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Abstract

Some researchers consider music and speech as alternative means of
communication, containing somewhat similar but still distinct acoustic
features to carry information from the player, singer, or speaker to the
listener. These low-level similarities in speech and music as acoustic
signals form the starting point for experimental research comparing
automatic neural processes in perceiving music and speech. Importantly,
there is also evidence that learning occurs in these low-level neural
processes due to exposure and training. We review the influence of music
on language systems. We also discuss some recent evidence showing that
musical training can have a positive effect on speech perception and
neural processing of speech signals. Finally, we propose some possible
applications of music interventions on learning of speech perception in
early childhood education and in schools.
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There are notable similarities between speech and music on several levels
of processing. The power of using music as a means of education depends
partially on these similarities. Educators have named musical skills as one
of the subjects where fixed mindsets are more frequent: pupils with a
fixed mindset are more likely to talk about “musical talent” and to
interpret their own mistakes as a lack of musical ability rather than lack of
effort or time spent practicing (Dweck, 2006). This paper discusses the
experimental and especially neural foundations of the applicability of
music in education, namely, the similarities of speech and music, brain
plasticity and transfer effects, as well as experimental evidence of the use
of music in special education. Finally, we also present some thoughts on
how teachers can apply this knowledge in their work in using music as a
means of education.

1 Key similarities between processing of speech and music

The shared properties of language and music have been investigated
on several domains, starting from low-level acoustic similarities to
structural similarities and even shared evolutionary origins (Patel, 2007).
Both speech and music are learned through interactions with other
individuals, utilizing audition as the main channel but also strongly
influenced by non-vocal communication, such as facial and bodily
expressions and movements. They consist of successive acoustic events
that unfold over time, both operating in rhythmic, tonal and timbre
domains. Further, both speech and music use high-level hierarchical
structures of combinations of these acoustic events, thus forming new
representations derived from the combinations. In speech, an example
would be combining phonemes or syllables in a row to form words and
sentences with meaning, while in music, melodies are formed from
successive tones and chords are formed from simultaneous tones (see
Figure 1).

For decades, the low-level similarities in the mode of expression of
speech and music have inspired teachers and educators to investigate the
possibilities of music in helping children’s language development and
learning. Even more evidence on the shared mechanisms was found after
it became possible to study the neural correlates of speech and music
perception. For example, although some studies indicate lateralization of
brain areas, i.e., stronger responses in the left temporal lobe for speech
and in the right for music (Zatorre et al., 2002), the very basic acoustic
analysis of both speech and music is carried out in overlapping temporal-
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lobe cortical areas. Further, violations of structure, i.e., ungrammatical
words in speech or out-of-key notes in music, were found to give rise to
similar changes in the event-related potential (ERP) called P600 (Patel et
al., 1998). Functional magnetic resonance imaging (fMRI) studies have
identified overlapping cortical areas in the inferior frontal gyrus to be
responsible for the processing of both musical and linguistic structure
(Tillman et al., 2003, Friederici et al., 2003, see also Rogalsky and Hickok,
2010, and Peretz et al., 2015, for critical discussions on studies assessing
musical and linguistic structural processing). Naturally, these high-level
similarities between speech and music have also inspired educators to use
music as a teaching method outside the musical domain and especially for
language learning.

Currently, in the light of acoustic, behavioral and neural investigations,
there is a strong consensus of the close connections between speech and
music perception. The most overwhelming evidence comes from the low-
level acoustic features such as similarities in the perception of musical
timbres and phonemes, similarities in perceiving melodies and speech
intonation patterns, and overlapping requirements for memory and
attentive processes due to the unfolding-in-time nature of both speech
and music. These similarities can help us understand how, practically,
musical activities could support pupils with speech- and language-related
problems. The process of achieving a positive transfer effect from
practicing musical activities to learning speech- and language-related
skills is dependent on the capacity of the auditory system to change after
exposure, training and teaching, efficiently occurring in active interaction
between human beings. This neural learning-related process is called
brain plasticity. Plasticity, the brain’s ability to change, is a core
mechanism which is always involved when an individual learns
something, whether it is new melodies, phonemes, or some complex
knowledge at school. Below we review some of the main findings
specifically related to plasticity in the auditory system, which has a central
role in music and language processing.

2 Plasticity and learning in the auditory system

There is a broad consensus that the auditory system of the human brain
can change its function and structure according to exposure (spending
time in environments where one is exposed to certain sounds), training
(engaging in tasks for a long enough time) and teaching on a larger scale
(being given information and activities by a teacher or a coach, being



supported and scaffolded towards expertise via tasks and training).
Plasticity of the auditory system can be investigated on several levels
ranging from the cellular, synaptic, and network levels up to systems level.
For the purpose of this text, it is most beneficial to use the framework of
cognitive neuroscience where brain plasticity is often described as
measurable structural and/or functional changes in the brain that are
associated with changes in behavior and are caused by exposure or
training.

In the area of auditory-system plasticity, two time scales are usually
separated (Galvan, 2010). Long-term plasticity involves effects occurring
on the time scale of years. For example, being exposed to a certain native
language for decades results in plastic changes in the auditory system,
making it easy to recognize the phonemes of the native language. Short-
term plasticity, however, would occur in time scales from minutes to
weeks. For example, in order to learn to sing a new simple song one might
need to practice it for a few minutes per day for a few weeks. Thereafter,
the brain would automatically react to hearing any modified notes in this
simple melody. Typically, long-term plasticity is studied in cross-sectional
studies (comparing two groups of people who have had different types of
long-term exposure or training), although longitudinal follow-up studies
also exist. Short-term plasticity is typically studied in experiments where
pre- and post-tests are administered and training occurs between them.
It is often not possible to use double-blind randomized controlled trials,
but forming matched intervention groups is considered to be important
in order to control for family background and genetic factors.

The auditory system shows plasticity to music even without any musical
training, merely due to exposure to a certain musical culture. For
example, tonality (Toiviainen and Krumhansl, 2003) and meter (Hannon
et al., 2004) are musically relevant phenomena that the auditory system
is also shown to be sensitive to in individuals without any musical training.
Our innate musicality allows our brains to form models of tone and meter
simply when exposed to a certain musical culture. Plasticity resulting from
music exposure is even observed in animal studies (Rickard et al., 2005),
showing that no prior knowledge or music training is required for the
beneficial structural and functional music effects to emerge.

Musical training can influence the auditory system greatly and at
several levels. At the brainstem, which is a very early part of the auditory
pathway, changes in response patterns have been observed due to
musical training (Wong et al., 2007). The changes at this level allow the
auditory system to extract information from sounds more accurately. This
was proposed to be one of the mechanisms via which musical training
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affects the perception of all sounds, including speech sounds. Further, in
the primary and surrounding auditory cortices, musical training was found
to enhance neural structure and function (Schneider et al., 2002,
Bermudez et al., 2009). Some studies have shown that the plasticity
extends to higher-order cortical areas (Lappe et al., 2008).

Like music, language learning can also occur through passive exposure
and by actively training language functions. For instance, it was shown
that representations of new word-forms, that is, new words that do not
have pre-existing meanings, are formed when the individual is exposed to
them even when not paying attention to the stimuli (Shtyrov et al., 2010;
Kimppa et al.,, 2018). Furthermore, these studies found that the
representations are formed very rapidly, in less than 15 minutes in adults
(Shtyrov et al., 2010) and within 6 minutes in children (Kimppa et al.,
2018).

These findings on automatic and rapid learning of words have changed
our view on language learning mechanisms. Learning of new languages
usually requires extensive training. In grammar learning, which is a central
task in school in language-learning classes, one has to engage attention
and memory mechanisms to achieve the proficiency of the new language.
The acquisition of the phonology of a new language often calls for effort,
and there can be a large variation between individuals in how they master
the pronunciation even after extensive training.

FIGURE 1 Key similarities and differences between the acoustic signals and expressive
features of speech and music. At the lowest level of expression, both speech and music
use frequency content and timing of sounds as features. This similarity opens the



possibility to direct transfer effects: skills learned in musical activities are directly
benefitting the perception of frequency content and sound timing in speech perception.
For the mid-level features, differences are obvious, reflected in the different processing
systems of speech and musical sounds in the brain. Finally, similarities occur at the highest
level, where both speech and music use structured, meaning-loaded expressions and use
similar acoustic characteristics to express emotions.

Features specific to music Features specific to speech

Features specific
to music, distant
from speech

Features specific
to music, close to
speech

Features specific
to speech, close
to music

Features specific
to speech, distant
from music

High-level features

- Building emotional and - Building cognitive and
often emotional content

and meaning via speech

sometimes cognitive
content and meaning
via music

Mid-level features

- Harmony and
scales

- Chord structure
and progression

- Semantics, i.e.,
specific meaning
of words

- Grammar

Low-level features

- Fundamental frequency /
pitch

- Timbre: recognition of a
musical instrument on the basis
of spectral content and fast
spectral changes

- Timing: using rhythm and
sound duration as expressive
elements

- Memory requirement: keeping
previous tones in memory in
order to combine them into a
coherent melody

- Fundamental frequency /
pitch

- Timbre: recognition of a
phoneme on the basis of
formants, i.e., spectral content,
as well as fast spectral changes
- Timing: using sound duration
and sometimes rhythm as
expressive elements (e.g., short
and long vowels)

- Memory requirement: keeping
previous syllables and words in
memory in order to combine
them into coherent words and
sentences
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3 Transfer effects from musical training to speech perception and
neural processing of speech signals

When a skill acquired in a specific domain has an influence on processes
in another, unrelated domain, a transfer has occurred. Based on several
observations, it was hypothesized that there can be a transfer from
musical practice to language, more specifically, to speech processing
(Kraus and Chandrasekaran, 2010; Besson et al., 2011; Patel, 2011, 2014).
First, a large body of literature has shown superior auditory functions in
musicians. Second, speech and music share similarities. Both of them
include the processing of acoustic cues such as timbre, pitch, duration,
and intensity, and involve sound sequences that are in a structured
fashion unfolding in time. Third, there is an overlap of subcortical and
cortical brain structures for music and speech processing (Koelsch et al.,
2005; Schon et al., 2010), suggesting that they have shared neural
resources (Patel, 2011, 2014).

Phoneme awareness is one of the most frequently used measures of
speech perception in studies of transfer effects of musical training (Anvari
et al., 2002). Linnavalli et al. (2018) used a block-randomized intervention
design where language skills were followed up for two years in four
separate measurement sessions, including both testing of language skills
and ERP measurements of children’s brain responses to changes in speech
sounds. They found that even though the children’s speech perception
skills advanced on average, attending musical play school during the
follow-up period advanced the skills even faster.

There are several other studies in which participating in a music
programme was found to advance language skills. Degé and Schwarzer
(2011) found strong transfer from musical training to phonological
awareness in German 6-year-olds. Gromko (2005) found clear effects of
4-month music instruction on phoneme segmentation fluency in
American 5-6-year-old children. Thomson et al. (2013) found strong
effects on phonological awareness in British 9-year-olds, who participated
in musical rhythmic training. Myant et al. (2008) showed positive effects
on reading ability in British 4-year-olds, who participated in musical
activity in nursery. Register (2004) found better early literacy skills in
American 5-6-year-olds after different types of video and audio music
programmes. Bolduc and Lefebvre (2012) found increased phonological
awareness in French 5-year-olds who took part in a music programme.
Chobert et al. (2011, 2014) found effects at the level of syllables. Clearly
weaker effects of musical training have also been reported. For example,
Cogo-Moreira et al. (2013), Herrera et al. (2011) and Yazejian and Peisner-



Feinberg (2009) found small or even contrary effects of musical training
on phoneme awareness in their studies in Brazilian, Spanish, and
American children. It should be noted that the number of participants in
these three last studies was not small, altogether 472 children. Overall,
musical training in children is accompanied by positive effects on
phoneme awareness in most studies, but not all.

Rhyming is a frequently used task in testing the effects of musical
training on language skills. Moritz et al. (2013) used a rhyming
discrimination task and found effects of musical training. Similarly,
Herrera et al. (2011) found effects of musical training on rhyming tasks in
two languages, and the results of Moreno et al. (2011) and Thomson et
al. (2013) were very similar. In contrast, Yazejian and Peisner-Feinberg
(2009) and Myant et al. (2008) found very small or even contrary effects
on rhyme recognition.

There are also studies showing transfer effects from musical training to
reading skills. Moreno et al. (2009) found clear effects of musical training
on non-word reading skills. Similar findings but with smaller effects were
found by Cogo-Moreira et al. (2013) and Herrera et al. (2011) on word-
reading, and Register (2004) and Gromko (2005) on letter naming. In
conclusion, many intervention and follow-up studies show positive effects
of musical training on several language-related skills at varying levels from
the very low-level skills like perception all the way to higher-level skills like
reading, but the findings are not consistent and may depend on the age
of the children, the type of musical training, and the language
characteristics. Some correlational studies with Finnish learners show
similar findings (Milovanov et al., 2008, 2009), thus further supporting the
connection.

4 Music in special education

Using music in early childhood education has a long tradition in many
countries. In Finland, musical play schools are well structured and the
activities are organized mainly by professional early childhood music
educators with a Master’s degree, and musical activities during early
childhood education are considered important. Teachers know that music
is also a great method for other subjects like reading and mathematics for
1°t and 2" grade students (Ruokonen, 2016; Rantala, 2017). Musical
methods of teaching native and foreign language skills are important and
effective for all learners, but they are especially important for learners
with language-learning problems, since musical activities were shown to
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develop several key skills in speech perception, including speech
segmentation (Francois et al., 2013).

There are several groups of special learners whose responses to
different types of musical interventions have been studied, and there are
even some promises for very early interventions (Virtala & Partanen,
2018). In high-quality research, the protocol would include randomizing
children into groups of interventions or waiting-list control groups,
documenting the intervention, and testing prior to and after the
intervention for changes in cognitive and/or academic skills.
Unfortunately, not all intervention studies in music adhere to these
requirements, and there are some critical voices about the field in terms
of publication bias (Rothstein et al., 2005) and applicability in healthy
children (Tervaniemi et al., 2018). There are, however, several groups of
special learners for whom the results of intervention studies are especially
important for educators.

In a large training program in at-risk communities, several benefits of
musical training to language skills were found (Kraus et al., 2014a,b).
Music intervention holds promise in alleviating a range of problems in, for
example, the autism spectrum (Su Maw and Haga, 2018), attention deficit
and hyperactivity disorder (Rickson, 2006), and developmental language-
related dysfunctions, such as dyslexia (Habib et al., 2016). Next, we will
review studies on the influence of music intervention in children with
dyslexia and hearing-impairment as examples.

4.1 Children with dyslexia

Dyslexia is one of the most common neurodevelopmental disorders
(prevalence 5-10%; Snowling & Melby-Lervag 2016), which can be
devastating for the individual, first in the challenge of learning to read and
then learning by reading. The early negative learning experiences and
feelings of inferiority compared to peers can also lead to low learning
motivation. Therefore, it is of high importance to find efficient means to
alleviate dyslexia and particularly to prevent it with interventions applied
before school entrance. All teachers encounter learners with dyslexia
during their career due to its high prevalence.

For the development of language and literacy skills, phonological
awareness was proposed to be crucial (Ramus, 2013; Serniclaes et al.,
2004). Phonological perception is based on speech-sound categorization
ability on the basis of very short timing differences, which are challenging
for dyslexic children (Serniclaes et al., 2004). Although many perceptual
dysfunctions are associated with dyslexia, phonological deficits were



suggested to be its major cause (Snowling and Melby-Lervag, 2016;
Ramus, 2014).

Overy (2003) was among the first in determining the efficacy of music
intervention in children with dyslexia. The results, albeit obtained with a
small group size (N=9) and lacking a proper matched-control group, were
promising. They showed that rhythmic training improves phonological
awareness and spelling skills in children with dyslexia. A study with an
intervention group (N=114) and a control group without intervention
(N=121), both having reading difficulties, corroborated these results
(Cogo-Moreira et al., 2013). Interventions included musical improvisation,
composition, and interpretation. It was found that this training improved
both literacy skills and educational achievement in children with dyslexia
(Cogo-Moreira et al., 2013).

A training method called Cognitive Musical Training (CMT) was also
found to have a positive influence on dyslexic children (Habib et al., 2016).
It has auditory exercises in duration, pitch, tempo, rhythm, and pulsation,
motor exercises (e.g., tapping on rhythm), and cross-modal tasks. This
intervention program was found to significantly improve the perception
of phoneme categories and temporal speech components in dyslexic
children. Furthermore, it enhanced auditory attention, phonological
awareness (syllable fusion), reading abilities, and repetition of pseudo-
words.

Phonological deficits in dyslexic children were proposed to be linked to
misalighments between maximum speech-signal amplitudes and
fluctuations in neuronal excitability in the auditory areas (Power et al.,
2013). Consistent with this view, adult dyslexic musicians were found to
outperform non-musician dyslexic individuals in temporal auditory
processing tests, particularly in those assessing processing of “rise time”
and temporal envelope (Bishop-Liebler et al., 2014). Moreover, dyslexic
musicians were found to be better than dyslexic non-musicians in tests of
reading skills and phonological awareness.

Corroborating this, rhythm perception and production tasks and
performance on a metric perception task predicted phonological
processing and both reading accuracy and speed in dyslexic individuals
(Flaugnacco et al., 2014). Some further evidence for the beneficial effects
of music, particularly rhythmic training, was found by Slater et al. (2013).
They determined the influence of 1 year of musical training focusing on
the perception of rhythm (tapping in synchrony with a given tempo),
pitch, and improvisation in 8-year-old children who were at risk for
learning disability. This training was found to yield beneficial effects on
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performance in a synchrony tapping task, in which the children who
underwent the training had better skills than matched controls.

Moreover, rhythmic stimuli were found to have a rapid influence on
performance in a language task (Przybylski et al., 2013). Reading- and
language-impaired children were presented with a rhythmic prime (a
sequence of notes played either regularly or irregularly), which was
immediately followed by a syntactically correct or incorrect spoken
sentence (e.g., “John has/have forgotten his violin”). The regular
compared with irregular rhythmic primes clearly resulted in better
performance in the syntactic task.

The influence of music intervention on dyslexia has also been
determined at the neural level. ERPs to syllables and changes in their voice
onset time, vowel duration, and vowel frequency were recorded from
dyslexic children before and after training that included either learning to
play various instruments or painting exercises (Frey et al., 2019). It was
found that neural discrimination of the voice onset time and vowel
duration changes improved in the musical training group but not in
children who did painting exercises.

The results presented above are consistent with the observations of
scientists, teachers, and clinicians that music has a positive influence on
basic scholarly skills. This might result from the partly overlapping neural
network processing speech and music (Friederici et al., 2003; Tillman et
al., 2003). Additionally, the improving influence of music on mood and
brain’s reward system (Sihvonen et al., 2017) can be expected to facilitate
these effects.

4.2 Hearing-impaired children

One group of children who need specific support for their auditory
functions is children with a hearing impairment. Even children who were
born deaf can be helped by inserting cochlear implants (Cl) in their inner
ear. Cl has proven to be very successful in allowing these individuals to
communicate with speech. Yet, these children have difficulties in
acquiring spoken language skills due to many of them having, for example,
a limited receptive and expressive vocabulary (Percy-Smith et al. 2013;
Lund 2016). Children with CI often experience difficulties when listening
to speech in noisy conditions. Furthermore, around half of children with
Cls have poor expressive syntacticc morphological, and narrative
production skills (Boons et al. 2013), as well as phonological awareness
and verbal 1Q (for a review, see van Wieringen & Wouters 2015).

According to recent evidence, music can positively influence a wide
range of language-related skills in children with Cl. This was evident in a



study collecting questionnaire data on musical activities, particularly
singing, and assessing language skills in 5-13 year-old children with Cl or
normal hearing (Torppa et al., 2020). The language skills tested were
verbal intelligence, phonological awareness, word finding performance,
and perception of stress in words and sentences. It was found that
musically active children with Cls performed comparably to normal-
hearing controls in all language tasks in these tests, whereas the
performance of those who were not musically active was poorer and they
made more errors in phonological and semantic word finding tasks than
normal-hearing controls.

Rhythmic priming, which has been shown to enhance speech
perception (Cason and Schon, 2012), was found to improve language
production in children with Cls. In a study determining the effect of
rhythmic priming on phonological production, children with hearing aids
were asked to repeat sentences which did or did not follow a rhythmic
prime (Cason et al., 2015). The rhythmic prime either matched or did not
match the stress contrasts (i.e., meter) of the sentence. It was found that
the children had a better phonological accuracy in producing sentences in
the matching than mismatching conditions. These results imply that
musical rhythmic priming enhances phonological production in children
with Cl.

Speech hearing for individuals with CI is particularly challenging in
noise, which is ubiquitous in modern city environments. Noise may be
present in classrooms and particularly in kindergartens, making learning
and interaction with teachers and peers difficult. Music can alleviate this
problem as well. It was found that children who regularly sang at home
had a better perception of speech in noise as compared with children who
had less musical activity (Torppa et al., 2018). This study also illuminated
neural correlates of these functions by finding that in the regularly singing
group, a higher accuracy in speech in noise perception was associated
with faster P3a ERP responses to sound changes (Torppa et al., 2018).
Besides showing the beneficial effects of music activities on perceiving
speech in noisy conditions, these results suggest that the improved
speech in noise perception of the children who sang is associated with
better attention-shifting mechanisms. Generally, the use of music is
recommended in the lives of children with Cls both as a hobby and as a
teaching method (Torppa and Huotilainen, 2019).
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5 How good teachers use music interventions in education to
support learning

For decades, teachers have used the close connection between speech
and music both at the acoustic level and in emotional expressions (see
Figure 1). The recent evidence highlighting these connections and
showing transfer effects between musical training, use of music as a
teaching method, and learning of native and foreign language skills
further strengthens this connection and can make the use of music more
specific and goal-driven in different learning situations and for different
types of learners.

One important field of music intervention applications is learning and
language disorders, such as dyslexia and in children with hearing
problems. These children have challenges in developing sufficient
language skills, which are the fundamental basis for any learning of
knowledge at school. Both children with dyslexia and those with hearing
deficits need support for the building blocks of speech: accurate
perception of its acoustic features. Therefore, music, which facilitates the
brain’s overall plasticity through a wide neural network involving reward
and learning systems (Sihvonen et al., 2017), and specifically stimulates
the auditory system, is a feasible means to support language
development in these groups.

Beneficial influences of music on dyslexic and hearing-impaired pupils
have been shown both by correlational and intervention studies. Many
teachers enjoy music, and this may motivate them to use music in their
teaching. In the professional use of music in education, however, teachers
should not only rely on such personal likes and dislikes but should base
their choice of teaching methods on scientific evidence. Critical thinking
towards any oversimplified and overoptimistic views on using music in
education is needed (Tervaniemi et al., 2018). For example, short-term
improvements in some test results after music listening have been
misinterpreted to reflect long-term and broad beneficial changes in any
cognitive or mental abilities, including intelligence. At the same time,
more well-controlled comparative studies on the use of musical vs. other
teaching methods are needed for different subject matters. When
requiring teachers to base their teaching methods on scientific evidence
it should be noted, however, that researchers should put effort on
translating their findings to actionable knowledge appropriate for guiding
teachers’ professional practices.

Teacher training is one of the key factors affecting the use of music in
education. For teachers, growth mindset is of crucial importance,



highlighted by using phrases like “don’t know yet” instead of a
deterministic belief of being incompetent (Tirri & Kuusisto, 2019). Growth
mindset, and taking neural plasticity seriously, is also needed in the
teachers’ own musical training and learning to use music as a method of
teaching. Previously, training of early childhood education teachers
contained a lot of artistic work and musical training. When the training
was moved to universities, the amount of musical training unfortunately
decreased. In their training, the scientific understanding on why music is
important in early childhood education was brought up, which is
important, but practical skills are also needed in order for teachers to feel
competent using music in their work in early childhood education, as well
as to continue their own learning in the field of music. The same holds
partially true for school teacher education. Teacher training should both
educate future teachers on the reasons music is so important for learning
and also how it can practically be used in everyday educational contexts.
In addition, class teacher training should give the motivation and the
means for all teachers to develop their own musical skills throughout their
career.

There is enough evidence to say that music is a powerful resource that
can advance learning (Tervaniemi et al., 2018). Good teachers are aware
of the possibilities of music for helping their pupils learn different subject
matter and exercise growth mindset. They are inspired by new research
in educational sciences and they experiment with music interventions in
their daily teaching in order to find the best ways of using music for each
learner that they work with. They use music not only as content of
education, but also a means of education.
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