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Studies show a profound impact on verbal 
communication skills and emotional development.

The neural connections made when playing an 
instrument have a profound impact on other skills—

speech, language learning, memory, attention, and the 
ability to convey emotions vocally.

Developmental Benefits

Unifying all three major sensory pathways, learning 
an instrument grows your neural network like no 
other activity can.  

Like boosting the RAM on your computer, you're 
neurologically growing the brain's capacity. Research 
shows that children learning instruments increase 
their long-term spatial-temporal IQ by 46%.
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Pitch
A percept according to which 
periodic sounds may be 
ordered from low to high. 
Musical pitch has complex 
properties related to scales, 
and is often represented as a 
helix. Perceived pitch most 
often corresponds to the 
fundamental frequency, even 
in its absence, owing to the 
presence of harmonics that 
are directly related to the 
fundamental frequency.

Kinematics
Parameters of movement 
through space without 
reference to forces (for 
example, direction, velocity 
and acceleration).

movement timing to several cortical and sub-cortical 
regions, including the cerebellum, basal ganglia and 
supplementary motor area (SMA). It has been proposed 
that the basal ganglia and possibly the SMA may be 
more important for interval timing at longer timescales 
(1 second and above), whereas the cerebellum may be 
more important for controlling motor timing at shorter 
timescales (millisecond)1,7.

Studies have shown that patients with cerebellar 
lesions have an impaired ability to complete  perceptual 
and motor timing tasks8, and neuroimaging studies 
have shown cerebellar activity in relation to movement 
timing9,10. Although some studies have failed to sup-
port a direct contribution of the cerebellum to timing11, 
current theories of cerebellar function suggest it may 
have a role in feedforward control or error correction 
— both of these functions would be relevant for timing. 
Several researchers have proposed that the cerebellum 
computes predictive models of movement that would 
include movement timing12,13, whereas others suggest 
that it is most important for online error correction 

based on feedback, which would also contribute to opti-
mization of timing14. The cerebellum may contribute to 
the precise control of movement trajectories, which are 
related to accurate timing,15,16, and it has been shown to 
have a role in the acquisition and integration of sensory 
information17. When subjects perform purely auditory 
perceptual tasks,  neuroimaging studies consistently 
show cerebellar activity18.

Studies have suggested that the basal ganglia are also 
directly involved in movement timing. Patients with 
Parkinson’s disease, who have damage in the basal ganglia 
system, show impaired movement timing19. Furthermore, 
neuroimaging studies have shown that the basal ganglia 
are active in tasks that require timed finger tapping20,21. 
It has also been suggested that the basal ganglia may be 
involved in controlling specific motor parameters, such 
as force, which contribute to accurate timing22.

Many of these studies have examined very simple 
rhythms, usually requiring participants to tap a single 
finger to a constant beat. Although such tasks reveal 
important basic properties of perceptual and motor 
timing, it is not clear whether neural models based on 
these simple tasks are adequate for complex tasks like 
musical performance. Several recent experiments have 
examined perception and reproduction of more com-
plex musical rhythms. These studies have shown greater 
involvement of the dorsal premotor cortex (dPMC), 
lateral cerebellar hemispheres and the prefrontal cor-
tex23,24,25. It is not known whether these changes in brain 
activity are directly related to the temporal complexity 
of the rhythms or to other parameters such as sequence 
complexity, or the degree to which rhythmic structure 
allows subjects to predict and organize their motor per-
formance. These results indicate that motor timing is 
not controlled by a single brain region, but by a network 
of regions that control specific parameters of movement 
and that depend on the relevant timescale of the rhyth-
mic sequence. High-level control of sequence execution 
appears to involve the basal ganglia, PMC and SMA, 
whereas fine-grain correction of individual movements 
may be controlled by the cerebellum.

Sequencing. Motor sequencing has been explored in 
terms of either the ordering of individual movements, 
such as finger sequences for key presses, or the coor-
dination of subcomponents of complex multi-joint 
movements. Several cortical and sub-cortical regions, 
including the basal ganglia, the SMA and the pre-
SMA, the cerebellum, and the premotor and prefrontal 
cortices, have been implicated in the production and 
learning of motor sequences, but their specific contribu-
tions and the way they work together are not yet clear. 
Neurophysiological studies in animals have demonstrated 
an interaction between the frontal cortex and basal 
ganglia during the learning of movement sequences26. 
Human neuroimaging studies have also emphasized 
the contribution of the basal ganglia for well-learned 
sequences27. It has been argued that the cerebellum is 
important for sequence learning and for the integration 
of individual movements into unified sequences27,28–31, 
whereas the pre-SMA and SMA have been shown to 

Figure 1 | Auditory–motor interactions during musical performance. This 
figure illustrates the feedback and feedforward interactions that occur during music 
performance. As a musician plays an instrument, motor systems control the fine 
movements needed to produce sound. The sound is processed by auditory circuitry, 
which in turn is used to adjust motor output to achieve the desired effect. Output signals 
from premotor cortices are also thought to influence responses within the auditory 
cortex, even in the absence of sound, or prior to sound; conversely, motor representations 
are thought to be active even in the absence of movement on hearing sound. There is 
therefore a tight linkage between sensory and production mechanisms.
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Making it Simple for Parents

Super Convenient: Classes are right here at school—no extra running 
around, and the use of take-home rental instruments is included

Fun & Easy: Video lesson summaries provide busy parents a window 
into learning, accessible on your phone, tablet, or computer

Age Appropriate: Suzuki MethodTM inspired, effective for all ages, and 
designed with your high-energy kid in mind


