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Predictive Coding and Training

What your brain 
expects to see Prediction Error Update Algorithm Better Predictions in 

Future

OR



Hypotheses

Musicians will have a training effect

Unexpected changes in musical phrase will cause an 
electrophysiological change in musicians

*Differences in training will cause different results (Predictive Coding)



Participants

Musicians
• N = 26

• Consistently 
practiced with an 
ensemble or took 
music lessons at 

least once a week 
for the past 6 

years

Non-Musicians
• N = 26

• No extra musical 
experience

COW 
Student

18-25 years 
old

No Perfect 
Pitch/ 

Amusia



Behavioral Tests

Musical Ear Test
• Hearing Test

Goldsmiths Musical 
Sophistication Index

• Self-Report Index

I often pick 
certain music 
to motivate or 
excite me. 

I can sing or 
play music 
from memory



Behavioral Results

Significant differences 
between musicians and non-

musicians! 



EEG and ERPs

• EEG: Measures electrical 
activity in your brain

• ERPs: Event-Related 
Potentials
• Measures electrical 

activity as a response to 
an event or stimuli

https://neuraldatascience.io/7-eeg/erps.html

Event



Stimuli6 novel 32 note melodies
• 8 sec long

Deviants: 
Unexpected 
changes in 

musical phrase 

Transposed into 6 keys
• Major and Minor Modes

• Deviants

• Pitch, Intensity, Timbre, 
and Slide Deviants



Training Effect

• Stronger activation for 
musicians 

• More background 
knowledge for predictive 

coding



Mismatch Negativity

• Automatic detection of 
deviants in stimuli

• More activation for to 
detect intensity and 

timbre than pitch and 
slide… Possibly

• Opposite previous results

Prior Results: Slide and Pitch larger activation



P3a
• Attention switching ERP

• Attention switching ERP

• Larger amount of 
activation needed for 
attentional switches



Takeaways

Musicians and non-
musicians react to 

deviants similarly just 
at different intensities

Pitch and slide 
attentional changes 

have more activation 
than timbre and 

intensity

Timbre and intensity 
have more automatic 
detection activation 
than pitch and slide 

Opposite 1 
previous data 

set



Future directions

• Replication

Homogenization of 
musician groups

Training causes 
different cortical 

organization

Further Data 
Analysis

Peak and Latency 
Analysis

REPLICATION



Thank You!
Dr. 

Herzmann

My 
Participants

Aliza & 
Bridget

Jacob

Mom & Dad

My Friends

Check out my 

poster!



References
Alain, C., Zendel, B. R., Hutka, S., & Bidelman, G. M. (2014). Turning down the noise: The benefit of 

musical training on the aging auditory brain. Hearing Research, 308, 162–173. 
https://doi.org/10.1016/j.heares.2013.06.008

 Anvari, S. H., Trainor, L. J., Woodside, J., & Levy, B. A. (2002). Relations among musical skills, 
phonological processing, and early reading ability in preschool children. Journal of Experimental Child 
Psychology, 83(2), 111–130. https://doi.org/10.1016/S0022-0965(02)00124-8

 Besson, M., & Faïta, F. (1995). An event-related potential (ERP) study of musical expectancy: 
Comparison of musicians with nonmusicians. Journal of Experimental Psychology: Human Perception and 
Performance, 21(6), 1278–1296. https://doi.org/10.1037/0096-1523.21.6.1278

 Hansen, N. Chr., & Pearce, M. T. (2014). Predictive uncertainty in auditory sequence processing. 
Frontiers in Psychology, 5. https://doi.org/10.3389/fpsyg.2014.01052

 Heilbron, M., & Chait, M. (2018). Great Expectations: Is there Evidence for Predictive Coding in 
Auditory Cortex? Neuroscience, 389, 54–73. https://doi.org/10.1016/j.neuroscience.2017.07.061

 Hyde, K. L., Lerch, J., Norton, A., Forgeard, M., Winner, E., Evans, A. C., & Schlaug, G. (2009). 
Musical Training Shapes Structural Brain Development. The Journal of Neuroscience, 29(10), 3019–3025. 
https://doi.org/10.1523/JNEUROSCI.5118-08.2009

https://doi.org/10.1016/j.heares.2013.06.008
https://doi.org/10.1016/S0022-0965(02)00124-8
https://doi.org/10.1037/0096-1523.21.6.1278
https://doi.org/10.3389/fpsyg.2014.01052
https://doi.org/10.1016/j.neuroscience.2017.07.061
https://doi.org/10.1523/JNEUROSCI.5118-08.2009

	Slide 1: The Sound of Neuro: an electrophysiological look at music in the brain
	Slide 2: Outline
	Slide 3: Prevalence of Music
	Slide 4: Predictive Coding and Training
	Slide 5: Hypotheses
	Slide 6: Participants
	Slide 7: Behavioral Tests
	Slide 8: Behavioral Results
	Slide 9: EEG and ERPs
	Slide 10: Stimuli
	Slide 11: Training Effect
	Slide 12: Mismatch Negativity
	Slide 13: P3a
	Slide 14: Takeaways
	Slide 15: Future directions
	Slide 16: Thank You!
	Slide 17: References

