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Abstract: At first glance, children with language impairments are difficult to understand, which is why speech therapy tends
to focus on pronunciation. Upon closer inspection, however, the impairment is often based on deficiencies in speech
comprehension, phonological working memory and phoneme discrimination skills. Despite their importance for successful
learning at school, working memory capacity and speech comprehension are still not components of conventional speech
therapy. In this experiment, 92 preschool-aged children with deficiencies in speech comprehension and working memory were
observed for a period of 15 weeks. Considering that working memory has in the past been considered unresponsive to speech
therapy, the evaluation study focused on proving this to be achievable through music-related auditory stimulation. The children
were divided into three groups. The experimental group (n=32) took part in auditory stimulation with technically modulated
music for a period of 12 weeks. The special-attention group (n=31) was assisted in school activities for a similar period. The
third group (n=37) served as a waiting list control group. The children in the experimental group showed significantly
improved working memory capacity and better phoneme discrimination skills compared to the control groups. The findings of
the study suggest that music-related auditory stimulation can support children with language impairments and improve their
chances at school.

Keywords: Music-related Auditory Stimulation, Phone Discrimination, Preschool Children, Speech Comprehension,
Working Memory

Children with SLI have a limited phonological short-term
memory (PSTM) and the deficits in their phonological ability
and capacity of PSTM appear to show no change despite
speech therapy [6]. Deficiencies in phonological ability and
phonological working memory remain unchanged even in
children who started talking late (late bloomers) and whose
spontaneous speech seems unremarkable [7].

Speech production is conditional on speech receptivity [8,
9]. Conventional speech therapy, however, generally focuses
on expressivity. Deficiencies in speech comprehension are
often ignored so long as there is nothing untoward about the
child’s pronunciation and he/she acts normally in everyday
situations [8]. There are indications that deficiencies in
reading comprehension result from problems in speech
comprehension in preschool-aged children [10] and that
substandard reading comprehension has an adverse effect on
arithmetic comprehension at elementary level [11]. Teachers
of the children involved in this study tended to believe that

1. Introduction

When it comes to children’s chances of doing well at
school, working memory capacity ranks higher than
intelligence quotient [1]. According to one comprehensive
survey, something like 10% of each school intake have a
working memory which is not conducive to learning and can
lead to frustration and behavioural difficulties. The working
memory capacity of a five-year-old gives a good indication
of that child’s likely school grades six years later. Teachers
tend to regard these children as daydreamers, as unmotivated
and lacking in intelligence [1].

The phonological loop as a component of working
memory is basic to a child’s linguistic development [2, 3]. In
Baddeley’s working memory model [2, 4], phonological loop
and visuo-spatial sketchbook are subordinate to, and in
constant contact with, a central executive. It is from there that
information makes its way into the long-term memory [5].
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the children just could not or did not want to listen [12, 13]
which corresponds to Alloway‘s findings.

There are not many studies which deal with speech therapy
methods and how well they work [14]. The auditory training
described in this article builds on the author‘s experience of
working with music-based methods; this is something the
author has used for many years to underpin her speech
therapy, and is admittedly somewhat controversial [15, 16]. It
seems logical however to boost language skills with auditory
stimulation (i. e. with music). Neuroscientific research and
objective measurements have produced considerable
evidence of the positive effects of music and music-making
on language skills [17, 18]. There are structural similarities in
language and music. Additionally, music and language are
processed in part in the same or overlapping brain regions
[17,19, 20].

2. Learning and Development

According to Lurija, the functional units of the brain that
develop successively form the basis of learning and
development (Figure 1). These units are interactive and
interdependent. Any deficits in the functions on a lower level
will affect the functions on the next highest level [21].

The phonological working memory falls within the second
unit. Short-term and working memory storage is particularly
important for vocabulary acquisition, comprehension and
syntax, as core language knowledge is built up on the
strength of the data retained in the memory [3].

While it is true that receptive capability is seen as the basis
for speech production, and comprehension problems often
remain undetected [13], therapeutic methods are generally
targeted at expressive speech [8, 9], i.e. the third functional
unit in Lurija’s model. It seems reasonable, though, to take a
closer look at therapy options that focus on the lower levels.

Functional units of the brain

Unit 3

Programming, management and control of
mental activities

Unit 2
Reception, processing and storage of
information arriving from the outside world
via sensory organs

Unit 1

Tone regulation and vigilance management
(Formatio Reticularis)

(Lurija, 1992/2001, p. 39)
Figure 1. Functional units of the brain.
3. Language and Music
3.1. Structural Common Ground

Phones comprise a number of formants, i.e. frequency

bands of maximum intensity, which correspond to the
resonances produced by musical instruments [22]. A phone is
made up of the sum total of its formants, corresponding to
one or more resonances. They are normally measured in
vowels, as these are the best researched, and as the automatic
analysis procedures are best suited to them [23].). German
vowels are each based on four formants: the first two of these
formants are the crucial elements in terms of identification
and differentiation whereas formants F3 and F4 are speaker-
specific [24].

-20,0
‘18,0
‘16,0
‘14,0
12,0
-10,0
¥ :8,0

dielen f u ss b o den

Figure 2. The German word, Dielenfuftboden* as a spectrogram.

The x-axis represents the length of articulation in ms. The
y-axis gives the sound pitch in kHz. Formant transitions at
/ie/ are clearly visible as horizontal shading [25].

The base frequencies for consonant formants lie at the top
of the range (cf Figure 2). Consonant differentiation therefore
calls for good hearing and the ability to perceive high pitches
[24]. Phone discrimination problems are supposed to be
caused by shortcomings in the ability to process formant
transitions [26].

In addition to pitch differences, phone discrimination is
also affected by processing speed, as different phones are
articulated at differing lengths (c f Figure 2). It is essential to
bear this in mind, given the importance that attach to
phonological loop precision for auditory working memory
capacity [27]. The difference in phonation length between the
German plosives [g] and [k], between [d] and [t], and
between [b] and [p], for example, is a mere 20 milliseconds.
Problems in registering phonation length are due to slow
cortical acoustic signal processing [28].

3.2. Prosody: Music in Language

Musical parameters like tempo, rhythm and pitch work
alongside body language in helping to express the rhythmic
structure of language and the emotional content of a spoken
message. A phonological word comprises both strongly and
weakly accentuated syllables and the prosodic structure of a
language is closely associated with its grammatical structure,
giving each language its typical melody [29, 30]. Individual
elements of language and music are bound together in a
system of rules — the syntax — in hierarchically structured
sequences [17, 31].

3.3. Processing Language and Music

Neuroscientific research findings indicate the existence of
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a music-language network in the brain. Language and music
are processed in the same — or overlapping — regions of the
brain [17, 20]. A lot of children with SLI have problems in
dissecting information contained in the prosodic parameters,
e.g. the switch between stress and unstressed, or the
emotional content of a message [29, 32].

There is a link between speech comprehension disorders
and the non-recognition of rule violations in relation to pitch
and rhythm in well-known children’s songs. This has been
attributed to the inability to automatise the processing of
speech signals [17, 20, 33, 34]. Children with a specific
language development disorder find it difficult to recognise
syntactical irregularities in both speech and music [17, 20].
These children have limited capacity for sequences of notes
and a restricted phonological working memory [20, 35].

3.4. Auditory Training with Music

There are numerous studies that confirm the favourable
effect that music-making has on the development of speech
stimuli [34, 36]. The wide range of synaptic associations and
precision needed for making music and for the rapid
processing of music are all available for language-related
processing [34]. It seems therefore entirely logical to utilize
the common ground between music and language to use
music-based auditory training to correct deficits in language
perception. This is not universally accepted though [15, 16].

The evaluation study presented here is based on the author’s
positive practical experience with auditory training. The music
used is a selection of works by Mozart, Bach and Vivaldi,
played on bowed or plucked instruments and on woodwind.
The music is processed by a converter, whereby frequencies of
below 1000 Hz are removed, and the high frequencies filtered
to make them higher still. This is done alternately left and right
(i.e. laterally, Figure 3). There are a series of stimulation levels:
the faster the running time, and the higher the filtration and
application levels, the stronger the stimulus: level 1 is lowest;
level 6 highest [25, 37-39].

Left ear

Right ear

Figure 3. Filtered music.

Filtered music: High and medium (> 2000 Hz) frequencies
are compressed with intervals and shifted left-right. Low (<
1000 Hz) frequencies are reduced in the counter-phase, or
eliminated entirely. The effect is to greatly reduce the

orchestral volume [25].

4. Method

4.1. Research Design

The research used a pre post design, with one experimental
group and two control groups. The experimental group applied
auditory training; the other two were identical in terms of age,
sex, language ability and phonological working memory: one
was the wait list control group, the other a special-attention
group. The children in all three groups were put through the
same battery of tests; the observation period was around 15
weeks. In all cases, the children’s auditory working memory
was tested before and after the observation period.

4.2. Selection of Test Subjects

Data were collected from March 2010 to June 2013 in
Northern Germany. Preschool children of between 4 and 6
years of age with German as their native language from nine
establishments were selected on the strength of their teachers’
assessment of their poor ability to: pay attention; understand
what they were being told; make themselves understood in
speech. Any one of these attributes sufficed. Exclusion
criteria were: mental impairment; trauma; dependence on
hearing aids; acute liability to catch cold; consistent use of
the plosive [t] instead of [k] and of [d] instead of [g]. A
further condition was that children in the experimental group
should not be undergoing speech therapy.

The children were tested for receptive language
performance, the underlying assumption being that there is a
correlation  between language  comprehension  and
phonological working memory. Comprehension testing used
the TROG-D grammar protocol [40]. Any children with a
low level of receptive performance were subjected to the
Heidelberg auditory screening procedure under the HASE
protocol [41].

In light of the view that the precision of the phonological
loop component plays a part in working memogy storage
capacity [27], a number of tests on the AUDIVA ~ test CD
were used to check for auditory function [42], Two of the
tested elements were phone discrimination ability and high-
pitch comprehension, given the connection relevance of the
formants for sound discrimination in the high-pitch range
[24]. Subjects were required to repeat single-syllable
nonwords and, for high-pitch comprehension, to reconstruct
German infinitives with an initial syllable where the
frequencies below 4000 Hz, 3000 Hz or 2000 Hz had been
removed. Because conditions were not right in some of the
test venues, only some of the children were tested for sound
discrimination capability and high-pitch perception.

92 children were finally selected as test subjects, all of
whom had a phonological working memory in the risk range.
Some of the children were observed in several phases over an
extended period, with the result that the data available for
analysis emanated from 116 subjects. The average age at pre-
testing was 59 months (SD = 7.2 months).
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4.3. Subject Groups

4.3.1. Control Groups

The children in the wait list control group underwent
normal teaching between pre- and post-testing. Members of
the special-attention group received around 12 weeks non-
specific attention or special-needs provision of comparable
intensity.

4.3.2. Auditory Training Group

The children in this group received auditory training using
technically altered music. This involved use of an electronic
device incorporating a CD player and headphones. The
training plan was standard to all; all the children used the
same semi-open headphones. Volume and sequence of the
music were standard for all devices.

The plan was to conduct the training without interruption
wherever possible for 12 calendar weeks, with breaks for
public holidays and other special occasions. The idea was
that the children in the training group should listen in small
groups to technically altered music through headphones for 3
x 30 minutes each week, always in the presence of an adult.
The trigger volume began at level 2 and went up a level after
six sessions each, such that in the final two weeks, the
stimulation level was at the maximum of 6. While they were
listening to the music, the children were allowed to occupy
themselves quietly.

5. Results

The underlying hypothesis was that the training undergone
by the experimental group would lead to a significant
improvement in children’s 1) phonological working memory
capacity; 2) high-pitch comprehension; 3) phone
discrimination faculty.

The differences in findings between pre- and post-testing
among the training group were compared with those of the
two control groups, using a t-test for unbiased sampling. The
level of significance was set at =.05. A pre- and post-testing
comparison of the mean values of the group findings with the
standard deviations is set out in Figures 4-7. The training
group is labelled HG, the wait list group WG and the special-
attention group PFG.

° Repetition of sentences

6 -
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4 M post

2

O T T

HG n=32 WG n=37 PFG n=31

Figure 4. Pre-post comparison of means with standard deviation: Repetition
of sentences.
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6 -
4 1
M pre
ol
M post
O . T 1
HG n=32 WG n=37 PFG n=31

Figure 5. Pre-post comparison of means with standard deviation: Repetition
of series of numbers.

Repetition of nonwords
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Figure 6. Pre-post comparison of means with standard deviation: Repetition
of nonwords.

High-pitch comprehension >
4000 Hz
10 +
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Figure 7. Pre-post comparison of means with standard deviation: High-
pitch comprehension > 4000 Hz.

The findings bring out clearly that the effect of auditory
training is greater than the progress made by the children
pursuing normal schooling over the same period. It also
exceeds the improvement attained with the special-attention
group. The improvement in all areas achieved by the training
group was significant (p <.05) compared with the wait list
group. Compared with the special-attention group, all the
results returned by the training group in the HASE tests were
significant (p <.05) in terms of auditive working memory and
in high-pitch comprehension > 4000 Hz. While
improvements in high-pitch comprehension > 3000 Hz and >
2000 Hz and sound discrimination were more marked than in
the special-attention group, they fell below the significance
threshold. Figures 4-7 concern pre-post comparisons which
were significant vis-a-vis the special-attention group.
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For 16 of the children who did the auditory training, the
post testing was carried out 5-6 weeks after the end of the
training phase and some 20 weeks after the pre testing. There
was no significant difference in the findings compared with
the 52 children who were tested immediately after the
training phase. In other words, the training continued to have
an effect for some weeks at least after the training was
completed.

There was no post-testing of grammar comprehension
because the item “Repetition of sentences “requires correct
reproduction, i.e. semantical and grammatical processing of
the sentence. That automatically includes speech
comprehension. [41].

6. Discussion and Conclusion

The importance working memory for a child’s learning and
development [1] and the fact that the of the capacity of
PSTM it is held to be non-trainable [6] add particular weight
to the findings of this study. There are a wide range of
preschool learning programmes, all of them aimed at
preventing learning problems at school. A number of the
children in the special-attention groups took part in these.
Even so, the positive effects of auditory training were much
higher in all test areas — significantly higher in the case of
phonological working memory and of high-pitch
comprehension > 4000 Hz (p <.05).

There are other aspects, though, which raise certain doubts.
All the children who took the speech comprehension test were
classed as at-risk, thus confirming the views that comprehension
problems are frequently missed [8, 12, 13]. Children in the wait
list control and auditory training groups received no special
attention, in most cases due to lack of facilities and/or money.
Only a small fraction of the subjects was receiving speech
therapy or special preschool measures. The work done with the
special-attention group was either set up specially for this
research or formed part of the teaching programme in an elite
institution with particularly keen teachers.

This research has generated the evidence-based and
scientifically founded proof demanded by Lauer [27], of how
effective non-linguistic, music-based auditory training can be.

The second unit of the functional units of the brains in
Lurija’s model was stimulated [21]. The findings of this
study also confirmed two studies both of which concluded
that music can be a fruitful basis for auditory training [43,
44]. The auditory stimulation enabled the children in the
experimental group to improve their phonological working
memory capacity significantly (p <.05) as against the children
in the two control groups within a relatively short space of
time. The improvements in high-frequency comprehension and
discrimination were likewise significant (p <.05) compared
with the wait list group, and the differences compared with the
special-attention group in the high-frequency range < 4000 Hz
were also significant. This shows that auditory training in the
high frequency range is very effective. Although it was not
possible to conduct any follow-up testing, the findings with the
16 children who were tested several weeks after the

completion of training would seem to indicate that the positive
effect can be sustained. Music-based auditory training is not
just effective: it is also efficient, in that up to ten children can
be catered for at the same time with the help of just one adult
requiring no special training. The children simply heard the
music, which they liked, in the background as they got on
with other, quiet occupations. No effort whatever was
required of them. It is therefore a useful and economically
attractive complement to existing measures like one-to-one
speech therapy or preschool special activities. It can be
dispensed in a group situation and it is quick-acting.

There are a number of more anecdotal observations and
data which emerged from the research, but which were not
taken formally into account. Parents and teachers alike
reported that the children undergoing the training were
quieter and more attentive, and that there were other positive
changes which escaped formal identification. This accords
with the findings of Alloway & Alloway concerning the
effect that working memory has on children’s behaviour [1].
Some reacted more calmly to the general hubbub of
preschool classroom activities, i.e. they became better at
filtering out unwanted noise.

This study was performed with relatively small groups of
subjects and they were tested with behavioural methods.
Not all positive effects that were observed like filtering out
unwanted noise or other behavioural aspects could be
examined in this study. Further research with
neuroscientific methods and graphic measures on the effects
of different music-based auditory training methods
available might bring out the function and efficiency of
them more clearly.

References

[1] Alloway, T. P., Alloway, R. G. (2010). Investigating the
predictive roles of working memory and IQ in academic
attainment. Journal of Experimental Child Psychology, 106,
20-29.

[2] Baddeley, A. D. (1992). Working memory. Science, 255, 556-
559.

[3] Weinert, S. (2010). Beziehung zwischen Sprachentwicklung
und Gedéchtnisentwicklung. In H.-P. Trolldenier, W. Lenhard
& P. Marx (Hrsg.), Brennpunkte der Geddchtnisforschung.
Entwicklungs- und pddagogisch- psychologische Perspektiven,
(S. 147-169). Gottingen: Hogrefe.

[4] Baddeley, A. D. (1986). Working memory. Oxford: Oxford
University Press.

[S] Baddeley, A. D., Gathercole S. & Papagno, C. (1998). The
phonological loop as a language learning device.
Psychological Review, 105, 158-173.

[6] Henry, L. (2012). Working Memory in Children. London:
SAGE Publications.

[71 Sachse S. (2007). Neuropsychologische und neuro-
physiologische Untersuchungen bei Late Talkers im Quer-
und Léngsschnitt. Miinchen: Dr. Hut.



(8]

(9]
[10]

[11]

[12]

[15]

[16]

[17]

[19]

[20]

[21]

Psychology and Behavioral Sciences 2021; 10(1): 18-24 23

Gebhard, W. (2005). Zur Diagnostik von
Sprachverstindnisstorungen im  Grundschulalter. In P.
Arnoldy & B. Traub (Ed.), Sprachentwicklungsstérungen fiiih
erkennen und behandeln. XXVI. Kongress. “‘Werkstatt
Sprachheilpddagogik” der deutschen Gesellschaft  fiir
Sprachheilpddagogik. (pp. 96-99). Karlsruhe: von Loeper
Literaturverlag.

Zollinger B. (1997). Die Entdeckung der Sprache. Bern: Haupt.

Justice, L., Mashburn, A. & Petscher, Y. (2013). Very early
language skills of fifth-grade poor comprehenders. Journal of
Research in Reading, 36, 172-185.

Lorenz, J. H. (2005). Mathematikverstehen und Sprach-
rezeptionsstorungen in den Eingangsklassen. In P. Arnoldy &

B. Traub (Hrsg.), Sprachentwicklungs-storungen  friih
erkennen und behandeln, XXVI. Kongress , Werkstatt
Sprachheilpddagogik  “der deutschen Gesell-schaft fiir

Sprachheilpddagogik (S. 105-122). Karlsruhe: von Loeper
Literaturverlag.

Tippelt, S. & Suchodoletz, W. von (2011). Screeningverfahren
zur Erfassung sprachgestorter Kinder bei der U7. In T.
Hellbriigge & B. Schneeweil (Hrsg.), Friihe Stérungen
behandeln - Elternkompetenz stirken (S. 222-246). Stuttgart:
Klett-Cotta.

Petermann, F. & RiBling, J. K. (2011). Sprachdiagnostik im
Vor-und Grundschulalter. Sprachheilarbeit, 131-137

Grohnfeldt, M. (2011). Uberlegungen zu einer Sprachtherapie
als Wissenschaft. Sprachheilarbeit, 122-130.

Hess, M. M. (2001). Auditive Verarbeitungs- und

Wahrnehmungsstérungen im Kindesalter. HNO, 593-597

Lauer, N. (2014). Evidenzbasierte Betrachtung auditiver
Verarbeitungsstérungen — Ein Uberblick tiber AVS und die
aktuelle Evidenzlage. Forum Logopddie, 28, 6-14.

Jentschke, S. & Koelsch, S. (2009). Musical training
modulates the development of syntax processing in children.
Neurolmage, 47, 735-744

Putkinen, V., Tervaniemi, M. & Huotilainen, M. (2013).
Informal musical activities are linked to auditory
discrimination and attention in 2-3-year-old children — an
event-related potential study. European Journal of
Neuroscience, 37, 654-661.

Koelsch, S. & Friederici, A. D. (2003). Towards the neural
basis of processing structure in music. In G. Avanzini, C.
Falenza, D. Minciacchi, L. Lopez & M. Maino (Eds.) The
Neuroscience and Music. Annals of New York Academy of
Sciences, 999, 15-28.

Sallat, S. (2008). Musikalische Fihigkeiten im Fokus von
Sprachentwicklung und Sprachentwicklungsstérungen. Idstein:
Schulz-Kirchner-Verlag

Lurija, A. (2001). Das Gehirn in Aktion. Einfiihrung in die
Neuropsychologie (The Working Brain: An Introduction to
Neuropsychology. 1973), p. 39. Reinbek: Rowohlt.

Joutsenvirta, A. (2005): Basics of Acoustics — The harmonic
spectrum and the formants. Sibelius Akatemia (Ed.).
Akustiikan perusteet — Etusivu (uniarts.fi)

Lennes, M. (2004) 7.5 Formanttianalyysi (lennes.github.io)
https://lennes.github.io/praat-opas/node36.html

(24]

[25]
[26]

[28]

[38]

[39]

Wirth, G. (2000). Sprachstorungen, Sprechstorungen,
Kindliche Horstorungen - Lehrbuch fiir Arzte, Logopéden und
Sprachheilpddagogen, p. 94, 106) (5. Aufl. iiberarbeitet von M.
Ptok & R. Schénweiler). K6In: Deutscher Arzte-Verlag.

Minning, U. (2014) AUDIVA® Kandern. http://audiva.ch.

Nickisch, A. & Massinger, C. (2011). Sprachfreie auditive
Verarbeitung bei Kindern mit spezifischer
Sprachentwicklungsstorung (SSES). In T. Hellbriigge & B.
Schneewei B (Ed.), Friihe Storungen behandeln -
Elternkompetenz stirken (pp. 268-272). Stuttgart: Klett-Cotta.

Hasselhorn, M., Grube, D. & Mihler, C. (2000). Theoretisches
Rahmenmodell flir ein Diagnostikum zur differenziellen
Funktionsanalyse des phonologischen Arbeitsgedéchtnisses. In
M. Hasselhorn, W. Schneider & H. Marx (Ed.), Diagnostik
von  Lese-Rechtsschreibschwierigkeiten — (pp.  168-180).
Gottingen: Hogrefe.

Spitzer, M. (2009). Musik im Kopf- Héren, Musizieren,
Verstehen und Erleben im neuronalen Netzwerk (9.
unverdnderter Nachdruck der 1. Aufl)) p. 190. Stuttgart:
Schattauer.

Penner, Z. (2006). Sehr friihe Forderung als Chance. Koln:
Bildungsverlag EINS.

Gervain, J., & Werker, J. F. (2013). Prosody cues word order
in 7-month-old bilingual infants. Nature Communications, 4.

Hannon, E. E. & Trainor, L. J. (2007). Music acquisition:
Effects of enculturation and formal training on development.
Trends in Cognitive Sciences, 11,467-472.

Sachse, S. & Suchodoletz von, W. (2011). Mdglichkeiten der
Fritherkennung  von  Sprachentwicklungsstdrungen  im
Séuglingsalter und zum Zeitpunkt der U6. In T. Hellbriigge &
B. Schneeweill (Hrsg.), Friihe Stérungen behandeln -
Elternkompetenz stirken (pp. 187-203). Stuttgart: Klett-Cotta.

Patel, A. D. (2003). Rhythm in language and music - Parallels
and differences. Annals of New York Academy of Sciences, 999,
140-143.

Patel, A. D. (2012). The OPERA hypothesis - assumptions and
clarifications. Annals of New York Academy of Sciences, 1252,
124-128.

Grube, D. (1998). Die Kapazitit des phonetischen Speichers
des Arbeitsgeddchtnisses als “auditive Préisenzzeit” und ihr
Einfluss auf die Reproduktion von Zeitmustern. In U.
Kotkamp & W. Krause (Hrsg.), Intelligente
Informationsverarbeitung  (pp.  225-231).  Wiesbaden:
Deutscher Universitétsverlag.

Trainor, L. J., Shahin, A. & Roberts, L. E. (2003). Effects of
musical training on the auditory cortex of children. Annals of
New York Academy of Sciences, 999, 506-513.

Friichtenicht, K. (2014). Die Wirksamkeit eines Hértrainings
mit Musik bei Kindern mit Sprachverstindnisstorungen im
Vorschulalter. Dissertation at the Carl von Ossietzky
Universitit Oldenburg. http://nbn-
resolving.de/urn:nbn:de:gbv:715-00ps-25722

Friichtenicht, K. (2017a). Hortraining mit Musik bei
Sprachverstdndnisstdrungen. Forum Logopddie 31, 6-13.

Friichtenicht, K. (2017b). Hortraining mit Musik und das
auditive Arbeitsgedéchtnis. Praxis Sprache 4, 209-214.



24

[40]

[41]

[42]

Kaija Fruechtenicht: Music-related Auditory Stimulation and Phonological Working Memory

Fox, A. V. (ed.) (2009). TROG-D - Test zur Uberpriifung des
Grammatikverstdndnisses (TROG-D - Grammar
Comprehension Test). Idstein: Schulz-Kirchner.

Scholer, H. & Brunner, M. (2008). Heidelberger auditives
Screening in der Einschulungsuntersuchung (Heidelberg
Auditory Screening for School Beginners). (2. Revised
Edition.). Binswangen: WESTRA.

AUDIVA® (2003). AUDIVA-Test-CD fiir die auditiven
Funktionen (Test CD for Auditory Functions). Kandern.

[43]

[44]

Korpilahti, P., Ceponiene, R. & Naiténen, R. (2002, June 14-
19). Neurofunctional Correlates of Auditory Perception and
Discrimination Training at the School Age. Poster at Science
of Aphasia. Acquafredda di Maratea, Italy.

Zwart, W. F. de (2008). Possible effects of specific auditory
stimulation on language processing. Unpublished Master
Thesis, Vrije Universiteit Amsterdam, Faculteit der
Psychologie en Pedagogiek.



