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1. Research Evolution 

The purpose of this research, as originally proposed, was to compare the perceptual scalability of 

integrated and multiple view visualization designs for large, high-resolution displays. This 

comparison was done in the context of visualizations for integrating spatial and multidimensional 

data. By comparing the perceptual scalability of designs we were able to explore the limits of 

visualization and information visualization design principles for larger, higher-resolution 

displays. Towards that goal, the four main research questions were: 

 

1. What is the visualization design space for integrating spatial and multidimensional data? 

2. As a baseline, which design from the primary dimension of the design space results in the 

best performance for specific visualization tasks on low resolution displays? 

3. How perceptually scalable are the designs in the primary dimension of the design space 

for high resolution displays? 

a. Display Issues: Pixel Count 

b. Human Issues: Perception 

4. Focusing on the critical points identified in research question three, do certain 

combinations of designs on high resolution displays improve users’ performance? 

 

At the time of the preliminary defense the first two questions had been answered. A design space 

had been created and three separate experiments related to the second research question had been 

completed. Since that time the design space has been expanded and improved.  The third 

research question, related to the perceptual scalability of designs, took a different direction than 

originally expected. The results of the original experiment in this area revealed that the designs 



were perceptually scalable. This led to a second experiment that asked a slightly different 

question: What effect does visual acuity have on the perceptual scalability of these designs?  

 

Because designs were perceptually scalable in two different experiments, the fourth research 

question was mostly replaced by the exploration of visualization design issues on large, high-

resolution displays. However, as an alternative to the fourth question, I would like to wrap up the 

research by creating a prototype visualization as a proof of concept. The idea is that by creating a 

prototype with usable interaction, we can demonstrate that designs are not only perceptually 

scalable, but also that the interaction necessary for linked views can be achieved on the 50 

monitor display.  

2. Research Summary 

This section provides a very brief overview of each phase of the research along with the results 

and any related publications. 

2.1. Design Space: Integrating Spatial and Multidimensional Data 

We created a hierarchical design space as a unifying framework for visual representations that 

integrate a spatial data type with associated multidimensional data. Using a hierarchical design 

space allowed a more systematic approach to predict types of insights and also allowed for the 

matching of visualizations to tasks.  

 Contributions: 

• Created a hierarchical design space that integrates spatial and multidimensional 

 data and can be applied across various types of spatial structures. 

• Design space matches tasks and potentially insights to visualization designs. 

 Publications: 

• Yost, B., Polys, N., Saraiya, P., and North, C. Techniques for Visually Integrating 

Spatial and Multidimensional Information. In progress, to be submitted to the 

Journal of Information Visualization in December 2006. 

2.2. Baseline: Comparison of Designs on Single Monitor 

This phase of the research consisted of three different experiments: 1) multiple simple vs. single 

complex glyphs, 2) context switching and other cognitive factors, and 3) visual vs. interactive 

linking. The published papers related to this work were attached to the original proposal 

therefore I will only provide a brief summary of results here. 

 Main Contributions/Results: 

• Performance with the designs was similar for most tasks. 

• Perceptual salience of visual encodings appeared to be a more important factor 

 than spatial grouping on a single monitor. 

• The dual-view approach almost always resulted in the worst user performance. 

 Publications: 

• Yost, B. and North, C. Single Complex Glyphs Versus Multiple Simple Glyphs.   

 Extended Abstracts of the ACM Conference on Human Factors in Computer  

 Systems (CHI), 2005, pp 1889-1892. 

• Convertino, G., Chen, J., Yost, B., Ryu, Y., and North, C.  Exploring Context  

 Switching and Cognition in Dual-View Coordinated Visualizations.  Proceedings  



 of the IEEE Conference on Coordinated and Multiple Views in Exploratory  

 Visualization (CMV), 2003, pp 55-62. 

• Ryu, Y., Yost, B., Convertino, G., Chen, J., and North, C. Exploring Cognitive  

 Strategies for Integrating Multiple-View Visualizations.  Proceedings of the  

 Human Factors and Ergonomics Society (HFES) 47
th
 Annual Meeting, 2003, pp  

 591-595. (Best Student Paper Award) 

• Unpublished report on Visual vs. Interactive Linking. 

2.3. Perceptual Scalability: Comparison across Display Sizes 

I first conducted a general experiment exploring the question of perceptual scalability. Based on 

the results of the first experiment, I then ran a second experiment. The second experiment 

increased the amount of data and decreased the individual size of graphical elements. The second 

experiment explicitly tested the effect of scaling up the visualizations to the point that a user 

could not see all of the information from any single location without physically moving – scaling 

up beyond visual acuity.  

 Main Contributions/Results: 

• Designs are perceptually scalable because accuracy is still good while 

 performance times are more efficient. 

• Integrated views/embedded visualizations are good for large, high-resolution 

 displays; their advantages become more pronounced on a larger display. 

• The additional data that can be shown on a larger, higher-resolution display can 

 result in increases in accuracy despite the need to physically walk to access all 

 of the information. 

• The advantages of embedded visualizations are more related to the display size 

 than to the amount of data.  

 Publications: 

• Yost, B. and North, C. (2006) The Perceptual Scalability of Visualization. IEEE 

 Transactions on Visualization and Computer Graphics (Proceedings 

 Visualization/Information Visualization 2006), 12(5), 837-844.  

• Yost, B., Haciahmetoglu, H., and North, C. (under review for CHI 2007) The  

 Effect of  Using a Large Display that Exceeds Visual Acuity for Scaling up 

 Information Visualizations. 

• Shupp, L., Ball, R., Yost, B., Booker, J., and North, C. Evaluation of Viewport 

 Size and Curvature of Large, High-Resolution Displays. Proceedings of Graphics 

 Interface (GI), 2006, pp 123-130. 

2.4. Design Issues on Large, High-Resolution Displays 

The experiments on the perceptual scalability of the designs revealed many design issues related 

to information visualization on large, high-resolution displays. My research explored these 

design issues and ideas rather than looking in depth at combinations of views. 

 Contributions: 

• Outlines many issues, challenges, and opportunities for visualization design and 

 research using large, high-resolution displays. 

• Created initial design guidelines based on our experiences. 

  

 



 Publications: 

• Yost, B. and North, C. (under review for Journal of Information Visualization) 

 Information Visualization on Large, High-Resolution Displays: Issues, 

 Challenges, and Opportunities.  

• North, C., Robertson, G.G., Ball, R., and Yost, B. Using Large, High-Resolution 

 Displays for Information Visualization. Workshop at IEEE Visualization, 2005. 

2.5. Overall Contributions 

This research aids our understanding of the perceptual scalability of different design approaches 

for integrating spatial and multidimensional data as visualizations transition to large, high-

resolution displays. Specific contributions of this work include: 

• A design space for integrating spatial and multidimensional data. 

• Demonstrates that even displays that are large enough and include enough pixels 

 to exceed visual acuity can still be beneficial because of the additional data that 

 can be displayed. 

• Provides initial design guidelines and suggestions as well as outlining a number of 

 open research questions in the area of visualization design for large, high-

 resolution displays. 

3. Remaining Work 

I will finish the design space paper, of which a substantial portion is already written, and submit 

it to the Journal of Information Visualization in December.   During December, January, and 

February I would like create a prototype visualization of U.S. Census data on the 50 monitor 

display. This prototype would act as a proof of concept because by achieving usable interaction 

we can demonstrate that the interaction (i.e. brushing) necessary for usable linked views on very 

large displays can be achieved. Information visualization expert reviews and observation of 

approximately five users will be done to confirm that usable interaction has been achieved. It is 

important to note that the intent is not to reach maximum usability or effectiveness - this topic is 

substantial enough that it could easily become a thesis topic in and of itself. This will be a quick 

prototype and proof of concept that can be achieved in roughly three months time. Concurrently, 

I will begin writing the dissertation with the expectation of a final defense occurring in late 

March or early April.  
 

4. List of Relevant Publications 

Journal Articles 

• Yost, B., Polys, N., Saraiya, P., and North, C. (in progress, to be submitted to the Journal 

of Information Visualization in December 2006) Techniques for Visually Integrating Spatial and 

Multidimensional Information.  

• Yost, B. and North, C. (under review for Journal of Information Visualization) 

Information Visualization on Large, High-Resolution Displays: Issues, Challenges, and 

Opportunities.  

• Yost, B. and North, C. (2006) The Perceptual Scalability of Visualization. IEEE 

Transactions on Visualization and Computer Graphics (Proceedings Visualization/Information 

Visualization 2006), 12(5), 837-844. 

 



 

 

Conference Papers 

•  Yost, B., Haciahmetoglu, H., and North, C. (under review for CHI 2007) The Effect of 

Using a Large Display that Exceeds Visual Acuity for Scaling up Information Visualizations.  

•  Shupp, L., Ball, R., Yost, B., Booker, J., and North, C. Evaluation of Viewport Size and 

Curvature of Large, High-Resolution Displays. Proceedings of Graphics Interface (GI), 2006, pp 

123-130. 

•  Yost, B. and North, C. Single Complex Glyphs Versus Multiple Simple Glyphs.  

Extended Abstracts of the ACM Conference on Human Factors in Computer Systems (CHI), 

2005, pp 1889-1892. 

•  Convertino, G., Chen, J., Yost, B., Ryu, Y., and North, C.  Exploring Context Switching 

and Cognition in Dual-View Coordinated Visualizations.  Proceedings of the IEEE Conference 

on Coordinated and Multiple Views in Exploratory Visualization (CMV), 2003, pp 55-62. 

•  Ryu, Y., Yost, B., Convertino, G., Chen, J., and North, C. Exploring Cognitive Strategies 

for Integrating Multiple-View Visualizations.  Proceedings of the Human Factors and 

Ergonomics Society (HFES) 47
th
 Annual Meeting, 2003, pp 591-595. (Best Student Paper 

Award) 

 

Workshop 

• North, C., Robertson, G.G., Ball, R., and Yost, B. Using Large, High-Resolution 

Displays for Information Visualization. Workshop at IEEE Visualization, 2005. 


