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The dramatic growth in recent years of computing devices with small display surfaces (e.g., PDAs, WAP phones, handheld computers) has spawned the need to consider new interaction methodologies that will allow users to interact with information spaces that might require more space than the display can provide.  This paper describes potential solutions to allow users to interact easily and intuitively with large information spaces when presented on a small screen.  We used a human-centered iterative design approach consisting of knowledge elicitation tasks, user feedback sessions, and concept development to identify two primary interaction methodologies: Dynamic Information Magnification (DIM) and Dynamic Information Labeling (DIL).  DIM is a way for the user to enhance relevant portions of an information space through magnification functions while DIL is a way to enhance information through smart highlighting and labeling.  These two techniques were applied to complex flight performance charts as part of an ONR-funded program that is focusing on the development of an electronic checklist and procedure manual. Early findings suggest that the Dynamic Information Labeling concept shows the most promise for the particular domain to which this technique was applied.  Concept descriptions, informal user feedback, and implications of interaction methodologies for use with large information spaces on small-screen displays are described.     

Modern advances in the design of information systems have resulted in more powerful, lightweight, low-power, high-resolution, portable information devices such as PDAs, WAP phones and other handheld computing devices.  These advances in technology are providing users access to virtually any type of information, at any time, from any location.  However, one of the major issues with small, handheld devices such as these is the lack of screen space.  Since these types of devices are designed to have a small form factor to fit in one’s hand or pocket, there are significant limits on screen space.   The limitations of available screen real estate for these devices will not be eliminated through improvements to the device technology.  As Brewster (1998) notes, “the screen must fit on the device and the device must be small; screen space will always be in short supply.”
As this technology matures, more and more information is being converted to an electronic format, providing users with an abundance of data at their fingertips.  However, Frey, Rouse and Garris (1992) suggest that the trend toward converting paper manuals into an electronic format may not always offer a complete solution, particularly when that information is presented on a small-screen display.  Significant usability issues arise when complex information is digitized and presented on a small screen.  This is particularly true for situations in which a user needs to interact with a large, information-rich data space like graphics, charts, or detailed schematics.  A piece of paper has hundreds of times the resolution of an electronic display, so figures and pictures often cannot be shown at their full resolution all at once when displayed on a small screen. The trend towards smaller display screens on portable devices only exacerbates problems of system usability due to the resulting lack of resolution and interaction techniques with which to deal with complex data spaces.  

When complex data must be displayed on a small-screen display, two primary questions arise: 1) how best to initially display the information space, and 2) how to allow the user to manipulate and interact with the information space.  Some of the logical solutions for interaction might be to provide the functionality of current desktop solutions such as zooming, panning or scrolling which would provide the user with a small “window” through which to view the larger space.  Scrolling and panning allow the user to maintain the field of view, but change the portion of space being viewed. Zooming increases and decreases the field of view, but maintains the portion of the space that is being viewed. In addition, methods of branching (i.e., hyperlinks) allow users to change the field of view, but can involve changing the representation of the entire system.  Each of these techniques provide additional representations to the user that can allow them to interact with the space more effectively.  However, these types of traditional interaction methodologies prove to be inadequate when dealing with large information spaces that are presented on small-screen displays.  For example, as Lieberman (1994) notes, each time a zooming operation is performed, the interface context from which it came is visually lost. Furthermore, changing views sequentially through zooming or panning in a large information space might become tedious or, more importantly, might cause the user to lose his or her focus of the “big picture” that the space represents.  Finally, error rates have been shown to increase and users tend to “get lost” when interacting with multi-page displays which present information through sequential operations (Geiser & Schumacher, 1976). 

More and more people are using small handheld computers for work and play. This fact, coupled with the increase of complex information being displayed on these small-screen displays, suggests a strong need to examine useful and intuitive interaction methodologies to avoid the types of  usability concerns described above.  

Thesis

The work described in this paper represents one element of an on-going research program sponsored by the Office of Naval Research.  As part of the program, we are developing a prototype system, led by CHI Systems, called IE-NATOPS (Interactive Electronic Naval Air Training and Operations Procedures Standardization).  This system will provide Navy pilots with a variety of electronic flight information that they have traditionally received via paper manuals. The information will be presented on a small electronic device (the screen size is approximately 6-inches diagonal) that will be strapped to the pilot’s knee.  The efforts described in this paper focus on the application of two interaction methods to allow pilots easy and intuitive interaction capabilities over large graphical information spaces when presented on a small display surface.  

The problem of usability of graphics information in IE-NATOPS has been of particular concern throughout the development of the IE-NATOPS user interface. As the paper NATOPS manual content is digitized and moved onto an electronic display, the question arises of how to most effectively view large pictures, such as fold-out schematics or flight performance charts. Due to the small screen, it becomes impractical to display these large pictures “as-is” on a  small screen. One possibility would be to simply scale the images such that they can be accommodated by the display size constraints.  However, by simply scaling down the picture, it may become so small that it would be rendered unusable. Furthermore, cockpit vibration may significantly exacerbate this situation by making small images even more difficult to analyze.  Thus, the need to examine useful interaction methods when interacting with complex graphical images on a small screen was critical.

While this research has been focused on a fairly narrow domain area (Navy pilots and their interactions with flight performance information), there has been widespread interest recently in the display of complex information on various small-screen devices such as PDAs and WAP phones.  The interaction solutions described in this paper have been applied to the military domain.  However, they are quite generic in nature and the solutions themselves can be applied to a variety of information spaces. 

Technical Approach

For this work, we employed a human-centered design approach to help us identify useful and intuitive methods for interacting with large graphics.  We started with a knowledge engineering task to obtain an understanding of what types of charts, schematics, and graphics were included in the paper NATOPS manual, and which of those were most frequently used during flight.   We interviewed several pilots at Pax River Naval Air Station to identify current usage of paper NATOPS while airborne.  The goal was to let the end user community help direct us to the sources of complex graphical information in the paper manual that would benefit most from the development of useful interaction methods for electronic versions of that information. We constructed a detailed questionnaire to understand the tasks pilots perform when using graphics and schematics included in the paper NATOPS manual and inquired on how these types of information spaces are used to support their tasks.  We also were interested in gaining an understanding of how the operational environment affects their use (e.g., workload issues, cockpit vibration).  The results of this task suggested that a primary source of information that would receive benefit from the application of easy and intuitive interaction methodology would be flight performance charts.  These charts are typically quite complicated and show detailed relationships between a variety of flight parameters. They are, in essence, a graphical representation of complex mathematical relationships between multiple parameters.  Pilots routinely use these charts during flight for both normal and non-normal situations to approximate desired parameter values which can be critical to the success of the mission.

Once we understood what types of information spaces on which to focus our design efforts, we began brainstorming various traditional and “non-traditional” interaction methods.  The goal was to develop a “toolbox” of candidate interaction methodologies that could have utility for interacting with the graphical information typically used by pilots during flight, and then choose the set of techniques that would provide the most utility.  This identification resulted in a host of fairly common techniques such as:

· zooming – method of increasing or decreasing the magnification of an information space,

· scrolling – method of moving a viewable area within a window, vertically and/or horizontally,

· panning – an alternative to scrolling for moving a viewable area within a window, and

· hyperlinks  – method of navigating through sets of documents by selecting keywords.

In addition, we identified other more non-traditional interaction methodologies such as:

· dynamic magnification  – method of interacting with data  such that more important information is represented larger than less important information,

· translucency – method of integrating multiple ‘layers’ of data by overlapping transparent windows to allow the user to have access to all ‘layers’ of information simultaneously, and
· dynamic labeling – method of dynamically adjusting textual information to maintain a useful font size.

In our effort to identify the most useful interaction methods for pilots when using a small-screen display during flight, a variety of requirements had to be met.  First, the interaction characteristics had to be simple and intuitive.  Pilots are often faced with high workload situations so it is critical to provide the pieces of data that they require in a simple and intuitive manner.  Second, any interaction method must also take into account potential limitations (e.g., getting lost, losing the ‘big picture’ context) of various methods when interacting with complex information on a small screen.   Third, the interaction method must account for the nature of the flight environment which often introduces significant vibration on the flightdeck.  

Based on these requirements and the information gathered during the pilot interviews, the tools described above were used to construct a variety of potential concepts that would allow pilots to interact with complex flight performance charts.   The two concepts that showed the most promise were Dynamic Information Magnification and Dynamic Information Labeling. 

Concept Descriptions

Dynamic Information Magnification

The fundamental motivation for this interaction methodology is similar to that described by Furnas (1986).  Furnas described a strategy called the Fisheye Lens that would allow a user to have access to local details of a large information space while maintaining the global context.  Furnas (1986) notes that local detail is needed for understanding local interactions between variables, while global information is needed to understand the overall relationships between variables. 

Based on the need for the pilots to maintain a global perspective of the relationship between the parameters displayed in a flight performance chart, a technique to allow pilots access to detailed information while still providing global context was considered.  Dynamic Information Magnification (DIM) is a concept that allows the pilot to identify details about a particular parameter, yet, maintain knowledge about how the various parameters on the chart interact with one another. Due to the level of complexity of flight performance charts and the restricted screen size of the display, a simple zooming operation to access local detail would come at the expense of the global context of the information space. 

With DIM, a pilot places a ‘stylus’ on the touch-sensitive display surface at a point where he or she would like to obtain more detailed information.  When the stylus touches the display surface, a “magnifying glass” is displayed which enhances a predefined circular portion of the chart information directly underneath the stylus, while preserving, yet de-emphasizing, the remainder of the information on the chart.  The concept is shown in Figure 1.  The best way to think about the magnification of a particular area of the chart is to imagine a glass ball that has been cut in half. By placing the flat side of the resulting hemisphere down on a performance chart, you create a crude magnifying glass that magnifies the area of interest while retaining connectivity of all the lines of the chart across the magnifying glass boundary.  The pilot is able to dynamically change the emphasized portion of the chart by moving the stylus.  The  magnification will dynamically “follow” the position of the stylus to emphasize local information at any location on the chart.  
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Figure 1: Dynamic Information Magnification
Various types of graphical images would lend themselves to this type of interaction methodology.  For example, complex charts where either several parameter curves converge to a single point or where the parameters form complex patterns that make it difficult to distinguish one parameter from another would benefit from such an interaction methodology.  Also, DIM would be useful for large schematics, wiring diagrams, or maps where it is important to have access to detailed local information while preserving the global context of the information.  

Dynamic Information Labeling 

A second interaction methodology considered is Dynamic Information Labeling (DIL).  While the notion of magnifying local detail in a chart while preserving the global context may be useful in some situations (e.g., where individual parameter curves are difficult to distinguish), it was important to consider other aspects of the data present on a given flight performance chart.  The manner in which a pilot typically uses a paper performance chart is by tracing a line with his or her finger from either the X or Y-axis to a particular parameter curve within the body of the chart, and then down (or over) to the other axis.   This type of interaction will lead the pilot to the value for the parameter in which they are interested.  

Dynamic Information Labeling provides a way for a pilot to immediately access all relevant variables of a particular multidimensional dataspace. The DIL concept is shown in Figure 2.  With DIL, a pilot places a stylus on the surface of the display. When this occurs, a horizontal and vertical line appear extending from the tip of the stylus to each axis and is accompanied with a digital readout of the corresponding X and Y-axis values.  Also included is a digital readout of the corresponding value of the parameter curve.  The parameter values that fall between the defined parameter curves are interpolated to provide the pilot with a more accurate representation of the parameter value.  The pilot is able to dynamically change the position of the stylus at any time by dragging it across the surface of the display.  When this occurs, the axis lines and digitally displayed axis and parameter values change dynamically.  

Note that the example displayed in Figure 2 shows a situation in which three variables are required to obtain the necessary information from the chart.  However, this concept can easily be extended to support multidimensional datasets consisting of up to five discreet variables.  In that case, when the stylus was placed within the chart, the horizontal and vertical axis lines would simply extend out from the tip of the stylus to each side of the chart to identify the corresponding value on each of the four axes.  As before, the interpolated value for the parameter curve would also be digitally displayed.  

DIL lends itself nicely to complex, multidimensional spaces, particularly for images that represent several variables in a graph format.  Other types of data spaces that would benefit from this type of interaction solution would be things like maps that refer to specific locations via a coordinate mapping (e.g., destination X is located at coordinates B-10).  
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Figure 2: Dynamic Information Labeling

User Feedback

As part of our continuing development process, we had informal feedback sessions with ten pilots to obtain their feedback and to help them direct us to the solutions that would provide the most utility. Each pilot was shown a variety of paper prototypes that described the concepts that we had developed to date.  Each prototype was scaled down to mimic the size of the targeted display surface.  This was done to provide the pilot with a feeling for the size of the graphical images with which they would be dealing during flight.  The interviewer described the functionality of each concept and feedback was solicited. Further explanation of the process used and data collected can be found elsewhere (Deaton, Glenn, Burke, Good, Dorneich, and Downs, 2001).

In general, the feedback obtained in these interviews suggests that pilots felt the techniques that are used when interacting with electronic graphics are critical to the utility of the IE-NATOPS system.  Due to the small size of the targeted IE-NATOPS display, pilots noted that the ways in which they interact with graphics in the paper NATOPS manual would not be adequate when a performance chart was simply reduced in size and presented electronically.  More specifically, every pilot noted that the easiest, and most useful, concept was DIL.  They noted that this type of interaction methodology provided them with all of the values of interest when they interact with a complex flight performance chart.  Each pilot said that the dynamic feedback provided through the use of highlighting and labeling would allow them to immediately determine the particular value for which they were looking. 

The application of DIM to flight performance charts could be useful in certain situations according to pilot feedback.  The most benefit would come from the use of DIM for charts that are extremely complex (e.g., converging parameter curves) and those that require an understanding of global trends and relationships between multiple variables.  However, there was some concern about issues related to clutter and increased workload through the use of DIM.  Some pilots noted that DIM could potentially be a selectable feature; not something that would be used continually during their interactions with the performance chart. 

Conclusion and Implications

This paper described the early stages of on-going work directed at the application of various methodologies for interacting with large and complex information spaces when presented on a small-screen display.  Two candidate interaction solutions were identified: Dynamic Information Magnification and Dynamic Information Labeling.  Based on informal user feedback, a promising method of interaction appears to be that of Dynamic Information Labeling.  With this interaction solution, pilots had immediate access to all variables of interest, presented in an understandable and intuitive format.  As mentioned, this body of work is on-going.  Therefore, many issues remain to be resolved with the application of these solutions to the domain of flight performance charts.  Further research and testing are certainly required to obtain a more definitive conclusion about whether these techniques will provide the ease and intuitiveness during flight that is needed when pilots interact with these complex data spaces.  

Note, also, that the interaction techniques described in this paper were applied to a specific domain: flight performance charts for Navy pilots.  However, due to the recent boom of small handheld devices in use for such a variety of mobile applications, it is important to consider interaction methodologies like DIL and DIM and others in a much broader sense.  Users of mobile technology will continue to be inundated by the requirement to interact with large and complex information spaces that are presented on small-screen displays.  This information might range from complex graphs and schematics, to complicated maps or web sites that support a variety of applications where people are on the move (e.g., military, maintenance/installation applications, enterprise level operations, collaborative decision making).  Based on this progression of technology in mobile computing and the manners in which this technology is being used in the workforce,  it is critical to continue to develop and apply innovative user interaction solutions for small, handheld devices that display large and complex information spaces. 
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