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Fireworks in the musical brain!
In 2014 the TED-Ed film “How playing an instrument benefits your brain” was released. This five 
minute animated film summarised what we knew at the time about music learning and brain 
development. Now, five years on, we know so much more.

The TED-Ed film described what the neuroscientists saw when they first started to look at how 
the human brain processed music. They described it as fireworks because instead of seeing one 
small area of the brain lighting up, they saw multiple areas operating simultaneously in intricate 
and dynamic ways. This observation was the first indication to researchers that music could be a 
fantastic tool to study how the brain functions and learns.

It didn’t take long for the researchers to see that while listening to music causes fireworks in 
the brain, learning to play music on a musical instrument was even more impressive. In 2014 
we knew that music learning engaged three primary cortices (or brain structures) – the auditory 
(ears), motor (body and movement) and visual (eyes) cortices. Five years on, we now know that 
there are also, at least, six other networks operating at the same time and within these networks, 
there are also sub-networks.

But, for now, let’s stick to the big three cortices and the six main networks. Before we begin 
explaining them, let’s get our heads around what a brain cortex and a brain network are and what 
they do.

Our brain has many structures and many functions. Structures are parts of the brain and 
functions are connections between those structures. Think of structures as buildings and 
functions as the roads and paths that connect those buildings. Cortices are parts of the brain.
Networks are a series of neural pathways between different structures that share information. 
Researchers refer to these neural networks as functions, which are present at birth and then 
created through experience. When we hear psychologists talk about making new pathways for 
thinking, they mean rewiring networks in our brains. To make it even more interesting, structures 

The musically trained brain has both variations 
in brain structures and functions, and these are 
variations that tend to be more effective, faster 

and adaptive.

Researcher to Follow

Read More

Hyde, K., Lerch, J., Norton, A., Forgeard, M., Winner, E., Evans, A., & Schlaug, G. (2009). The effects of musical training on structural brain 

development. Annals of the New York Academy of Sciences, 1169(1), 182-186.

Herholz, S. C., & Zatorre, R. J. (2012). Musical training as a framework for brain plasticity: behavior, function, and structure. Neuron, 76(3), 486-

502.

Altenmüller, E., & Furuya, S. (2017). Apollos Gift and Curse: Making Music as a model for Adaptive and Maladaptive Plasticity. e-Neuroforum, 

23(2), 57-75.

Prof. Dr Eckart Altenmüller Institute of Music Physiology and 
Muscicians’ Medicine, Germany 

can be changed by new functions and functions can be altered by changes in structures. The 
brain is constantly changing.

The musically trained brain has both variations in brain structures and functions, and these are 
variations that tend to be more effective, faster and adaptive.

Firstly, the three cortices have to create networks to talk to each other. The auditory cortices 
have to learn how to exchange information with the motor cortices, and the visual cortices have 
to exchange information with the auditory cortices. Think of a little toddler, when they clap 
their hands to a beat that they are hearing, that is their auditory cortices talking to their motor 
cortices. When a child is learning how to read, their visual cortices is talking to their auditory 
cortices to hear the sound that is related to the letter symbol.

Furthermore, the three cortices don’t just talk to each other; they put all of their information 

together to create an integrated meaning of any experience. This is called multi-sensory 
processing, and musically trained brains tend to be very good at this because they are used to 
processing music, which incorporates all the senses, into a single idea. Now the brain is more 
proficient in this skill it then applies, or transfers, that skill to all of their other learning.

But wait, there’s more. As part of this multi-sensory integration, the musically trained brain also 
engages the six main brain networks in a highly effective way. Here is what they do.

Reward network – This term can refer to the intricate network in our brains that releases neuro-
active hormones, such as adrenalin (arousal), endorphins (joy), dopamine (rewarding experience) 
and stress hormones (fear of failure). Performing music in public is frequently accompanied 
by strong social feelings best described as a sense of connectedness and meaning. Musical 
performance has been shown to increase the release of oxytocin and serotonin which helps our 
brains to grow and learn.

Cognitive network – This network makes logical sense of information, contributes to the timing 
and accuracy of fine-tuned movements. It is thought to play a role in correcting errors and in 
learning new skills.

Sensory network - This network is involved in many aspects of movement processing and is 
an area where information from multiple sensory regions converges. It also integrates body-
coordinates in space (spatial awareness) and transfers visual information into movements.

Perception network – This is located in the primary and secondary auditory areas of the brain. 
It is mainly involved in basic auditory processing such as pitch and loudness perception, 
perception of time structures, and spectral decomposition (taking music apart for patterns).

Cognition network – These are the mental processes that support musical behaviours, 
including perception, comprehension, memory, attention, and performance.

Emotion network – This network is where emotions are processed and created. This network is 
the least understood network in the research and is being extensively researched .

As a researcher said to me when I visited his lab in California, “Not only do we not know a lot 
about the way the human brain develops yet, we don’t have complex enough ways of thinking 
about how it develops yet either. It is possibly the most exciting new frontier for discovery.”

https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.2009.04852.x
https://www.sciencedirect.com/science/article/pii/S0896627312009312
https://www.degruyter.com/view/j/nf.2017.23.issue-2/nf-2016-A054/nf-2016-A054.xml
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Fireworks in the musical brain!

Personal Brain Buzz Experiment Time
Think back to when you were learning your first instrument. Could you “feel” when your 
cortices were trying to make connections? You might have heard your teacher say something 
about the different parts of your brain coordinating together. Then maybe it all clicked, you 
got the sound, note or combination you were searching for. Did you notice that after the first 
connection was made, doing it was a lot easier? Write two more examples of that experience 
in your music learning development. 

Try and do something new, anything. Brush your teeth with your non-dominant hand or 
step off on your non-dominant foot. Be as creative as you like but make it something that is 
challenging to you. 

1. Monitor the cognitive processes before you get it, what goes on in your brain to complete 
the task?

2. Monitor the cognitive processes after you get it, what goes on in your brain in order to 
repeat the task?

3. Slow the process down so you can experience the creation of a new neural pathway. 
How did it “feel”?

Professional Reflection • Part 1
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Teaching Brain Buzz
As educators, we have done years and years of learning, but it is easy to forget how learning 
feels. This includes when we have the “ah-ha” moments and the seemingly endless frustration 
that comes when we can’t get something. How do you help students understand the ups and 
downs or plateaus and big leaps of the learning process? 

Young children through to adolescent students struggle to maintain a vision of their long-
term development and goals. Try these ideas to make their development explicit and obvious 
to your students.

1. Development tracker – this could be anything from a star chart that the students are 
in charge of through to a tracking chart/app that monitors change every day or every 
week that the student and the teacher each contribute to. Cross it over with their maths 
learning and create a term chart. The students should see that, while they have ups and 
downs, they are generally trending upwards. 

2. Rating system – it is typical in primary/elementary classrooms for students to rate how 
they are going with their knowledge or their wellbeing in any given lesson or day. Why 
not do the same thing with music learning. At the end of an ensemble rehearsal, students 
can indicate if they are “Nailing it”, “Going ok”, “Confused” or “A bit lost”. This helps you 
direct your energies as a teacher more effectively and gives students language and 
agency to direct their own learning and ask for help. 

After completing this professional reflection, write at least two questions you have about this 
topic.

Questioning Brain Buzz

Experiment Time

Fireworks in the musical brain!
Professional Reflection • Part 2
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