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Visual Attention

- Behavioral Findings

- Computational Models






What is attention?
• Attention is the cognitive process of selectively concentrating on one aspect 

of the environment while ignoring other things. Attention has also been 
referred to as the allocation of processing resources.

Everyone knows what attention is.	


!

WILLIAM JAMES 	


father of modern psychology	



Finding “interesting” information?
• In principle, very complex task: 

- Need to attend to all objects in scene? 
- Then recognize each attended object? 
- Finally evaluate set of recognized objects against behavioral goals?

• In practice, survival depends on ability to quickly locate and identify important 
information.

• Need to develop simple heuristics or approximations: 
- Bottom-up guidance towards salient locations  [Perceptual] 
- Top-down guidance towards task-relevant locations  [Cognitive]



Retinal structureRetinal Structure 
!  120 million rods (intensity) 

!  7 million cones (color) 

!  Fovea: 2 degrees of cones the visual field

Fovea comprises less than 1% of retinal size but takes up 
over 50% of the visual cortex in the brain.
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http://www.cns.nyu.edu/~david/courses/perception/lecturenotes/V1/lgn-V1.html




Change blindness

Adapted from Bruce, Rothenstein, and Tsotsos; ECCV Tutorial 2008 

Saturday, June 22, 2013
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Bottom-up (BU) Attention

Saliency 

Visual salience (or visual saliency) is the distinct subjective 
perceptual quality which makes some items in the world stand 
out from their neighbors and immediately grab our attention.

Laurent Itti, Scholarpedia



What attracts attention (BU)?
! Local image statistics

E.g., Barth et al. ‘98; Reinagel & Zador ‘99;
Privitera & Stark ‘00; Parkhurst & Niebur ‘03;
Einhauser et al. `06; Tatler et al. `07

! Spatial outliers – Saliency
E.g., Treisman & Gelade ‘80; Koch & Ullman ‘85;
Tsotsos et al. ‘95; Li, ‘98; Itti, Koch & Niebur `98;
Burce & Tsotsos `06; Gao & Vasconcelos `07;
Zhang et al. `07

! Temporal outliers – Novelty
E.g., Mueller et al. ‘99; Markou & Singh ‘01;
Theeuwes ‘95; Fecteau & Munoz ‘04

Saturday, June 22, 2013
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!
Itti et al., PAMI 1998, Itti & Koch, Nat. Rev. Neurosci., 2001





Itti, Koch & Niebur, 1998 !
Also see: !
Treisman & Gelade, 1980 
Wolfe, Cave & Franzel, 1989 
Tsotsos et al., 1995 
Hamker, 1999 
Heinke & Humphreys, 1997 
Zhaoping, 1999 
Krummenacher et al., 2001 
Paletta et al., 2005 
Tatler et al., 2005 
Torralba, Oliva et al., 2006 
Underwood et al., 2007 
Zhang et al., 2008 
Kanan, Tong, Zhang & 
    Cottrell, 2009 
Borji & Itti, 2012



Which cues attract BU visual attention?
- Color contrast 
- Intensity contrast 
- Orientation contrast  
- Motion 
- Flicker 
- Context 
- Scene layout 
- Text 
- Face 
- Human body 
- Animals 
- Depth 
- Gaze direction 
- Focus of expansion 
- Surprise 
- Vanishing point


!

- Center-bias 
- Object center-bias 
- Symmetry 
- Semantic object distance 
…

free viewing task usually 3-5 seconds 

To pinpoint BU attention
16See also Wolfe, J.M., Horowitz, T.S. Nature Neuro. 2004



Attention Models

• Bottom-up models 

!

!

!

!

• Top-down models

     - Cognitive models 

     - Information-theoretic models

     - Graphical models

     - Spectral-analysis models

     - Decision-theoretic models

     - Pattern classification models

Yet, few top-down models!?

As of Nov. 2012 

Borji and Itti, IEEE PAMI 2013

Feature Integration Theory (FIT), Triesman and Gelade, 1980

Koch and Ullman, 1985

Torralba,  2003

Oliva et al., 2003

Salah et al., 2002

Avraham and 
Lindenbaum, 2010

Guo et al., 2008

Guo et al., 2010

Kienzle et al, 2009

Peters and Itti, 2007

Top-down

Borji et al., 2011

Judd et al., 2009

Ehinger et al., 2009

Ramstrom and Christiansen, 2002

Rao et al., 2005
(visual search)

Rao et al., 2005

Liu et al., 2007

Torralba,  2003
Rosenholtz, 1998

Rosenholtz, 1998

Yin Li et al., 2009

Wang et al., 2011

Mancas, 2007
Seo and Milanfar, 
2009

Zhang et al., 2008
(spatial)

Itti and Baldi, 2005 (surprise model)

Gao and Vasconcelos, 2004 (Spatial)

Gao and Vasconcelos, 2009

Mahadevan and Vasconcelos, 
2010 (spatio-temporal)

Jia Li et al., 2010

Boccignoe, 2008

Bruce and Tsotsos, 2005 (Spatial)

Bruce and 
Tsotsos, 

2008
(spatio-temporal)

Gu et al., 2007

Hou and 
Zhang, 2008

Zhang et al., 2009 
(spatio-temporal)

Cognitive models

Baluja and 
Pomerleau, 
1994

Niebur 
and Koch,
1995

Itti et al., 1998

Itti, 2005

Itti et al., 2003

Milanse, 1993

Marat et al., 2009

VOCUS, Frintrop, 2006

STB, Walther et al., 2006

Murray et al., 2011

Navalpakkam 

and Itti, 2005

Borji et al.,
2010

Elazary and 
Itti, 2010

Frintrop,
2006

Le Meur et al., 2007

Le Meur et al., 2006
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IO

CIOFM

visual search

Bayesian Models 

Graphical Models

Spectral Analysis Models

Pattern Classification Models

Other Models

Information Theoretic Models

Decision Theoretic Models

Kootstra et al., 2008 (symmetry model)Heidemann et al., 2004

Ma et al., 2005 (spatio-temporal)

Diaz et al., 2009

Rosin, 2009

Goferman et al., 2010

No Model Year f1 f2 f3 f4 f5 f6 f7 f8 f9 f10 f11 f12 f13 f14 f15

1 Itti et al. [15] 1998 + - + - + - - + f + + CIO C - -
2 Privitera & Stark [127] 2000 + - + - + - - + f + + - O - Stark and Choi
3 Salah et al. [53] 2002 + + + - + - - + - + + O G DR Digit & Face
4 Itti et al. [118] 2003 + - + + + + + + f + + CIOFM C - -
5 Torralba [93] 2003 - + + - + - - + s + + CI B DR Torralba et al.
6 Sun & Fisher [116] 2003 + - + - + - - + - - + CIO G - -
7 Gao & Vasconcelos [146] 2004 - + + - + - - + s - + DCT D DR Brodatz, Caltech
8 Ouerhani et al. [209] 2004 + - + - + - - + f + + CIO+Corner C CC Ouerhani
9 Boccignone & Ferraro [175] 2004 + - + + - + - + f - + Optical Flow B - BEHAVE

10 Frintrop [51] 2005 + + + + + + + + f/s +/- + CIOM C - -
11 Itti & Baldi [145] 2005 + - + + + + + - f + + CIOFM B KL, AUC ORIG-MTV
12 Ma et al. [34] 2005 + - + + + - - + f + + M* O - -
13 Bruce & Tsotsos [144] 2006 + - + - + - + + f + + DOG, ICA I KL, ROC Bruce and Tsotsos
14 Navalpakkam & Itti [52] 2006 - + + - + - + + s + + CIO C - -
15 Zhai & Shah [104] 2006 + - + + + + - + f + + SIFT O - -
16 Harel et al. [120] 2006 + - + - + - - + f + + IO G AUC Bruce and Tsotsos
17 Le Meur et al. [42] 2006 + - + - + - - + f + + LM* C CC, KL Le Meur et al.
18 Walther & Koch [36] 2006 + - + - + - + + f +/- + CIO C - -
19 Peters & Itti [102] 2007 + + + + + + - + i + + CIOFM P KL, NSS Peters and Itti
20 Liu et al. [44] 2007 + - + - + - - + f - + Liu* G F-measure Regional
21 Shic & Scassellati [75] 2007 + - + + + + - + f + - CIOM C ROC Shic and Scassellati
22 Hou & Zhang [150] 2007 + - + - + - + + f + + FFT, DCT S NSS DB of Hou and Zhang, 2007
23 Cerf et al. [156] 2007 + + + - + - + + f/s + + CIO :) C AUC Cerf et al.
24 Le Meur et al. [138] 2007 + - + + + + - + f + + LM* C CC, KL Le Meur et al.
25 Mancas [152] 2007 + - + + + + + + f + + CI I CC Le Meur et al.
26 Guo et al. [156] 2008 + - + - + - - + f + + CIO D CC Self data
27 Zhang et al. [141] 2008 + - + - + - + + f + + DOG, ICA B KL, AUC Bruce and Tsotsos
28 Hou & Zhang [151] 2008 + - + + + + - + f + + ICA I AUC, KL Bruce and Tsotsos, ORIG
29 Pang et al. [103] 2008 + + + + + + - + f + + CIOM G NSS ORIG, Self data
30 Kootstra et al. [136] 2008 + - + - + - - + f + + Symmetry C CC Kootstra et al.
31 Ban et al. [172] 2008 + - + + + + - + f + + CIO+SYM I - -
32 Rajashekar et al. [174] 2008 + - + - + - - + f + + R* S CC Rajashekar et al.
33 Kienzle et al. [165] 2009 + - + - + - - + f + + I P K* Kienzle et al.
34 Marat et al. [50] 2009 + - + + + + - + f + + SM* C NSS Marat et al.
35 Judd et al. [166] 2009 + - + - + - - + f + + J* P AUC Judd et al.
36 Seo & Milanfar [107] 2009 + - + + + + + + f + + LSK I AUC, KL Bruce and Tsotsos, ORIG
37 Rosin [169] 2009 + - + - + - - + f + + C+ Edge O PR, F-measure DB of Liu et al, 2007
38 Yin Li et al. [171] 2009 - + + + + + + + s + + RGB S DR DB of Hou and Zhang, 2007
39 Bian & Zhang [159] 2009 + - + + + + + + f + + FFT S AUC Bruce and Tsotsos
40 Diaz et al. [160] 2009 + - + - + - + + f + + CIO S AUC Bruce and Tsotsos
41 Zhang et al. [142] 2009 + - + + - + - + f + + DOG, ICA B KL, AUC Bruce and Tsotsos
42 Achanta et al. [158] 2009 + - + - + - - + f + + DOG S PR DB of Liu et al, 2007
43 Gao et al. [147] 2009 + - + + + + + + f + + CIO D AUC Bruce and Tsotsos
44 Chikkerur et al. [154] 2010 + + + - + - + + f/s +/- + CIO B AUC Bruce and Tsotsos, Chikkerur
45 Mahadaven & Vasconcelos [106] 2010 + - + + - + - + - + + I D DR, AUC SVCL background data
46 Avraham & Lindenbaum [153] 2010 + + + - + - + + f/s +/- + CIO G DR, CC UWGT, Ouerhani et al.
47 Jia Li et al. [133] 2010 - + + + + + - + f + + CIO B AUC RSD, MTV, ORIG, Peters and Itti
48 Guo et al. [157] 2008 + - + + + + + + f/s +/- + FFT S DR Self data
49 Borji et al. [90] 2010 - + + - + - + + s +/- + CIO O DR -
50 Goeferman et al. [47] 2010 + - + - + - - + - + + C :) O AUC DB of Hou and Zhang, 2007
51 Murray et al. [199] 2011 + - + - + - - + f + + CIO C AUC, KL Bruce and Tsotsos, Judd et al.
52 Wang et al. [200] 2011 + - + - + - - + f + + ICA I AUC Self data

53 McCallum [163] 1995 - + + - + - + - i + + - R - Self data
54 Rao et al. [24] 1995 - + + - + - - + s + + CIO O - Self data
55 Ramstrom & Christiansen [168] 2002 - + + - + - - + - + + CI O - -
56 Sprague & Ballard [108] 2003 - + + + - + + + i - + S* R - -
57 Renninger et al. [95] 2004 - + + - + - + - s - - Edgelet I DR Self data
58 Navalpakkam & Itti [81] 2005 - + + - + - + + - + + CIO C - Self data
59 Palleta et al. [164] 2005 - + + - + - - + - - + SIFT R DR COIL-20, TSG-20
60 Jodogne & Piater [162] 2007 - + + - + - - + i - + SIFT R - -
61 Butko & Movellan [161] 2009 - + + + + + + + s - + - R - -
62 Verma & McOwan [213] 2009 + - + - + - + - s - + CIO O - -
63 Borji et al. [89] 2010 - + + - + - - + i - + CIO R - -

Top-down (general attention models)

Bottom-up (saliency models)

A hierarchical illustration of saliency models. 

Borji et al., IEEE TIP 2012
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24 people , 4000 images, 	


20 categories, 32 Billion saccades
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Model Benchmarking over Judd et al. 2009 dataset !
using shuffled AUC score
Borji et al., IEEE TIP 2012
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Still a large gap between  
humans and models
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Center-bias

• Observers tend to look at the center of objects for two 
reasons: 
 
- Viewing strategy 
- Photographer bias
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Problem with sAUC

•  Mean Error Rate
Saliency and Human Fixations: State-of-the-art and Study of Comparison Metrics, Riche et al., ICCV 2013	


How close are we to understanding image-based saliency? Bethge et al., arXiv, 20414



Effect of gaze direction

• Do observers follow the 
gaze direction in viewing 
natural scenes? 

• How are gaze direction and 
BU saliency related? 

• How can gaze direction help 
fixation prediction?

Complementary effects of gaze direction and saliency  
in free viewing of natural scenes, 

	 	                            Borji et al.,  JOV 2014 
!
Augmented saliency model using automatic 3D head 
pose detection and learned gaze following in natural 
scenes	 	                            

 	 	 	 	 Parks, Borji and Itti, VR 2015

26

See for example 	


- Frischen et al., Psychological bulletin, 2007 
- Morales et al., Infant Behavior and  
Development, 1998



Predicting saccade direction

• Do observers saccade at the direction of the gaze more than random (chance) 
and max saliency directions?


• Analysis is done over all saccades that leave the head region

27

image 1 in the pair eye movements saliency map

image 2 in the pair



Predicting fixation location
• Building a cone model 
• Sometimes this simple model  

outperforms the best saliency model 
!
!
!
!
!
!
!
!
!
!
!
!
!
!

• How about a combined  
model of saliency  
and gaze direction? 

!
	 	 	 	 Parks, Borji and Itti, VR 2015



Effect of vanishing point

Vanishing Point Attracts Eye Movements in Scene Free-viewing

A Borji, M Feng, H Lu

arXiv preprint arXiv:1505.03578

Fixation prediction with a combined model of bottom-up saliency and vanishing point

M Feng, A Borji, H Lu

Submitted.



Which one is a  
better flyer?  

http://www.creativebloq.com/design/flyer-912663
https://blog.kissmetrics.com/eye-tracking-studies/
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Lesson learned: When you are assembling a persuasive landing page, be sure 
the elements that “pop” are the ones that matter, and that you aren’t giving too 
much weight to visuals that don’t encourage customers to take action.

Before After

Beware of “Dead Weight” with Visuals
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Lesson learned: Web users tend to browse sites based on their reading habits. 
For English speaking people (and languages with similar reading patterns), the 
left side of the screen is heavily favored, and all sites tend to be browsed in an 
F-pattern. 
!
Note: It is important to note all of these studies were conducted with English speaking (and reading) participants. The opposite was true for 
those users whose languages read from right to left.

The F-Pattern Works Across the Board

People almost always browse in an F-shaped pattern 
 that heavily favors the left side of the screen.

people tend to view the left side of the 
screen overall far more than the right.



Attention Models

• Bottom-up models 
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!
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• Top-down models

     - Cognitive models 
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6 Sun & Fisher [116] 2003 + - + - + - - + - - + CIO G - -
7 Gao & Vasconcelos [146] 2004 - + + - + - - + s - + DCT D DR Brodatz, Caltech
8 Ouerhani et al. [209] 2004 + - + - + - - + f + + CIO+Corner C CC Ouerhani
9 Boccignone & Ferraro [175] 2004 + - + + - + - + f - + Optical Flow B - BEHAVE

10 Frintrop [51] 2005 + + + + + + + + f/s +/- + CIOM C - -
11 Itti & Baldi [145] 2005 + - + + + + + - f + + CIOFM B KL, AUC ORIG-MTV
12 Ma et al. [34] 2005 + - + + + - - + f + + M* O - -
13 Bruce & Tsotsos [144] 2006 + - + - + - + + f + + DOG, ICA I KL, ROC Bruce and Tsotsos
14 Navalpakkam & Itti [52] 2006 - + + - + - + + s + + CIO C - -
15 Zhai & Shah [104] 2006 + - + + + + - + f + + SIFT O - -
16 Harel et al. [120] 2006 + - + - + - - + f + + IO G AUC Bruce and Tsotsos
17 Le Meur et al. [42] 2006 + - + - + - - + f + + LM* C CC, KL Le Meur et al.
18 Walther & Koch [36] 2006 + - + - + - + + f +/- + CIO C - -
19 Peters & Itti [102] 2007 + + + + + + - + i + + CIOFM P KL, NSS Peters and Itti
20 Liu et al. [44] 2007 + - + - + - - + f - + Liu* G F-measure Regional
21 Shic & Scassellati [75] 2007 + - + + + + - + f + - CIOM C ROC Shic and Scassellati
22 Hou & Zhang [150] 2007 + - + - + - + + f + + FFT, DCT S NSS DB of Hou and Zhang, 2007
23 Cerf et al. [156] 2007 + + + - + - + + f/s + + CIO :) C AUC Cerf et al.
24 Le Meur et al. [138] 2007 + - + + + + - + f + + LM* C CC, KL Le Meur et al.
25 Mancas [152] 2007 + - + + + + + + f + + CI I CC Le Meur et al.
26 Guo et al. [156] 2008 + - + - + - - + f + + CIO D CC Self data
27 Zhang et al. [141] 2008 + - + - + - + + f + + DOG, ICA B KL, AUC Bruce and Tsotsos
28 Hou & Zhang [151] 2008 + - + + + + - + f + + ICA I AUC, KL Bruce and Tsotsos, ORIG
29 Pang et al. [103] 2008 + + + + + + - + f + + CIOM G NSS ORIG, Self data
30 Kootstra et al. [136] 2008 + - + - + - - + f + + Symmetry C CC Kootstra et al.
31 Ban et al. [172] 2008 + - + + + + - + f + + CIO+SYM I - -
32 Rajashekar et al. [174] 2008 + - + - + - - + f + + R* S CC Rajashekar et al.
33 Kienzle et al. [165] 2009 + - + - + - - + f + + I P K* Kienzle et al.
34 Marat et al. [50] 2009 + - + + + + - + f + + SM* C NSS Marat et al.
35 Judd et al. [166] 2009 + - + - + - - + f + + J* P AUC Judd et al.
36 Seo & Milanfar [107] 2009 + - + + + + + + f + + LSK I AUC, KL Bruce and Tsotsos, ORIG
37 Rosin [169] 2009 + - + - + - - + f + + C+ Edge O PR, F-measure DB of Liu et al, 2007
38 Yin Li et al. [171] 2009 - + + + + + + + s + + RGB S DR DB of Hou and Zhang, 2007
39 Bian & Zhang [159] 2009 + - + + + + + + f + + FFT S AUC Bruce and Tsotsos
40 Diaz et al. [160] 2009 + - + - + - + + f + + CIO S AUC Bruce and Tsotsos
41 Zhang et al. [142] 2009 + - + + - + - + f + + DOG, ICA B KL, AUC Bruce and Tsotsos
42 Achanta et al. [158] 2009 + - + - + - - + f + + DOG S PR DB of Liu et al, 2007
43 Gao et al. [147] 2009 + - + + + + + + f + + CIO D AUC Bruce and Tsotsos
44 Chikkerur et al. [154] 2010 + + + - + - + + f/s +/- + CIO B AUC Bruce and Tsotsos, Chikkerur
45 Mahadaven & Vasconcelos [106] 2010 + - + + - + - + - + + I D DR, AUC SVCL background data
46 Avraham & Lindenbaum [153] 2010 + + + - + - + + f/s +/- + CIO G DR, CC UWGT, Ouerhani et al.
47 Jia Li et al. [133] 2010 - + + + + + - + f + + CIO B AUC RSD, MTV, ORIG, Peters and Itti
48 Guo et al. [157] 2008 + - + + + + + + f/s +/- + FFT S DR Self data
49 Borji et al. [90] 2010 - + + - + - + + s +/- + CIO O DR -
50 Goeferman et al. [47] 2010 + - + - + - - + - + + C :) O AUC DB of Hou and Zhang, 2007
51 Murray et al. [199] 2011 + - + - + - - + f + + CIO C AUC, KL Bruce and Tsotsos, Judd et al.
52 Wang et al. [200] 2011 + - + - + - - + f + + ICA I AUC Self data

53 McCallum [163] 1995 - + + - + - + - i + + - R - Self data
54 Rao et al. [24] 1995 - + + - + - - + s + + CIO O - Self data
55 Ramstrom & Christiansen [168] 2002 - + + - + - - + - + + CI O - -
56 Sprague & Ballard [108] 2003 - + + + - + + + i - + S* R - -
57 Renninger et al. [95] 2004 - + + - + - + - s - - Edgelet I DR Self data
58 Navalpakkam & Itti [81] 2005 - + + - + - + + - + + CIO C - Self data
59 Palleta et al. [164] 2005 - + + - + - - + - - + SIFT R DR COIL-20, TSG-20
60 Jodogne & Piater [162] 2007 - + + - + - - + i - + SIFT R - -
61 Butko & Movellan [161] 2009 - + + + + + + + s - + - R - -
62 Verma & McOwan [213] 2009 + - + - + - + - s - + CIO O - -
63 Borji et al. [89] 2010 - + + - + - - + i - + CIO R - -

Top-down (general attention models)

Bottom-up (saliency models)

A hierarchical illustration of saliency models. 

Borji et al., IEEE TIP 2012



Top-down (TD) Attention

Regardless of the claims of biological plausibility or realism, 
none of the attention models can replicate such scanpaths 

Foot placement 

Obstacle avoidance 

Heading 

http://blog.art21.org/2013/01/07/tracking-the-gaze/#.U1MODOZdXWk


Picking and moving a bar  
(Johanssen et al 2001)

Block copying  
(Ballard et al. 1995)

Sandwitch making 
(Ballard et al. 1995)

Tea making 
(Ballard et al. 1995)

Model 

Workspace Resource Area 

eye 

hand 

Walking 
Palta and Vickers 1997, 

 Turano et al., 2003

Eye movements during natural behavior
1) Free examination 

2) estimate material circumstances  
of family 

3) give ages of the people 

4) surmise what family has been  
doing before arrival of “unexpected  
visitor” 

5) remember clothes worn by 
the people 

6) remember position of people 
and objects 

7) estimate how long the “unexpected 
 visitor” has been away from family 

Yarbus 1967

Driving 
Mourant & Rockwell 1970 

Land 2001

Drawing 
Miall and Tchalenko (2001)

Cricket 
(Land and Macleod, 2000)



Tatler et al., 2005, 2007

Peters and Itti, 2007!
Borji et al., 2011, 2012
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!
Greene et al 2012!

Henderson et al 2012!
Borji and Itti, 2014!





Peters & Itti, IEEE CVPR 2007; 
Borji et al., IEEE CVPR 2012; 
Borji et al., IEEE T. SMC-A 2014





Peters & Itti, IEEE CVPR 2007; 
Borji et al., IEEE CVPR 2012; 
Borji et al., IEEE T. SMC-A 2014

TASK



Game Machine
WinXP

VGA to Composite
Video Converter

Function:
- Play game
- Record keyboard, mouse,
  wheel actions, and sounds

Recording Machine
Linux Mandriva

Eye Tracker Recorder
Win98

Function:
- Record video
- Calibration of eye tracker
- Main time keeper

Function:
- Record eye movement
- Control the camera

Function:
- Convert VGA to
  Composite for Recording

VGA Composite

DVI

LANLAN

LCD Monitor

Eye tracker camera

Steering Wheel

+ Acc./Brake
   Pedals

SubjectHeadphone

Mouse

Keyboard

Experimental setup

Simultaneous 
recording of eye 
positions and  
physical actions
Borji et al., AAAI, 2012 
Borji et al., IEEE SMC, 2014 41

Next Slides: Sample game playing sessions











next attention unit mental 
state

sample frame

Bayesian object-based Model

P(Rt+1|St)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

order drink - 
order hotdog - 

order hotdog ketchup  -  
ketchup -
 money -

trash -
bread -

hotdog -
hotdog ketchup -
sausage cooked -

sausage raw - 
sausage burn -

drink pool -
bread pool -

hotdog pool -
time ( xation)

0.1

0.3

0.5

0.7

0.9

• In general we are interested in:!
   - No direct access to St, therefore estimate if from observables  
!
• A pdf over scene objects being attended:

spatial decay

Euclidean distance fixation location center of the 
 j-th object



Object-based representation of the scene at time t

Sequence of attended spatial locations
Sequence of attended objects
Sequence of selected actions
Sequence of object-level scene representations

Define some functions encoding properties of objects:

Bayesian object-based Model

47

Full task-dependent joint probability:



Bayesian object-based Model

48

Conditional independence assumptions:
1)

2)

3)

4)

Gaze position is independent of scene given attended object

No interaction between objects (assuming a general structure)

Property of an object is independent of its property at previous time 
(given annotated data hence 100% accuracy in labeling)

Gaze positions are independent through time given attended object

. . .

. . .

f 1 f 2 f N-1 f N . . .f 1 f 2 f N-1 f N

. . .

Time t Time t+1

Time t Time t+1
Time t Time t+1

. . .

Xt+1
Xt

Yt+1
Yt

D
B

N
 S

tr
ct

u
re

s

Xt+1Xt

Yt+1Y t

Xt+1Xt

Yt+1

t+1 t+1 t+1 t+1

Yt

t t t tH
t+1

H
t

. . .

discrete & observable

discrete & hidden

Graphical representation of DBN models





Applications

- Engineering


- Societal & Clinical
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http://www.useit.com/alertbox/reading_pattern.html

Eye tracking heat map from Google results page

Example:  analyzing websites

Example: 
designing advertisements

heat map of 200 people 

6% of people look at the package 84% of people looked at the package

Think Eye Tracking company explores how visual attention 
can be directed through elements of advertisements.
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cognition attention



(a)

recorded/
computed

data

group-based
similarities to

young controls

oculomotor-based
saccade metrics

saliency-based
correlations between

gaze and salience

feature
selection classification

feature
types

patients
or

controls?

Color (C)

Orientation (O)

Motion (M)

Texture (Txt)

Overall
Saliency
(CIOFM)

Intensity (I)

Flicker (F)

Junction (J)

Variance (Var)

Overall
Salience

with Junction
(CIOFMJ)

(b)

gaze distribution of
young observers (Yo)

recorded
eye traces saliency maps

see (b)

scene-shuffled
videos

(Itti & Koch, 2001)

saliency-based feature type 

(a)

recorded/
computed

data

group-based
similarities to

young controls

oculomotor-based
saccade metrics

saliency-based
correlations between

gaze and salience

feature
selection classification

feature
types

patients
or

controls?

Color (C)

Orientation (O)

Motion (M)

Texture (Txt)

Overall
Saliency
(CIOFM)

Intensity (I)

Flicker (F)

Junction (J)

Variance (Var)

Overall
Salience

with Junction
(CIOFMJ)

(b)

gaze distribution of
young observers (Yo)

recorded
eye traces saliency maps

see (b)

scene-shuffled
videos
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summary of classification features

peak velocity
saccade amplitude
saccade duration
LQWHUïVDFFDGH�LQWHUYDO

color contrast
intensity contrast
oriented edge
temporal flicker
motion contrast
line junction
overall salience
overall salience with junction
intensity variance
texture contrast

VLPLODULW\�WR�\RXQJïREVHUYHU

oculomotor

saliency

group

overall

3 feature	


types

15 core features

224	


sub-features

12 sub-features 
each

16 sub-features 
each

16 sub-features 
each



Results (PD vs. Controls)
Tr

ut
h

Predicted

C
la

s
s
if
ic

a
ti
o

n
 A
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All Oculomotor Saliency Group

0

0.2

0.4

0.6

0.8

1
**

**

**

Classification Accuracy: 89.6% (5 sub-features)
(63.2% chance)





Related Topics

1 - Insight problem solving/ Theory of mind


2 - Mind reading/ Intent decoding


3 - Category and feature learning


4 - Visual Search/ Search games/ Foraging


5 - Active learning/ Online learning


6 - Scene understanding and perception


…


!



Summary, discussion and conclusions
• In spite of recent progress, there is still a gap between BU  

models and inter-observer model in fixation prediction  

• Modeling top-down attention is a hard problem since  
   different tasks need different attentional behaviors 
!
!
• Most previous studies on TD attention are devoted to  
   simple laboratory scale tasks and stimuli 
!
!
• We proposed several models which capture task demands  
   better than all previous models, using combined information 
   from saliency, gist, actions, and objects 
!
!
• These models can be used to assess internal mental 

state of controls and patients with neurological disorders
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N = 1003 Still a gap 
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