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Outline for today:

® algorithms / functionalism
® argument from illusion
® methods of study

® \Weber-Fechner Law

® basic neuroscience overview



from last time:

Philosophical position of this course:

* Empiricism - knowledge from senses (obviously!)

* Materialism - only one kind of stuff (matter/energy)

* Representative Realism - indirect knowledge of world,
via the senses

e Functionalism - understanding the “function” of the
sensory systems is all that we need to know to
“understand” them.




In this course, “understanding” perception means:

|. We can write down an algorithm for how a

perceptual task is performed
(i.e., we could use it to design an Al agent to perform the task)

2. Knowing where and how the algorithm is
implemented in the nervous system.



Example:

What is this?

the true
input to
your brain!

29 24 27 30 25 26 25 24 26 23 26 24 22 22 22 25 33 31 31 31 31 35 34 36 37 34 34 37 35 34 33 36 34 33 27 29 30 29 30 33 36 27 21 25 26 22 30 33 38 41 40 38 41 40 39 34 31 30 29 31 36 40 40 41
27 26 26 27 25 25 26 25 27 27 27 30 29 26 30 35 33 30 26 27 28 36 32 37 37 36 36 40 38 37 36 34 36 36 31 32 31 27 27 30 35 27 28 30 28 29 26 27 28 38 42 38 39 41 39 35 29 31 30 30 33 38 38 41
27 25 27 26 24 26 26 24 24 22 25 27 25 25 31 31 30 27 20 26 31 36 33 33 36 38 39 41 37 38 38 40 36 37 35 35 33 33 26 28 30 31 28 31 29 32 28 29 32 33 31 31 35 38 35 33 29 28 28 29 32 34 37 38
28 26 30 32 26 26 29 27 25 25 24 28 35 34 29 30 29 26 23 33 37 38 38 35 36 37 36 36 34 34 36 35 35 35 34 34 35 34 29 26 27 29 30 31 32 30 30 30 27 27 27 28 29 33 35 33 30 30 27 30 31 35 39 37
28 26 27 28 26 28 28 27 26 23 24 29 32 29 30 31 29 28 33 38 39 41 39 39 38 36 34 34 36 32 34 38 36 33 33 35 35 34 29 28 29 29 28 26 30 28 26 26 28 29 33 33 32 27 29 28 28 28 30 30 30 32 38 39
29 26 26 24 25 31 28 25 25 27 26 33 32 27 33 34 35 37 39 40 45 42 40 36 36 36 34 35 36 35 33 37 38 39 33 35 34 35 33 30 30 30 27 25 29 27 26 26 25 27 22 28 26 33 33 30 24 27 26 28 32 38 34 39
26 23 25 28 26 29 23 18 19 23 30 30 28 25 30 34 35 37 34 36 41 41 36 35 35 33 35 37 39 37 37 36 38 37 35 36 36 35 33 31 30 29 27 27 26 27 27 22 22 21 28 29 27 29 29 27 30 30 29 30 31 35 36 37
2524 23 24 24 24 23 19 19 22 29 29 29 27 31 29 30 30 30 32 34 35 34 34 36 37 36 37 40 39 39 39 39 38 37 36 34 33 34 32 31 29 27 27 30 26 26 26 26 28 28 28 30 32 30 31 26 31 35 353533 33 34
26 24 24 23 222220 17 18 25 31 31 27 29 26 26 27 28 30 31 33 32 35 37 37 37 36 37 41 41 40 40 39 39 36 35 33 34 33 31 30 31 30 29 26 28 23 24 23 24 25 24 28 30 29 29 34 36 30 27 28 28 25 28
27 21 25 27 27 24 22 21 23 24 25 24 27 32 23 25 25 30 30 34 33 34 34 36 37 38 39 41 42 43 41 42 41 42 39 37 34 33 32 32 31 29 32 30 28 26 28 26 23 21 20 25 25 28 28 35 32 25 24 25 25 24 28 29
27 25 28 26 26 28 21 21 23 28 26 26 27 26 23 22 26 29 30 31 35 36 38 40 41 40 43 46 45 44 44 44 44 41 41 38 36 32 31 31 29 27 29 31 30 26 28 27 23 23 17 19 23 27 28 27 22 14 19 19 18 22 24 30
27 26 29 29 28 25 24 24 28 28 30 31 35 22 21 25 27 30 32 35 37 36 35 36 37 36 37 37 39 41 42 42 43 44 41 38 36 32 28 29 30 26 28 31 30 25 24 28 34 30 25 24 26 27 252119221924 16 141529
28 26 27 27 25 25 27 26 30 30 27 33 29 18 22 24 26 29 32 35 37 38 40 42 42 44 46 46 44 45 47 44 45 44 41 39 35 32 30 29 26 28 26 29 29 27 27 23 29 34 34 33 31 27 242327 2525191211 1417
27 26 28 23 21 30 27 30 35 30 32 33 22 19 21 22 25 30 37 38 37 39 42 43 44 46 47 47 45 47 48 48 45 40 39 37 35 32 31 29 29 29 27 29 29 30 29 28 28 35 37 31 29 29 26 28 25 26 17 21 25 20 19 20
27 25 25 22 26 25 25 40 32 26 29 30 20 19 19 22 26 29 33 38 41 41 42 42 43 45 45 45 45 45 46 46 45 44 43 36 35 32 32 31 30 27 28 29 29 31 34 29 28 32 39 38 35 31 27 27 252218 192524 25 24
27 2224 27 23 18 27 35 29 28 29 29 20 20 22 22 24 30 36 39 40 39 41 44 46 44 45 46 45 44 48 49 47 44 43 38 36 36 34 30 30 29 28 28 30 33 34 31 27 29 30 33 35 32 29 20 18 22 26 35 26 22 23 27
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28 24 25 26 27 23 27 26 32 32 31 30 20 21 24 26 32 35 39 44 44 46 45 45 46 43 45 44 44 43 45 47 47 47 45 43 43 40 37 36 34 32 31 28 28 31 33 32 34 30 27 26 30 35 31 3233 3433 322820 17 16
28 27 26 25 28 30 24 30 35 34 35 33 22 21 25 29 33 36 38 37 40 46 46 45 47 45 43 44 46 42 45 47 45 43 42 42 40 38 36 35 35 33 31 28 30 31 30 32 34 37 33 28 30 36 323229 3029 2421252013
28 28 29 30 32 24 20 25 29 33 36 29 24 20 25 27 22 18 18 26 31 40 46 47 50 47 46 46 47 42 44 36 26 25 24 25 31 27 29 34 35 34 29 28 29 30 29 31 34 33 35 29 29 29 3229 30 22 21 24 24 26 16 13
2827 3129251914 20 25 25 29 29 20 19 26 17 10 06 20 30 31 34 43 44 49 47 46 48 48 41 40 33 26 22 23 25 28 25 28 31 36 34 30 28 30 30 29 30 30 33 40 34 29 31 33 28 25 25 26 22 22 22 22 11
2827 3028 24 1413 19 26 25 27 24 19 19 20 20 18 27 27 26 26 30 35 39 44 45 45 45 46 42 38 32 26 22 23 26 25 29 31 30 32 32 30 27 29 32 29 28 30 33 34 32 30 32 28 28 27 3028 21 17 16 23 25
2828323017 131216 1920 23 25 21 19 20 27 31 31 30 29 27 25 26 35 40 42 43 43 42 38 35 29 26 27 26 22 23 24 33 31 27 27 29 29 29 32 31 33 32 30 31 39 35 26 28 30 26 29 29 30 25 19 19 25
2729312917081216 12122124 20 17 17 28 32 22 23 28 27 27 25 21 30 39 41 42 38 33 30 29 32 26 27 31 36 34 25 33 30 25 28 29 30 32 33 32 30 33 36 39 37 30 22 30 25 24 28 30 28 27 22 23
2828 3228 20 08 10 09 07 09 16 29 20 16 16 29 23 27 24 25 29 28 24 27 19 33 44 42 35 30 27 30 24 24 25 09 12 11 20 24 31 28 28 29 30 33 34 32 30 34 33 38 33 25 25 20 24 25 27 26 28 32 28 22
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2931353238 4128191113 2529 25 19 32 36 40 39 38 39 38 37 35 28 30 38 42 39 37 33 33 36 36 38 40 44 47 47 47 45 41 43 41 41 3529 26 24 2522 21 21 46 33 3022 121220 25 08 16 30 26
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303236 33 41 4241 42 39 31 30 33 30 21 26 34 36 37 37 40 41 42 41 32 41 49 53 52 44 37 33 37 32 42 44 50 47 45 45 42 42 41 41 39 35 29 25 25 24 21 18 36 47 39 26 18 12 15 20 16 24 30 22 27
31323533 41 42 43 41 38 35 27 20 26 25 22 29 35 36 38 41 42 42 37 28 39 46 50 48 41 33 36 41 3243 4346 50 47 46 434241 403534 3125232522184443401921121221 1623242529
30 33 36 34 42 43 42 41 36 36 23 15 21 22 21 30 31 36 39 43 44 41 38 21 23 39 41 38 28 22 21 29 25 47 48 43 47 48 45 43 42 39 39 37 35 30 24 23 22 21 17 42 38 25 03 24 13 14 25 24 25 29 31 35
313236 34 40 4242 40 35 34 27 15 17 23 21 28 28 34 40 44 44 42 40 09 08 22 27 24 12 05 21 23 31 49 47 46 44 48 44 42 41 38 38 37 35 28 23 2221 19 08 13 09 02 03 20 21 18 23 23 26 31 34 36
30 33 36 34 41 42 41 39 37 37 29 23 26 23 20 28 27 34 39 46 45 42 43 40 22 07 07 07 16 32 33 43 48 48 46 47 45 43 44 40 38 36 36 37 3527 22 2220 19 05 03 03 05 12 17 21 21 22 23 24 30 33 34
30 34 36 33 41 43 43 41 39 36 32 28 26 33 23 29 26 28 38 39 35 40 36 28 27 27 35 34 28 25 22 30 41 44 40 35 38 39 41 40 37 37 34 35 33 26 23 21 1916 0202 03 07 10 14 17 21 18 25 24 28 33 34
30 34 36 35 41 42 42 41 39 37 35 34 32 30 25 27 26 28 32 29 25 29 29 23 25 28 30 24 28 16 20 26 34 39 38 40 45 40 37 38 3534 3434 3124221917 13020203 06 111017 1211 20 20 26 30 33
2932 3535424343 4238 37 37 34 33 36 19 24 26 29 35 25 23 24 2520 26 2129 17 20 1321 24 34 31 36 3534 41 423936 353132282423 16 1508 0505 1309141717 08 141717 1520 25
2933363643434341403737353736341924283323121817092221211516 1110232227 272221333135353533292926211412040915202019201914142119161916
2933 353743434243 3937 363636373522242532221008 15050513 1317140404 1106 121213 13 27 26 25 36 33 31 30 30 27 20 08 08 01 22 25 21 23 2323 18 17 20 18 15 18 20 22
30 34 35 36 43 44 43 42 39 37 36 36 36 36 35 26 22 23 31 29 1503 05 07 06 05 15 23 22 23 2022 1517 1921 23 17 16 36 38 32 29 29 29 23 14 06 03 02 44 32 21 222422222117 171617 19 21
30 34 3537 43 43 43 42 39 36 36 35 34 34 34 30 22 23 24 35 32 23 15 21 24 25 23 29 34 39 33 33 29 33 36 32 36 34 29 37 36 28 26 28 27 22 08 04 02 13 51 32 21 22 20 20 23 22 21 20 19 22 19 22
29 35 36 36 43 44 43 41 38 36 35 33 34 34 34 32 24 24 21 30 34 34 28 27 27 27 27 26 26 27 30 35 38 41 39 40 38 41 37 36 32 29 27 28 25 17 05 03 02 36 52 33 22 24 23 23 24 24 24 22 22 21 23 21
29 35 36 38 44 44 43 41 39 38 36 34 35 35 34 33 32 20 24 21 34 35 30 28 31 31 33 34 34 34 36 39 39 41 43 41 39 39 39 36 30 24 26 25 19 08 04 01 12 52 54 32 24 24 22 22 23 2523 232221 23 24
30 37 36 38 44 44 43 41 39 37 35 34 34 34 34 32 22 05 20 21 24 34 32 30 36 36 40 41 40 40 43 45 43 45 43 42 40 39 39 37 29 24 26 22 13 05 02 01 39 53 52 22 23 24 23 23 22 23 24 23 24 23 22 23
3037 3739444543 424038 3634 353531211704 04 17 16 30 31 30 36 41 43 45 46 46 47 49 46 46 45 42 41 40 36 33 25 24 23 18 08 03 01 15 54 56 36 20 25 24 25 23 24 24 25 24 22 22 24 22
3138 37 40 45 46 45 43 39 38 37 35 35 26 1922 20 06 01 03 16 21 29 30 38 38 40 45 48 48 49 49 48 44 42 41 39 37 32 27 20 22 20 13 04 01 04 52 55 57 11 22 24 25 23 25 23 24 23 22 22 22 22 22
30 37 37 40 45 46 46 43 40 37 37 34 25 20 23 24 22 10 01 01 02 07 22 27 33 36 38 43 42 4241 44 4542 40 38 37 33 26 19 14 20 15 08 03 04 46 55 57 36 03 21 22 25 23 22 22 24 25 25 24 22 22 23
3038 37 4244 40 30 26 24 25 24 21 21 23242324 1301 01 01 01 05 17 26 32 37 38 38 34 33 36 39 39 33 34 30 23 15 11 18 16 13 08 03 47 55 57 54 07 09 25 26 27 26 23 22 24 27 26 23 22 21 21
30 38 34 26 20 19 19 23 23 22 21 21 23 25 23 2524 14 02 01 01 01 00 02 11 23 31 36 34 36 31 30 34 33 26 24 18 10 09 19 18 17 13 02 37 55 58 58 22 07 12 26 25 27 25 23 23 23 23 22 24 22 22 22
23 22 20 21 22 21 22 21 23 24 24 24 25 24 2224 24 18 07 02 04 01 01 01 01 06 13 21 26 27 2520 21 20 1510 07 08 19 20 19 20 07 22 61 58 59 30 05 09 12 24 23 23 25 22 23 22 24 25 24 24 23 22
20 21 19 23 22 23 24 23 25 25 24 26 26 25 24 25 23 20 18 06 21 16 04 00 01 02 05 08 07 09 10 11 09 06 07 08 09 15 21 21 22 08 12 61 60 58 37 09 06 08 13 21 26 26 26 23 24 26 25 25 24 23 21 19
20 22 23 24 22 24 23 26 27 24 25 25 28 26 26 26 19 2524 19 22 22 16 07 00 00 03 08 04 03 07 08 06 07 08 10 14 18 20 18 11 08 59 62 61 34 10 11 07 05 19 23 26 26 27 24 24 24 23 22 22 24 25 24
2222 22 22 24 25 24 25 26 24 26 27 24 27 25 2524 2526 23 232117210401 00 0511 070104 08 141517 17 18 19 20 18 56 62 62 64 13 17 09 08 06 24 23 25 25 24 23 23 24 26 25 24 24 24 25
23 24 24 25 24 24 24 27 22 24 26 25 26 27 252227 27 222320212019 1001 0001 10 11 09 04 01 03 08 12 15 20 26 26 47 62 62 62 63 27 19 05 08 14 22 26 28 26 25 25 25 24 25 25 24 24 21 23
23 22 24 23 26 23 27 26 24 26 25 24 26 26 22 23 27 2622 2123232117 14090000 17 13 121208 01 02 06 12 21 26 42 61 62 62 61 62 38 15 04 11 21 21 23 27 25 27 27 25 25 23 22 23 25 25 24
2222 24 24 23 23 25 22 24 26 26 24 24 26 21 27 27 24 23 232220191917 16 01 00 36 49 46 48 50 51 26 08 20 26 38 62 61 62 62 61 61 47 10 11 43 24 22 22 26 25 26 25 24 24 25 26 2525 24 24




Example:

What is this?

the true
input to
your brain!

29 24 27 30 25 26 25 24 26 23 26 24 22 22 22 25 33 31 31 31 31 35 34 36 37 34 34 37 35 34 33 36 34 33 27 29 30 29 30 33 36 27 21 25 26 22 30 33 38 41 40 38 41 40 39 34 31 30 29 31 36 40 40 41
27 26 26 27 25 25 26 25 27 27 27 30 29 26 30 35 33 30 26 27 28 36 32 37 37 36 36 40 38 37 36 34 36 36 31 32 31 27 27 30 35 27 28 30 28 29 26 27 28 38 42 38 39 41 39 35 29 31 30 30 33 38 38 41
27 25 27 26 24 26 26 24 24 22 25 27 25 25 31 31 30 27 20 26 31 36 33 33 36 38 39 41 37 38 38 40 36 37 35 35 33 33 26 28 30 31 28 31 29 32 28 29 32 33 31 31 35 38 35 33 29 28 28 29 32 34 37 38
28 26 30 32 26 26 29 27 25 25 24 28 35 34 29 30 29 26 23 33 37 38 38 35 36 37 36 36 34 34 36 35 35 35 34 34 35 34 29 26 27 29 30 31 32 30 30 30 27 27 27 28 29 33 35 33 30 30 27 30 31 35 39 37
28 26 27 28 26 28 28 27 26 23 24 29 32 29 30 31 29 28 33 38 39 41 39 39 38 36 34 34 36 32 34 38 36 33 33 35 35 34 29 28 29 29 28 26 30 28 26 26 28 29 33 33 32 27 29 28 28 28 30 30 30 32 38 39
29 26 26 24 25 31 28 25 25 27 26 33 32 27 33 34 35 37 39 40 45 42 40 36 36 36 34 35 36 35 33 37 38 39 33 35 34 35 33 30 30 30 27 25 29 27 26 26 25 27 22 28 26 33 33 30 24 27 26 28 32 38 34 39
26 23 25 28 26 29 23 18 19 23 30 30 28 25 30 34 35 37 34 36 41 41 36 35 35 33 35 37 39 37 37 36 38 37 35 36 36 35 33 31 30 29 27 27 26 27 27 22 22 21 28 29 27 29 29 27 30 30 29 30 31 35 36 37
2524 23 24 24 24 23 19 19 22 29 29 29 27 31 29 30 30 30 32 34 35 34 34 36 37 36 37 40 39 39 39 39 38 37 36 34 33 34 32 31 29 27 27 30 26 26 26 26 28 28 28 30 32 30 31 26 31 35 353533 33 34
26 24 24 23 222220 17 18 25 31 31 27 29 26 26 27 28 30 31 33 32 35 37 37 37 36 37 41 41 40 40 39 39 36 35 33 34 33 31 30 31 30 29 26 28 23 24 23 24 25 24 28 30 29 29 34 36 30 27 28 28 25 28
27 21 25 27 27 24 22 21 23 24 25 24 27 32 23 25 25 30 30 34 33 34 34 36 37 38 39 41 42 43 41 42 41 42 39 37 34 33 32 32 31 29 32 30 28 26 28 26 23 21 20 25 25 28 28 35 32 25 24 25 25 24 28 29
27 25 28 26 26 28 21 21 23 28 26 26 27 26 23 22 26 29 30 31 35 36 38 40 41 40 43 46 45 44 44 44 44 41 41 38 36 32 31 31 29 27 29 31 30 26 28 27 23 23 17 19 23 27 28 27 22141919 18 22 24 30
27 26 29 29 28 25 24 24 28 28 30 31 35 22 21 25 27 30 32 35 37 36 35 36 37 36 37 37 39 41 42 42 43 44 41 38 36 32 28 29 30 26 28 31 30 25 24 28 34 30 25 24 26 27 252119221924 16141529
28 26 27 27 25 25 27 26 30 30 27 33 29 18 22 24 26 29 32 35 37 38 40 42 42 44 46 46 44 45 47 44 45 44 41 39 35 32 30 29 26 28 26 29 29 27 27 23 29 34 34 33 3127 242327 2525191211 1417
27 26 28 23 21 30 27 30 35 30 32 33 22 19 21 22 25 30 37 38 37 39 42 43 44 46 47 47 45 47 48 48 45 40 39 37 35 32 31 29 29 29 27 29 29 30 29 28 28 35 37 31 29 29 26 28 25 26 17 21 25 20 19 20
27 25 25 22 26 25 25 40 32 26 29 30 20 19 19 22 26 29 33 38 41 41 42 42 43 45 45 45 45 45 46 46 45 44 43 36 35 32 32 31 30 27 28 29 29 31 34 29 28 32 39 38 35 31 27 27252218 192524 2524
27 2224 27 23 18 27 35 29 28 29 29 20 20 22 22 24 30 36 39 40 39 41 44 46 44 45 46 45 44 48 49 47 44 43 38 36 36 34 30 30 29 28 28 30 33 34 31 27 29 30 33 35 32 29 20 18 22 26 35 26 22 23 27
27 20 22 27 25 23 25 35 33 28 30 30 19 21 22 24 27 30 35 39 41 43 41 41 44 44 46 47 46 45 45 45 43 42 38 37 36 37 36 34 32 30 29 29 28 31 32 33 28 26 28 31 33 38 32 32 34 33 32 29 25 27 25 25
28 24 26 28 24 24 29 34 31 29 27 29 19 20 23 26 30 30 37 41 43 44 43 43 44 43 44 44 45 44 47 46 46 47 45 44 41 37 34 35 33 32 30 29 27 31 33 36 33 27 2529 34 34 36 323234 3233 3427 1917
28 24 25 26 27 23 27 26 32 32 31 30 20 21 24 26 32 35 39 44 44 46 45 45 46 43 45 44 44 43 45 47 47 47 45 43 43 40 37 36 34 32 31 28 28 31 33 3234 30 27 26 30 3531 3233 3433 32282017 16
28 27 26 25 28 30 24 30 35 34 35 33 22 21 25 29 33 36 38 37 40 46 46 45 47 45 43 44 46 42 45 47 45 43 42 42 40 38 36 35 35 33 31 28 30 31 30 32 34 37 33 28 30 36 323229 30 29 24 21 2520 13
28 28 29 30 32 24 20 25 29 33 36 29 24 20 25 27 22 18 18 26 31 40 46 47 50 47 46 46 47 42 44 36 26 25 24 25 31 27 29 34 35 34 29 28 29 30 29 31 34 33 35 29 29 29 3229 30 22 21 2424 26 16 13
28273129251914202525292920192617 10 6 20 30 31 34 43 44 49 47 46 48 48 41 40 33 26 22 23 25 28 25 28 31 36 34 30 28 30 30 29 30 30 33 40 34 29 31 33 28 25 25 26 22 22 22 22 11
2827 3028241413 1926 25 27 24 19 19 20 20 18 27 27 26 26 30 35 39 44 45 45 45 46 42 38 32 26 22 23 26 25 29 31 30 32 32 30 27 29 32 29 28 30 33 34 32 30 32 28 28 27 3028 21 1716 23 25
2828323017 131216 19 20 23 25 21 19 20 27 31 31 30 29 27 25 26 35 40 42 43 43 42 38 35 29 26 27 26 22 23 24 33 31 27 27 29 29 29 32 31 33 32 30 31 39 35 26 28 30 26 2929 3025191925
2729312917 8 121612122124 20 17 17 28 32 22 23 28 27 27 25 21 30 39 41 42 38 33 30 29 32 26 27 31 36 34 25 33 30 25 28 29 30 32 33 32 30 33 36 39 37 30 22 30 25 24 28 30 28 27 22 23
2828322820 8 10 9 7 9 16292016 1629 23 27 24 2529 28 2427 19 334442353027 30242425 9 1211 20 24 31 28 28 29 30 33 34 32 30 34 33 38 33 25 25 20 24 25 27 26 28 32 28 22
2729302918 517 7 4 4 9 2720171727171025 4 142023232227444032332826262548 8 6 8 231424 31293329353632293234343125161618 2124 2625293225
28293028191221 5 4 1 6 1920182024101334 2 4 313831 31284541 34 3233 47 36 35 45 33 14 29 36 23 25 28 30 35 37 36 37 3229 313130311710 8 16 1518 28 28 26 28 29
2829322523241213 3 4 3 102022232414 29 37 30 27 43 4242 31 29 39 38 34 3229 45 40 38 33 38 38 31 26 26 33 27 29 36 38 38 34 312827272023 9 22111012222323192525
2929332626311711 3 8 7 2 19232624262124272934384428303736333134413938413735343235363739403937333027292320 7 2034201712241522122122
2830332829302424131719 9 17 26 31 29 29 27 29 30 32 36 41 36 25 28 40 36 32 31 33 38 44 42 38 38 38 37 37 3938424137 3935312929272015 7 3340282015181116101623
28 30 32 29 28 33 25 28 22 20 22 16 18 26 34 36 30 29 31 32 38 38 39 31 24 28 39 36 31 31 33 34 44 46 46 42 43 43 40 38 3942 37 34 38 33 29 27 26 251724294244 3113121313 14151719
283033 313230262417 24 2523 22 26 3239 32 33 353739353827 23293937323033343744474746444242444344403632292525241928344748271211 9 1419192220
29 30 34 32 39 33 25 20 14 21 27 27 28 22 32 36 38 35 36 40 38 36 37 27 24 34 38 38 3532353537 3944 484947454444 4344 4036292724 2523202426404121 3 171611182226 24
2931353238412819 1113 2529 25 19 32 36 40 39 38 39 38 37 35 28 30 38 42 39 37 33 33 36 36 38 40 44 47 47 47 4541 43 41 41 3529 26 24 2522212146 33302212122025 8 163026
2933363239 4037211418 2528 2217 30 35 38 40 36 37 37 39 34 30 35 43 45 41 38 33 28 31 3942 41 44 44 44 45 44 43 42 41 40 36 29 25 25 252222294936 40 11 14 18 21 23 16 14 29 32
30 33 36 33 40 41 42 3222 29 32 33 24 17 30 35 38 37 38 38 39 39 40 32 40 46 48 48 41 37 31 33 36 43 44 46 44 44 44 43 43 42 41 39 36 29 26 25 2521 2237 4937 26 1214 18 23 1518 20 25 36
303236 33 41 4241 4239 31 30 33 30 21 26 34 36 37 37 40 41 42 41 32 41 49 53 52 44 37 33 37 3242 44 50 47 45 45 42 42 41 41 39 35 29 25 25 24 21 18 36 47 39 26 18 12 15 20 16 24 30 22 27
31323533 41 42 43 41 38 35 27 20 26 25 22 29 35 36 38 41 42 42 37 28 39 46 50 48 41 33 36 41 3243 43 46 50 47 46 434241 403534 31 252325221844 43401921121221 1623242529
30 33 36 34 42 43 42 41 36 36 23 15 21 22 21 30 31 36 39 43 44 41 38 21 23 39 41 38 28 22 21 29 25 47 48 43 47 48 4543 423939 37 3530 24 232221 17423825 3 2413 142524252931 35
3132363440424240353427151723212828344044444240 9 8 22272412 5 2123314947464448444241383837352823222119 8 13 9 2 3 20211823 23 26 31 34 36
3033 36 344142413937 372923262320282734394645424340227 7 7 163233434848464745434440383636373527222220195 3 3 5 12172121222324303334
30 34 36 33 41 43 43 41 39 36 32 28 26 33 23 29 26 28 38 39 35 40 36 28 27 27 3534 28 2522304144 403538 39414037373435332623211916 2 2 3 7 101417211825242833 34
30 34 36 35 41 42 42 41 39 37 35 34 32 30 25 27 26 28 32 29 25 29 29 23 25 28 30 24 28 16 2026 34 393840454037 383534 3434312422191713 2 2 3 6 1110171211 202026 3033
293235354243 43 4238 37 37 34 33 36 19 24 26 29 35 2523 24 252026 2129 17 20 132124 3431363534 41423936 35313228242316158 5 5 13 9 141717 8 141717152025
2933363643434341403737353736341924283323121817 9 22212115161110232227272221333135353533292926211412 4 9 15202019201914142119161916
2933353743434243393736363637352224253222108 155 513131714 4 4 11 6 1212131327262536333130302720 8 8 1 2225212323231817201815182022
3034353643444342393736363636352622233129153 5 7 6 5 152322232022151719212317163638322929292314 6 3 2 4432212224222221171716171921
3034 3537 43 43 43 42 39 36 36 35 34 34 34 30 22 23 24 3532 23 1521 24 2523 29 34 3933 33 2933 36 3236 342937 3628 2628 2722 8 4 2 1351 322122202023 2221201922 1922
29 35 36 36 43 44 43 41 38 36 35 33 34 34 34 32 24 24 21 30 34 34 28 27 27 27 27 26 26 27 30 3538 41 394038 413736 322927282517 5 3 2 36 5233 2224 23 23 24 24 24 22 22 21 23 21
293536384444434139383634353534333220242134353028313133343434363939414341393939363024262519 8 4 1 1252543224 2422222325232322212324
3037363844444341393735343434343222 5 202124343230363640414040434543454342403939372924262213 5 2 1 395352222324 23232223242324232223
3037373944454342403836343535312117 4 4 17163031303641434546464749464645424140363325242318 8 3 1 1554 56 36 20 25 24 25 23 24 24 25 24 22 22 24 22
3138374045464543393837353526192220 6 1 3 162129303838404548484949484442413937322720222013 4 1 4 525557 11 22 24 25 23 25 23 24 23 22 22 22 22 22
303737404546464340373734252023242210 1 1 2 7 222733363843424241444542403837332619142015 8 3 4 465557 36 3 212225 23 22 22 24 25 25 24 22 22 23
303837424440302624252421212324232413 1 1 1 1 5 1726323738383433363939333430231511181613 8 3 47555754 7 9 2526 27 26 23 22 24 27 26 23 22 21 21
3038342620191923232221212325232524142 1 1 1 0 2 1123313634363130343326241810 9 19181713 2 375558 5822 7 1226 25 27 25 23 23 23 23 22 24 22 22 22
232220212221222123242424252422242418 7 2 4 1 1 1 1 6 13212627252021201510 7 8 19201920 7 2261585930 5 9 1224 23 23 25 22 23 22 24 25 24 24 23 22
20211923222324232525242626252425232018 621164 0 1 2 5 8 7 910119 6 7 8 9 15212122 8 1261605837 9 6 8 13212626 26 23 24 26 25 25 24 23 21 19
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“Solving” perception would mean building an
algorithm that (using just the numbers) could
answer any question about the image that we can
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N0 is this?
nat’s his facial expression?

nat is he wearing?



Next:

“‘why naive realism is
wrong”
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“Argument from lllusion”

» The fact that we are sometimes mistaken
IN our sensory perceptions indicates that
we do not directly perceive the world

» (thus Naive realism is false!)

A.J. Ayer - British Philosopher 1910-1989



Hermann-Hering Illusion




Hermann variant







Eye movements

» we aren’t aware of them, but they are
essential for vision

» If you stabilize the eye, you become blind
within several seconds
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Context is important!
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lllusions from conflicting information

* Brain sometimes comes up with entirely
new percepts in response to conflicting
Sensory cues



Algorithms for perception

e if we truly understand perceptual
mechanisms, we can replace neural
processing with computer processing



Cochlear implants

(using a “different computer” to encode auditory signals)

transmitter o5 - y receiver

i

cochlea

microphone

electrode
array



conclusions:

* perceptual representations are not always
accurate (naive realism is wrong)

* we can understand why the world looks the
way they does by studying the algorithms/
computations used to generate percepts

* if we understand the computation, we can
replace neural circuits with computer chips!



Methods of Study / Scientific Approaches

® Ecological (‘phenomenological’, ‘naturalistic’)
® Psychophysical
® Neurophysiological

® Modeling / Reverse Engineering



The Ecological

Approach

“observe and draw some conclusions”
use of rich, naturalistic stimuli

emphasized the environment in which the system

evolved, developed, and lives.

constraints and fu

® main weakness: lac

main strength: the appreciation of the evolutionary

| richness of sensory behaviors

< of scientific rigor in stimulus

control and self-report data (which can be

unreliable).



Psychophysics

® use of carefully controlled laboratory stimuli
® carefully measured quantitative data

® main strengths: scientific rigor, non-invasive

® main weakness: use of impoverished stimuli
that are rarely if ever encountered in nature




Neurophysiology

® use of carefully controlled laboratory stimuli
(like psychophysics)

® measures the response of neurons or groups
of neurons at various locations in the
perceptual system

® sometimes not meaningfully connected to
behavior / perception



Mathematical Modeling /
Reverse Engineering

® develop quantitative theories or computer
simulations to predict behavior or neural
function, or

® construct artificial systems (e.g. robots) that
perform like human perceptual systems



The Dawn of Psychophysics

Gustav Fechner (1801-1887) often
considered founder of experimental
psychology

psychophysics
min( matter

- scientific theory of the relationship between mind and matter



Sensation intensity (S)

>

Fechner’s law

Y

Physical stimulus intensity (R)

<




The Dawn of Psychophysics

Ernst Weber (1795-1878)
“Weber’s Law”

e law about how stimulus intensity relates
to detectability of stimulus changes

e As stimulus intensity increases,
magnitude of change must increase
proportionately to remain noticeable

Example:
1 pound change in a 20 pound weight

IS just as detectable as

.05

0.2 pound change in a 4 pound weight —



The Dawn of Psychophysics

Ernst Weber (1795-1878)
Weber Fraction

» ratio of change magnitude to stimulus
magnitude that is required for detecting
the change

change in stimulus —> dR

stimulus intensity —> R

Q: what'’s the smallest
change in a 100 pound
weight could you detect?




The Dawn of Psychophysics

Ernst Weber (1795-1878)
Weber Fraction

» ratio of change magnitude to stimulus
magnitude that is required for detecting
the change

Just-Noticeable Difference (JND)
- smallest magnitude change that can
be detected

Q: what'’s the smallest
change in a 100 pound
weight could you detect?




Look at Fechner’s law again:

I

Sensation intensity (S)

>

Yy vy ; 3

«> Physical stimulus intensity (R) <



A little math (don’t freak out)

Fechner’s law: S =klog R

percept stimulus

differentiate both sides intensity intensity
dR <«— change in
Weber’s law: dS = k— stimulus
A R intensity

change in percept
intensity

So detectability (“how much the percept changes”) is
determined by the ratio of stimulus change dR to
stimulus intensity R.

(so, it’s really the same law!)



Weber-Fechner Law

my rating: this is very deep + important!



