
INTRO TO 
NEUROIMAGING & 
DATA SCIENCE: 
WORKING WITH 
NUMBERS IN SPACE



THE GOAL OF 
NEUROIMAGING IS 
TO LOOK INSIDE 
SOMEONE'S HEAD, 
AND QUANTIFY 
HOW THE BRAIN IS 
BUILT AND WHAT 
THE BRAIN IS 
DOING – T. KOSCIK



THE KEY THING TO 
REMEMBER IS THAT 
THIS BRAIN 
ACTIVITY IS JUST 
NUMBERS 
RECORDED BY A 
MACHINE



NUMBERS REPRESENTED IN SPACE



NUMBERS IN 
DIFFERENT 
DIMENSIONS

Numbers in space can represent data in any dimension

All of these are tensors

E.g. Rank 0 tensor, Rank 1 tensor, etc.



WHAT CAN NUMBERS 
IN SPACE REPRESENT

 Anything!



DIFFERENT WAYS NUMBERS CAN REPRESENT IMAGES

Grayscale RGB

(pretend this pic is in color with green grass, I guess)



“UNSPOOLING” A MATRIX INTO A VECTOR



AN INTENSITY & POSITION MATRIX

Brain Image Mask

Values = INTENSITY of current voxel at any 
given POSITION

Mask = Binary value of ONE if voxel at current 
POSITION has a non-zero intensity value



TWO MOST IMPORTANT 
PIECES OF INFO

 What’s the number?

 VALUE

 Where is that number located?

 LOCATION

1. 90
2. 92
3. 79
4. 88
5. 112
6. 55
7. 89
8. .
9. .
10..
11..



BRAIN IMAGES IN MULTIPLE DIMENSIONS



EXAMPLES OF 
IMAGES IN DIFFERENT 
DIMENSIONS

 1d – A line

 2d – static image of x,y coordinates

 3d – x,y,z spatial dimensions

 4d – 3 spatial dims. + time

 5d & higher - possible



2D projections 
for angiograms

3D reconstruction 
of the Dentate 

Gyrus

4D representation 
of anatomical 

change with age







VALUES OF A 3D IMAGE 
CAN REPRESENT MANY 
THINGS

Raw intensity values

Statistics: t-stats (above), f-stats, p-values

A parcellated atlas



TIME FOR AN AWKWARD BRAIN EXAMPLE
LOOKING AT DATA IN REAL TIME





BASIC IMAGING 
STATISTICS

Statistical analyses are often 
just paring down 
multidimensional brain data to 
single representative values



ANY QUESTIONS? 



TAKE HOME MESSAGE

“ALL IT IS IS CUBES 
MADE OF NUMBERS 

MY DUDES.” -
LAUREN HOPKINS
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