme category. These results are in agreement 
earlier studies [2, 3] and might be of crucial 
tance in discussions about poor performance in 
age impairments. It seems likely that building up 
nt phonemic representations of the speech signal is 
mental to language processing and that weakness in 
presentations of speech sounds might influence the 
mance in a variety of language tasks [4, 6, 23]. The 
tion of rudimentary phonemic representations seem 
t early in infancy resulting at the end of the first year 
e in an attunement into some (proto) categories 
nt to the ambient language [24, 25]. Noteworthy is 
erception function, as shown in a cross-language 
iment [26] where is was found that infants at the age 
 months typically exhibit a categorical perception 
on in terms of less pronounced ability to discriminate 
-category stimuli reflecting prototypical vowel 
ries of the ambient language and an 
sensitivity” to allophonic variation in the non-native 

age speech sound exemplars. The increased ability by 
en with developmental dyslexia [8] to discriminate 
-category stimuli better than average readers, may be 
 of developmental delay in the formation of phonemic 
entations. The underlying causes to such delays are 
nly complex and need further studies.  
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