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Project Description

Throughout the design process, engineers are faced with a wide variety of information and constraints. Emerging data standards provide new opportunities by enabling the integration and annotation of digital assets throughout the product lifecycle. Although decision-support systems can aid users in assessing the impact of many heterogeneous factors, there has been little research into how the interfaces to these systems can be optimized to the human operator for both accuracy and productivity. 

With the flood of data and relationships facing designers and analysts, it is more and more important to understand the interplay of visual perception, working memory and cognitive load. By taking into account what human predispositions and biases are in action, software interfaces can take steps to leverage or minimize their effect.  The question then is how to present spatial, abstract and time series data graphically so that noise-free throughput between machine and mind is maximized [1]. 

Recent research in Information-Rich Virtual Environments (IRVEs) has shown that human operators rely on different perceptual cues depending on the nature of their task (e.g. search or comparison) and depending on their task target (e.g. spatial or abstract properties) [2]. These profiles of perceptual salience also change depending on the display venue such as desktop, wall-projection, and immersive systems such as the CAVE [3]. In addition, large-format, high-resolution display technologies (CAVE, Wall, Gigapixel) have shown quantitative benefits for analyzing large heterogeneous data sets with analytic workforce multipliers of up to 27x [4, 5].

While these studies are strong evidence as to the power of visualization and display technologies, they fall short in formalizing descriptive or predictive models of performance with these tools. In order to fully realize the benefits offered by these systems for engineering design and review, more research is required. For example, what perceptual representations are most effective in depicting multiple constraints such as location, cost, durability, etc.? What representations foster essential tasks such as search, comparison, and pattern recognition? With empirical evidence in hand, we will be able to recommend interface guidelines and modifications to enhance information layout behaviors and subsequent cognitive processing across display platforms.




(cont’d ->)

Project Deliverables & Accomplishments

We propose a two-phase project that will have direct, beneficial impacts across sectors. The first phase includes the development of a visualization testbed that uses web services to integrate engineering design information such as 3D models, simulation results, cost/benefit analyses, and semantic annotations. The testbed will allow controlled manipulation of information-rich graphical layouts and thus enable us to test the interactions of basic perceptual cues for time and accuracy performance as well as subjective measures.

The second phase is a series of controlled usability studies to assess information presentation, display venue, and cognitive load. Using real data and engineers, we will investigate the efficacy of these display techniques across display venues (e.g. desktops, walls, CAVEs). The ultimate results of this research proposal will be:

1. Empirical evidence regarding the interaction of layout and display on information throughput and user performance

2. Interface guidelines for engineering productivity

3. A cognitive model of feature integration in design review applications

4. A software framework for adaptive renderings based on soft constraints and explicit user feedback 
Benefits to Members

We propose a systematic program to understand how fundamental layout properties effect user performance across displays - a methodology and tool to assess, design, and deliver appropriate information layouts for design review per task, data type, and display venue. This project will provide concrete examples and a predictive model as to how visualization techniques can promote cognitive integration in a variety of design review environments.
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