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Texture Perception and Ensemble Coding 1 
Perceiving the visual world can involve extracting visual information from a large 2 

number of objects at once. One way that we extract information from many objects is through 3 
texture segmentation, where the brain breaks a scene of objects into different components based 4 
on texture. The issue of understanding a dispersal of objects this way falls under the broader 5 
concept of ensemble coding, where distributed visual content is rapidly processed for 6 
information extraction. We can apply knowledge of ensemble coding and texture segmentation 7 
to visual display design. 8 

Texture segmentation allows us to differentiate surfaces based on texture, and thus 9 
extract overall forms. This knowledge has been applied to map design (as in Ware, 2013), but we 10 
can also apply this to graphic design. For example, a modern trend in graphic design is 11 
overlaying textured letters over a textured background, creating a sort of optical illusion for the 12 
viewer. Evidence shows that optimal texture segmentation requires that textures be distinct in 13 
multiple dimensions (Ware, 2013). More specifically, due to the nature of the brain’s Gabor 14 
detecors, it is said that textures should differ in spatial frequency by a factor of at least three, and 15 
in orientation by at least 30 degrees (Blake & Holopigan, 1985). This concept is demonstrated in 16 
Figures 1a and 1b. The text in Figure 1a’s graphic is difficult to read because the font texture 17 
differs from the background texture only in orientation, while the letter in Figure 1b is easily 18 
read as its texture differs in both orientation and size. Thus, texture segmentation best supports 19 
the perception of these kinds of graphics when the textures differ in multiple dimensions.  20 

Ensemble coding also supports segmentation, or the process of seeing subsets in 21 
information, by feature information like space and colour (Szafir, Haroz, Gleicher, & Franconeri, 22 
2016). Consider a website click-map, where a heat map style of visualization is used to show the 23 
frequency of user’s clicking activity in different areas of a webpage. Ensemble coding supports a 24 
user’s ability to break this visual into subsets of areas with high, medium, and low clicking 25 
activity. It is suggested that the ability to perceive subsets through ensemble coding is best when 26 
only a single feature is used to differentiate the data (Szafir et al., 2016). For example, one might 27 
consider adding another layer to the visualization where the “hovering” activity of a web page is 28 
encoded using different luminance levels. However, a viewer’s ability to segment different areas 29 
that have the same hue may be inhibited by the variation in luminance that is representing the 30 
“hover” variable. Thus, while ensemble coding can support the segmentation of items in a set, it 31 
is most effective when a single feature is used. 32 

Outside of segmentation specifically, we can discuss ensemble coding in relation to the 33 
general process of perceiving the “gist” of visual environments (Sweeny, Haroz, & Whitney, 34 
2012).  For example, ensemble coding supports our ability to perform statistical tasks on data 35 
visualizations, such as summarizing sets of visual data (Szafir et al., 2016). One way of 36 
summarizing visual data is quickly determining the relative numerosity of data points. We can 37 
apply this to map visualizations that communicate quantity of events or landmarks. For example, 38 
consider a map that uses different dot types to represent the sighting locations of two rare bird 39 
species in British Columbia. Ensemble coding would support the viewer’s ability to quickly 40 
interpret which species had more sightings. Studies suggest that this ability to summarize 41 
numerosity is best when data points differ by features other than luminance, as darker items can 42 
be perceived as more numerous than lighter ones (Ross & Burr, 2010). 43 

These are just a few examples of how ensemble coding supports visual design features. 44 
Continued research on perceptual mechanisms like this can foster the creation of new and better 45 
designs. 46 
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       (a)          (b) 
 
Figure 1. Two graphic images that use overlaid textures to create an optical illusion for the 
viewer (Hanks, 2014; van Halem, 2014). Because the textures in (a) only differ in orientation, it 
is difficult to see the displayed word, “sleep”. The textures in (b) differ in both size and 
orientation, and so it is easy to see the displayed letter “W”.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Shippagan, PSYC 579 

January 30, 2018 
WC: 600 

References 
 
Blake, R., & Holopigan, K. (1985). Orientation selectivity in cats and humans assessed by 

masking. Vision Research 23(1), pp. 1459–1467. 
 
Hanks, K. (2014). Go To Sleep (II). Retrieved from 

https://nervouscow.wordpress.com/tag/illusion/ 
 
Ross, J., & Burr, D. C. (2010). Vision senses number directly. Journal of Vision, 10(2):10, pp. 1–

8, doi:10. 1167/10.2.10. 
 
Sweeny, T. D., Haroz, S., & Whitney, D. (2012, June 18). Perceiving Group Behavior: Sensitive 

Ensemble Coding Mechanisms for Biological Motion of Human Crowds. Journal of 
Experimental Psychology: Human Perception and Performance. Advance online 
publication. doi: 10.1037/a0028712 

 
Szafir, D. A., Haroz, S., Gleicher, M., & Franconeri, S. (2016). Four types of ensemble coding in 

data visualizations. Journal of Vision, 16(5):11, pp. 1–22, doi:10.1167/16.5.11. 
 
van Halem, H. (2014). Type experiment for W. Retrieved from http://www.hansje.net/W-for-W 
 
Ware, Colin. (2013) Information Visualization: Perception for Design (Interactive 

Technologies). Elsevier Science. Kindle Edition.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


