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摘要    当出现在边缘视野的一个物体被周围其他物体包围时, 视觉系统对它的识别会很

困难, 这种现象叫做视觉拥挤效应. 研究拥挤效应既有利于理解人类进行客体识别的过程, 

也对治疗黄斑变性、弱视和阅读障碍等视觉病变有显著的临床意义. 自拥挤效应被提出以

来, 对拥挤效应的特性、神经机制和影响因素等都做了深入地研究. 本文将系统地综述拥挤

效应的研究进展, 包括其特性、现有的理论假设、计算模型、可能涉及的大脑区域以及近年

来利用知觉学习消除拥挤效应的一些工作, 最后对该领域的未来发展给出建议. 尽管在这

个领域已经获得了丰富的成果, 但在许多问题上仍有争议, 未来还需要更为巧妙的设计和

精确的技术进一步解决这些问题.  
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Уэ ᴇ ὲӹ ᴇꜛ , ᴇ

⁞ֶ ⁮ ᴇ , ѝ

(crowding)[1]. ᴇ ⁞ Уэ

. ӝ , 

, ѐ ‡ а ת ;[2,3] ұ

ӝ, ᴇ  ѐ ҂ֶ [4]. 

1923 , Korte ╟ ҩ : “ ẹ

ч У ╒ᴳ ҩ, ╗

ў ᴁ Ԉᶑ , ‘ ’ҩ

Ҿа   ѐ ”[2].  
Ѭ ᴇ ⁞ѐ ᴇӊ

, ѝ У

⁸ᴐ . УҾ Уэ ᴇ

ᴇꜛ ѝ , аӨꜛ ⁸

ᴐ ҂ꜛ ᵷ ȁ Ἱ . Parkes ӝ[5]

, У Gabor ₁ , 

э Gabor Ԉῆ ה

Ҿ Gabor . Greenwood ӝ[6]‡

ᴁ Ἵ , ᴳ ᴁ

֗ᴉ₁ , ҂ֶ ᴁ ⁮

Ἵ У Ἵ , ᴁ ҩ Ἱ.  

ὰ ў

ѐ . ѐ

ᴇ   , ᴇ ט נ

а ᴇ, э ᴇ ὁа

⁮ ᴇ . ӱ □ , 
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ӱԈ У ᴇ

╗ э ᴇ   

⁸[7,8], ᴐѝ э ᴇ   У

ὴ Ὧ . , УҾ , 

ȁ ȁ

Ὧ[9~16]. ‾ұҩ

.  

ѝ Ѭ, Ԉ ӱ

ὲ  Ԉ , У Ὧ , 

ӊ . 

2007 , ȇ Ȉ(Journal of vision)  ҩὯұ

ж‒, ; 

, а Ὧұ э ִ . 

ὲѐ УҾ , 

  .  

1  拥挤效应的研究方法及特性 

1.1  拥挤效应的研究方法 

ὴ ₁ 1 . ѐ

ѝ , R ѝ ₁ (target), S Z ѝ ᵛ

₁ (flanker), ₁ Ѯ ѝ

₁ (eccentricity), ₁ ᵛ₁

Ѯ У ү ѐ ⁮ѐ . Ὧ

(critical spacing) ᵛ₁ ⁮ ⁞

₁ . ԈЮ

ΰ : (Ќ) ⁞ ₁ , У

₁ ⁞ ⁞ ; (Ѝ) 

, ₁ ᵛ₁

,   ע , 

ұ У ḣ ѝ .  

1.2  拥挤效应的特性 

У [17], Ԉ

₁ а ֗╘ , 

֗╘[3]ȁ ⁞֗╘[18~21]ȁ ᴇ ⁞֗

╘[22]ȁᴁ ֗╘[6]ȁ ⁞֗╘[23,24]ȁ ╟  

 

 

1  ₁  

⁞֗╘[25]ȁ ╟ ⁞֗╘[26]. Ѯ , 
[17] [27,28]҂ ֶ ⁮

.  

ᴇ ὲӹ ᴇУ   , У ‟

₁ Ԉ ⁞ , 

(ordinary masking)ȁv Ӈҵᴐ (lateral interaction)ȁ

⁸(surround suppression)Ԉ . Ҿ

ת ,נ Э ҩа

⁸. ὲӹΰ שּ

‍. Pelli ӝ[29] , ᴿתа

₁ , У ‡ . У

Ҿ , а ₁

⁞ ת ,[21,29] ֶ

⁞[30]. Kooi ӝ[31]ԈἽ ѝ₁ ֒, 

ᵑ ұ ₁ ᵛ₁

, ᵛ Ӈҵᴐ а ᵑ ұ . Levi ӝ[32]

⁸ , ₥ Ԉ

. Petrov ӝ[33] , а ұ , ⁸

ᾃ а (inner-outer anisotropy). 

Ԉ , Whitney Levi[1]

ҩ 6э , ѝ ԏ Ԉᴐѝ

ᴐ Ѭ: (Ќ) 

⁞а ὲ ; (Ѝ) ᴇ

а , а ‍שּ

ᴇ; (Ў) ᵑ ұ ₁

₁ б ᵛ₁ Ѯ . 

ᾳЮ, ԏ , . Bouma[34,35]

, Ԉӊ ᵛ₁ ₁

б ₁ 0.4~0.5 , 

э ѝ Bouma ‡. 

Bouma ‡ [ 1 7 , 2 5 ] ;  (Џ )  έ

(anisotropy). ἼԈ ѝѐ , ‍ ᵛ

₁ ‎ ‍ ᵛ₁ ӊ   
[36], ᴿ , ѐ‍ Э, ᵛ₁ ‍

ֶ ‍ ӊ . , 

Э Ю [20].  , 

ᵛ₁ ₁ ‟ ӹԏ ‟ , 

ӊ [37]. 2 ѐ̆ ‍ ᵛ

Ἵ ‎ ‍ ᵛἽ ӊ ; 

(А) έ ᾃ а (inner-outer asymmetry), 

Уэ ᵛ₁ ұ ₁ ұ  
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2  ‎ ᾃ  

‍ ‎ ‍ ᵛἽ ӊ ; ѝ ‍

, ᵛἽ ᾃᵛἽ ӊ  

ᴁ ὲ ұ ᴁ ӊ
[24,34,38]. 2 ѐ̆ ѝ ‍ , ᵛ

ᵛἽ ᾃᵛ ᵛἽ ӊ ; 

(Б) (temporal tuning). аת У

, ҂έ [39,40], ₁

ᵛ₁ . а , ᵛ₁

₁ а   ѝ

Ҭ .  

Whitney Levi[1] 6 э ѝ

″ ῆ(diagnostic criteria), תҮ Э 6 э

а . ᴿ , УҾ , ҂ֶ

֗╘[41,42]. Petrov ӝ[33]‡ , ⁸

‎ . ᵛ Ӈҵᴐ

‡ ‍ҩ, ѝשּ ₁

ᵛ₁ Ѯ , ԏ ᴁ ὁ ᵛ

ҵᴐ . , УҾ ╒

У ת , ₥ У ″

ῆ ὲӹ ш ‍שּ .  

2  拥挤效应的神经机制 

Ὧұ ӊ ᴁ

, ᴇ Ԉ ѝ 2 : (Ќ) ѝ

╗ , Ю Э .  

ѝ, ₁ ╗

⁮ ⁸ [10,14,18,20,43~45]; (Ѝ) ѝ

╗ ₁ ⁮ , 

Ѯ Ԉ ѝ ‍ а [19,46~49]. 

Ѯ , ᴐ

ᾱ [5,50]. [51] Ү֒ Ὧ ᴁ

(event-related potentials, ERPs) Ὥ ẹ (func- 

tional magnetic resonance imaging, fMRI) , 

ұ

₁ ᵛ₁ Ѯ ҵ ⁸ , з ⁸

⁮ , ╗

, ӊ ѐ ᴐ , ӱ

Э ᾱҩ ╗

ч Ѯ Ҭ .  

2.1  视觉加工阶段假设 

УҾ ѝ, 

₁ ᵛ₁ ὡ Уэ ἷ

. Flom ӝ[52] ὴ ѐ, ᵛὬ

(Landolt C) Ὤ Ѯ , 

а ֒Ю ″ Ὤ

, Ԉ ה . ӹԏ

ѝ, ᾱұ ₁

. ұ ҂ , 

, ҂ . 

ѝ“ Ḯ ”[3].  
б נ ᾱ ұ

У ₁ ᵛ₁ Ѯ
[4,53]. Motter Simoni[54]‾

ᾃ . б ᵛ₁

, ᵛ₁ ₁

, Ԉ . э ҂

⁮ҩ [55]. , , ӝ

ὲӹ ╟

‎ (V1: (Cebus albifrons), ұ 1.5:1[56]; 

ӝ , 3:1[57] ; V2: , 1.5:1[58]; V4: 

, 2:1[59]), Ԉᴐѝ ‎

.  

У ұ‫

ἷѮ (long-range horizontal 

connections). ὰ ⁸
[60,61]. (Catus) ‫ ү

Ь ѐ Ԉ ⁮ 6~8 mm[62~65] . Ҿ

נ ἷ У
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, ὲ Ḷ נ ἷ[66]. 

ѝ , ₁ ᵛ₁ έ

נ Ḁ [31], Ԉ

⁮‫ [63,67~69]. 

Orbach Wilson[70], Wilkinson ӝ[71] Parkes   

ӝ[5] ѝ, ḥ ұ ₁

ѝ (texture), ₁ Э э

‍ ҩ, 

Ὧ[29,36].  

╗ Ḯ ѝ

╗ . Ἴ, ᴳ а

₁ ֗╘ ₁ ᵛ₁

( ֒) ‍⁞ а (

‍ ֒) [4,31,52,72]. з

У ѐ У

ᴁ , ᵛ У

, Ӱ [69]. Ҿ

, Ѯ , 

‫ [73], Ԉ

ᵛ ᴇ.  

ת ұ ⁮ ӣ

ѫᴁ э Ӱ а . Blake ӝ[18]б Ho

Cheung[20] ֶ῏ Ἵ ӊ

, Ѯ₥, ӱ

ᴂ V1 ᴁ . 

ѐ, Millin ӝ[74] fMRI

שּ . Ю, ₁

ᵛ₁ ᵛ₁

ᵑ (blood oxygen level dependent, BOLD)ᶕ

ת , Ю, ұ Ѯ

⁸, ү   Ѯ ᵛ₁ ᶕ

῏ . ӹԏ , ⁸ V1 Ԉ

ӊ , з₁ ӊ , V1 ⁸

҂ שּ ; , ᵛ (lateral 

occipital complex, LOC), Э ╟ а . ӹ

ԏ , ⁸а ת , ӹ

ԏ ₁ , ѐ ֗╘

ὤ . ԈЭ V1

שּ ת , Arman ӝ[75] Bi   

ӝ[76] fMRI V1 , 

ӹԏ , Ὧ ᴂ שּ V2.  

, V4 ᴁ , 

ὲѐ҂ꜛ , V4

‎ ѝ 2:1[59], ‎
[36]; V4 ἷ ὲ

0.5 ᷁, Bouma ‡ . зУ

Ҿ V4 а ₁ ᶕ

שּ [77,78], Chung ӝ[10] У

ү ₁ ᵛ₁ Ѯ Ӈ

, У ү ᶕ Ѯ

. Liu ӝ[21] , 

₁   1/4 , 

₁ ᵛ₁ ‍⁞  ЭЮ а

, ү ‍⁞ 

῏ , Э Ԉ

ЭЮ аת ⁮ .שּ

V2 V3, ЭЮ ₁ ֶ‍⁞ ⁮ ᵛ

ᵛ, , ӹԏ V2 V3а

Ὧ ₁ .שּ ᵛ₁

Ӱ , ‡ V1 а

ў V1, V2 .שּ V3 Ѯ , ӹԏ

ѝ ў שּ V4 LOC. а

э ₥ ᵛ₁ ‍⁞

, ₁ У , ‡

V1.  

, ᵛ₁ ҂ Ԉӊ

. Chakravarthi Cavanagh[79]‾

ᴳ ⁮ ᵛ₁ , Ӱֶ

. ӹԏ , metacontrast ᴳ

῏ . ₁ ᴁ

, metacontrast ѝ₁

₁ ᴁ , ү

ӊ ╗ [80~86]; 

ת ᴳ ᴇ Ԇ (object substitution mask) , 

а , ᴇ Ԇ б₁

а ᴁ   ȁת У , 

ѝ ѝ ╗ [87,88]. ӹԏ

, metacontrast

╗ Ѯ , ᴇ Ԇ ╗

Ѯ₥, ẹ , ᴇ Ԇ Ὧ

שּ LOC[89], Ԉ ‫

⁮ LOC Ѯ .  

Ho Cheung[20]‾ ⁸ (contin- 

uous flash suppression technique)ᴳ ⁮
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Ἵ , ӹԏ , Ἵ ҂ Ԉӊ

ת . Wallis Bex[90]ᴳ “

”(adaptation-induced blindness)ᴳ ұ

, з э

⁮ э . ӹԏ , ֗╘

⁮ э Ὧ, 

э Ὧ. ѝԈЭ ᴳ

₁ ‍⁞ Ἵ , ӹԏ , 

ѝҩ ╗ а ₁ ӊ

, Shin Tjan[91]ᴳ Gabor 2 ₁

, ‾ ⁸ “ ”2

ᵛ₁ . , 

Gabor ‍⁞ᴐѝ ₁ , ⁸

⁸ ᵛ₁ , ֗╘ б

ᵛ₁ Ὧ, б ⁮

ᵛ₁ Ὧ; ᴳ Gabor ᴐѝ ₁ , 

“ ” ⁸ ᵛ₁ , ֗╘

б ⁮ ᵛ₁ э Ὧ, б

ᵛ₁ Ὧ. ӹԏ , 

⁸ ╗ Ѯ₥, з

“ ”Ѯ .  

2.2  注意阶段假设 

╗ Ḯ ұ , ѝ

ѝ аῆ ; 

Ḯ ‡ ѝ ‍ а .  
1996 , He ӝ[19] , ꜛ Ԉ ұ

″ ὲ Ἵ Ӱ Ԉӊ э Ἵ

, ‫ ╗ , 

‫ Ѯ . ӹԏ

, ₁ Ю , ₁ Э

, Ю ‍ Э У , 

ӹԏ ұ ‍ а

. ‍ ‍שּ

, ᶑ

а╟ ₁ [92]. 2э ᴇѮ

שּ , ӹԏ ֶᴐѝУэ

ᴇ , ‍ ὲѐ эᴇ, 

ҩ. ת He ӝ[19]

⁮ Blake ӝ[18] , Blake ӝ[18] ѝ, He  

ӝ[19]Ѯ Ԉ ⁮

ѝ₁ , ⁮ , ӹԏ

ᴂ ₁ , ֶ . Ho

Cheung[20]ᴳ ᴂ Ἵ ҂ ֶ

Ἵ ӊ .  

Ѯ , УҾ

ӊ ѐ ᴐ . б

ᵛ₁ а , Ԉ ῏ , 

Chakravarthi Cavanagh[40] ҩ ִ

□ , ӹԏԈУ ₁

, ִ□ ѝ

6~8 Hz , ‍ ҂ 6~8 Hz У

, ӱ ‍ а

. Petrov Meleshkevich[38] , ₁  

ᴁ , ѐ , 

ᾃ а ῏ , ҂

ӊ Ὧ ᴐ . , Tripathy

Cavanagh[49] , Ѭ ₁ ӑ Ѭ ₁

У , ұ╗ ӑ

ἷ а , ╗

ᴂ[93], 

а ᴂ . , ӹԏ

, Ὧ ₁ Ὧ, 

а ╗ . Nador

ӝ [94]ᴳ ᴁ (steady state visually 

evoked potential, SSVEP) ‍ ₁ ᵛ

₁ ᶕ . 2 э Gabor 36 э Gabor

ꜛ , ү Ԉа , У ᾳ

₁ , ₁ б ᵛ₁

( ֒) Ӈ( ֒); У ᾳ

Ю Уэ  Gabor, 

а ὲӹ ₁ ( ֒). ҩ

ᵛ₁ ╟ 3 ֒Ю , , 

֒Ю, ᵛ₁ ᶕ , 

֒ ֒Ю, ᵛ₁ ᶕ ֶ ᴂ. ӹ

ԏ ѝ ֒Ю, ‍

, ӱ ⸗ ‍ ₁ ᵛ₁ Э; 

ὲӹ 22 ֒, аֶ ᵛ₁ Э‍ , 

ὲᶕ ᴂ. ӹԏ ‍

а .  

, ᵑ ұ ᵛ₁

ᴁ , ᾳЮ, Э ᴁ

⁮ ᴁ аУ . Fischer ӝ[95] ѐ, 

Gabor ᵛ Gabor ꜛ , ᵛ Gabor Ԉ
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ᴁ (drift), ӱ ԏ

. , 

֗╘ бӹԏ ⁮ ᵛ₁ ₁

ᴁ Ὧ, б ᴁ Ὧ, з

ᴁ б ᴁ . 

╗ ╟ ᴁ

Ḷ э Ѯ . Yeh ӝ[96] , 

Ԉ Ѭ ╟ . Faivre ӝ [97 ]

Faivre Kouider[98] , ѝ а

⁞ ȁ ȁ Ԉ  

‍ . Ҿ , ╟ᶕ ȁ 

Ѭᶕ ȁ ᶕ ᶕ Ѯ , 

.  
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ҩ ẹ ᶕ , з

( ) ẹ ш . 

ẹ ᶕ ҩᵛ Ӈҵᴐ , ӱ

έ Ḷ .  

а ᴳ ҩа ת ,

, Э Ҿ ұ ἷ

ᵛ ҵᴐ (lateral interaction) , ѝ

ᵑ ұ ╖ , 

╗ Ḯ . ‍ а

҂ ⁮УҾ ת , ₥ѝ

.  

4  视觉拥挤效应的知觉学习研究 

ұ Ὧ, 

҃῏ [9,119~124]. 

҃

ұ ⁸҂ ╠.  

Chung[9] 8 э ⁞ 3 э ѕѐ ұѐ

ᴁ Уэ , э 6000 э . 

҃, ⁞ ₁

ӱ 34% ⁮ҩ 64%, з

҂ ҩ( ת ,(3 ῏

ט . , Hussain   

ӝ[121] ҩ ұ ӝ ӝ , ҃

Ԉ῏ , з , ӝ

҂ט , 

ї Ѭ. 

Huckauf Nazir[120]҂ , ҃ Ԉ῏  

 

 

3  Chung[9] ҃῏  

, ӹԏ , ҃ ҃ ұ

₁ , з ҃ ᵛ₁ ҂ Ԉ῏

, ᵑ ұ ₁ ᵛ₁

Ӈҵᴐ ת , ҃ ҃ Ԉ ‍

⁮ ҃ ₁ ᴁ , 

‍ ⁮ ╗ ת .

Maniglia ӝ[123] ѐ, ֗╘

Gabor ꜛ Gabor , ᵛ

Gabor . ῏ ҩ , 

ҩ ת , ҃

⁮ ₁ а ᵛ₁ ѝ

Ӈ ₁ Э, ҃ ᴐ ῏

ᵛ₁ ₁ ⁸ᴐ , а Ө╗

У ₁ .  

Huang Watanabe[119] ⁞

10° ὲӹ ꜛ . 6

, ⁞ ҩ , з ҃

ᵛ₁ Ѯ Ӱ ᶑ , 

, ᴁ , ҂

⁮ҩ . ұ ἷ ᵑ ұ

ӹԏ , ӹԏ , ҃ᴳ

῏ ᴁ ἷ

.  

Sun ӝ[124]‾ (ideal observer 

analysis) ҃, 

⁸. ӹԏ ѝ, ╗ҩ ᶕ , 

ᴂҩ ᶕ ╒. 6

, 2 ѐ У , 

ӱ ᴳ . ӹԏ ѐ ὡҩУэ

(perceptual window)
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Ӱ ₥ ⁮ У . 

Ѯ, ҃ ╗

╗ ӊ . 

ᴐ [51]   Ю ╗

Ḯ У .  

5  未来的方向和问题 

ΰ︠ ⁸

ת , ұ ₥ Ἵ  

ѝ , ұ ₁ , [23,24]ȁ 

╟[26]ȁἽ ╟ [25]ȁ Ѭ[97]Ԉ ȁ
[97,98] . Ԉ

ᶕ ȁ ╟ᶕ ȁ Ѭᶕ ȁ ᶕ

ᶕ Ѯ , ᴁ

ұ₁ , . , 

ᵛ ₁ , ȁ

ȁ ╟ȁ Ѭȁ . ᴿ , [51]ԈἽ

ѝ₁ , V1 з , 

҃ ҩעִ ⁸, ῏ ҩ

₁ Ѯ ⁸ᴐ , ӱ ῏ ҩ . 

ת ұὲӹ₁ , ᾳ Ӱ .  

Ԉ ѐ, ў

ȁ ὲ ╟ ֒Ю , Ԉḣ

Уэ ᴁ ᶕ Ԉ . 

Harrison ӝ[125~127] ╟ Ὧ Э

ṁҩУ ‟ ᴐ, ӹԏ , ₥ ῆ ╟

Ԉ ꜛ ᴇ ⁞   

ת .[126]╒ э ḣ , 

ὲӹ ╟(ẹ ў ╟)

, Ԉ ╟ᶕ שּ

ѐ , 

ᵏ .  

Э ‍ , Ү Э, 

Уэ , ᴿ

╟ᴐ҂ֶ ⁮ . э

ҩУҾ . , ѐ

₁ ᶕ (vision-for-perception)

╟ (vision-for-action) а  
[128]. Chen ӝ[129] ֶЭ

ѐ, ҩ ѝ

, ӹԏ ╟ᴐ а ; 

ѝ аẹ

ѫ , з

‎ . ᴇ ⁞ ᵛ а , 

╟ᴐў ᵛ , 

‾ұ ᵛ ╗ ╟ᴐ

, ѝ ὡ ҩУ .  

Ѯ , ╒

У ᴐ, ᴿ : (Ќ) ұа ₁

( У ү , ᴇ ᴇ ‍), ҵ

? (Ѝ) 

Ҿ ╟ ? Ԉ ᴳ

╟ ? (Ў) 

Ԉ ῏ , ӱ , ╠

ȁ ӝ? (Џ) ұ , У

Ԉ῏ У ? 

(А) , Ԉ э

ѐ ᴉ ע ?  

, ₥ Ӱ

, Ԉ ҩ‾ Ү֒ Ὧ ᴁ(ERPs)

Ὥ ẹ(fMRI) , Ԉ

₁ (transcranial magnetic stimulation, TMS)

⁸ ὡ . Ѯ, ᴐѝ ᴇ

⁞ Уэ , Ἱ‍ ұֳ

έ ︠‍ Ѭ.  
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When a target is presented with nearby flankers in the peripheral visual field, it becomes difficult to be identified, 
which is a phenomenon termed crowding. Studying crowding not only facilitates understanding of object recognition, 
but also benefits the remedy of macular degeneration, amblyopia and dyslexia. Since the concept of crowding was 
put forward, researchers have studied it extensively and gained much knowledge. Here, we provide an overview of 
the advances in this research field, including the properties of crowding, the existing theories and computational 
models that were proposed to explain the underlying neural mechanisms of crowding and how to alleviate crowding 
with perceptual learning. Although there has been tremendous growth of this topic, controversies remain. Further 
studies with elaborate designs and advanced technologies are required to address these controversies. 
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