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Chapter 6 
 

Conclusion and Future Work 
 

 This project aimed at assessing the perception of gaze-contingent 

displays that contain high resolution in the area of attention and a lower level 

of detail in the periphery. The perception of these displays was to be 

compared with the perception of displays rendered in full resolution. An 

experiment was planned using an eye tracker to collect data on eye 

movements while viewing gaze-contingent displays. Although this experiment 

could not be conducted due to time constraints, an initial experiment was 

conducted that provided findings to support the view that attention driven 

rendering can be used to decrease the computational power demanded of 

virtual displays without having adverse affects on the perception of the scene.  

 Conclusions drawn from the experiment and from the project in 

general are described in section 6.1. These conclusions are encouraging and 

support future work on this project. Some ideas for future work are outlined in 

section 6.2. 

 

 

 



 77 

6.1 Conclusions  

 It was inferred from the initial experiment that when asked to focus at 

the center of the screen, most participants could notice some change in the 

shape of the objects in the periphery, as the image was updated from one 

window size of high resolution to another (the sizes being: no window size for 

full resolution, large window size and small window size). The use of a large 

or small window size was causing some distortion in the objects in the 

periphery and this was probably why the subjects perceived a change in the 

shape of these objects. However, only 17% of the subjects could point out 

which object was “changing shape” and in what way. Therefore it can be said 

that as details of the objects in the periphery could not be noticed, a distortion 

in their shape would not change the perception of the image. Nevertheless, 

this inference needs to be authenticated by further experiments that record the 

impact of attention driven rendering on eye movements and through an 

analysis of the eye movements, gauge the impact on the perception of the 

scene.   

 This experiment used only two levels of resolution; each pixel was 

rendered in the area of attention and every twenty fifth pixel in the periphery. 

To further increase the efficiency of this project, it is also important to 

determine what level of resolution reduction would be applicable with 

increasing distance from the fixation point. This is a vital area for future 

research on this project, also discussed in section 6.2. The goal is to simulate 
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the multiresolutional nature of the human retina where visual resolution 

decreases with increasing distance from the fixation point. The explanation is 

that points that are fixated on are viewed with the help of the fovea which 

contains receptors that provide high resolution. The further the distance from 

the fovea, the lesser is the number of these receptors that are used and 

therefore the lower the resolution perceived by the eye. This idea can also be 

implemented to improve depth perception of the image, with resolution of the 

image decreasing with increasing depth. As this was found to be a vital path 

for the future of this project, it is going to be adopted as an honors thesis by 

Larissa Winey next year; she is another member of the ITR project at Mount 

Holyoke College.    

It was hypothesized that a smaller window would cause greater 

degradation and therefore the perception of an image with a smaller window 

would be more different from that of the control image, as compared to that of 

an image with a larger window. Although the results indicated that a greater 

percentage of subjects found the image with a larger window to be more 

different than that with a smaller window, this result was unexpected and 

inconsistent with past findings, and was attributed to human errors. Moreover, 

the hypothesis regarding the perception of the image could not be validated 

with this experiment as very simple images consisting of two boxes were 

used. So with all levels of distortion, two boxes were always perceived. Future 

experiments could be conducted with more complex images to gauge the 
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validity of this hypothesis. In addition, this experiment involved the use of 

only two window sizes. Future experiments could include a larger range of 

window sizes to determine which window size would make displays with 

attention driven rendering update at a high speed and make the display appear 

as real as a control image.       

Furthermore, the experiment that was conducted did not keep 

consistent many factors such as, distance of the eyes from the screen and 

position of the head. Consequently the collection of data was prone to some 

minor errors. However, the finding that exact details of objects in the 

periphery were not noticed as the window sizes changed has provided 

sufficient support for future experiments to be conducted using attention 

driven rendering. Future experiments with the eye tracker could involve the 

image being updated according to the fixation point and so fast updating of 

the image could potentially prevent most subjects from noticing any 

difference between images that are updated. These experiments could also 

include a variety of window sizes, more complex images and consistent 

conditions through different subjects to arrive at more accurate results.        

One of the most significant findings of this project was that a gaze 

contingent display can be updated within the typical duration of a saccade that 

is in the range of 30 to 50 milliseconds. This speed was reached through a 

series of optimizations to a simple ray tracing program. The complexity of the 

algorithm used was: O(I x J x S) where I x J is the size of the display screen in 
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terms of number of pixels and S is the number of faces or surfaces in the 

scene. The optimizations were implemented to reduce the number of I x J and 

S to a minimum. The time taken to render an image was reduced radically 

from 1 minute 45 seconds taken to render each pixel in an image to 50 

milliseconds taken to update an image.  

The most important optimization that was discovered was the 

minimization of repetitive calculations which reduced the rendering time for a 

new image from 943 milliseconds to 50 milliseconds. These optimizations 

have provided a strong basis for future experiments using an eye tracker to be 

conducted as the image can now be updated in the duration of a saccade when 

a person is visually impaired. Consequently, an important problem of motion 

perception that has been encountered in related research can be avoided while 

the image is being updated.   

This project has great potential to contribute vital results to the field of 

Virtual Reality. If it can be shown that rendering the pixels being attended to 

with full resolution and those in the periphery with lesser detail, can create 

images that appear as real as images with all the pixels rendered with full 

resolution, then future renderings could save substantially on computation 

time by conducting attention driven rendering.  

Attention Driven Rendering is one of the first inter-disciplinary 

projects that have brought together the research efforts of the Computer 

Science and Psychology departments at Mount Holyoke College. The 
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achievements of this project have set a foundation for future related projects at 

Mount Holyoke involving the collaboration of the two departments.      

 

6.2 Future Work 

Firstly, the experiment outlined in section 3.4 should be conducted and 

the results used to gauge the efficiency and usefulness of this project. Any 

faults that may occur should also be analyzed to extract ideas for improvement 

on this project.  

Other ideas for further research involving attention driven rendering 

are described in the following sections. 

 

6.2.1 Depth Perception 

Future work with this project could involve determining the 

employment of attention driven rendering in improving depth perception of an 

image. The pixels that are in focus would be attached a higher resolution. 

Background pixels would be blurred according to how far they are from the 

point of view. Therefore farther objects would be blurred greater, improving 

the viewer’s depth perception of the objects in the scene. Experimenting with 

different levels of low resolution in the periphery could also be tested as a 

possible way of making the image appear more realistic.   
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6.2.2 Spatial Frequency and its Impact on Peripheral Blur 

There has been limited human factors research related to the 

production of multiresolutional images to test the behavioral impact of 

different peripheral resolution drop-off rates1. Most studies have experimented 

with multiresolutional images based on functions mapping different levels of 

retinal eccentricity to spatial frequency cut-off levels. Retinal eccentricity 

refers to the distance of the image reflection in the eye from the center of the 

retina, or viewpoint. A high spatial frequency refers to a high level of 

resolution as explained in section 1.2. These studies involved showing 

subjects a control condition image with constant high resolution compared to 

images where spatial frequency levels in the periphery were lowered as retinal 

eccentricity increased. Objective data was collected on spatial frequency cut-

off levels of blur detection and on fixation durations. Subjective data was also 

collected based on image quality ratings by participants. However, further 

research is required to determine what levels of spatial frequency increase 

sensitivity to periphe ral blur.  

 

6.2.3 Discrete or Continuous Levels of Resolution Reduction 

Another area for human factors research in the context of this project 

is in deciding how to produce image resolution reduction. Two possible 

                                                 
1 Reingold, Loschky, McConkie and Stampe, Gaze-Contingent Multiresolutional Displays: 
An Integrative Review, Working Paper 
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methods are by either using discrete levels of resolution reduction, or 

continuous levels where the resolution drops off gradually with distance from 

the area of higher resolution2. A major disadvantage of the discrete resolution 

level method as compared to the continuous resolution method is that it causes 

some relatively sharp resolution transitions in the image. These obvious 

transitions could produce perceptual problems. Continuous levels of 

resolution reduction, if matched to the visual resolution levels of the retina, 

can potentially offer large image resolution savings. However, the continuous 

resolution method may not be advantageous if the loss of image resolution at a 

certain retinal eccentricity results in perceptual difficulty. In such a case, it is 

difficult to detect the exact area in the visual field where image resolution has 

been lost as image resolution has been reduced across the entire image. 

Conversely, an advantage of using discrete levels of resolution level reduction 

is, that in the case of such a problem of retinal and image resolution mismatch 

it is possible to search more specifically to detect the source of the exact area 

of the mismatch. Limited human factors research has been conducted to 

determine whether discrete or continuous levels of resolution reduction should 

be used; therefore there is great scope for future research in this area. One of 

the factors that need to be taken into account in this research is the kind of 

images that need to be rendered. For instance, discrete levels of resolution 

                                                 
2 Reingold, Loschky, McConkie and Stampe, Gaze-Contingent Multiresolutional Displays: 
An Integrative Review, Working Paper 
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have been found to cause more problems with animated images than still 

images. This problem could be related to both texture and motion perception 

involved in animated images. However, the cause of the problems still 

remains to be researched in depth.  

 

6.2.4 Problem of Sharp Resolution Transitions 

Another area for future research related to discrete levels of resolution 

reduction is on how to solve the problem of sharp resolution transitions which 

could produce perceptual problems. One solution could be more gradual 

levels of blending between different resolution levels3. One study found small 

blending regions to be very distracting but larger blending rings to be less 

unsettling. However, another study found no difference between two different 

blending ring sizes in a visual search task. Yet further studies that were 

investigating the detection levels of peripheral image degradation, found no 

difference in data collected between blended versus acute multiresolutional 

displays. Nonetheless, the usefulness of gradual blending as a solution to the 

problem of sharp resolution transitions in discrete levels of resolution 

reduction, needs to be experimented with varying levels of blending and 

varying tasks to be performed by the participants (such as search task and 

memory recognition task conducted by Loschky and McConkie). 

                                                 
3 Reingold, Loschky, McConkie and Stampe, Gaze-Contingent Multiresolutional Displays: 
An Integrative Review, Working Paper 
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6.2.5 Color Resolution Reduction 

One important property of the visual system that has been largely 

ignored in the development of gaze-contingent multiresolutional displays is 

the loss of color resolution with retinal eccentricity. This property of the 

visual system can potentially be exploited to meet the constraints of limited 

bandwidth and processing power in display systems. Experiments could be 

conducted using for instance, varying levels of hue resolution reduction in the 

periphery and full-color resolution in the area of attention. These experiments 

could be used to query what levels of hue resolution reduction were perceived 

by the participant and what aspects of task performance, if any, were 

negatively affected4.  

 

6.2.6 Methods of Determining the Area of Attention 

Attention driven rendering could also be tested using different 

methods of determining the area of attention. In my project gaze tracking was 

used as the method to determine the area of attention, other methods that were 

described in greater detail in Section 2.1 were head-contingent, hand-

contingent and predictive movement of the area of attention in a display. 

These methods could then be compared in terms of their impact on the 

perception and performance of a display.   

                                                 
4 Reingold, Loschky, McConkie and Stampe, Gaze-Contingent Multiresolutional Displays: 
An Integrative Review, Working Paper 
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6.2.7 Image Updating Delays 

 A key issue for future research concerns the delay in updating the area 

of attention in a gaze-contingent display. Studies have found two ways in 

which these delays can result in perceptual problems. Firstly, if the image 

updating does not follow soon after a saccade, then the new point of focus 

could initially be on a degraded region. Short delays in updating the area of 

attention may not be perceived because due to saccadic suppression (defined 

in Section 2.1) the viewer’s visual sensitivity is lower at the beginning of a 

fixation. However, stimulus processing accelerates after about 20 to 80 

milliseconds from the start of a fixation. So, longer delays may lead to 

perception of the degraded area. Secondly, when update delays are very long 

such as 70 milliseconds, and the image is updated well into a fixation, the 

update may cause perception of motion.  

Some studies have shown that long update delays have adversely 

affected perception and task performance. Other studies have also found 

update delays to result in simulator sickness due to incorrectly perceived 

motion. One research experiment compared update delays ranging from 130 

to 280 milliseconds. It was found that increasing levels of update delay caused 

increasing errors in both path following and target identification tasks. 

Moreover, two more recent experiments inferred that fixation durations 

increased with an increase in image update delays. This inference implies that 

perception of the image was made difficult with update delays. Therefore, 
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although there has been some research in this area, there is a great need for 

future research on quantifying the impact of increasing image update delays 

on different perception and performance measures (such as saccades and 

fixations), so as to identify when and how updating delays cause problems.    
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