
For the Love 
of Math
Session 1:  Math and the Brain



About me:





Course Schedule
1. Introduction

Is there a math brain?
Neuroscience: Math and the Brain

2. How do we learn math?
Education/Cognitive Psychology: Learning Math

3. Is math universal?
Anthropology: Math and Culture

4. Is math a foreign language?
Linguistics: Math and Language

5. How do you feel about math?
Psychology: Math and Emotion

6. Math for Life



Math is ______________.

• https://www.youtube.com/watch?v=hB6bfw622fo

https://www.youtube.com/watch?v=hB6bfw622fo




Word etymology

•from the Greek μάθημα máthēma, 
“knowledge, study, learning”

https://en.wikipedia.org/wiki/Ancient_Greek


Goals for today

! Review basic brain anatomy

! Discover how neuroscientists study “math cognition”

! Learn fun facts to wow your friends and neighbours

! Recognize that we all have the hardware to do math



Math and the Brain



Brain Facts

• 80% of brain mass is the 
cerebral cortex
• 1mm3 cortex can hold 2 000 

terabytes of data (400 million 
songs…3800 yrs. of music)
• 86 billion neurons
• 50% of all brain cells are glial 

cells*

• 75-80% water
• 2% of our body weight
• 20% of our energy
• 65% of newborn’s energy 



The Neuron

As many connections 
in "a single cm3 of 
brain tissue as there 
are stars in the milky 
way”
David Eagleman 
(neuroscientist)



Glial Cells



Brain Tissue
White Matter  
• Bundles (tracts) of nerve fibers
• Nerve fibers (axons) connect 

nerve cells
• Covered by myelin (insulator) that 

speeds signals between cells
• Corpus collosum is white matter

• Mix of cell types

Grey Matter
• Composed of neuronal cell bodies
• House the nucleus
• Mix of cell types



The cerebrum (Latin for “brain”)

Parietal

Temporal
Occipital

Frontal

Cerbellum

Brain stem



Frontal Lobes
vExecutive function
vReasoning
vProblem-solving
vPlanning
vCritical thinking

Parietal Lobes
v Sensory input
v E.g., touch, temperature, pressure

Temporal Lobes
vAuditory processing
vFacial recognition
vSome visual processing
vMemory (hippocampus)

Occipital Lobes
v Visual processing

Limbic System (?)
v Structures within the brain that 

control and regulate 
v e.g., memory, appetite, emotions, 

alertness, sensory info. etc.



Link: 
https://www.youtube.com/watch?v=n3x8fIdsla4



Methods of Cognitive Neuroscience

Brain Perturbation

Natural:
• trauma, stroke, disease
Induced:
• Pharmacological
• Transcranial stimulation 

magnetic
direct current

Neuroimaging

Activity during cognitive tasks:

• EEG, event-related potentials
• Positron emission tomography (PET)
• Magnetic Resonance Imaging (fMRI)
• Diffusion tensor imaging (DTI)



Link: https://www.youtube.com/watch?v=tZcKT4l_JZk



Brain Imaging – EEG

Event related 
potentials



Frequency 
bands



What does the EEG research tell us about 
math and the brain?

Case Study: Arithmetic strategies

* Production or verification protocol 

8 x 4
Procedure double 8 x 2

Retrieve 8 x 4 = 32

Estimate 8 x 5 = 40 so <40

Sample Findings

• Different ERP signatures based on 
strategy-use 

P300, complex verification tasks       

N300, multiplication facts

• Oscillatory brain activity 
differences; 

+ theta/retrieval

- alpha/procedure
(Hinault & Lemaire, 2016)



Your turn



Positron Emission Topography



Abacus Math



https://www.youtube.com/watch?v=HKphPZ9YmUc



What does the PET research tell us about 
math and the brain?

Case Study: Mental Calculation
* Between-subjects design; 
abacus experts and non-experts

Tasks:
• Reading
• Add   (8 + 3 + 7 +…+ 2)

(25 +87 + 36…+ 55)
(2543 +7287 + …+ 4163) 

Findings
• Non-experts – larger visuo-spatial 

(VS) activation with complex versus 
simple addition, more frontal 
activations different strategy
• Experts – similar VS processing for 

complex/simple, same strategy
• Experts - both hemispheres 

activated, possible  visuomotor 
coordination

Wu, T. H., Chen, C. L., Huang, Y. H., Liu, R. S., Hsieh, J. C., & Lee, J. J. S. (2009). Effects of long-term practice and task 
complexity on brain activities when performing abacus-based mental calculations: A PET study. European Journal 
of Nuclear Medicine and Molecular Imaging, 36(3), 436–445. https://doi.org/10.1007/s00259-008-0949-0



Functional Magnetic 
Resonance Imaging

fMRI





What does the fMRI research tell us about 
math and the brain?

Functional correlates of numerical and math cognition 



.



Where is your brain “lighting up”  

(Amalric & Dehaene, 2019)



"Mathematicians judged whether statements were true

"Regardless of math domain, difficulty and solving strategy = same areas activated 
(bilateral IPS and inferior temporal (IT) regions)

"Activity in known language areas correlated with sentence complexity not content

"Findings support a distinct network for processing math

…at least in mathematicians





https://www.youtube.com/watch?v=cyvDG8qjt-M 



Method Summary Pros Cons

EEG Measures electrical potential
Indicator of neural activity
Event related potentials (ERPs)

Temporal resolution
Non-invasive
Inexpensive

Spatial resolution
Difficult to parse out multi-
component activity
Activity may be associated 
but not essential

PET Inject radioactive tracer 
Measures blood flow and O2 
consumption in diff. parts of the brain

Spatial resolution
Captures networks 

no temporal
Can’t do event-related 
designs 
Inject radioactive molecules
Indirect measure of activity
Activity may be associated 
but not essential

fMRI BOLD (blood oxygen level dependent)
Magnetic field, radio waves,
Protons in H2o sensitive to magnet.  
Magnetic field causes H20 molecules to 
change alignment
Measures blood flow/increases in areas 
where neurons are active

Good spatial resolution
Temporal better than PET
Can be event-related 
Identifies networks  
(cortical activation)

Low temporal 
Indirect measure of neuronal 
activity
Activity may be associated 
but not essential



Diffusion Tensor 
Imaging



Method Summary Pros

DTI Uses MRI
Measures direction and orientation of 
water diffusion
Make inferences on white matter integrity
Measures brain microstructures

Artistic images
Spatial resolution
“large cabling of the brain”
Structural integrity and connectivity



What does the DTI research tell us about 
math and the brain?

Review Article
• 16 studies 
• Children and adults

• Gifted
• Developmentally delayed

Findings
• Plastic changes following 

training

• Tracts through left parietal 
cortex implicated in: 
• Magnitude processing 
• Arithmetic 
• Higher math

(Matjeko & Ansari, 2015)



Matejko, A. A., & Ansari, D. (2015). Drawing connections 
between white matter and numerical and mathematical 
cognition: A literature review. Neuroscience and 
Biobehavioral Reviews, 48, 35–52. 
https://doi.org/10.1016/j.neubiorev.2014.11.006



Brain Perturbations 

Link: https://www.youtube.com/watch?v=n3x8fIdsla4



Brain Perturbations

• Gerstmann’s Syndrome
• Lesion in parietal lobe extends away from 

language areas…intraparietal disconnection
• Finger agnosia
• Acalculia
• Disgraphia
• Left-right disorientation

Rusconi, E. (2018). Gerstmann syndrome: historic and current perspectives. In Handbook of 
Clinical Neurology (1st ed., Vol. 151). Elsevier B.V. https://doi.org/10.1016/B978-0-444-63622-
5.00020-6



Finger Agnosia
• Agnosia – loss of finger sense
• Bidirectional links with finger 

agnosia/arithmetic

• Possible functional link between 
digital representations and numerical 
representations
• Fingers preserve one-to-one

• Exceed subitizing range
• Anchor point for counting



Tests for Gerstamann’s Syndrome

Acalculia/Dyscalculia
• Difficulty with simple operations
• learning, remembering, executing 

procedures
• Impaired subitizing
• Impaired number comparison



Dyscalculia 
and the Brain

• Prevalence 5-7% (Shalev, 2007)

• May co-occur with dyslexia

• Reduced activation comparing quantities (i.e., 
dots), comparing digits and arithmetic 

• Reduced gray matter interparietal sulcus (left, 
right, bilaterally)

• Connectivity differences in relevant parietal 
regions and parietal/occipito-temporal regions 
associated with symbolic number processing 
(diffusion tensor imaging)

• Training study with DD children, post-training, 
hyper-connectivity disappeared

Butterworth, B., Varma, S., & Laurillard, D. (2011). Dyscalculia: From brain to education. Science, 332(6033), 1049–1053. https://doi.org/10.1126/science.334.6057.761-b



Acquired Savant 

You may want to check out Jason Padgett

https://www.youtube.com/watch?v=CyYQIcZacvA

https://www.youtube.com/watch?v=CyYQIcZacvA


Effects of 
early seizures

https://www.youtube.com/watch?v=n4Arlam70bI



Synesthesia

- Conflate experiences in one sensory domain with another
- Colour/graphemic synesthesia perceive numbers as different colours
- Thoughts are it’s a “miswiring” as synaptic connectivity develops



Synesthesia

https://www.youtube.com/watch?v=n4Arlam70bI



Brain Plasticity

• Evidence that white matter shows 
plastic changes (Matjeko & Ansari, 2015)

• Changes in connectivity amongst 
DD students after training (Michels et 
al., 2018)

• Effects of early brain injury 
moderated by numerical experience 
and parent math talk (Glenn et al., 2018)

See also: Barbara Arrowsmith – Ted Talk:  https://www.youtube.com/watch?v=o0td5aw1KXA



Takeaway Message 

• A reliable network of brain regions appears to be critical for 
mathematical thought
• These regions are similar for mathematicians and for you and me

• Connections amongst this network can be perturbed
• Brain plasticity may allow for some remediation of perturbed 

networks

Next week: How do we learn math?  



"The human brain, then, is the most complicated 
organization of matter that we know" 

Isaac Asimov 


