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Abstract
Maps play a key role in providing situation awareness (SA). SA is achieved, in part, through the assessment of information from categories such as geographical context, collaborative actors, abstract categories and temporal attributes of these categories that increasingly are derived from the rapid fusion of diverse web-based information. This paper will examine how standard cartographic variables can be used to encode situational information created through computationally extracted web sources in order to support situation awareness and assessment.
1 Introduction
For centuries, maps have played a critical role for providing a visual medium to support understanding of dynamic events in time and space, also known as situation awareness (SA). Situation awareness is achieved and maintained through the process of situation assessment, or the acquisition of information on the state of the environment [1]. Situation assessment, in part, maybe facilitated through categories such as geographical context, collaborative actors, abstract categories, temporal attributes of these categories, and non-spatial concepts derived from the rapid fusion of diverse, web-based information sources using computational extraction and representation procedures.
These procedures include simple data representation functions such as incorporating geography from GeoRSS feeds to complex geographical text mining algorithms that extract geospatial data from sources that are not intrinsically geographically aware, such as news story text. Such procedures can be used to make initial assessments of a situation based on data retrieved that can then be modified with further analysis to develop formal situation awareness maps. The advent of easy to use, publicly available, open-system mapping tools such as Google Earth™ allows geographical and other situational information derived from computational extraction and representation procedures to be rendered rapidly and assessed with default geographic information in a virtual environment that is accessible to a non-specialist user. 
This paper will examine the cartographic design for and visual representation of situational information. The particular focus is on computationally derived situational information extracted from distributed web sources. Specific topics that will be addressed include how standard cartographic variables can be used to encode select situational categories, category attributes, and concepts. Cartographic functionality of a prototype geocollaborative crisis management and monitoring system designed to support situation assessment through visual and cartographic representation of the aforementioned categories will be presented.
2 Maps and Situation Awareness
Maps have a long tradition as a medium for supporting situation awareness. The support aspect of maps in situation awareness is derived in part, from the capability of a map to visually represent and model a given state of the environment (such as terrain, roads, positions of people, location of events etc), thus allowing a map user to reason with the given state of the environment using existing mental models and make predictions or anticipate future states of the environment [2, 3]. In group situations, maps become the physical representation of team situation awareness [4] and can be used as visual devices through which group work is facilitated [5].
2.1 Situational Categories
The numbers of categories to represent situations are vast due to the dynamic nature of situations and the information that may be necessary to have awareness of those situations. Determining which categories to use to represent a situation therefore becomes a question of which categories are relevant to the situation. Although determining relevancy in itself can be difficult to determine, the following are three categories that are relevant to the use of maps for supporting situation awareness:

1. Geographical Context 

Much like defining categories for a situation, determining what comprises geographical context can become intractable. A starting point for determining categories for geographical context relevant to situation awareness can be found in the Federal Geographic Data Committee (FGDC) framework data
 specification which compromises seven themes - geodetic control, cadastral, orthoimagery, elevation, hydrography, administrative units and transportation. When combined in various configurations, these categories form a geographic base to which other data can be referenced for situation assessment and awareness [6]. Publicly available, open-system mapping tools such as Google Earth™ provide users, with varying degrees of accuracy and availability, five of these categories - orthoimagery, elevation, hydrography, administrative units and transportation, thus making Google Earth™ a powerful tool for providing geographical context information.
2. Collaborative actors
In general, participants in any type of collaborative activity have several basic elements that need to be shared.

These include (but are not limited to)

· A sense that other collaborators are “there” (social awareness)

· What resources and tools are available to them and the group

· What relevant information is known by other collaborators

· What the attitudes, goals, and expectations are of other collaborators

· How the plan of work and actual accomplishment of the work is achieved over time (activity awareness)

- source [7]
These elements are important for situation assessment and awareness as they reflect and/or can influence the activity of collaborators in a given situation. For example, knowing where a co-collaborator is located can influence where another collaborator decides to go, or knowing the current accomplishments in a work plan may influence decisions made on new work to undertake. 
3. Abstract Categories

Connections between places are one particular abstract category that can be effective in providing situational information. These can range from tangible connections such as economic or social connections between places (represented with desire lines) to conceptual connections such as the connection between the origin point of a news story and the locations mentioned in the story. Visually representing such connections has the potential to reveal relationships between places that may not be readily apparent, such as text-based references to places in multiple web documents.
2.2 Category Attributes Concepts
Each of the categories mentioned in section 2.1 and the data sources that provide those categories will have a variety of attributes, most notably temporal attributes such as how old a data source is. Visually representing temporal attributes is important for indicating the relevance of a given piece of information in relation to understanding a current situation or how a situation has evolved overtime.   
2.3 Non-spatial Concepts

GIScience research advances in formal and informal knowledge representation through ontology and concept mapping create the potential where asaptial concepts, conceptual representations and relationships can be used to impose structure and make sense of heterogeneous situational information that can ultimately be anchored to a cartographic display to provide SA.
3. Computational Extraction and Representation Procedures and Situational Categories from Web-based Resources
In this section, a brief review will be made of representation and computational extraction procedures that can be utilized for situational assessment using web-based resources. A computational extraction procedure is defined here as any process that extracts features of interest that are not geo-coded.
3.1 Representation Procedures
Incorporating geography from GeoRSS
 feeds into maps is increasingly becoming an effective, simple method of encoding situational information. GeoRSS encodes geographic information into Geographic Markup Language
 (GML) syntax, thus making it readily viewable by any mapping client that can read GeoRSS, such as Open Layers
 or Google Maps™
. GeoRSS is purely a data representation format and does not contain any styling information. Typically, GeoRSS represents point-based phenomena.
Keyhole Markup Language (KML)
 is an XML format used in Google Earth™. Web sites that offer dynamic geospatial data are increasingly offering data in KML format as the popularity of Google Earth™ continues to grow. Figure 1 shows a hybrid combination of RSS, GeoRSS and KML. In this figure, an RSS feed from the National Weather Service
 has been converted to GeoRSS using the GeoNames RSS to GeoRSS converter
 and then rendered as KML using Google Earth™. The integration of these data sources gives an quick assessment of weather conditions around Alaska through a default point symbol rendering.
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Figure 1: RSS, GeoRSS, KML integration for situation assessment of weather conditions
3.2 Computational Extraction
One type of computational extraction procedure that is particularly relevant for situation assessment is Geographic Information Retrieval (GIR). GIR is a general term for methods, algorithms, and approaches to identify and geo-code relevant geographic information from non-geospatial sources such as text documents [8].
4. Cartographic Design for and Visual Representation of Situational Information to Support Situation Assessment
Limited discussion has been made on cartographic design for and visual representation of situational information derived from the computational procedures discussed in section 3 (see [9] for a discussion of visually representing and exploring document footprint locations derived from spatial information retrieval procedures). Both representation and computational extraction procedures, in general, tend to focus on generating representations of point based phenomena. 
In particular, maps created through computational extraction procedures that focus on administrative units found in the procedures have the challenges of displaying multiple scales of units found in text. For example, in this text:
The National Weather Service is warning about possible flooding on the North Fork of the Elkhorn River in Pierce County. A flood warning was issued this morning that is expected to expire at 10:15 tonight. The weather service says the river is expected to crest around 11.5 feet -- about a half foot below flood stage but when it hits 11 feet it causes flooding around Pierce. The service also has extended a flood warning for Cedar County in northeast Nebraska until 10:30 Sunday morning. The sheriff's department says there is lowland flooding in rural parts of the county, mostly north of Hartington. Floodwater has closed several Cedar County roads.

administrative units from multiple scales (towns, counties, and states, underlined and shown in green) can be found. This challenge is compounded when the locations returned from the procedures are rapidly shown to the user at an initial, fixed viewing scale, and large volumes of data are being examined.
The effective use of visual variables can aid the map user in situation assessment derived from computational and representation procedures by helping the user quickly distinguish features or attributes of information that may or may not be of importance. Table 1 outlines situational categories, attributes, and non-spatial concepts described in section 2 that can be derived from computational and representation procedures and how visual variables can be used to represent them using point, linear, and areal symbols.

Table 1: Design matrix for situational categories derived from computational and representational procedures 
	                                         


	Administrative
	Collaborative Actor
	Abstract category – connections between places
	Non-Spatial Concepts


	Attributes

	Point
	Size – variation in size base on administrative scale (visual hierarchy);  variation in size based on frequency of place references

Shape – Variation in shape based  on administrative scale, useful for when data is first presented to the user at one display scale

Hue – Can make objects of potential interest more  discernable, especially in cluttered displays [10]

	Hue – Distinguish between different actors 

A challenge with symbol design for collaborative systems is the designing symbols that can be easily understood between collaborators and finding an effective design balance in how information is graphically encoded in a symbol [11].


	
	Perspective/Height – Can be used to anchor non-spatial concepts above related locations, height can signify importance of concept such as frequency of mention in a data source or for concepts derived from graph-based  ontologies, number of connections the concept has, thus indicating potential importance

Shape – Variation in shape based  on type of concept
	Transparency – Can be used to show temporal decay of a data source (for example, the older a news story is, it will appear to be fading away)
Hue- Can be used to show temporal decay of a data source. For example, a newer or “hot” story might be shown in red. This can be useful when the temporal scale of data sources is short, such as breaking news for a situation coming out every hour 

	Linear
	
	Hue – Distinguish between different actors movement paths
	Size- Can be used to frequency of connections  between places

Spacing – Can be used to show certainty of connections Example - dashed line to show uncertainty in a relationship
	
	Hue- Can be used to distinguish between different data sources

	Areal
	
	Hue – Distinguish between different actors map extents

Transparency –Show temporal decay of collaborator map extent location
	
	
	


5. Case Study
The following section is a case study of how the design principles outlined in Table 1 can translate into practice. The examples used in the case study are from the Context Discovery Application (CDA) [12], a prototype, geocollaborative environment that creates visual representations of implicit geographical information (i.e not readily accessible or viewable on a map) contained in open-source information outlets, such as online news media using computational extraction procedures (Figure 2).
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Figure 2: CDA Query interface, geographies and concepts are extracted from news story text and shown in Google Earth™
Figures 3a though d shows how results of CDA searches, rendered in Google Earth™, utilize situational categories, symbol representations, and visual variables of the design matrix outlined in Table 1. 
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Figure 3a – Administrative and Conceptual Categories.

In this example, CDA results of news stories related to wildfires from Florida are shown. Point symbol shapes help distinguish different scales of administrative units (towns and counties) found in individual stories, hue distinguishes different stories, line symbols indicate connections between locations found in individual stories and story origin points, line size indicates frequency of mention of a place in a story. As this information is rapidly presented to the user, visual variables aid the user in determining what features maybe important for making a situation assessment.
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Figure 3b – Collaborative Actors.

In this example, CDA geocollaborative functions use areal symbols to track the map extents of collaborators examining areas potentially affected by wildfires as reported in the news media. Hue is used to distinguish between users and provides social awareness. User Alan (red) is looking closely at the area around Okeechobe. User Cindy (yellow) can see Alan’s area of interest, and can change her area of interest accordingly, thus keeping their activities coordinated.
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Figure 3c – Attributes.

In this example, CDA results of news stories related to West Nile Virus from Pennsylvania are shown. Variation in the transparency of line and point symbols indicates the age of the stories found, and can help with determining the relevancy of a story to assessing a situation or how the situation has evolved over time.
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Figure 3d – Non-spatial Concepts.
In this example, CDA results of news stories related to West Nile Virus from Pennsylvania are shown where a formal Ontology related to West Nile Virus was included in the search to find non-spatial concepts of interest in the stories. Concepts found  have anchored to their corresponding location. Height is used to signify frequency of concepts being found, shape to distinguish between concepts.


6. Conclusion
Maps are a critical component to providing situation awareness. Advances in representation and computational extraction of situational information from diverse web resources present an exciting opportunity to support situation assessment and awareness. This paper has examined cartographic design principles that can inform the visual encoding of select situational categories, attributes and non-spatial concepts of situational information. Future research examining the interactions between situation awareness, maps, collaboration, and use of diverse of web resources within specific problem domains such as emergency response, can lead to further insights into cartographic design variations and map interaction techniques that can support situation awareness.
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� http://www.fgdc.gov/framework/index_html


� http://georss.org/


� http://www.opengis.net/gml/


� http://www.openlayers.org/


� http://googlemapsapi.blogspot.com/2007/03/kml-and-georss-support-added-to-google.html


� http://code.google.com/apis/kml/documentation/


� http://www.weather.gov/alerts/


� http://www.geonames.org/rss-to-georss-converter.html
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