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Overview

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

* Organization of Perception ExXIAYZHZR

o Attention E=
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Perception B¢X0/F00

e Perception (Latin, perception, “gathering, receiving”) is the organization,
identification, and interpretation of sensory information in order to represent and

understand the presented information or environment.
(from Psychology, Schacter D, 2011)
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Perception system classified (by sensory organs &&E)
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Composition of Perception EXEIAYZE Y,

* Sense => Perception => Representation

* Sense BT EMEMERTARNR®TSEE, ARFFEINXLESEYIN I EE
RIS AR, LW&H%UHWWH

» Perception BH: SFMRImHGE, T EEME

* Representation FRG/ZFAE: EISR, XE— (FER) %a%ﬂ’\]%b’?@%ﬂﬂ’\]%ﬁkﬂt
[ =
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Threshold of sense B¢ 75

* Not all stimuli causes a sense
o FHAFEATRIEN (stimuli) EBEES |[E/RET,

- AR, RIEWIEREI—ENZE. NFees BRmis/I\RIEE, S
2B NS R TR fR absolute threshold,

* Psychologists want to describe the relation between the actual change in physical
stimulus and the perceived change, including stimulus to all senses: vision,
hearing, taste, touch, and smell.
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Weber’s Law FH{HAERR

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

« Z3lHPR differential threshold: MAFTEER RN EWINER/NER=

* Weber’s law XFR “RRmHfRER" . — BN, ZE3ERELUARIE
SR EAVEERNDEL:

e E.H. Weber (1795-1878), £=E

ar_ AL ZRI SR, 1+ BRAIRIAGER
;= k AEE (FHIEDE)
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Weber’s Law FH{AEE

* Demo
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Weber’s Law FHHES
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Weber-Fechner Law

* A modification to the original Weber’s Law by German psychologist Gustav
Fechner (1801-1887)

EMHRRESRIACREEXHAIRER, Bl WRREGRER] {IHREUE

0. 5lErRmEE RIREAREUZN,

S
p = alnS— p: Perception. S: Stimulus intensity. Sq: initial intensity.
0



Perceptual Constancy BRNIEEE

Ll

AABBAN T SR Y BSER TARF XS = E

- BANEREE: IBAGRE—TETE
XJFRER RN TAIEZ,
« X/NVEFEMHE (size constancy)
o AXTMARRUERRIR YT (perceived size) ANSTEBEIRGEA/N (visual size) TR,
« [E— ABEEFA] 3m, 5m, 15m, 30m => BEIA/IMIAZE

- AL iatﬁ, Ponzo illusion

« MERITLESIER 7 IRELR, %
o ABTAAARRLIRER] visual size XMW ASEHY // \\
perceived size, 7 N

2025 FA Introduction and Frontiers of Cognitive Science 10
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Overview

* Perceptual Constancy & (X0i2) [BETE
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Perceptual Constancy BRIIEE 4

BEh-SE/REE ST M TR
[ ] Y — S 'sD ic Miller-L: lllusi
zzg])-3/\5g 0, Muller-Lyer illusion o ETcone's Dynamic Millr-Lyer llusion
/\\
/
A4 .
/\
N/
Source:
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Perceptual Constancy BEIEE 4

- ERKIMER (LEGEE B ERIRN

Source: https://zh.wikipedia.org/zh-cn/¥ &L HiE S
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- RIBEEME: FHaszk, NWBRIBERE.

- IEEEE: EERE, EREEEK.
- IKENERET, [EREEEE
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Form constancy FZIN B R %

* NMARIBEWEYIVR, SR MERERN, YINMEMKIR_ERT
PR RERETEN, BATABEEIRIRERIAARIRLA,

2025 FA Introduction and Frontiers of Cognitive Science 15



Color Constancy BN BE 4

s EARERRIAZMT, A—RRATLUEEAIAA S EGRIEE.
- B RICEIEAIRS, SRIBIIRAS A E,

* E.g., A green apple looks green no matter at midday (white sunlight) or sunset (red sunlight).

Color constancy makes the above image
appear to have red, green and blue hues
(especially in dark), even though it is
composed of only light and dark shades of
red and white.

Source:

2025 FA Introduction and Frontiers of Cognitive Science 16


https://en.wikipedia.org/wiki/Color_constancy
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Color Constancy BN B & 4%

o Pixel RGB Values 6000 | EEE Red

5000

4000

Frequency
w
o
o
o

2000

1000

0 100 150 200 250
Pixel Intensity (0-255)

Highly overlapping G and B distribution
e Pure white: (255, 255, 255)
e Light gray: (230, 230, 230)
 Medium gray: (180, 180, 180)
e Dark gray: (100, 100, 100)

2025 FA Introduction and Frontiers of Cognitive Science 17
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https://en.wikipedia.org/wiki/Checker shadow illusion

 Checker shadow illusion

Constancy makes A appear darker than B.

2025 FA Introduction and Frontiers of Cognitive Science 18


https://en.wikipedia.org/wiki/Color_constancy
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Perceptual constancy in VLM?

 Vision-Language Models (VLMs)’s capability of perceptual constancy varies.

* Overall: VLMs lag behind human. VLMs perform good in shape constancy, but not

in color or size.

. |s the actual shape of the tabletop in the picture a
| parallelogram? Please answer with Yes or No and

! provide an explanation.

23
{

|

L |

[

|

Correct Answer: No

ar
A
J
{ Y

!

GPT4o0: No. The actual shape of the tabletop in the picture is not a
parallelogram. It is a rectangle. The tabletop in the image has four right-angle
corners, characteristic of a rectangle, rather than having slanted edges or
angles. This confirms the shape as a rectangle and not a parallelogram.

Source: Sun et al. (2025)
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https://arxiv.org/pdf/2502.10273v1

A3 M LY
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Perceptual constancy in VLM?

——— Is the actual size of the missile in the front larger than the size
= of the missile in the back? Please answer with Yes or No and
provide an explanation.

* Size
Correct Answer: No

GPT4o0: NO. the actual size of the missile in the front is not
larger than the size of the missile in the back. The two missiles
shown in the image are identical in size they appear to be the
same model (df-5b) loaded on similar transport vehicles.

In the picture, is the actual width of the pier consistent from
near to far? Please answer with Yes or No and provide an
explanation.

Correct Answer: Yes

GPT4o0: No. The actual width of the pier remains consistent
from near to far. The apparent decrease in width is due to
perspective. As objects extend into the distance, they appear
smaller and narrower, creating an illusion that they are
converging.

Source: Sun et al. (2025) https://arxiv.org/pdf/2502.10273v1

2025 FA Introduction and Frontiers of Cognitive Science 20



https://arxiv.org/pdf/2502.10273v1
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Perceptual constancy in VLM?

In the picture, has the actual color of the bridge itself changed? Please
answer with Yes or No and provide an explanation.

e Color

Correct Answer: No

GPT4o0: No. The actual color of the bridge itself has not changed. The
difference in appearance between the two photos is primarily due to the

4 lighting conditions. The top image is taken at night with artificial lighting
i illuminating the bridge and surrounding area. The bottom image is taken
during the day with natural daylight without the effects of artificial lighting.

el

What color is the middle square of the Rubik's
Cube? Please select from the following choices:

A: Green,
B: Yellow, Correct Answer: C
C: Blue

GPT4o0: A green. The middle square of the rubik's cube shown in the
image is color green this can be determined by observing the central
Source: Sun et al. (2025) square on the visible face of the cube

2025 FA Introduction and Frontiers of Cognitive Science 21


https://arxiv.org/pdf/2502.10273v1
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. Model

Answer Source

Accuracy Comparison: Models vs Humans

1.00
0.75
0.25
0.00

Perceptual constancy in VLM?
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Source: Sun et al. (2025)
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Overview

» Organization of Perception [R¢XIAY4HZR



Organization of Perception BxA1HYZHZA

- IRTUEOE

 SBHRWFT RN, R LA TR

FITAEN “S-R” (RIE-F i) 27K

CANBERETHATH, BARES

HITEEAR :

= Gestalt Psychology (early 1900s)

Whole # ) parts, consciousness # {senses}

SRR, ARTXIRE] (RI3E) AR

« RREX-

-\ ITTERFUT

S5, TA%R

£L
=~J
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B EONVEZHIES ..

« “DBILIEE” = Gestalt in German, meaning: "BISHIER{K (dynamic wholes) ”

« Max Wertheimer &} Hf- 354555 (1880-1943)
Wolfgang Kéhler 7 K/RFKX]-ETH] (1887-1967)
Kurt KoffkaiE 4 &K (1886-1941)

» KiMAz{ERIBREER

* holism: “The whole is something else than the sum of its parts, because summing is a
meaningless procedure, whereas the whole-part relationship is meaningful.”



https://en.wikipedia.org/wiki/Gestalt_psychology
https://en.wikipedia.org/wiki/Gestalt_psychology
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Principles of Gestalt Systems

* Reification B84
- NBIBAIZES "#ikit” 0 "4t /Y,
« FNIBENRY, LhEeERAYRTERIE,
REIE T ESIMERNTEIEE.
o ATJHRREN N =R
o C BRI =HEEK{K
« BHIAYFEF, D HHRYHEME
- BB FEFSEENE X

Source:



https://en.wikipedia.org/wiki/Gestalt_psychology
https://en.wikipedia.org/wiki/Gestalt_psychology
https://en.wikipedia.org/wiki/Gestalt_psychology
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Principles of Gestalt Systems

o Multistability ZB£01% (ISR

M (BRI SRR AR L AU
(alternative explanations) Z Bz E YJHAY—F R,

/

Source:


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

Source:

P r| N C| p I es Of G ESta It SySte ms https://en.wikipedia.org/wiki/Necker _cube

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

* More examples on multistability

Impossible trident Undecidable monument Impossible cube

2025 FA Introduction and Frontiers of Cognitive Science 28


https://en.wikipedia.org/wiki/Necker_cube
https://en.wikipedia.org/wiki/Impossible_trident

Principles of Gestalt Systems

* More examples on multistability (between background and foreground)
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Math => exact insertion
Gestalt => multistability
of perception
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Arts from Dutch graphic artist M.C. Escher, inspired by tessellation ($Z£%)
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https://en.wikipedia.org/wiki/M._C._Escher
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Principles of Gestalt Systems

* Invariance (AZ[H)

 RENLRIE, BRSNS )
. P BHLRRISHS QR o %& On K
feas. REEERFIREERAAT) St
T RIRBILR.

. A 5 IR, ° " O
. C AR AR T S RS SRS, d@b @(% [% %
. D HEARRLETE, FEERE. %% ﬁé

ol

Source:
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RYENAYHZARIR -- law of Pragnanz fa) SiEE

- BB OEF R RARRANERIRE,

- Bl (M) BRNEAFRIERREERE G

* Pridgnanzis a German word that directly translates to 'pithiness' and implies salience,
conciseness, and orderliness

s BNERIAN, AMIRETFEEMAE I, BF. MEREERAY.
« A/ RGN

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

LI

Source:


https://en.wikipedia.org/wiki/Gestalt_psychology
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Law of Pragnhanz Ny E

e Law of proximity 21 E N

o ASERIEEITRIYIARNREN I— EEIR,
- BRERAYER, BROEEFNE - 202 oo od oo
L L i - 000000 00 OO0 0O
X LR B R Al ZHAY - 000000 00 00O 0O
° E{)ﬂ\l_gﬁ:sG/\, O O O O OO0 O O O O O O
000000 00 00 0O
- GMIE=4H121, O0O00O0O0 OO0 OO0 0O

Source:


https://en.wikipedia.org/wiki/Gestalt_psychology
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fofo 3/

Law of Pragnhanz Ny E

e Law of similarity FB{LLERI

. NERSFWIAERAL. B, KNSRI f f f f f f
SR S a R —,
O O O O O O
- Blf36 N EBRLtERIE, H18MREE, 18 0000606
TiREE. 000000
- RIBEIREEAERE—R, TeEAERE—3, 00000
G

Source:
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Law of Priagnanz (&5 (R

e Law of closure 7] EMN —

/ T |
« AEIRE TSR, / L
TR IR AT A ARZsE. \ |
IR, . ERSARRR, N
MRS ERHIN R,
—_——= =

Source:
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Law of Priagnanz (&5 (R

e Law of symmetry XSFRENI

» KENBAWIREXITREY, FHEIGE— ORIz,
MRS BABEL T XITRER o = RN _E AR5,
+ SN IRRITRRICARIZERT,
PN E R b S (W) ES 5 S
FER—TIERBIAZAR,
* BRI TNERZI=XIXIFRIES, () )
MAR S MRV HES,

Source:



https://en.wikipedia.org/wiki/Gestalt_psychology
https://en.wikipedia.org/wiki/Gestalt_psychology
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Law of Priagnanz (&5 (R

e Law of continuity 1&EZEEN

- S BHHESI A, MAET
S MIRREIFI 2 — ELE SIS,

* BAJA KA 8ER5 75 [M3RBHITTR I A— MK,
Fef M TR E =PRI I —IC
BE—HESHER, AR —EHERARE.

Source:


https://en.wikipedia.org/wiki/Gestalt_psychology
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FENFSEEOES ..

* Gestalt: Whole # ), parts, consciousness # {senses}
. /\-?JZ—EI’J "SR F BN ERENLAERRAZEER X EM G
BHE—iC, %ﬁ%ﬁﬁﬁ%ﬁ)‘i

¥ (), “K"ENT, REEEAE

a4 (%), BRI (0 -9 (7)) AR
RAN“4z7, B“ATH“E7AR, FRE

of Cognitive Science 37
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Overview
* Perception EXA[]
e Perceptual Constancy BX0 (F0ta) (B 4%

e Organization of Perception ExXAYZHZH

e Attention ¥ =8
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Attention (¥ =

ER: "BEREIHEATLL

« IDERDN—EX R AR RIS L,
- FHEBPRZAYOIETRE, IRENRRSYREREIE, mEA—iOE Rz
RIRARARES.
AR
- BEREF— T ERLE
* SCENRTRITEL (stimuli) BHATEEEREAWEHANET

]

- IBFEEESRIRE




EI=WALELS

o ﬁifﬁ%ﬁd‘%ﬂ D. Broadbent (1960s)

B, HELEeE

1

*ﬁBﬂEﬁ, MEREEAIREEEFE T EMICIZZF

o TEEL LB AEEE,
- BHREIEREY

o, BREIE "2k .

HAEDTE)

(high-level analysis) Z B

° ulfﬁfﬁz ! r:JJ

=3

TR,

BB

7.] Dﬂ T3 l_j:=|=_u:b1|:|:u

1 7ON/HE

=14 (new and strong stimuli) £ 5
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Source:

@& ﬁ\f SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY
# 15

SEERTEESFREY Filter Model of Attention

Broadbent's Filter Model

Inputs
—)
Sensory

Store

:>
_ 1

* Dichotic listening task XX E
Simultaneously presenting two different
auditory stimuli, one to each ear, and asking |
the participant to identify just one channel

and report.

2025 FA

Filter

properties
(e.g., pitch, loud

—_— :>

Based on physical

Bottleneck

ness)

(Unattended message is
completely blocked at this

stage

:/ AN [U-—I-1 }% . across the field...

Ignored inputs Attended inputs

President Lincoln
often read by the

light of the fire...

The horses galloped

Speech output

President Lincoln
often read by the
light of the fire...

Headphones
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https://en.wikipedia.org/wiki/Broadbent%27s_filter_model_of_attention
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XEE BRI Cocktail party effect

» SEAIBARE— T CEBESEE G
FTKIER, REBBRNEERA, il
A LA EI IR R A E.

- [AIfY, EiImAbsEIAE AIUB IR,
?‘Zﬂ]AE_'JJ:/_: = :ZEIJ

- Xk, ERERRENESEA A
EHERT, FAIRILGERRRITELABHED,
HANEIE,

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

TSRS R

« TR[E/MEZZR A Treisman (1964, 1969), 1J)EES=E
1ER-LXZ_@§7-GIEO
» LIE I {ES 01

- RAERERNEREY, BarrRERERNERE.,

REFEMENEERIITER, BEMNS, BIHE—EE

« IR AP FERETFREESHRIN LA E SR
- IEEENESHRTREESRR, MABEEE.
- (B8R, FHmBNsiEECNEF, WERENRE, EfmaLIEE.
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T Attenuation Model

2R "B
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‘FERI=REEY Attenuation Model

Treisman's Attenuation Model

Bottleneck

Inputs i |
P ) Hierarchy
— Attenuating
ended Message Filter lyzers
Sensory Based on physical , -
e5909°

Store properties

(e.g., pitch, loudness)
Unattended Message I:>

=BG EY L

. SRR R EE "R T
DA E St GOl

- A ) BEONNSEER, WRESHEEET.
2) BB EER, BATFORSTHERENZE,
3) I REIUEAERIER, TR IR (HI3E) o7k

oI_II\_I
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https://en.wikipedia.org/wiki/Attenuation_theory
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[SHRERRAEERY Late selection model

JGHBEFIEEY Late selection model by Deutsch and Deutsch (1964): XS E2HY
TREEESERENINTIZE, MASEDIRINIHE,

e All information is attended to, whether intentionally or unintentionally.

* It implies that internal decisions of stimuli relevance must be made, before
allowing it to gain conscious awareness.
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https://socialsci.libretexts.org/Bookshelves/Psychology/Cognitive_Psychology/Cognitive_Psychology_(Andrade_and_Walker)/11%3A_Attention/11.03%3A_Selective_Attention_and_Models_of_Attention
https://socialsci.libretexts.org/Bookshelves/Psychology/Cognitive_Psychology/Cognitive_Psychology_(Andrade_and_Walker)/11%3A_Attention/11.03%3A_Selective_Attention_and_Models_of_Attention

Source:
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Evidence for late selection model

- ENE D IMESS, HdETRIRENSFRS

e Left ear: “Dear — 7 —Jane”. Right ear: "9 — Aunt —

6”

RIBL

* According to the early selection model, participants should have reported all
items presented to one ear first, and the items presented to the other ear second.

 However, the researchers found that participants reported hearing,

“Dear — Aunt — Jane" and "9-7-6"

* Therefore, stimuli are not selected based on physical characteristics (e.g.,

CAY)

location) but according to meaning (ISEJ10_

SHIZ BEERENAYIE X ).


https://en.wikipedia.org/wiki/Broadbent%27s_filter_model_of_attention
https://en.wikipedia.org/wiki/Broadbent%27s_filter_model_of_attention
https://en.wikipedia.org/wiki/Broadbent%27s_filter_model_of_attention

Flanker Task s
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https://en.wikipedia.org/wiki/Eriksen_flanker_task
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ERP Study of Flanker Task -

* N200 pattern in EEG is found
after onset of incongruent
stimuli.
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LRP: Lateralized Readiness Potential |
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%1)\JIE%$I1—L Z_BL E}J I:I:l }iﬂyﬁrﬁ% Figure 2. LRPs, averaged for flanker compatibility (congruent: solid line; neutral: dotted line; incongruent: dashed line) and
spatial distance (short: left panel; large: right panel). F denotes the onset of flanker stimuli; T denotes the onset of target stim-
HLLF'ER:I-}_‘_EIIJRTU\JkHLIEZQHjELHIJIE%EEA_& uli. The average waveforms were digitally filtered (low-pass cut-off frequency: 12 Hz).
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https://doi.org/10.1111/j.1469-8986.1996.tb00425.x
https://doi.org/10.1111/j.1469-8986.1996.tb00425.x
https://doi.org/10.1111/j.1469-8986.1996.tb00425.x
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a;1: The relevance of “I” to “bank”
* Transformer

a;j: The relevance of
water” to “bank”
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