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Overview

e Review

e Current Trends and Future
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CogSci as a Discipline s

_— - Cognition is a science of mind and intelligence
, * Perception
= (Gr= * Memory
* Thought & reasoning
* Learning
Artificial * Language

intelligence T e Problem solving
D - ot

Anthropology Psychology

Education Neurosmence

From 00-intro.pdf
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https://en.wikipedia.org/wiki/Cognitive_science
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Neural Basics of Cognition IARIRYHZLE

e Neuron #Z325T,

7

* Synaptic Transmission and Neurotransmitters ?&%ﬂ?ﬁ'—i?ﬁaé’éﬁ;

fRFENL

e Resting Membrane Potential 2

4

e Action Potential ZH{EEE{]

e Brain AfiX

From ©1-neural.pdf
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) 3
A

Neuron f

27T

- LR EHERFTISEEANNETT, 1BFRIMEETT Neuron
s —AREIEHELHREIR soma/cell body, FHZE axon, FONIES

dendrites =ZB4%>

’\s / — £ 5

R e

Synaptic terminals

% J:: B . \
g e Axon hillock
75—
< ‘,“: b
«;v»a¢WwM=4*m ZSfih

Golgi apparatus

- \ .
From @1-neural.pdf W N
Mitochondrion \\ \ Dendrite *X‘j-ae
Source: /! \\\k Dendritic branches
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https://en.wikipedia.org/wiki/Neuron

« AMTFEREIRSHIEEZRTT (LAKILA) EEa] 3¢
WHRIRAYRMIFEESIXLY -70 mV BYEE(
=, IMNERT,

- HAEIRAIINE FIREDS I AIETSE:

IRAMEIRZZHY Nat, CI, IRABIRZHY K
- MR _FRVENTRZR FEDNIE3 Na iIXEIfRS, 182

Ol ISSoNn
/I\K+ géug;m ! ;%$%_/I\ATP° Charge Separation+ : memm ACross Membrane
Ionncentration Gradients
From @l1l-neural.pdf .<.
Source: @ 9
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https://en.wikipedia.org/wiki/Membrane_potential
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NS,

- FFRIRREAERE SNSRI XadEN&EEARIREIR

s B TSI R RIS RETERM, AR ELFREEAAY:
FAREERT
- IAERER, BARERNEERAEIPINSFR/IRIE polarized,

e BRI HE RIS NS RBNZLFRIEIRE hyperpolarized,
|l D5 YRR 9 EMRAE depolarized,

Lihr

From ©1l-neural.pdf
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o TEE4IEFZ AL Hodgkin 0 A.F. Huxley 5 EAIIEEBERIEAN SIHHELTT
FEhzs, BRSCI T AN ERARERNIESR.

- Bz B 1mm, [EEEMEZITA 100x, BRI,
» BB/ESHIAR

s

From @1l-neural.pdf

Source:
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https://en.wikipedia.org/wiki/Squid_giant_axon
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M EER{3 Action Potential

« H{EEE{i] action potential

- TR E IR AV RIR B R A ERIBR A
FRIREHEF ISR

° ’f—.— = ﬁ%{i%

s AERIES

From ©1l-neural.pdf

Source: https://zh.wikipedia.org/zh-cn/zh {E BB {1
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https://zh.wikipedia.org/zh-cn/%E5%8A%A8%E4%BD%9C%E7%94%B5%E4%BD%8D
https://zh.wikipedia.org/zh-cn/%E5%8A%A8%E4%BD%9C%E7%94%B5%E4%BD%8D
https://zh.wikipedia.org/zh-cn/%E5%8A%A8%E4%BD%9C%E7%94%B5%E4%BD%8D
https://zh.wikipedia.org/zh-cn/%E5%8A%A8%E4%BD%9C%E7%94%B5%E4%BD%8D
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Neuromorphic Computing SEXTTE

* Introduction to Spiking Neural Networks (SNN)
* Leaky Integrate-and-Fire (LIF) Neurons

» Spike-Timing Dependent Plasticity (STDP)

From ©@4-neuro.comp.pdf



Spiking Neural Networks

o KPR MNZE spiking neural networks

Pre-synapt ¢
Cserdingt) cell

SR Pre-synaptic:
AOERKIPRIFRETT

From ©@4-neuro.comp.pdf
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+ S MRS TTR] BEEREE!
— RS HRETT,

. SRR T A LUEREEIR
RERUMRLETT, FZRIRES,

SYNAPSE

Post -synaptic
(“receiving”) cell

il f5 Post-synaptic:

K PRI ST
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When and how do neurons spike?

* We can use a simple set of rules to determine when neurons spike.

* A neuron builds up potential energy when it receives pre-synaptic
neuron spikes.

* When the potential energy exceeds a threshold, the neuron spikes.

* Leaky Integrate-and-Fire (LIF) neurons /2igfa o elA 1REY,

From ©@4-neuro.comp.pdf
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LIF: Mathematical Notations From e4-neuro.comp.pdf

» Refer to the potential as v (for voltage), which changes over time as a function of
time t: v(t)

 Derivative v'(t): the rate of change of v(t) at time t. (the speed at which water
leaks out of bucket)

« v'(®) < 0: we are losing water; v'(®) > 0: adding water.

« ¥'(t) is determined by a few factors:
« J(t): the amount of incoming water at time t
* v(t): current amount of water (water leaks out faster if the bucket is more full)

* 7: how the hole grows in relation to the amount of water (how “stretchy” the water is)
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LIF: Mathematical Notations From e4-neuro.comp.pdf

 Use a formula:

! 1 1 7 = 500:
v'(0) = =1(0) == v(® |
* If I(t) = 0: no incoming water, then LJ
( ) 1 ( ) 7 = 1000:
v'(t) = ——v(t
' ||
* The water leaks out
slower for larger values of t; T = 3000:
faster for smaller values. LJ

Source:

2025 FA Introduction and Frontiers of Cognitive Science 14


https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
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Resistor-Capacitor (RC) circuit model

From @4-neuro.comp.pdf
* A more “standard” way of introducing LIF model

Jl R: resistance of a resistor;
I ({) C: capacitance of a capacitor
e
| C I1(t) = Ix(t) + I-(t): the amount of current
R e that flows through the resistor and capacitor
‘ J Ohm’s law: I (t) = ?
For the capacitor: I-(t) = Cv'(t)

Source:
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https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
https://soney.github.io/snn-from-scratch/chapters/03%20-%20Basic%20Neuron%20Models.html
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Resistor-Capacitor (RC) circuit model (cont.)

Thereby, 1(6) = Ig() + Ic(t) = 22 + Cv'(¢)

e =>v/'(t) = %I(t) —R—lcv(t)

e Let I,(t) = RI(t), and Tpe = RC, then:EJ’(t) = —I,(t) — Tiv(t)J
RC RC

* Recall the previous generic formula:

e v'(t) = %I(t) — %v(t). Now T is replaced with Tz, with a physical meaning.

From ©4-neuro.comp.pdf

2025 FA Introduction and Frontiers of Cognitive Science 16
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First-Order Approximation of LIF

1 1 * we remove the subscript in
. . . v'(t) = —1I(t) ——v(t
In continuous time, () TRC (t) Tre (©) the current term I, (t)

* Using Euler’s approximation method, given v(t) and its rate of change v'(t), we

can estimate v(t + At): v(t + At) ~ v(t) + v (£)At

* Substitute v'(t):

v(t + At) = v(t) + (il(t) — Lv(t)) At

TRC TRC
At At
(¢ + A ~ v(t) (1 _ —) + 2510
TRc TRc

From ©4-neuro.comp.pdf

2025 FA Introduction and Frontiers of Cognitive Science 17
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Discrete Time Simulation  From e4-neuro.comp.pdf

* Let v[t] be an approximation of v(t): v|[t]: = v (T ! t),
step

where Tgtep is the minimal time step (small enough for getting an accurate Euler’s

approximation)

Tstep Tstep
Then we have the discrete form: VIt + 1] = v[t] (1 — ) + I(t)
TRC TRc

which can be implemented iteratively:

* v[0] = vinie

T. T.
¢ v[t] = v[t — 1] (1 - 22) + 22 (1)
RC RC * easier to implement by replacing I(t — 1) with I(t)

2025 FA Introduction and Frontiers of Cognitive Science 18
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Perception and Attention BEF1 5 ¥ &

e Perception [E¢K[]
e Perceptual Constancy BX0 (R0m) [BEE4E

* Organization of Perception ExXIAYZHZR

o Attention E=

From 02-percep.attn.pdf
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L |—‘—|/§3.

Weber’s Law FHHES

I
I

_:EE“$'§O

o YENTFHIPR absolute threshold: MAITER—RIELS [EERTaRT, FrEa{RAYRIE
G

« Z3lHPR differential threshold: MAFTEER RN EWINER/NER=

* Weber’s law XFR "BEEBRER" . £ CEN, Z3BIRITUARIEL
SRERIEEAIDEL

e E.H. Weber (1795-1878), £=E

ar_ AL ZRI SR, 1+ BRAIRIAGER
;= k AEE (FHIEDE)

From 02-percep.attn.pdf



Weber’s Law =

* Demo

|—‘—|/§

N E

e ’
10 110

' -“'; "

. . e
20 120

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

From 02-percep.attn.pdf

The lower square contains 10 more
dots than the upper one. However,
the perception is different.

Al = 10

=10k =2 =29 4

L Y10
L=110 5k, = > =29 <001
2= 27 L, 1100

Source:


https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law
https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law
https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law

From ©2-percep.attn.pdf

Perceptual Constancy BXEIRYEE 4

* BRANNERE: ANREAE SIS MR SV RIS ERY
NNIANZRZR,
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/u\%nﬁlj*z_ti/\fi From 02-percep.attn.pdf

o« “FEIVIE” Gestalt : AINANS{EIRIEEEK
- B () BEPNERNRIEEBEEE (AE)
=Sk =im AN ik

o BFmEN Law of proximity, #E{LLER Law of similarity, £J[A)%ERl Law of closure,
XIFRIEN Law of symmetry, 1E2E;EN Law of continuity ...

. {51 Lawofproximity]:;zjh,fj\J O0000O0 OO0 OO0 0O
O0000O0 OO0 00 0O

o ASBRILCFETRIYDIREREN 9— 1 EFHR, 00000 O0 00 00 0O
O0000O0 OO0 00 0O

O0000O0 OO0 00 0O

O0000O0 OO0 00O 0O



5T Vision

* Physiological Basis of Vision #l TgHY4

EZJ

e Visual Cortex fifl'o:

K1|:|ll_l

Sl

E

-y

Al
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Visual Pathway fil o2 B 1

]

. FZEINEE
ﬁ?/uﬂ:l

—_2=awAl,

T

N

EII EII

A

=27 (what)
{EWRER? (where)

— Vi

1 V2

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

From ©3-vision.pdf

“Where” pathway

—t V3

V5

/ Parietal | T&tt

\

+ V2

2025 FA

— V4

“What” pathway

N

Inferotemporal B

cortex
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Visual Cortex ?‘)I_IL,;JI:EEZE From @3-vision.pdf 53

« MR BT ARIREEBELR

- EIEM LGN IS ERNXIEAMRREEE (V1),
FEINEE: G — 1B T LRIMEFEEE (saliency map), LAS|ISiESE
AL TR BERM IR,

- MERERRERERLE: V2, V3, V4, V5 (HFR MT), V6

* V10 V2 FRIFEITTIRTE S RIRVSFIMER A, LISIFA% (edge) FIFER (corner)
fall, BREMENEAEEHEXELE,

o« V3: IBYIMANERINZEE) (HRSERE); V4 IRBIEBERA,
« V5: D TBBI=5] (self-motion); V6: FBXTE =HYIZE (motion relative to background)

Ao

Source:
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https://en.wikipedia.org/wiki/Visual_system

From @3-vision.pdf & AIMAY

V1 Saliency Hypothesis (V1SH) EZM4Ri%

-+ RISIRY V1 RERESRIZMEFNEZE1EE, s | S EE0E6E
ARV,

T To extrastriate cortical areas

Retinotopic V1 neural responses visualized by the sizes of the dots * Vl z?‘EEgé?TUXj?‘mﬁ %%EH@Q?E/}]EW °
- ERREIE: SWPVIREITRIEEER

wmadoi e @ BEGERRFSMN, SifmFim

L SRR,
oo e et B - IR TR AL ok T XA,
| 2o e enson-wred ¢ / e ”'/ BRI S T EARE R (RAREEG
cells (Dlack dols A A

> A A % )o

Retinal image Aa‘l—e . gguﬁﬂ%&ﬁ%g”t& (_/I\EPH—‘N—IXiEJZ) ,

o

A
A

-, - ” \/ - L\)\#L’/f -_J;H'J"uiﬁ%o
s 7 W -
Source: Zhaoping Li, 2002,
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https://en.wikipedia.org/wiki/V1_Saliency_Hypothesis
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

: ST g
V|Sua| COrteX T‘)I_IUJI_'UEZE From ©3-vision.pdf

R A TR R SR R S e
M (feature selectivity), €135:
« /TS Rk
. T ESIEREEE
o R
« WARMIZE ISR
. BRERIEIRN




W RIS

Visual search tasks

(a) Feature search

(c) Target lacking a feature

(b) Conjunction search (e) A
| —
_ - =
P o |
1=
£
(d) Dissimilar distractors '*%
/) i
/ /
/] o\
/ \ \ / / Efficient search
\ N
/ >

Source:

2025 FA

Number of distractors

Introduction and Frontiers of Cognitive Science
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From ©3-vision.pdf

* The ease or efficiency of
the search tasks are
characterized by the
slope of the plot of
reaction time versus the
number of distractors.

* A steeper slope is taken
to indicate a more
difficult (inefficient)

search.

29


doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
doi:%2010.1016/S1364-6613(00)01817-9
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I 5185 Auditory System and Speech
» Auditory Sensory System IR 2 4%

=21

i

* Speech Production IEE4Ehk

©5-audio-speech.pdf



@& ;‘* SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY
# 15

N2 o . . —sl—l—
SR E-PIER (intensity-frequency) SEE]
0 e | WEREEEOE
120l \\ 2301
100 e 7G58 (intensity)
80 A EZR (sound pressure level)

60

40

EW: E’JI][']F_ (loudness)

20

-]
O %

0,02 0,05 0,1 0,2 05 1 2 5 10 20 - 10 -
Py ©5-audio-speech.pdf
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https://en.wikipedia.org/wiki/Hearing_range

= J£4% Sound Pressure Level

« SPL: EERIBMEDEXNTSEERIXIEE o -
L, = ln(£> Np = 2log, (ﬂ) B = 20log;, (ﬁ) dB 120 /
. Ho P 100

80

- ZSPNERSSEEE po = 204 Pa
BEEANERAXTTHRERE °0
(ZIHZT3RKIMF $ITHT AR HAIES) 40

20

0

©5-audio-speech.pdf

0,02 0,05 0,1 (

Source:
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https://en.wikipedia.org/wiki/Sound_pressure
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ﬁg?i f_.ll:"/ﬂ__E i‘Ei}% Tune @5-audio-speech.pdf

- MNEBHEEESANES, {ARIEFEIE (tune) ARIMESIE LFEER.

- IBEREHE I (Fo) BERTRIVTHEZR(L,
- Bl BRAES "RAE [ERRXE)

R I —

You know what | mean ? You Kknow what I mean .

Final FO raise to indicate a yes-no question Final FO drop to indicate a declarative intonation
(question raise) (final fall)



o el =

1IEEESIMERSIRIE

A e 2

- BB 23EL

F5zHHZe, (BRI EHAE

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

©5-audio-speech.pdf

Wm

« 7£ 38.75 ms NI T 10 RALIRBIABYELE => T =

Time (s)

SEXE, LEHHAN, ReERERBNEDT.

- AR
A LA

0.0

E B RIEXI NS = I — IR 5K

BN, BE45 5 Fo,

10

0.03875

~ 258 Hz
3875

EHHIREMEF G5 [FCHY: Urmakotas, SSMImERE e, Fa—1

—=H
; AT

T HRBIHYSHERFR TR AT



A e vy 2l el
128155

500 HzA

0 Hz-

Eg&,ﬁgﬁ'_ﬁj:ﬁma ©5-audio-speech.pdf

—  F0

three

o’clock

XF18)5] “Three o’clock?”, EHINF0 (EEREA_EF,

2025 FA

Introduction and Frontiers of Cognitive Science
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BEAULET LTSS
L (pitch track) PZa
FEETIRIZRACHYESST FO K

1N,

i IXEEIE Fo BUSTIERE
(BI[X|8] 0-500 Hz), TMIE
I W AYHRIE,

35
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1I:I% ;%E/‘]’frﬁ%‘_—"—ﬁ}ﬁmﬁ ©5-audio-speech.pdf

RRYEEIHRIE,

. [T H—ITZIBRIEESP, R EEN BRI ESEE
« (FERYTHER power EEX HIRIEAINFESF0:

1
Power = N ;xlz

Ll

- BEREANEEERE intensity, BINEINEVEIARITREE, EUE8RAI
75 (dB)

Intensity = 10log;g —— NE, sz P, AT EREIES] =2%107°Pa
i=1



1EE S S0

E

- &5 (pitch) & EJMFO FfrF=4

VM

H

A ’—f(;— ]
:IEJ\JlI_I_J I

El

—y

©5-audio-speech.pdf

RAX, IE (loudness) S58EBX.

- IEEHIRIR/ES (pitch) 53

B RS IRRIRT N,

- —kin, FENERES, RIISBRTEHNERES.

o XFRFEAIEEM, EHAAXTRITAESERAISUREAE.

« AZERYESRAAIFE100 ~ 1000 Hz Z [AIEER, WHIIESSIMERELMEX.
* X3 1000 Hz LA ERYSIERBANANER, LTSS SMERENHKER.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



1212 Memory (1)

» Memory System 1C[Z2ZR 5
e Short-Term Memory }2051212

2025 FA Introduction and Fro

06-meml. pdf

ntiers of Cognitive Science
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IR GHIIRES 06-nen. pdf

s BIR: A*EI’JlETZL_?F PTA=TER: ER%RWE (I18), EEF
fi& (R¥5), BRI,

e Atkinson-Shiffrin’s multi-store

model of memory (1968) i Ve MULTI-STORE MODEL
. transfer
sensory attention |short-term " long-term
o 57?_ 11%( )12;3:“.] memory ' Temory S memory
. : <EAIC(Z
* A simple linear model of human renearsel
SEAICIZ
memory
Source:

2025 FA Introduction and Frontiers of Cognitive Science 39


https://en.wikipedia.org/wiki/Memory
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%;ELHj-iaer 06-meml.pdf

N i V4 MULTI-STORE MODEL
sensory | &ttention Jshort-term transter long-term
memory memory | memeory
- retrieval
Z A P
rehearsal 'IX,Hﬁla rZ’
SHAICIZ

* NS RFNCIZHHKERC IZHIFIEIER, SRIFHIIAIRZY 55 E1m,
- (ERRIEFHNERE, 1212828, —k/7+2;
- RICIZRER I LR EMRIRRS BUSIRAAEAKIICIZ,

2025 FA Introduction and Frontiers of Cognitive Science 40
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?ﬂaﬁﬂg%&?— /X2 06-meml.pdf

* George Miller (1956) XIFGEAIC[28E 01T ¥ EEHR.
« FRRARNCIZT BEXRAYH IR (BF. . BRiAlEk
FRAZEER (chunk),
s ERITAR AL, 1ICICBE5HRNELEX:
s HF 7, FEA, BRiENS; BRiKEICHIEIZEE(RTRENIC.

* [RZEAA5S Cowan (2001) IA IR AR [Z28E1 /941N HIR,

oL
(&)
\
pil
AY;
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ia'lz Memory (”) 07-mem2.pdf

* Long-Term Memory 1<EH (BY) 1212

* Forgetting IR/~

2025 FA Introduction and Frontiers of Cognitive Science 42



'll/t,Hﬁia I‘ZlElJ/\7|< 07-mem2.pdf

« LTM 8] 539 RERIC|Z (implicit) F0 FMRICTZ (explicit)
 1R#E Endel Tulving ZE1C2 R FIEIE (1972).

- Nf2 => =M
- T UMTRE—4SE

7, (procedural mem.)

= (remembering how to do something),

« SNE => BRIATEIC,

{, (declarative mem.)

- XTEMBFBINCIZ, XN81F:
« 1IENXIC[Z (semantic mem.): XFHFRRI—AZADIRFOMEE.
« fHRICIZ (episodic mem.): K FE—BI=PHEH/BR,

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



KERNCIZAOF =4 mFaess smpeay

07-mem2.pdf

« 75HAIC1Z STM => 1<HR121Z: @13122INE (memory consolidation)
SCIR,

Consolidation

Sensory Short-term Long-term

Information — P Memory > Memory
'K\\\\\\\\\\///// Rehearsal
o INERIIFZE:

. ?iie;ﬁjlﬂﬁ (synaptic): KREEZIERI LAY, ESSHEFNFERZBIEE /AR
SR,

« @ RFINE (systematic): TEARNPLIE ANIERLE, FHKBRTESSAK
(hippocampus) BYIC 25X # IR 7,

Source:


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

Source:

ZSINE Systematic Consolidation e7-memz. ps

s REEXNFEKXAFEEN, 22— McliZEHIIIE,

- RYIIRISICIZHYIBSE (hippocampus) XIKENICTZ AR AR EIAHN
B (F5J=, Neocortext), LABKARMEZVZME.

Hippocampus

MIRE, A, T4,
s&)\u'l'*m-ﬁ u'l' E*g B“jé
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https://en.wikipedia.org/wiki/Memory_consolidation
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(Bl
It

= Forgetting

07-mem2.pdf

- BRI MR R KERIC 2P E RIS/ ERE S LI BRI E R
T, 2—TE&R. HAOTIE.

S forgetting curve: IC{ZERBRY R AERIZ{L.

+ Hermann Ebbinghaus (1885) LA SNSEIM, TR BT iRzt
(FE-JTE-4EE, 2 “WID”, “ZO0F"), Bl "TEE" (savings) FERTIEIAYZRL
g%o el + Ebbinghaus

o —MCM Fit
yPERE e
—HRASZARORE) | S

0.1

X. EE%_“?S %;E ﬁﬁ ééij E{J HT_I- |\Ej 00.01 01 1 10 100

Retention Inverval (log days)

(o
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1M 2% Forgetting Curve o7-nem2.pdf

1.84
. : 4L AT ah/ o t) =
Ebbinghaus (1885) {8 TIISEGHZ&IIAT: Q1) (log t)125 + 1.84

s FEEINFSEEEIIIUS AT
: %@%@*& Q(t) = (1 + puyt)™

papz(e” 2" —e” ) ar. afIBN? -
a1 — a9 memory chain model

(MCM)

Q(t) = pre” " +

2025 FA Introduction and Frontiers of Cognitive Science a7



MCM *E’FFUEEY[{,\RZTE 07-mem2.pdf

« IZZRMEREE: MWEEIRHKER, ARIMERIVIZIZEE
==,
s I NNREEEMEMER: Store 1 F[ Store 2

* Store 1: XN SARINEINER, MELEEXINLEDUNSFRMISEAE51,

- ICIZEERERTERIEIEE =R (ANEIERRR) |
« Store 2: XIWRERINEINER, HELEEXTMNFTRR.,
+ ICIZEERAESIEH=ER (Ini8Tstore 1) , BRE.

pa iz (e

ER S,

—azt _ g-art) * Store 1 BYFIIRICIZERE T 1.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

HHIFE

Qt) = e " + « Store 1 PHNCIZEELUER a, RIEFE,
5itbERS, 122U EREEBERELFEE Store 2

alp — ag
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MCM *E’FFUIE'I/EﬂRJ:E Q(t) = e ™t 4 pypuo (e 2t — ema1t)

* 1y, JIICIZM Store 1 [A] Store 2 ELFBAYER

* Store 2 FNICIZBBEBSLUER a, 188U FE, BR a, < o —KEFIZ 2=
SIERITET RS2,

- Ftb, RZMNEIRESHZ (LLAQ()FR), AB_ER Store 1 ARIEFERYGE

BB1c(25 store 2 HEINENCSZAY "&I0” . .
. s T S N LG T TSZ ATR o 08 —MCM Fit
ﬂ:tgl\ / }Ab\:u\ %EﬁbﬁfF*:I:EEHEEIJIﬂa =] xﬂUﬁZo ] 05 | Q(24hr) > Q(9hr)
07-mem2.pdf :

0.01 0.1 1 10 100
Retention Inverval (log days)
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1I:I — Language (I) 08-1langl.pdf

* Neural Basis of Language Processing 155 10

* Syntactic Parsing Al &1

CAItHZE R

At
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(&) AsMLY
Source: Fick

Neural Basis of Language os-1angi1.pdr

/ﬁ/’;r\:_\ Broadman
. ‘ o\ 44, 45X
o« IEZERZ =SSR Broca IBIS IR KIELE /r/ ( X

(aphasia) FSA., TAFIF=AE BRI U
E__EX%J\ :H_ I\ H I %&?_(jg Broca zo
« I8 TTHRIFIHAITUCIE (production),
 Z XM h = SBUEIERIE
(expressive aphasia):
- Tixta, BalLIEEEERE.
- IIERIEEANER

2025 FA

Introduction and Frontiers of Cognitive Science
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https://en.wikipedia.org/wiki/Broca%27s_area

o S N
CIFEEE®T:
/%)

\#5 4/ SouTHERN UNVERSITY OF SCENCE AND TECHNOLOGY

Neural Basis of Language os-1angi1.pdr

Ry Human brain

« BEMEEZEFR. [ELE Wernicke F2H Broca Wernicke
Wernicke X, B ABNZIX xxL\J:ﬂaﬁgblb
AiRiE, ERBELTENNES. 180
a)F,

o \/FEi_E[R]AY Broadman 22 X,

- XEEE: HREIEFNBEES
(comprehension),

» R AR SEAMERIBEE fluent aphasia,
ESEERENTERR, B5ENFRSTEREY
PEENIEERELE

M’
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e8-langl.pdat LR nberbeedes
CO nteXt_ F ree G ra m m a rS (C FG ) Wundt, German psychologist

Chomsky, American linguist
Backus & Naur, American

* Also called Phrase-Structure Grammar computer scientists (FORTRAN,
ALGO)

* Wilhelm Wundt (1900), Chomsky (1956), Backus (1959), Naur (1963)

* A set of rules (JIll]) or productions (F=H) that express the ways
symbols can be grouped and ordered together.

EX. NP - Det Nominal A NP (noun phrase) can be

NP - ProperNoun composed of
P  either a ProperNoun (L 4414))

Nominal -» Noun | Nominal Noun « ora determiner (Det 5 1])
followed by a Nominal (441714 15])
A Nominal can be one or more

Nouns (44 17])



©8-1langl.pdf

Rules can be hierarchically embedded

________________
____________________
- -
- s
’ A Y

EX. NP - Det Nom1r_1-é“1_ """"""""" - " Det - a
NP - ProperNoun T Det - the
Nominal - Noun | Nominal Noun _-Noun > | flight

~ -
- -
el T "
———— —
e e

Two classes of symbols: terminal and non-terminal

e terminal: symbols that are actual words in language (“a”, “the”, ...)

* non-terminal: symbols that express abstractions over termlnals

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



08-langl.pdf AI MY

Dependency Grammars KK ZK1E;

» Different from context-free grammars and constituency-based representations

* Dependency Grammars describe syntactic structure of a sentence solely in terms
of directed grammatical relations between words .. , 7 4

(root) . Labeled arcs from heads to dependents
(nmod]
. — nsubj _
prefer — | prefer is the head of /

I prefer the morning flight through Denver obj o
prefer — flight  flight is the dependent of prefer

root is the head of prefer and also the
head of the entire structure (root of
the tree)

root = prefer



EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

155 Language (ll) 09-1ang2.pdf

* Language Model

* Cognitive Effort in Processing Language

2025 FA Introduction and Frontiers of Cognitive Science 56



Language Model 09-1lang2. pdf

* LM: A computational model of predicting words: wy, w,, ..., Wy

 Auto regressive LM: p(w;|wy, ..., w;_1) => p(w;|w,;)

77?

* Masked LM: p(W;|Wy, ..., Wi_1, Wiiq, oo, Wy ) => D(W; W)

T T

2025 FA Introduction and Frontiers of Cognitive Science 57
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LM can tell about Information in Language
09-1ang2.pdf

- X; can have |V|
L] picture outcomes, among which
On the wall | see a X; < : p(X; = picture|C) = 0.179290
p(X; = |C) = 6.6x107°>
N~

Letrs use a discrete random (according to qwen3-9.6B-base)

Va ri a b I e Xi to d eSC ri be t h e eve nt ] — Top 10 Word Probabilities for Context: "On the wall | see a"

of generating a word at position i,
given its context C. 1 p(picture) > p(pitcher)
“picture” is a much more likely \

7 B T o0147 0.0130 0.0130 0.0115 0.0115 0.0115 0.0101
outcome of the event oo (O (Y VO i o oo oo i

2025 FA Introduction and Frontiers of Cognitive Science 58
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SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Surprisal of Event Outcome  e9-1ang2.pdf

e Surprisal of an event outcome: S(xj) = — logp(xj|C)
» s(picture) = —logp(picture|C) = 1.719, s(pitcher) = —logp(pitcher|C) = 9.625

Top 10 Word Surprisal for Context: "On the wall | see a"

Surprisal -log(p(w|context))

Top k Words

2025 FA Introduction and Frontiers of Cognitive Science 59



©9-1lang2.pdf

}“& SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Entropy of Random Variable shannonsentropy

* Entropy of rand. var. X;, total amount of uncertainty measured by

weighted sum of surprisal: H(X;) = —p; Z logp(x |C)

Top 10 Word Surprisal and Entropy for Context: "On the wall | see a"

e Density Curve (Surprisal)
3 Density Curve (Entropy)

444444

I Surprisal
4 1 I Entropy

Surprisal / Entropy

Top k Words

2025 FA Introduction and Frontiers of Cognitive Science

Purple bar (dashed) shows
an inaccurate estimation
of entropy using the top-k
words:

60



Source: Smith and Levy, 2013,

Information and Cognitive Effort

\i‘”\a w % SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

09-lang2.pdf
* Words of lower probability take more time to read

( a) Effect of P(word, |context) on first-pass gaze duration measured at...

Proposed relationships between
word,

predictability and reading time
o

_l __________ R
\ t~. ~
word,, 4 ¢ ". ' Linear ™.
&4 ' \ (guessing) -
Gaze durati | ) '\
aze duration : \ :
' * Super-logarithmic ;
o N ' .
,‘;’\ S ! Logarithmic \ (could explain UID effects)
£ o \  (optimal visual \ \
~ g \ discrimination, \ \
§ ) \ highly incremental \ |
_8 & = \ processing) N :
= & \ ' ‘-
o \ '\ !
2 \ \ |
5 o \ Reciprocal AN |
— " (hypothesized by N .
g ', Narayanan & Jurafsky, 2004) N !
O “ AN l
E \\ S < I
< © \ . S e '
Probability (log scale)
T T T 1 N B — . .
10105107 102 102 10™" 10°107510 1021072107 1 Several different theories to
P(word, |context)
B from n-gram LM

explain the relationship

Introduction and Frontiers of Cognitive Science
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http://dx.doi.org/10.1016/j.bandl.2014.10.006

N

Source:

Information and Cognitive Effort e9-1ang2.pds

* Word predictability has logarithmic effect on reading time.

* lower probability p => higher surprisal —logp

Relative reading time

Change (ms)
o o

5 10
— log p from GPT-2, GPT-J, GPT-3 etc.

2025 FA Introduction and Frontiers of Cognitive Science
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https://doi.org/10.1073/pnas.2307876121

%/ SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

\\ 2

?E Learning 10-learning.pdf

* Introduction

* Human Learning Theories

2025 FA Introduction and Frontiers of Cognitive Science 63
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AFEZSIHIE Human Learning Theories

« §XSIRYSLIR (nature), 1DFE (process). FE (principles) LAK
Hl29% SRRV IR SR FORRRR.,

« ITAFENIEIL Behaviorism
« NFNIZ SIS Cognitivism
o AARTFENIEIE Humanism

10-1learning.pdf
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Source:

>/ LY \
FTTNEN

- HF42/ B.F. Skinner, 1904-1990

« TETHL: ST= S IRIESRM =YY (operant conditioning) FIERE (law of
effect) E’J?fﬂﬁuo

 RERREIL R, BURCE ST/, EL_&
(1SHY) SEUMIRSFRIMTAFFIREGER, LKk "®ERY" (15
PORMEAY) 1779,
- BIR: IGZRREITARS FBRRIT AN "Hhegia” .

- _HATHARI SRS RS (AKRIRNER) | ZRAGEARSRERESHER—R
IZRE =R FHFERE B 1R,

- "TEEUK" - BERYZE— N RERIBRERE. (SEhen "2
)Lﬁﬁl;&L HOERTIES, SEEKARRENTS —— KAL)

10-1learning.pdf



https://psychology.fas.harvard.edu/people/b-f-skinner
https://psychology.fas.harvard.edu/people/b-f-skinner
https://psychology.fas.harvard.edu/people/b-f-skinner
https://psychology.fas.harvard.edu/people/b-f-skinner
https://psychology.fas.harvard.edu/people/b-f-skinner
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Hﬁ@ém ?E}A_EUA “%'j 10-1learning.pdf

* ARZITANEREASNERNEGS, (BREETRFRMY
2587 (operant conditioning) k318,

s B ERI TR R ) GRACRIED) WIRETERMNZ BA S,
AESRMNER, BARSTRMASE.

* FINARAZRMNEN, MERMAISEE.

b -




Bt 1 REKSFIKT Thinking, J&DM

e Thinking B4t BHMIH%: ERSHI

AT

» Judgement and Decision-Making Flfr-5 125

11-think-JDM. pdf

2025 FA Introduction and Frontiers of Cognitive Science
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o EE’J/\7|< BRSS9  11-think-IDM.pdf

- BIREgE, D

« B Daniel Kahneman: ASSE4ERIFR]

« Z511

ERTR: RAL S R 2,

'?JJ’H%L_ E, RBRDLED, TF

* R582 W ERBR IR e R T EHE

* Thinking, Fast and slow (2011)

* X0

1812 Dual processing theory

A R,

|z

AR Y

« BELIRMARBGIU=%: RIS (BaRY). 7
(Z=RY) . BRIR.

Source:

WESES

'l«/ \E’J L)\&jj _*EI]
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https://en.wikipedia.org/wiki/Dual_process_theory
https://en.wikipedia.org/wiki/Thinking,_Fast_and_Slow
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RXDDIIE'I/[’J R + ZRBL2  11-think-IDM. pdf

* De Nays (2006) i3S 7 I EAES =20 [RIRAAY, XNWET{EIEIZ (working
memory, WM) B=iA1TERIEAINER,

- BIDREESE TSN
» SRFIMAIERRNE, THESNERSENTERERN.
- = RARFLREMIET, BT IIRET.
- IRFIETESHNRNSRF2AGEENRNAR (BIFEESREE
belief bias ) , THRICIZEERHERIESIAEHIRN .
- = RIARG AR TIFEIC AR EmZ2RS.




RXHDIIE'I/K:\ R + ZRBL2  11-think-IDM. pdf

« F(FE: =RitH

Tl
LT

{55 syllogistic reasoning task

Premises:  All fruits can be eaten.
Hamburgers can be eaten.
Conclusion: Hamburgers are fruits.
1. The conclusion follows logically from the premises.

2. The conclusion does not follow logically from the premises.

Type down the number that reflects your decision: _

Source: De Neys (2006)
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https://doi.org/10.1111%2Fj.1467-9280.2006.01723.x
https://doi.org/10.1111%2Fj.1467-9280.2006.01723.x
https://doi.org/10.1111%2Fj.1467-9280.2006.01723.x
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¥l SRt Judgement & DM 11-think-30m. pds

* NEE

1

RS VIS

IR RERIB UG B
MRS LELER 5717/,

%El'laio

/;-ll'/
F12(

FH 24

=421\, heuristics),

Y, A=EREMFHEDT,

*1F



11-think-JDM. pdf 2 vkt

EZQ:T:E HeuristiCS  sourcetverskyandkanmeman s

o« fEZEAMY Framing Effect
- EZRQ: FRHE A —MERERIBIESR, itaS5E600 ASET, WER
Miafr xR, 1B
« TEA: B5ERSHKI 200 A ;
- FEB: B 1/3 FI=RIRI 600 A, B 2/3 BRI AL,
- {EZR@: EHFAYHER (REERE), BIkRE:
« HEC: BESSE400 AT
- FED: B 13 ERLATL, B 2/3 RS E 600 AFEL.



https://www.jstor.org/stable/1738360

\#5 W4/ SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

FHZ& Emotion  11-think-Iom.pdf

e Emotion Theories

2025 FA Introduction and Frontiers of Cognitive Science 73
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FHZEHY2S Classification s

* American psychologist Paul Ekman’s basic emotions theory

e Early theory: 6 basic emotions:
anger, disgust, fear, happiness, sadness and surprise

'I\*J_l'_'_:lgl_‘% I Jj(l\JL-JIL\ ;&'rﬁ' I |EJ>\\/. I ILI\1jJ I‘/_I?:i‘%

e His later research shows evidence of a third emotion, contempt (i;’é%)

* Now on

UNIVERSAL EMOTIONS

______________________________________________________________________________________________________________________________________________________________]
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https://www.paulekman.com/universal-emotions/
https://www.paulekman.com/universal-emotions/
https://www.paulekman.com/universal-emotions/
https://www.paulekman.com/about/paul-ekman/
https://www.paulekman.com/about/paul-ekman/
https://www.paulekman.com/about/paul-ekman/

KEMFEXBAELD ..

o u_b,lE%En

 [E: =, B, M, 1B, &, ¥, &K
Ex: ODE, &, R, B & E &
QE, B R, K &, % K& joy 'k # = happy
-hE: =, &, M, B, 3k, &, %
(E)
UNIVERSAL EMOTIONS

Introduction and Frontiers of Cognitive Science
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https://zh.wikipedia.org/zh-cn/%E4%B8%83%E6%83%85
https://zh.wikipedia.org/zh-cn/%E4%B8%83%E6%83%85
https://zh.wikipedia.org/zh-cn/%E4%B8%83%E6%83%85
https://zh.wikipedia.org/zh-cn/%E4%B8%83%E6%83%85
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=1H Consciousness

» Theories of Consciousness 21RIEIS



