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Welcome!



Welcome!

• Please give us your input on what you want to learn and see in the 
class. 

• Please give us feedback on elements pedagogy: what mechanics of 
the class you would like to see enhanced, continued, discontinued,
etc.!

• We would like each of you to learn, enjoy, and help improve this class. 



Instructors and assistants

• Instructors: 

Ila Fiete

Daniel Zysman

• Teaching assistant: Su (Sugandha) Sharma



Course communication and office hours

• Stellar website: https://stellar.mit.edu/S/course/9/fa19/9.49/
• Piazza for discussions/q+a: https://piazza.com/mit/fall2019/949/home

• Office hours: 
Ila Fiete: Tu, Th: noon-1 @ 46-5065
Daniel Zysman: F: 1-2 @ 46-4115B
Su Sharma: W: 4-5 @ 46-5065

• Email: (fiete, dzysman, susharma)   @mit.edu

https://stellar.mit.edu/S/course/9/fa19/9.49/
https://piazza.com/mit/fall2019/949/home


Neuroscience and cognitive science

• Cognitive science and psychology, in some form, go back millenia
• Neuroscience is less than a century old
• Thus, no way to merge disciplines until very recently. 
• Two critical sets of tools: 

• Empirical tools in neuroscience
• Computational and mathematical tools for modeling and connecting across 

scales



Cognitive neuroscience: a giant but fledgling 
endeavor

• Encompasses everything related to how the brain performs 
perception, thinking, knowledge, planning, action, and interaction.

• Cognitive neuroscience intersects with psychology, philosophy, 
biology, chemistry, computer science, engineering, and mathematics. 
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A new field? Computational cognitive neuroscience. 
Meeting summary: https://www.sciencedirect.com/science/article/pii/S1364661318300433?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S1364661318300433?via%3Dihub
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Cognition & the brain & computation, and MIT

Dept. of Psychology/Teuber: 
to study mind must study brain
Effectively: first Neuroscience dept.
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David Marr: Vision
Three seminal treatments: 
Cerebellum
Hippocampus
Neocortex

Charlie Gross
MIT postdoc/asst prof
Subsequent: 
hand and face cells, IT
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Ann Graybiel:
Modular control of movement;
Subsequent: sequence chunking and hierarchy

Ted Adelson 
Tommy Poggio,
Michael Jordan, 
Sebastian Seung, 
Josh Tenenbaum,
…



Our (modest) goal

Focus on mechanism: to examine the (relatively few) neural circuits for 
which we have a reasonable mechanistic understanding of dynamics 
and function. 



Consider some neural circuits motifs for:

• Sensory perception
• Attention
• Memory
• Cognition in motor control 
• Decision making
• Spatial navigation
• Neural coding
• Learning and development, pattern 

formation



New empirical tools in neuroscience



Nature Methods volume10, pages413–420 (2013)

This dataset is publicly available!



Florian Engert lab; whole-brain larval zebrafish



Nguyen,…, Shaevitz, Leifer. PNAS February 23, 
2016 113 (8) E1074-E1081; first published December 28, 2015



Nature volume551, pages232–236 (09 November 2017)



Nature volume551, pages232–236 (09 November 2017)



fMRI (BOLD-contrast) and associated tools

• 1. Repetition suppression

Gross CG, Schiller PH, Wells C, Gerstein GL. 1967Single-unit 
activity in temporal association cortex of the monkey. J. 
Neurophysiol. 30, 833–843.

• 2. Multivariate pattern analysis 
(MVPA)

• Characterize patterns of voxel 
intensity

• Depends on topographic 
organization of functionally related 
neurons



Development of animal systems to probe 
cognitive behaviors

Flies can maintain a sense of orientation and make on-the-fly (!) decisions of what to do during courtship. 

Mice and rats can navigate mazes and solve other spatial tasks.

Chimpanzees can play video games: https://www.youtube.com/watch?v=2gnHkOTEsi8

And now neuroscientists can record cellular-resolution activity in neural circuits during such tasks. 

https://www.youtube.com/watch?v=2gnHkOTEsi8


Computational tools

• Trainable hierarchical models: DNNs/ANNs. 
• Powerful statistical models for data analysis.
• Mathematical concepts and tools: topological data analysis and other 

high-dimensional methods for structure discovery, information theory 
and error correction, signals detection theory, compressive sensing, 
control theory, dynamical systems analysis, reinforcement learning,
simulation, rendering, etc. 



Overview of sensory perception as cognition



Brightness perception



Brightness perception



Brightness perception

Gray looks white or black depending on higher-level context, which depends on a 
holistic interpretation of the scene (light source, solid object, shadows, etc.) 



Depth perception 

• Many cues: occlusion, brightness, cognitive interpretation, stereopsis. 
• Remarkable example that stereopsis alone can produce strong depth 

percept: random dot stereogram (RDS; Bela Julesz, Bell Labs). 

Julesz 1971



Construction of the RDS

RDS: Input constructed exactly according to what a foreground square on background with similar texture would subtend 
on the two eyes based on visual disparity. 



Depth can be perceived even when data are totally 
ambiguous: 3D reconstruction relies on internal 
assumptions 



Depth can be perceived even when data are totally 
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Depth perception/3D reconstruction/high 
ambiguity. 

Is light coming from above and top-left boss convex? Or light coming from below and top-left boss concave?
The data CANNOT decide (perceptual ambiguity), yet your visual system has made a firm decision à Bias/heuristic.  



Color contrast and constancy

Same colors (gray).
Different percepts (blue, yellow).

Color contrast

Purves & Lotto 2003



Color contrast and constancy

Different colors (yellow, purple).
Same percept (red).
Color constancy

Purves & Lotto 2003



Color contrast and constancy: the dress

Blue dress with black lace or white dress with gold lace? 
(Half of you are obviously crazy). 

Image copyright: 
Cecelia Bleasdale



Color contrast and constancy: the dress



Color contrast and constancy: the dress

Example of internal perceptual biases that do not always agree (unlike the boss, the rubik’s cube, etc.). The 
background has both warm and cool light sources, depends on which you assume. 
Democrat versus Republican? 



Size, shape, and form perception

• Vertical lines perceived as longer than horizontal; 60 degrees (from 
horizontal) longest. 

This one might be a low-level effect, but there are incredible high-level effects. 



Size, shape, and form perception

Murray, Boyachi, Kersten, 2006
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Size, shape, and form perception

Murray, Boyachi, Kersten, 2006



Illusory contours: Filling in missing
information (again high ambiguity!)

Kanizsa triangle, 1955



Illusory contours: Filling in missing
information (again high ambiguity!)



Illusory contours: Filling in missing information
(again high ambiguity!) with parsimony



Motion perception: the aperture effect

Again, stimulus is ambiguous. Interpretation of motion requires context, in 
this case the apperture shape is the context. Priors can also shape context. 

Opticalillusion.net



Motion perception: illusory motion in a static 
image

Moving snake akiyoshi kitaoka

https://imgbin.com/free-png/akiyoshi-kitaoka
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https://imgbin.com/free-png/akiyoshi-kitaoka


Illusory motion from still images: construction 
of a seamless version of the world
• Movies from images: 

• <20 ms intervals perceived as simultaneous 
• >450 ms perceived as sequential static images
• Intermediate interval: motion. (Wertheimer, early 1900’s) 
• Movies: frame rate of 24 Hz = ~43 ms/image. 
• Charlie Chaplin: filmed at 16-18 Hz, projected at 20-24 Hz (thus comical motion). If 

playback at same speed as filming, too much flicker. To reduce flicker, each image 
shown 2-3 times. 

• Audio introduced in movies: “talkies” à had to standardize framerate b/c ear much 
more sensitive to frequency changes. 

• Slow motion: film at 120, playback at 24. 
• Now: can film at 10^9Hz (speed of light! MIT media lab: Watch propagating 

light front) https://www.youtube.com/watch?v=PFuB648-ZBY

https://www.youtube.com/watch?v=PFuB648-ZBY


The flash-lag effect

Flash-lag effect https://michaelbach.de/ot/mot-flashLag/

Nijhawan R (1994) Motion extrapolation in catching. 
Nature 370:256–257

https://michaelbach.de/ot/mot-flashLag/


Motion perception as prediction: the flash-lag 
effect

Flash-lag effect https://michaelbach.de/ot/mot-flashLag/

https://michaelbach.de/ot/mot-flashLag/


Motion perception as prediction: the flash-lag 
effect

Two explanations: 

Prediction: Compensation of slow visual processing by predicting where the 
continuously moving line will be. Flashed stimulus cannot be similarly compensated, so 
lags behind. 

Filtering: Given that evidence is noisy, it needs to be integrated in time to reach some 
measure of certainty. Filtering the moving stimulus forward in time causes the overall 
estimate of its position to be further along than it was at the time of the flash. 



How many of these illusory effects do ML techniques
exhibit? 
(Not many! Kitaoka moving snake is one example…what about flash-lag in video models?)



From color constancy to construction of
concepts?

Q. Quiroga, .., C. Koch, I. Fried, Nature 2005
Very pixel data: Jennifer Aniston cell in MTL (hippocampus)



Q. Quiroga, .., C. Koch, I. Fried, Nature 2005

From color constancy to construction of 
concepts?



Face area, face decoding
• Sergent, J. (1994). Cognitive 

and neural structures in face 
processing. In A. Kertesz (Ed.), 
Localization and neuroimaging 
in neuropsychology. 
foundations of 
neuropsychology (Academic 
Press ed., pp. 473–494). San 
Diego, CA.

• Kanwisher N, McDermott J, 
Chun MM (Jun 1, 1997). 
"The fusiform face area: a 
module in human 
extrastriate cortex 
specialized for face 
perception". J. 
Neurosci. 17 (11): 4302–11.

• The code for facial identity 
in the primate brain Chang 
L, Tsao DY. Cell. 169 ,1013-
1028, 2017.

https://en.wikipedia.org/wiki/Nancy_Kanwisher
http://www.cell.com/cell/fulltext/S0092-8674(17)30538-X


Mental imagery

• Memory/generation of 
data?

• Activation of low-level 
cortical areas; suggests 
top-down connections. 

• How vivid is the image? 
How low-level? 

Ishai et al, 2000




