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What is the nature of the object recognition process? 
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 Error 

Is this object a dog or a towel? 

What is the nature of the object recognition process? 
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Does object recognition involve top-down mechanisms? 

 Up-Bottom 
Data-driven 

Down-Top 
Hypothesis driven, 

Expectations driven 
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Does attention play a role in object recognition? 

No  

It is possible to identify objects in 
the (near) absence of attention  
(Li, VanRullen, Koch & Perona, 2002) 

 

Yes 

– FIT (Triesman & Gelade, 1980 ) 

– RHT (Hochstein & Ahissar, 2002) 
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The proposed Framework 

 Expectations: The recognition process starts from the top. 
 

Recognition-  

the process of selection between probable (expected) alternatives 
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The proposed Framework 

 

 Initial analysis: Initial information is partial. 
 

 Expectations: The recognition process starts from the top. 
 

Recognition-  

the process of selection between probable (expected) alternatives 



The proposed Framework 

 Expectations + Initial information → Hypotheses   
 

attention to distinguishing features  

    The competing hypotheses  drive   

Object recognition is a hypotheses assessment process  
(von Helmholtz, 1867; Gregory, 1966) 
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The proposed Framework 

 Attention is directed to distinguishing features, i.e. to the most informative 
data that will enable the selection of one hypothesis. 

 

Feature-based attention: to feature dimensions that are relevant to the  
            recognition process (e.g. texture, color, shape…) 

Spatial attention: to the location of the relevant feature(s). 
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The proposed Framework 

 The distinguishing Features  are determined by their informativeness.  

• Not necessarily the most salient features  

 

•  Context Dependent 
   

For example: the salient color of the flowers does not contribute to recognition 



 Object Recognition is an interactive iterative process, where 
hypotheses regarding object identity are gradually refined. 



Hypothesis/es regarding object identity 

Proposed object recognition framework: 

 bidirectional, interactive, iterative 

betweenInteraction  

top-down information (expectations) 

  and bottom-up information (visual input) 

Object  identified? 

no 

yes 
Process 

finished   

Top-down guidance of attention 

to distinguishing features 

Context-based  

expectancies 

Visual data 

extraction 
Visual 

Input 
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Hypothesis/es regarding object identity 

Proposed object recognition framework: 

 bidirectional, interactive, iterative 

betweenInteraction  

top-down information (expectations) 

  and bottom-up information (visual input) 

Object  identified? 

no 

yes 
Process 

finished   

Top-down guidance of attention 

to distinguishing features 

Context-based  

expectancies 

Visual data 

extraction 
Visual 

Input 

Special cases: 

•  “Instantaneous” process 

•  No convergence 

Hypotheses refinement Constraints  



Experiments 

Study A - Attention is directed to distinguishing features 

 √1.    Feature-based attention  

   1A.  Local features  

      1B.  Surface features  

 √ 2.  Spatial attention – attentional benefit as a result of recognition 

   2A.  Single distinguishing feature  

      2B.  Multiple (two) distinguishing features  

    3.  Spatial attention  - recognition benefit as a result of attention 

Study B – Distinguishing features are informative 

 √ 4.    Distinguishing Features are context dependent 

 √ 5.    Distinguishing Features are not necessarily the most salient features. 

Study C – Object recognition is an interactive iterative process. 

 Partial initial information: 

    6.   Use of a pivot distinguishing feature 

 √ 7.   Low frequency information (Blurring) 

 √ 8.   Occlusion 
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Legend: 

DF: Dorsal Fin   

VF: Ventral Fin  

T: Tail 

M: Mouth 

Experiments 

Examples of possible objects and object features 
used in the experiments 

T 

   DF 

M 

VF 

• Features:  DF, T, VF, M  + Texture, color, eyes, etc. = thousands of possible 
combinations 

• Artificial objects  control over features 

• Stimuli: (Sigala & Logothetis, 2002) 
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Attentional benefit (e.g., Posner, 1980).  

The Probe Detection paradigm (Navon & Margalit, 1983) 

Is there an “attentional benefit” at the location of the Distinguishing Features? 

A2Experiment  -Study A 

Attention is directed to distinguishing features: spatial attention 

Prediction: 

Probe detection rate is expected to be higher when the 
probe is located near the Distinguishing Features.  

Thus, an interaction is expected :   

 Distinguishing Feature X probe location 

  

  

Mouth 

Tail 

200 ms 

20% 
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These results suggest that attention was directed  

to the location of the Distinguishing Features.  

A2Experiment  -Study A 

 Attention is directed to distinguishing features: spatial attention 

Probe location 
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Study A- Experiment 3 

 Attention is directed to distinguishing features: spatial attention 

The procedure:  

* A fixation cross 

* A transient pre-cue,  

* A fish displayed for a short duration 

 

Prediction:   

RT(Pre-cue at Distnguishing feature) < RT(Pre-cue at Non-Distnguishing feature) 

 

The spatial cueing paradigm (Posner 1978) 

Is there an “recognition benefit” at the attended location? 

Pre-cue locations: 

(1) Next to the Distinguishing Feature  

(2) Next to the Non-Distinguishing Feature 

   

  

  

Mouth 

Tail 

1000 ms 

30 ms 

70ms 

+ 
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These results suggest that object recognition benefits  

from the prior allocation of  attention to the Distinguishing Features.  

535

540

545

550

555

560

565

570

Distinguishing feature Non-distinguishing

feature

Pre-cue at

R
T

 (
m

s
) 

Recognition Time 

Attentional effect (At Distinguishing feature – at Non-distinguishing feature)    = 19 ms 

Study A- Experiment 3 

 Attention is directed to distinguishing features: spatial attention 



Experiments 

Study A - Attention is directed to distinguishing features 

 √1.    Feature-based attention  

   1A.  Local features  

      1B.  Surface features  

 √ 2.  Spatial attention – attentional benefit as a result of recognition 

   2A.  Single distinguishing feature  

      2B.  Multiple (two) distinguishing features  

  √ 3.  Spatial attention  - recognition benefit as a result of attention 

Study B – Distinguishing features are informative 

    4.    Distinguishing Features are context dependent 

 √ 5.    Distinguishing Features are not necessarily the most salient features. 

Study C – Object recognition is an interactive iterative process. 

 Partial initial information: 

    6.   Use of a pivot distinguishing feature 

    7.   Low frequency information (Blurring) 

 √ 8.   Occlusion 
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Is attention allocated to the distinguishing features in the presence of salient features? 

Is there a competition between distinguishing and salient features on the capture of attention? 

Stimuli: 

Fish that can be identified by the shape of their M  

                                      or by the shape of their T. 

50% of the fish have a salient red mark on their tails 

50% of the fish have a salient red mark on their front.  

The red mark is not informative.  

:Procedure 

 

The probe appeared next to the Mouth or Tail  in 20% of the trials. 

 

The Probe Detection paradigm 

In a visual scene salient features attract attention (Koch & Ullman, 1985) 

Distinguishing Features are informative  -BStudy  

 

Experiment 5: Distinguishing Features are not necessarily the most salient features 
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Distinguishing Features are informative  -Study B 

Experiment 5: Distinguishing Features are not necessarily the most salient features 

Yellow marks are the result of running a saliency tool-box 
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Distinguishing Features are informative  -Study B 

Experiment 5: Distinguishing Features are not necessarily the most salient features 
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Distinguishing Features are informative  -Study B 

Experiment 5: Distinguishing Features are not necessarily the most salient features 
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a b 

In the process of  Object Recognition,  

Distinguishing Features compete with salient non-informative features on attention 

and win 
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The locus of attention as a function of time can be used as a peep hole 
into the object recognition process and may provide an insight into the 

underlying dynamics. 

 

Study C-  object recognition is an interactive, iterative process 



Categories and their defining features  

Defining features Category 

DF - concave,   

T - concave 

Grout 

DF - concave,   

T - convex 

Tass 

DF - convex,  

M - down 

Derch 

DF - convex,  

M - up 

Fole 

• 2 fish families. Freshwater / Saltwater fish, determined by the shape of the dorsal fin 

•   2 fish categories in each family. 

 

It is possible to predict the pattern of allocation of attention in this task 

Assumptions: 

• It is difficult to perceive the features without focused attention 

• Attention is allocated sequentially to the distinguishing features 

• The visual system learns “the most efficient algorithm” 

Fresh water fish 

Salt water fish 

Grout Tass 

Derch Fole 

Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 



Efficient allocation of attention 

Visual Information 

Attention to DF 

Expectations 

Attention to mouth 

concave?  

      

Attention to tail 

Salt water fish Fresh water fish 

H: Grout or  Tass H: Derch or Fole Yes No 

H: Fresh water or 

         Salt water fish 

pointed?  

      

Points  

down?     

 

Derch Tass Grout 

Yes Yes No No 

Fole 

             Grout                                             Tass   

Salt water fish 

Fresh water fish 

          Derch                                               Fole  

Visual Information 

Visual 
Information 

Visual 
Information 

Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 

Such a recognition process represents an interaction 

   between visual input (Bottom-Up)  

 and hypotheses regarding object identity (Top-Down) 

The recognition process is iterative 



Objective: trace the location of attention as a function of time. 

 

 

• A probe appeared in some of the trials next to one of the features: DF, T, M, VF 

• The probe appeared for a limited duration in several different SOAs 

 

• Main task- recognize the fish. Respond by pressing one of 4 keys. 

• Secondary task – detect the probe.  

    When detected respond by double pressing the appropriate       

    recognition key. 

A Dynamic Probe Detection paradigm 

Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 



Conjunction Probe : 

Texture elements: Probe: 

Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 



Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 



Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 



Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 
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Prediction: 

•   Increase in detection rate at the DF at small SOA 

• Interaction: 

      probe location (DF, next relevant feature)  X  SOA 

Probe 
detection 

rate 

SOA 

Irrelevant 
features 

Object identified Fish family 
identified 

       Pivot feature (DF)            

          Second Distinguishing Feature   
 (Mouth or Tail) 

             Grout                                            Tass   

Salt water fish 

Fresh water fish 

           Derch                                         Fole  

Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 



Freshwater Fish

Probe detection rate

30

40

50

60

70

80

0 150 300 450

SOA (ms)

d
e

te
c

ti
o

n
 r

a
te

 (
%

)

DF

M

VF

T

Saltwater Fish

Probe detection rate

30

40

50

60

70

80

0 150 300 450

SOA (ms)

d
e

te
c

ti
o

n
 r

a
te

 (
%

)

DF

M

VF

T

Probe  

Location Probe  

Location 

             Grout                                            Tass   

Salt water fish 

Fresh water fish 

           Derch                                         Fole  

Study C-  object recognition is an interactive, iterative process 
 Experiment 6: Use of a pivot distinguishing feature 
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 Experiment 8: Partial Occlusion 

(Photo by Richard Schuster) 
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The stimuli: 

  Fish of two categories that can be distinguished 

 By high contrast stripes on their tail 

 By low contrast stripes on their mouth 

Tass                                             Grout    
                         

Assumption:     

It is easier to recognize the fish by the high contrast stripes 

Study C-  object recognition is an interactive, iterative process 
 Experiment 8: Occlusion 
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The stimuli: 

  Fish of two categories that can be distinguished 

 By high contrast stripes on their tail 

 By low contrast stripes on their mouth 

1/3 1/3 1/3 

 Underwater plants 

Assumption:     

It is easier to recognize the fish by the high contrast stripes 

Study C-  object recognition is an interactive, iterative process 
 Experiment 8: Occlusion 
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The stimuli: 

  Fish of two categories that can be distinguished 

 By high contrast stripes on their tail 

 By low contrast stripes on their mouth 

1/3 1/3 1/3 

 Underwater plants 

 Plankton 
 Dynamic Probe Detection paradigm 

The probe appeared in some of the trials, next to the 
Mouth or Tail, for a limited duration, in several SOAs 

Study C-  object recognition is an interactive, iterative process 
 Experiment 8: Occlusion 



46 

The stimuli: 

  Fish of two categories that can be distinguished 

 By high contrast stripes on their tail 

 By low contrast stripes on their mouth 

1/3 1/3 1/3 

 Underwater plants 

 Plankton 
 Dynamic Probe Detection paradigm 

The probe appeared in some of the trials, next to the 
Mouth or Tail, for a limited duration, in several SOAs 

Study C-  object recognition is an interactive, iterative process 
 Experiment 8: Occlusion 



47 

Tass                                 Grout        
                     

Study C-  object recognition is an interactive, iterative process 
 Experiment 8: Occlusion 
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Object recognition is  

an interactive and, when necessary, iterative process 

 

Thank you! 
 Error 

• object recognition involves top-down mechanisms: 

attention to distinguishing features 
 

Summary 


