
•Salience drives viewing behavior 
 
 
 
 
 
 
 
 
 
 
 

 

•Salience, salience contrast, and image intensity (control) were 
calculated at the points of fixation as a function of fixation 
number across 72 images for 3 monkeys. The mean value of 
each parameter was compared to randomly selected values 
from the same data set using a z-test (Parkhurst et al., 2002).  
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Natural scenes are complex and composed of many objects. 
When macaques view natural scenes they choose to focus or 
fixate on certain objects but not others. Some prominent 
determinates of object fixation are thought to be social 
content (e.g. faces), object recognition, and salience. In 
humans, viewing behavior and selective attention have been 
modeled using both bottom-up and top-down approaches (Itti 
and Koch, 2001).  
 
Here we used a bottom-up approach to predict macaque 
viewing behavior using salience detection. Salience was 
defined as object features that were distinct from their 
background and included color, orientation, and intensity 
contrast (Itti et al., 1998). Biologically inspired contrast filters 
such as those found in center-surround receptive fields were 
used to calculate contrast. Because salience alone did not fully 
predict viewing behavior, especially toward the end of free 
viewing, we also examined whether the addition of a random 
walk process would improve the model. In this model, we first 
detected the salient objects in the natural scene and then used 
this salience to create an environment for a biased, correlated 
random walk (BCRW) that was informed by various statistics of 
viewing behavior. 
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• Correlations between fixation locations,  salience, and 
salience contrast values were higher at the beginning of 
the viewing period suggesting that salient objects attract 
attention and guide the first few fixations in a natural 
scene. 

• Inclusion of a random walk process did not significantly 
affect the model’s prediction. 

• A top-down architecture may be necessary to model object 
recognition and social content. 

• Predicting viewing patterns of macaques could help 
determine what monkeys find relevant in natural images, 
aid in the design of images for memory and attention 
tasks, and inform measures of memory based on where 
subjects look in a repeated scene. 

Conclusions 
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•Fixations were detected when the average position did not change 
more than 7 pixels with a standard deviation of 7 pixels 
•Bias (θB): angle of salience contrast gradient, for gradients greater 
than 10% of the maximum gradient 
•Correlation (θC): angle of previous movement 
•Persistence (P): persistence of angle in previous direction 

• Modeled as sigmoid function with half-height at 50 ms  
 

 

 

Biased Correlated Random Walk (BCRW) 

• Distances from the regions with the highest salience, 
salience contrast, and fixation probability from the random 
walk to real fixation locations were compared using a t-test. 
Comparisons were also made with randomly selected pixels.   

• Distances from the regions with the highest salience, salience 
contrast, and fixation probability from the BCRW to real fixation 
locations were all significantly shorter than randomly selected 
pixels (*, p < 0.05) for 72 images for each of 3 monkeys. 

• The BCRW was not significantly (p > 0.1) better or worse at 
predicting fixation positions than salience or salience contrast. 
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Macaque’s Viewing Pattern 

Distance between predicted and 
actual fixation locations  

(error bars mean +/- s.e.m) 
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BCRW “Viewing Pattern” 

•Salience and salience contrast 
values at each fixation location 
were higher than expected by 
chance (p < 0.05) across most 
fixations. 
•Image intensity values 
(control) at each fixation 
location were not significantly 
different from chance levels 

 (p > 0.05). 
 

 
 
 
 
 

 
 

•Distance (D) was modeled as a function of time and a random variable (RV) 
from a probability distribution of changes in eye position after a fixation 
•Biased, correlated random walk and macaques started at center of image 
•The initial and post-fixation direction of movement were modeled from the 
angle probability distribution 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
•Salience map (S) was modified by the fixation probability distribution (FPD) 

•S(x,y) = S(x,y)*(1+100*FPD(x,y)) 
•The environment for the model was the salience contrast gradient 

 

 
 
 
 
 
 

 

Modeling Viewing Behavior 

Salience Map Salience Contrast Salience Contrast Gradient 
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•Scan patterns (blue) from monkeys were 
extracted and a velocity threshold was used 
to determine fixation locations. Various 
statistics (examples below) for fixations and 
scan patterns were calculated for each 
monkey over a set of novel images. Viewing 
statistics shown below were averaged over 
72 images for each of 3 monkeys. 

Distribution of distances and  
time between fixations 

Modeling saccade distance: mean 
change in eye position after a fixation 

Probability distribution of angles 
between fixations 

Fixation probability distribution; cross 
indicates initial starting position 

Contrast filters were 
a sum of two 2D 
Gaussian filters 
creating a center-
surround feature 
(e.g. Mexican hat)  

Itti et al., 1998 
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