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ABSTRACT 

Most work with geospatial data, whether for scientific analysis, urban and environmental planning, or 

business decision making is carried out by groups. In contrast, geographic information technologies have 

been built and assessed only for use by individuals. In this paper we argue that, to support collaboration 

with geospatial information, specific attention must be given to tools that mediate understanding and 

support negotiation among participants. In addition, we contend that visual representations have a 

particularly important role to play as mediators of geocollaborative activities. With these contentions as a 

starting point, we present a framework for study of visually-enabled collaboration with geospatial 

information and for development, implementation, and assessment of geoinformation technologies that 

support that collaboration. The paper concludes with a brief description of two prototype geocollaborative 

environments that illustrate the use of the framework developed and provide the basis for discussing goals 

for futher research. 

 

1 Introduction 

Recent conceptual and technical developments in information technology have the potential 

to enable a dramatic change in the role of technology in human-human interaction. (Fischer, 

2002; Roschelle & Pea, 2002; Varian et al., 1998). Similarly, developments in geographic 

information science (GIScience), e.g., (Kraak & MacEachren, 1999; MacEachren & Kraak, 

2001; Mark, 1999), and in computer graphics/visualization. e.g., (Brown et al., 1999), suggest 

that we are also on the cusp of a substantial increase in the role of maps, images, and computer 
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graphics as mediators of collaboration – in a range of contexts including scientific inquiry, 

environmental and urban planning, resource management, and education. In spite of this 

potential, we have a limited conceptual basis from which to develop or study the use of visually-

enabled collaboration (using geospatial or other information). 

The primary objectives of this paper are: to outline a conceptual framework for visually-

enabled collaboration with geospatial information through geospatial technologies (an activity 

that we label geocollaboration) and to demonstrate application of this framework to a pair of 

case studies from our ongoing research. The goal of the framework developed is to delineate 

important technological, social, and cognitive parameters that must be considered as we extend, 

or reinvent, geoinformation technologies to support work by groups. The framework is also 

intended to provide a structure for understanding the interrelationships among the parameters 

that define geocollaborative environments, for organizing a systematic program of research in 

geocollaboration, and for developing approaches to multi-user systems that support rather than 

impede group work. Particular attention in the framework is given to visual representation as a 

mediator of group work and we outline an approach to such shared representations grounded in 

semiotics and theories of boundary objects. We illustrate use of the framework through case 

studies with two visually-enabled geocollaboration prototypes developed in prior work. One 

focuses on collaborative visualization and the other on group work using geo-virtual 

environments (GeoVE). 

2 Background 

Like Roschelle and Teasley (1995) and Jankowski and Nyerges (2001a), we consider 

collaborative systems to be a subset of the systems used for computer-supported cooperative 
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work (CSCW). Cooperation can involve any sharing of information, perhaps by individuals 

performing very different tasks (e.g., an individual using information visualization to find 

structure in patterns of web activity cooperating with another developing a marketing plan for 

web advertising). ‘Collaboration’ is used here to identify those cooperative activities in which 

two or more individuals work together on a single task or closely related subtasks, constructing 

and maintaining a shared problem conception. Thus, we consider computer-supported 

geocollaboration to involve a committed effort on the part of two or more people to use 

geospatial information technologies to collectively frame and address a task involving geospatial 

information. 

Our approach to geocollaboration draws upon a diverse literature dealing with group (multi-

participant) work. That literature considers collaboration from the perspectives of human 

sciences, computing, and their integration. For general reviews, see (Horrocks et al., 1999; 

Kraemer & King, 1988; Mandviwalla & Oldman, 1994). Like Descortis (Descortis et al., 2000), 

we contend that a combination of conceptual perspectives, drawn from multiple domains, will be 

essential for understanding collaborative activity in a specific context or crafting an appropriate 

collaborative system design methodology for that context.  While space does not permit a 

detailed discussion of the relevant literatures, we direct the reader to theoretical frameworks 

developed in the domains of distributed cognition (Hutchins, 1995), activity theory (Nardi, 

1996), cognitive ergonomics (Descortis et al., 2000) and social aspects of groupware for CSCW 

(Dix et al., 1998). These perspectives, particularly if integrated, have the potential to help isolate 

and augment specific design issues in collaborative systems.    

Within GIScience, there is a growing volume of literature on group work with geospatial 

information; for reviews see (Jankowski & Nyerges, 2001a; MacEachren, 2000, 2001; Nyerges, 
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1999). Much of the attention has focused on group spatial decision support (GSDS) (an 

outgrowth of earlier work in spatial decision support systems (SDSS)), with the focus on design 

of environments that merge GISystems with multicriteria evaluation methods and decision 

support tools, e.g., (Armstrong, 1993; Jankowski & Nyerges, 2001b; Nyerges et al., 1997). While 

substantial progress has been made in SDSS and GDSS, see particularly (Jankowski & Nyerges, 

2001a), limited attention has been given to collaboration focusing on, or mediated by, 

visual/graphic displays. Thus the research, generally, fails to address many issues that are likely 

to be critical for collaboration using the standard tools of GIScience (GISystems, image analysis 

software, and dynamic maps).  

Armstrong and Densham (1995) provide one exception to the lack to attention of visual 

display for group work with geospatial information, detailing a prototype visual aide to 

geocollaboration in the context of facility location. However, there seems to have been no direct 

follow up to their ideas. Some work has also been carried out on development of visual tools to 

support multicriteria decision-making (Andrienko & Andrienko, 2001). The general lack of 

attention to the role of visual display as a mediator for collaborative work with geospatial 

information is particularly surprising, since all GISystems use visual, map-based interfaces.  

The conceptual framework we detail in this paper will support integration of visual displays 

as a mediator of group work in a range of domains for which group work with geospatial 

information is critical. These include science (e.g., environmental change, health-environment 

interactions, population dynamics), science education, situation assessment and planning for 

crisis response, as well as decision support for planning and environmental management 

(traditional application domains for SDSS and GDSS) as well as for crisis management and 

related strategic planning activities. Recent research in two non-GIScience domains provides a 
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base from which to address the potential and challenges associated with visual mediation tools to 

support geocollaboration in these and other contexts: collaborative visualization and 

collaboration in virtual environments. Each is discussed below, briefly, with an emphasis on the 

potential application to visually-mediated geocollaboration.  

2.1 Collaborative Visualization 

Large, distributed multidisciplinary teams now play an important role in scientific work. In 

the U.S., for example, there have been calls for geography to direct more attention to “big 

science” and multidisciplinary collaborations (Wilbanks et al., 1997) and a large proportion of 

science funding is allocated to multi-investigator (collaborative) research projects (e.g., through 

initiatives dealing with human implications of global environmental change, biocomplexity, 

digital government, and information technology research). Visualization systems with the 

potential to facilitate this science have, however, been developed for use by single users.  

To meet the needs of interdisciplinary, multi-investigator science as well as planning and 

decision making, the focus of visualization research and development has begun moving towards 

support for groups, including distributed groups (Brodlie, in press; Brodlie et al., 1998; Brown et 

al., 1996; Friesen & D.Tarman, 2000; May, 1999; Rhyne, 1998; Watson, 2001). However, 

despite technological successes in the implementation of shared visualization tools (including 

ones for geospatial data visualization in the contexts of environmental management (Bajaj & 

Cutchin, 1999), oceanographic and meteorological studies (Pang & Fernandez, 1995), and 

hazards research (Padula & Rinaldi, 1999), we know very little about the impacts of shared 

visualization on group work or how to design effective group geovisualization tools. 
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Wood, et al (1997) propose that the ideal collaborative visualization systems should support 

both ‘instructor-driven’ collaborations (in which one individual leads a group—termed 

“chauffer-driven” in the CSCW literature) and interaction among multiple independent 

participants. For the later, they suggest that the environment should support data exchange, 

shared control, dynamic interaction, ease of learning, and shared application modes. Perhaps the 

best-tested collaborative system mediated by visualization is the UARC/SPARC collaboratory 

project (Olson et al., 1998). The collaboratory (a virtual laboratory accessible from remote 

locations, for discussion of development of the collaboratory concept, see: (Cerf et al., 1993)) 

allows users to organize their data streams into hundreds of individualized displays –3D visual 

renderings and virtual realty rooms - that are then shared (asynchronously) with other 

collaborators (Olson & Olson, 2000). While the UARC/SPARC collaboratory includes 

collaborative visualization tools, it is designed to support research in physics (thus is not focused 

on geospatial information) and empirical assessment of the collaboratory tools has not yet 

focused on the social or cognitive impacts of the role that visualization tools serve in the 

collaborative process. 

In our own previous work (Brewer et al., 2000; MacEachren et al., 1999), we have focused 

specifically on development (and usability) of collaborative geovisualization tools to support 

group data exploration (one of several tasks that might be undertaken in a geocollaborative 

activity). Some of this work is discussed below as a case study application of the conceptual 

framework for visually-mediated geocollaboration that we present in section 3. 
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2.2 Collaboration in Virtual Environments 

Proponents of Collaborative Virtual Environments (CVEs) contend that such environments 

have the potential to improve both local and distributed collaborative work significantly 

(Pantelidis, 2000). There are several different display-interaction forms that can be lumped into 

the category of collaborative virtual environments; these include large screen wall displays, 

table-top 3D manipulable displays, CAVEs, and Immersadesks. CVEs have been developed for a 

wide range of applications, including: creation of collaborative gaming environments (Szalavári 

et al., 1998); visualization of seismic geoscientific data by co-located individuals (Lin et al., 

1998); streamed geospatial imagery (Taylor, 2001); development of collaborative tools for 

battlefield analysis (Jones et al., 1998); and simulations to facilitate learning about complex 

environments (Roussos et al., 1999). Almost all CVEs rely upon visual displays as a mediator 

among participants and create ‘spaces’ within which participants interact. Thus they all rely upon 

spatial metaphors whether or not they depict geospatial data.  

Armstrong (2001) argues that teleimmersive distributed environments for working with 

geospatial information represent a grand challenge that, if met, can enable productive work in 

many contexts. More broadly, Hindmarsh, et al (2000) suggest that high quality graphical display 

of real and imagined scenes could become the typical every day work medium for distributed 

interaction among experts. However, these authors also point out that one of the identified 

barriers to successful CVE implementation is our limited understanding of how people interact 

with objects, and with each other, in virtual displays.  

Research has been undertaken to improve understanding of traditional interaction with 

geospatial information so that the interaction can be duplicated within a multimodal CVE. For 

example, Cohen and colleagues (1999; McGee et al., 2000) have studied collaborative 
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interaction by Marine Corps commanders with paper maps for command and control operations. 

The specific goal was to improve the understanding of interaction with 2D static maps, so that 

this understanding could guide development and design of a voice, pen, and touch-based 

interface to a large screen display (McGee & Cohen, 2001; McGee et al., 2001). Related work on 

CVEs for collaborative command and control applications (at the U.S. Air Force Research 

Laboratory) has resulted in a field deployable multimodal system that allows the display and 

manipulation of real time multimedia data on large screen displays (Jedrysik et al., 2000). The 

goal underlying this work is to link command center wall displays with field deployable data 

walls to improve collaboration among multiple commanding agencies.  

In an effort focused specifically on support for multiple, interacting users, May (1999) 

developed the Human Information Workspace (HI-SPACE). HI-SPACE is a large-screen, rear 

projection, table display environment that supports hands-free, multi-user, untethered interaction 

with an electronic information space. Two unique aspects of HI-SPACE are its support for 

multiple, simultaneous cursors and its ability to support integration of physical objects, known as 

phicons, as part of the rendered scene (Figure 1).  

{figure 1 about here} 

In contrast to research on collaborative visualization (which has emphasized software design 

and implementation), work on CVEs has been more human-centered, directing considerable 

attention to how CVEs are used and how human behavior is modified. Associated human-

centered research questions that have been addressed deal with: interface design and system 

usability, support for multi-user representation and presence, and representation of user’s 

individual views (Park et al., 2000) – all topics that are relevant to visually mediated 

geocollaboration using large screen displays. Related usability and interface design research with 



Geocollaboration – forthcoming in IJGIS (final version submitted March 2003) 10 

CVEs has been directed to the development of 3D human-centered interfaces (Goddard & 

Sunderam, 1999), the use of software agents for enhanced usability (Noll et al., 1999), and the 

design and implementation of metaphors that reduce the cognitive load for participants (Roussos 

et al., 1999). Findings indicate that users within a CVE do not want to be tethered to glove-based 

or controller-based interaction (e.g. a wand or pointing device). Therefore, a research goal is to 

develop methods that make interaction with (and within) CVEs more natural. 

One of the real barriers to co-located multi-person collaborative work within current CVEs 

is that the systems often restrict control of the display to one user at a time. Similarly, different-

place collaboration within current CVEs is impeded because the nature of social interaction 

within a CVE differs from that of real (face-to-face) interaction, but current systems do not 

provide tools to address that difference (Tromp et al., 1998). For example, when collaborators 

are in the same location, they often use gestures to facilitate discussion about objects in the 

environment, however, when collaborators are in different locations, they must develop 

alternatives (e.g., verbal expressions or virtual ‘gestures’) which are often less successful and can 

interfere with understanding each other’s perspectives (Dix et al., 1998).  

3 Conceptual framework 

In this section, we develop a conceptual framework to support visually-enabled 

geocollaboration. The objective of the framework is to provide a basis from which to design, 

implement, and understand the use of collaborative geospatial information technologies, with 

particular attention to dynamic visual displays as mediators for group work.  

The collaborative process has many dimensions. Here we identify six that we consider 

particularly important from the perspectives of both system design and evaluation. The overall 
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approach we take is a human-centered one that puts as much emphasis on the needs of human 

users as on the technology necessary to meet those needs (Brown et al., 1999; Flanagan et al., 

1997). The first three dimensions of our framework focus on the human components of a 

collaborative environment and include: problem context, collaboration tasks, and perspective 

commonality. The second three dimensions (while still attending to users) emphasize the 

computing infrastructure (e.g., networking, visualization) that can support collaboration, thus 

they are considered system dimensions. These system dimensions include: spatial and temporal 

context, interaction characteristics, and tools to mediate group work.  

We do not contend that these dimensions represent an exhaustive list. We do believe, 

however, that they are among the most important for developing geocollaboration environments, 

testing their usability, and understanding their use and usefulness. 

3.1 Problem context 

Geocollaboration, as defined above, is an activity that can and should be supported in a 

variety of problem contexts. Here, we identify four problem contexts within which 

geocollaboration may be undertaken and for which the nature of that collaboration (and the 

necessary enabling tools) is likely to differ: 

• knowledge construction and refinement. The focus here is on tools that facilitate 

collaborative extraction of information from data and meaning from that information. 

• design. The focus here is on support for group work directed at creating an entity. 

Examples include designing a new regional park, designing a new map of U.S. soil 

productivity, or collaboratively designing a GISystem application.  

• decision-support. Focus here is on group decisions that make use of geospatial 

information and its meaning to make decisions about places (e.g., decisions about 

facility location, distribution of personnel and supplies in a crisis, delineating the 
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bounds of an ecological preserve). Decisions, of course, are also part of both 

knowledge construction and design. 

• training and education. The emphasis here is on facilitating group training and learning 

activities. Examples range from support for earth science education to training for 

emergency management or military activities. 

3.2 Collaboration tasks 

A variety of attempts have been made to develop typologies of tasks for group work, see, for 

example: (Horrocks et al., 1999; McGrath, 1984). While they provide a useful place to start, 

these typologies address the problem primarily from the context of business management, thus 

require modification and extensions to fit problem contexts such as scientific knowledge 

construction, spatial decision support, highway design, or training and education. 

For geocollaboration, we have developed a typology of tasks built upon a framework that 

relates a pair of complementary meta-task categorizations (figure 2). The first, applicable to the 

contexts of group decision-making and design, borrows from McGrath (1984) who, building on 

Hackman (1976), delineates four general components within the process of group work, to: 

generate (ideas and options), negotiate, choose, and execute. The second borrows from 

MacEachren and Kraak (1997) who, building on earlier work by DiBiase (1990), and Tukey 

(1977), characterize the uses of geovisualization in support of scientific research as having four 

stages: exploration, analysis, synthesis, and presentation. These stages complement those 

identified by McGrath and can be considered stages of group work in knowledge construction 

and refinement generally. They also are applicable to the development of tools for active, 

collaborative learning (Fortner, 1996). 

{figure 2 about here} 
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3.3 Commonality of perspective 

The study of human-computer interaction (HCI) often considers participant characteristics 

that might influence tool and system success. These include physical abilities, user disabilities, 

cognitive and perceptual abilities, personality differences, cultural and international diversity, 

and age (Shneiderman, 1998) as well as user experience (Nielsen, 1993). For collaborative 

systems, we must consider group characteristics as well as those for individuals. For groups, 

perhaps the most important distinction to make involves the commonality of perspective held by 

group members about the problem, the choice of appropriate methods, and the desired outcomes. 

As McGrath (1984) discusses, group work grounded in cooperation (participants have a shared 

perspective) is quite different from that grounded in conflict (thus emphasizing negotiation 

among participants with competing perspectives). Here, we re-characterize this dichotomy as a 

continuum from conflict to cooperation. (figure 3).  

{figure 3 about here} 

Spatial decisions (e.g., in land use planning, environmental management, highway routing) 

are generally contentious. Geocollaboration methods and tools for these applications must 

support not only shared understanding but also resolution of disputes among competing points of 

view. Scientific knowledge construction by research teams working together toward a common 

goal is likely to be more cooperative. For such research teams, methods and tools must support 

innovative thinking as well as comparison and synthesis of what might initially seem to be 

divergent ideas. As team size grows or becomes more interdisciplinary, the likelihood for tension 

among competing scientific paradigms will increase, increasing the need for tools that support 

conflict resolution. Similarly, panels of scientists developing scienctific policy may be quite 

contentious, requiring tools similar to those applicable to any contentious decision-making. 
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3.4 Spatial and temporal context 

The spatial and temporal context of group work activities fundamentally determines the 

nature, and potentially the success or failure, of geocollaborative work. As pointed out by Ellis 

and colleagues (1991) (and for geospatial information by Armstrong (1993) and Shiffer (1998)), 

collaboration can involve participants sharing work at the same or different place and the same 

or different time (figure 4). For geocollaboration generally, a dynamic visual display becomes 

the mediator that supports collaboration in these four ‘meeting situations,’ particularly for those 

that are different-place.  

{figure 4 about here} 

Much of the research directed to geocollaboration has focused on same-time–same-place 

group spatial decision support, collaborative planning, and similar applications (Armstrong, 

1993). Nyerges and colleagues (Jankowski & Nyerges, 2001a; Nyerges, 1999) have pursued a 

systematic program of research focused on GIS-supported, same-time–same-place collaborative 

decision making, design and implementation of group systems, and development and application 

of methods for evaluating these systems. Recent advances in geospatial information technology 

that support large distributed databases and on-line GIS have lead to several prototypes that 

facilitate different-place collaboration e.g., (Churcher & Churcher, 1999; Jones et al., 1997). 

Such efforts in GIScience toward different-place collaboration are quite limited and have 

emphasized using web-based groupware integrated with webGIS (through use of tools such as 

electronic whiteboards for sketching on maps, see: (Churcher & Churcher, 1999; Rinner, 2001). 

3.5 Interaction characteristics 

Interaction among participants within a geocollaborative environment involves (at least) 

three interrelated factors. First, is group size and aggregation (how many participants are 
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collaborating and what if any subgroups are they organized into?). Second, is the topology of 

connections among group members or subgroups (who is connected to whom?). Connection 

types include situations with every participant connected to every other (e.g., how might a group 

of students using multi-participant chat and electronic whiteboard tools conduct a class project 

on regional landuse change), hierarchical networks (a military command hierarchy where 

communication between units goes through the unit leader), and many others. Third, are 

constraints on form and flow of information among participants (what promotes or impedes 

information dissemination crucial to collaboration?) (figure 5). While partly a technological 

issue, these constraints are often the result of group social structures. For example, different 

modes of social and cultural organization will impose rules or guidelines that control or constrain 

information exchange. A democratic collaboration is likely to dictate two-way communication 

along all links without directional preferences. On the other hand, military hierarchies and other 

command-and-control applications will give preference to unidirectional communication. For 

example, communications from a crisis management command center may contain both 

information and directives but flows back to the command center from the field may be restricted 

only to information.  

{figure 5 about here} 

Social Network Analysis (Wasserman and Faust, 1994) provides a formalized approach to 

support the study and characterization of the relationships, interdependencies, and structure and 

linkages of individual nodes in a network.  Social networks use explanations of the concepts, 

definitions and processes of how individual social units are linked to one another to identify 

patterns among relationships, and gain an understanding of the underlying network structure 

(Wasserman and Faust, 1994).  Another important aspect of the connections among participants 
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is the degree of anonymity allowed or imposed. For related ideas in the context of groupware and 

multi-user interface design, see: (Mandviwalla & Oldman, 1994; Prates et al., 1997). 

Within same-time (synchronous) collaboration (whether same- or different-place) the form 

and flow of information can be further categorized temporally. Possible categories are: (1) 

sequential interaction, one participant at a time talking and/or manipulating system parameters, 

(2) simultaneous interaction, multiple participants talking and/or manipulating system parameters 

at the same time, (3) mixed participation, where one individual controls the display but all can 

communicate verbally. These categories are conceptually similar to ones proposed, by Oviatt et 

al. (Oviatt et al., 1997), for integrating modes of interaction (e.g., speech and gesture) with 

single-user multimodal systems.   

3.6 Tools to mediate group work 

Considerable attention has been given to development of tools that mediate and facilitate 

group work; the literature of CSCW is replete with examples, see: (Grudin, 1990; Mandviwalla 

& Oldman, 1994) for overviews. CSCW technologies, often called groupware, can be 

characterized as information technology that allows people to work together more effectively, 

with an emphasis on sharing tasks and decision-making (Ackerman, 1994). Many of these 

technologies are generic ones, such as those for Internet chat and video conferencing. Others are 

targeted to the four problem contexts delineated above: knowledge construction, design, 

decision-making, and training/learning. We address each below, briefly. 

3.6.1 Knowledge construction:  

Research on groupware to enable knowledge construction has focused on methods and tools 

that support information sharing, group problem conceptualization, and joint knowledge 
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development strategies, e.g., development of diagrammatic reasoning methods for structuring 

work (Shum et al., 1997). The OASIS system is among the few efforts thus far to develop 

groupware for geospatial knowledge construction (Mesrobian, 1996). OASIS provides a flexible, 

extensible object oriented environment for visualization-enabled cooperative work. The project, 

however, focuses primarily on tools that mediate among heterogeneous software applications 

rather than on tools that mediate among human collaborators. Our own collaborative 

visualization efforts also address visual mediation of knowledge construction (and are discussed 

in more detail in section 5 below) (Brewer et al., 2000). 

3.6.2 Design: 

Most design work today (e.g., in software engineering or urban development) requires the 

contributions of multiple individuals with interdisciplinary expertise. Research, however, has just 

begun to address the role of technology in supporting design teams. Patel et al. (1997), in one 

example, focused on collaborative software design, analyzing the functional and nonfunctional 

requirements necessary for virtual teams to undertake different-place design activities. Their 

findings indicate that tools - created to help groups develop and understand both task structure as 

well as the role of collaborators in meeting overall group objectives - assist the process of 

asynchronous collaborative design and rapid system development.  

In work focusing on same-place, synchronous design, Arias et al. (2000) have developed a 

virtual workbench to display map-based information that supports collaborative participatory 

design of neighborhood transportation systems and bus stop location. Their research focuses on 

facilitating shared understanding among co-located design teams by analyzing the social and 

technical aspects of design teams at work on real world geographic problems. They focus 

particularly on the role of boundary objects (see section 4.1 for discussion of boundary objects) 
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and physical externalizations that promote team discussion and collaborative thought 

development. 

3.6.3 Decision-making:  

Multiple (often conflicting) criteria, diverse participants, and vague problem specifications 

characterize decision-making situations that involve geospatial information (Xiang et al., 1992). 

A common approach to dealing with these factors is to integrate multicriteria evaluation (MCE) 

methods and electronic voting tools with GISystems (Jankowski et al., 1997). The basic aim of 

MCE is to integrate multiple, often conflicting, objectives comprising multiple criteria, to 

indicate decision makers' preferences, and to allow testing of ranked and weighted alternatives 

(Carver, 1991; Jankowski & Richard, 1994). While MCE was integrated with GIS in the 1990s 

(Carver, 1991) (note: much of the follow up work in this vein appears under the label SDSS), 

limited attention has been directed to the role of visual displays as a mediator for the GIS-

enabled MCE process specifically or in SDSS or GDSS research, more generally. There is also a 

clear need for methods that account for mixed information (qualitative and quantitative) in 

decision-making (Munda, 1994). Visual display may be particularly useful as a mechanism 

through which qualitative information can be integrated into the process. 

3.6.4 Training/Learning:  

Work in computer supported collaborative learning (CSCL) has been implemented to 

support multiple educational levels. In the earth sciences, specifically, Fortner and Mayer (1996) 

focused on K-12 collaborative learning activities that make use of satellite images to support 

study of global environmental change. These authors characterized collaborative learning as 

processes that are engaging and that promote exploration, concept development, elaboration, 
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direct application and assessment (Fortner, 1996). Collaborative learning tools and online 

discussion forums to promote distance education are being developed and deployed to educate 

non-traditional professional students who cannot spend substantial amounts of time away from 

work (DiBiase, 2000; Janicki & Liegle, 2001). The supporting tools focus on asynchronous 

activities and (thus far) typically rely on e-mail for instructor-student collaboration and threaded 

discussions for student-student collaboration.  

4 Visual mediation for geocollaboration 

As noted above, the role of visualization (or visual representations more generally) as a 

mediator of group work has been given very little attention. Below, we distinguish between 

visual, mediating representations that depict the objects of collaboration (information and 

perspectives on that information) and those representations that depict the activity of 

collaboration (collaborators and their actions). In section 4.1, we consider the use of visual 

representations as devices through which perspectives can be shared and information meaning 

rationalized. Next, in section 4.2, we consider problems of representing participants and their 

actions in ways that enable group work (e.g., that facilitate dialogue among participants) while 

not interfering with the information representations around which collaboration is taking place. 

4.1 Representing information 

Visual representations of geospatial information have the potential to provide a display 

‘space’ (frame of reference) within which participants can share and integrate information, 

compare perspectives, and negotiate approaches and solutions to problems. More specifically, 

visual displays can be used as: 

• shared objects to talk about: to depict selected information, provide geo-context, and 

enable information integration; 
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• shared objects to think with: to develop, clarify, and support structuring of arguments; 

• shared objects to coordinate perspectives and actions: to compare perspectives, 

mediate among knowledge domains of participants, link perspectives across scales, and 

enable joint activity. 

This categorization extends one first proposed by Arias and colleague between objects to 

talk about and think with (Arias et al., 2000). Elsewhere, MacEachren (submitted) focused 

on geovisualization more specifically as the object of collaboration, a device to support 

dialogue, and a device to support coordinated work. 

 

Armstrong and Densham (1995) present some initial ideas about the role of cartographic 

representations as mediators for geocollaboration, in the context of group decision-making 

specifically. They propose a set of new map types designed to facilitate the process of making 

comparisons among alternative facility location scenarios, thus map types that act as shared 

objects to coordinate perspectives (and perhaps subsequent actions).  

In what may be the only study thus far to investigate empirically the use of maps and related 

graphics as mediators for group work with geospatial data, Jankowski and Nyerges (2001b) 

found that maps were used primarily in the analytic-integration phase of a simulated decision-

making process (thus as shared objects to talk about, or perhaps to think with). As the authors 

point out, the limited role found for maps and graphics in the exploratory-structuring phase of the 

process may have been due to the particular software configuration used in their study. The 

configuration grafted their Spatial Group Choice software tools onto a commercial GISystem 

(ArcView 2.1®). It included no extensions (to the ArcView® visual display methods and tools), 

thus, it lacked specific support for group dialogue or for coordinating perspectives or actions. 

That their results found only limited use of standard GISystem-based mapping tools in a 
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collaborative setting reinforces our point that while groups can adapt to, and use tools built for 

individual work, such tools will not support group work effectively. 

In one of the few attempts to develop visual tools intended specifically to facilitate group 

work with geospatial information, Rinner (1997; 1999) focuses attention on how to graphically 

mediate geo-referenced discussions within a planning context (thus on shared objects to think 

with and, potentially, to coordinate perspectives and actions). He considers geo-referenced 

discussions to have two primary components: (1) arguments (contained in messages) and (2) 

geographical objects (e.g. houses, parcels, roads). Rinner’s approach to enabling discussion 

incorporates map-based graphics within a moderated discussion format that uses maps as 

vehicles for sharing as well as storing information. The prototype system allows users to access 

map locations to which arguments refer, attach a geographical reference to each new argument, 

access discussion messages through map symbols that signify geographical objects, and attach 

new messages to a map object or region.  

The dialogues through which groups solve problems or reach consensus with Rinner’s 

environment, or ones like it, are grounded in the meanings attached to both geographical objects 

and arguments in the dialogue. The meanings, in turn, are constructed, shaped, and changed by 

the interaction of people with each other and with systems that encode the information. To 

facilitate geocollaboration, attention must be directed to enriching the connections between 

visual and database representations and between both of these and the meanings (i.e., 

interpretations) that each user brings to the group situation.  

Semiotics, the science of signs (i.e., signification) and sign systems, offers one approach to 

creating a semantic framework through which the meanings associated with geospatial 

information in collaborative situations can be understood and managed. A fundamental concept 
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in semiotics is the ‘semiotic triangle’ (Pierce, 1955) which itself signifies the three components 

making up a ‘sign,’ the referent, sign-vehicle, and interpretant (figure 6). The referent is the 

entity being represented (e.g., a particular object such as a lake or an abstraction such as a land 

use category). The sign-vehicle stands for the referent; where blue text labels might stand for a 

specific lake and the color red might stand for the category “urban” seen anywhere on the 

display. The interpretant is the meaning or interpretation derived by a user from the sign-vehicle 

about the referent. For a comprehensive discussion of the semiotic triangle and of semiotics 

relevant to visual representation of geospatial information, see: MacEachren (MacEachren, 

1995). 

{figure 6 about here} 

In a collaborative environment, maps and components of maps (e.g., a line depicting a 

highway on an urban master plan or an isosurface depicting a severe precipitation event in a 

scientific visualization environment) act as sign-vehicles standing for objects in the world that 

can serve as the focus of a dialogue. In Rinner’s (1997) environment, discussed above, the 

dynamic link between map objects and arguments provides an explicit connection between the 

sign-vehicle (the map or map object) and a wider semantic framework within which the 

intepretant is instantiated. This connection, in turn, increases the potential for map objects (or 

other visual display elements) to serve as effective external representations of boundary objects.  

Boundary objects are constructs (partially shared meaning relationships – interpretants in 

semiotic terms) that provide a meeting ground among perspectives held by different participants 

in a collaborative activity (Star, 1989). They are objects that all parties in a collaborative 

situation share some understanding of - but often only partially. Thus, they provide an 

anchor/hook for building greater shared understanding. In the case of Armstrong and Denshem’s 
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(1995) cartographic mediators for geocollaboration discussed above, their demand and supply 

maps are likely to serve as external representations of boundary objects through which 

participants can structure discussion. All participants have some understanding of the concepts 

of, and components in, supply and demand and the map depictions anchor those concepts in the 

characteristics of particular places. By jointly interacting with the map, participants can begin to 

understand where their conceptions coincide and differ.  

Precipitation represents another concept (relevant to our case studies below) that can serve 

as a boundary object, for example in a dialogue between a climatologist and a hydrologist. The 

interpretant generated by the sign-vehicle of ‘precipitation’ (whether spoken, instantiated as text, 

or instantiated as a colored region on a map) is similar but not identical for the two individuals. 

The boundary object can provide a portal from one perspective to the other (Harvey & Chrisman, 

1998) and can thus facilitate resolution of conflict. For the example posed above, the common 

understanding of precipitation provides an initial basis for dialogue while the differences that 

become apparent as the dialogue progresses help to articulate the differences in perspective that 

might go well beyond this one concept. In this case, the initial display elements instantiate 

boundary objects to talk about. Perhaps more challenging is the design and implementation of 

visual tools that instantiate boundary objects to think with and/or to coordinate perspectives, 

particularly in cases of conflict. A goal for visual tools designed to support coordination of 

perspective is to provide such boundary objects within an environment that enables identification 

of differences in interpretants for any sign relationship and (for some applications) reconciliation 

of those differences (Figure 7). One example is use of manipulable visual tools as an interface to 

parameters of a simulation model, allowing collaborators to iteratively work toward a common 
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understanding of the impact of factors on a process (e.g., the downstream impact of different 

flood control devices).   

{figure 7 about here} 

For digital geospatial data, the sign relationship is often an indirect one, with the real-world 

referent signified in the database through some abstract construct and the visual sign-vehicle 

treating that database sign vehicle as the referent of a second linked sign. Since current 

geospatial databases (at least non-experimental ones) provide no mechanism to encode meaning, 

important information (the interpretant of the database sign relationship) is lost. As a result, the 

display’s human user must rely on a combination of their own prior knowledge, knowledge of 

their collaborators, and characteristics of the display itself to provide a context for generating an 

interpretant. Linking map-based sign-vehicles to arguments in a collaborative setting provides a 

mechanism through which meaning might be captured and encoded in the database for 

subsequent use. 

4.2 Representing participants and their actions 

When individuals collaborate in the same-place, without the assistance of technology, they 

are able to observe each other’s actions. This interpersonal contact provides important, often 

unspoken, information about attitudes, intentions, motivations, and strategies that can facilitate 

the process of dialogue among the participants. These unspoken cues (shrugs, grimaces, ‘ums’ 

and ‘uhs’) are termed backchannel feedback (Dix et al., 1998).  Collaborators use such cues to 

indicate that they are ready to interject, take control, or speak.  Dix et al (1998) provide an in-

depth discussion of the role of back channel feedback in conversations and its incorporation in 

system design.  When technology intervenes, these aspects of normal dialogue are often missing. 
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This absence is obvious for different-place collaboration, where participants might be 

represented only by an avatar or text ID and their actions represented only by outcomes, with the 

process of achieving outcomes often hidden. Even in same-place collaboration, technology 

designed to enhance the experience in some ways can interfere with normal dialogue (e.g., the 

stereo goggles typically used in an immersive virtual environment restrict the participant’s view 

of anything other than the display screen – for details, see section 5.2 below).  

Taking full advantage of visual tools designed to facilitate geocollaboration, then, will 

require attention to the representation of participants and their actions. Such representations must 

be integrated with displays of the information that collaboration is about, in ways that do not 

impede participants’ abilities to use that information. These representations of participants must 

provide mechanisms to depict, for each participant: 

• their own presence in the environment (providing context against which to judge the 

location, viewpoint, and perspectives of other participants); 

• their own actions on objects in the environment and toward other participants; 

• other participant’s presence in the environment; 

• other participant’s deictic actions toward objects, each other, and the user. 

Potential representations of participants and actions can take two general forms, 

representations embedded within the information display (e.g., the avatars and light beam 

pointers described below for collaborative GeoVirtual Environments) or representations separate 

from the primary information display. The advantage of the former is that the user’s attention can 

remain on the information display at all times. The disadvantages are that the display is more 

complex and that some actions cannot be represented effectively within the constraints of the 

information display. A separate representation of participants and their actions, that can be 

visible or hidden at the discretion of each participant, is more flexible and can usually encode 
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more information but may distract participants from the primary information display. One 

example of a minimal representation that limits the potential for distraction from the primary task 

of group activity is Erickson and Kellogg’s (2000) “social proxy” graph, an abstract depiction of 

users, their presence, and their activity; the social proxy graph is visible to all users and 

represents the relative activity of each in a conversation over time. 

For group work with geospatial information, there is a need to represent not only who is 

participating at what level, but also which representations of data they are using and what they 

are doing with those representations. We have implemented an initial prototype participant 

watcher designed to support representation and analysis of participants and their actions. The 

prototype watcher is designed to track the use of a multi-window geovisualization display 

(specifically a map, scatter plot, and parallel coordinate plot - PCP) used in knowledge 

construction activities (figure 8).  

{figure 8 about here} 

We are now working on a plan for usability assessment of this and alternative 

representations of participants and their actions. As with our initial implementation, one 

anticipated use of the display is for post-session analysis of collaborative work. Our efforts thus 

far have focused on representing who is interacting, when each participant is interacting, and 

what each participant is doing. A more challenging task for future research is to represent how 

the visible user activities relate to user goals within the problem/task context.  

5 Case studies 

In this section, we present case studies of two visually-enabled geocollaboration prototypes, 

one building on prior work in collaborative visualization, the other on prior work in GeoVE. The 
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case studies illustrate application of the conceptual framework outlined in section three. In 

addition, they serve to begin addressing some issues raised in section four concerning how to 

develop visual mediation methods and tools that support geocollaboration effectively. 

Both case studies focus on understanding multi-dimensional space-time environmental data 

in an effort to achieve new insights concerning environmental processes and to predict (and 

perhaps mitigate) environmental change. While the prototypes share a focus on group work (by 

scientists) with spatiotemporal environmental data, they differ in the kinds of technology used 

(desktop versus semi-immersive large-screen), in the kinds of visual representations used to 

mediate collaboration (2.5D animation versus 3D integrated space-time views), and in the 

spatial-temporal context for collaboration (emphasis on different-place–same- and different-time 

compared to same- and different-place–same-time).  

Our goal in this section is not to provide a comprehensive discussion of the research projects 

highlighted (related discussion appears elsewhere, relevant citations are below). Instead, we use 

the projects (each of which influenced development of the conceptual framework outlined above) 

as a vehicle for demonstrating the use and usefulness of the conceptual framework presented and 

for identifying research questions. 

5.1 Same-time—different-place collaborative geovisualization 

Our first case study focuses on a prototype, desktop, different-place geovisualization 

environment developed to support collaboration by a team of multidisciplinary scientists as they 

explore complex spatiotemporal data. The environment consists of a suite of integrated software 

components designed specifically to facilitate collaboration among users who are exploring time 

series of climatic data and enable them to share knowledge as they identify patterns and 



Geocollaboration – forthcoming in IJGIS (final version submitted March 2003) 28 

processes (figure 9). The system allows multiple users to control parameters of temporal 

database queries and subsequent time series animation, see (Brewer et al., 2000; MacEachren et 

al., 2001) for details. Actions (zoom, rotate, classify) performed on one machine are passed to 

other connected machines through a server-client system. Sections below apply the 6-part 

framework presented above to discussion of this collaborative geovisualization prototype. 

{figure 9 about here} 

5.2.1 Problem context:  

For this case study, two similar applications were targeted: understanding time series 

temperature and precipitation regimes for the Susquehanna River basin of Pennsylvania, New 

York and Maryland and understanding monthly temperature patterns for Mediterranean Europe. 

For both, the scientists with whom we were collaborating were interested in identifying 

topographical and spatial factors that may affect regional (and global) climate regimes. In 

relation to the conceptual framework outlined above, this collaborative prototype was designed 

to support knowledge construction, but extensions have been considered that support risk 

assessment and decision-making applications as well as science education. 

5.1.1 Collaboration tasks: 

During in-depth individual and group interviews with six participating scientists, we elicited 

responses regarding what types of tasks the scientists would attempt to accomplish when using a 

distributed map-based data exploration and analysis system. A detailed account of our interview 

methods and the initial findings is reported in (Brewer et al., 2000). Here, we reexamine findings 

in relation to the four kinds of collaboration tasks detailed above for knowledge construction: 

explore, analyze, synthesize, and present.  



Geocollaboration – forthcoming in IJGIS (final version submitted March 2003) 29 

For collaborative exploration, one participant discussed the role of maps in the task of 

brainstorming, or posing ‘what if’ scenarios. Other participants emphasized specific 

manipulation capabilities needed to support exploration (e.g., dynamically selecting which data 

to depict, ‘focusing’ on subsets of data) and specific mechanisms that support sharing of ideas 

(e.g., the ability to highlight features or otherwise draw attention to them). 

For collaborative analysis, the participants saw map-based computer displays serving as a 

mediator between different data sources and scales of analysis that would help place all users ‘on 

the same page’ during collaborative discussions. In addition, split screen views were discussed as 

a way to support comparison (and coordination) of perspectives. For different-place 

collaboration, the ability to know what others are doing was seen as important by most 

participants as was the ability to use voice communication to discuss perspectives.  

For collaborative synthesis (group work to coordinate perspectives, develop an 

understanding of differences among perspectives and, where practical, develop a common 

perspective), substantial differences in typical map/display use across disciplines were noted. 

Among the more important were the different spatial and temporal scales that disciplines 

emphasize and the need for collaborative environments to support tools for relating scales. 

Display format was also an issue discussed. Most users felt that a table-top display would have 

advantages over a wall display for generating active participation among participants (and active 

participation should lead to more effective and useful synthesis). Few (if any) existing tools 

support group synthesis activities, making development of such tools a particular challenge. 

For collaborative presentation, one participant indicated that we ‘can’t communicate (spatial 

characteristics) without a map.’ Three participants noted that maps were important for 

representing temporal (as well as spatial) information (in time series analysis, query by season, 
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or finding cycles and trends). In relation to display format, large screen displays were seen as 

useful for presentation to groups (with wall displays better than table-top displays for this 

purpose). 

Beyond these four tasks, there was consistency across the group in a view that multivariate, 

multiscale map displays that depict change over time are important prompts for collaborative 

work in environmental science. Overall, a common idea was that maps help to provide the 

contextual reference information (boundaries, roads, etc.) to allow interdisciplinary idea sharing. 

In addition, one participant noted that physical scientists often treat maps as an input to process 

modeling while social scientists consider maps to be presentational devices (emphasis added). 

Thus, disciplinary conventions may have an impact on the mediating role of visual display and 

the stages of group work where it is most successful.  

5.1.2 Commonality of perspective:  

Individual interviews addressed the potential for a distributed collaborative system (derived 

from the prototype) to support group work on activities that require integrating multiple 

scientific perspectives. Following from discussion of analysis scales at which different 

disciplines focus, a key capability for collaboratively exploring environmental processes is to 

support representation of connections among processes across scales. A second issue raised was 

the need to support both individual work (allowing individuals to develop their ideas in a private 

display space before sharing them with the group) and comparison of perspectives (e.g., thus the 

ability to broadcast that display to the entire group for discussion and possible synthesis). 
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5.1.3 Spatial and temporal context:  

As noted above, the focus of this case study was on same-time–different-place collaboration. 

Interview results, however, also indicated that participants could envision using the system for a 

range of collaborative situations. Situations discussed included same-time–same-place planning 

and decision-making (particularly as enabled by large screen displays) and different-time (both 

same- and different-place) joint work on meeting preparation (particularly in support of 

environmental planning). Since planning processes often involve multiple meetings and 

discussions, the system could be used to build and retrieve a record of activities leading to a 

decision (given tools to create annotated histories).  

5.1.4 Interaction characteristics:  

The prototype system provides a variety of topological connection possibilities. The client 

server system can support a relatively large number of connections (>10). With the current 

implementation, there is no built-in method for establishing user control. Thus, the first user to 

initiate an action controls all functions, until they release the mouse. Collaboration among three 

or more users would probably be somewhat chaotic unless an ‘etiquette’ for shared control could 

be achieved (we have only tested the system with pairs of users). The system does have a 

function that allows one operator (a moderator) to control every other operator’s access 

privileges. The moderator can make participants active or inactive. During our interviews, 

participants indicated that it was essential for users of a distributed system to know who has 

control and that there be a formal method for gaining and relinquishing system control, so that 

single individuals cannot dominate the collaboration.  

We suggest that, until mechanisms and affordances are developed to support practical shared 

control of a distributed collaborative system, co-equal interaction will be most practical for 
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groups of three or less. The number of participants could increase substantially, however, for 

instructor-led collaboration. For example, if the system described here were used for same-time–

same-place collaboration in which every participant had his or her own display, an instructor, 

team leader, or moderator could use the ‘make active / inactive’ function to allow one participant 

at a time to manipulate the system for shared questions and discussion.  Another possibility is to 

let the natural flow of conversation dictate who has control by maximizing back channel 

feedback in small group settings.  The integration of more natural conversational practices and 

norms into the interface design could potentially improve collaborative work. 

5.1.5 Tools to mediate understanding:  

The results of our interviews made it clear that several necessary tools for mediating 

understanding were missing from the prototype. In addition to the need for an indication of who 

was in control and a mechanism for sharing control (both mentioned above and implemented in 

the prototype participant watcher discussed in section 4.2), participants also requested a suite of 

drawing and selection tools. To facilitate effective member-to-member communication, 

participants also asked for integration of video conferencing, telephone, and online chats and 

message boards. Tools for attracting group attention were also suggested to be extremely 

important. Moreover, participants asked for domain specific representations (and a way to 

compare them), so that collaborators with different backgrounds could bring themselves, or the 

group, up to speed on concepts and terminology. Particular attention was placed on the ways in 

which individual users could direct or attract attention of the entire group. The need to represent 

individual participants and their actions was discussed by most participants. While avatar 

representations were an option considered, most participants advocated some form of simpler 

color-coding as the desired mode for representing individual users. 
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5.2 Same-time—same- and different-place collaborative GeoVE 

Our second case study focuses on the use of large-screen immersive VE technology 

(specifically an ImmersaDesk, IDesk for short) to facilitate group discussion about 

environmental processes. We had the opportunity to test this environment for both same-place 

and different-place group work focused on exploratory analysis of times series geospatial data. 

For more details on the conceptual approach to GeoVE developed, see: (MacEachren et al., 

1999). The different-place collaboration was achieved through assistance of environmental and 

computer scientists at Old Dominion University (Cathy Lascara, Glen Wheless, and their staff) 

who developed Cave5D, the software environment used (Wheless et al., 1996). Using high speed 

internet connections, two separate tests were conducted, one linking our IDesk with another 

IDesk at Old Dominion and a second linking our IDesk with one at the University of Iowa 

(working with Marc Armstrong, Judy Brown, and their students/staff) (figure 10). As we did for 

the first case study, we apply the conceptual framework presented above to identify a set of key 

issues to consider for geocollaboration supported by VE technologies. 

{figure 10 about here} 

5.2.1 Problem context:  

The problem context for this case study was, as above, knowledge construction and 

refinement. The application domain was regional climate processes, specifically spatiotemporal 

relationships between temperature and precipitation. Data used included daily temperature and 

precipitation values (from May through July, 1972), again for the Susquehanna River basin. An 

issue of particular interest to the scientists with whom we were collaborating was the 

precipitation-temperature relationships associated with Hurricane Agnes as it impacted the basin 
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and comparison of these relationships to those for smaller scale (ordinary) storms associated with 

mid-latitude cyclones moving across the region.  

The functionality provided by an IDesk using Cave5D as the software development 

environment imposed substantial limits on the ability of collaborating individuals to work on a 

simulated knowledge construction task – primarily due to the interaction characteristics of the 

environment (see below). Our conclusion here is that the IDesk environment, as tested, is better 

suited to instructor-led situations than to those with multiple independent participants (thus to 

training and education or command and control applications rather than scientific exploration 

applications). This conclusion will be elaborated in sections below. 

5.2.2 Collaboration tasks: 

The initial methods and tools implemented were ones intended to support same-place 

dialogue related to knowledge construction, thus dialogue focused on data exploration. The 

primary exploration goals in our case study were to understand the space-time relationships of 

each attribute and the interrelationships between attributes over time.  

The Cave5D software used supports a rather small range of display and interaction forms. 

Using the available 3D display capabilities, terrain was mapped to an x-y-z extruded surface 

(using only a small portion of the z-dimension of the view). Above this terrain depiction, x and y 

continued to represent latitude and longitude while time was mapped to the remainder of the z 

dimension (figure 11). In this space-time portion of the display space, the olive green ‘clouds’ 

are space-time precipitation isosurfaces (regions in space-time with precipitation above a 

threshold value). Hurricane Agnes is the largest event, spatially covering the entire Susquehanna 

River basin and lasting for several days (a regional ‘blanket’ of rain multiple days thick). The 
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blue-yellow layer floating above the hurricane event depicts temperature, using a spectral color 

scheme in which blue depicts cool, yellow intermediate, and red high temperatures. 

{figure 11 about here} 

The implementation supports three kinds of exploration tasks. First, users can visually 

inspect the 3D information structure by rotating the display object as if the representation was a 

physical model being manipulated in the hand. Second, investigation of the relationships among 

attributes is supported by the ability to drag layers (time slices in this case) through the 

precipitation display. The third kind of exploration task supported is detailed investigation of 

spatial and temporal characteristics of space-time events, through changes to the isosurface 

threshold used.  

Our experience with simulated exploratory knowledge construction tasks in this prototype 

highlighted a fundamental difference between task typologies for decision-making and those to 

support knowledge construction. For decision-making, decades of attention have been devoted to 

the process of group work and we have relatively sophisticated group decision-making task 

typologies as a result of that effort. With knowledge construction, however, both the tools and 

the terminology we use to describe the process have focused on the individual scientist. While 

there has been research to develop typologies of tasks related to visual data exploration (Keller & 

Keller, 1992; Knapp, 1995; Qian et al., 1997) and to geospatial data use more generally 

(Albrecht, 1995), these typologies have not addressed tasks that are specific to group work, such 

as choosing among or synthesizing potentially contradictory explanations for an apparent 

relationship seen in the display. Just as efforts to isolate specific group decision-making tasks 

from one another have supported development of tools targeted at each group decision-making 

task, a similar effort to delineate knowledge construction tasks at the level of group interaction is 
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essential. Such a typology, if collectively developed by the GIScience community, would help us 

move from geospatial technologies that support individual scientists to technologies that support 

scientific teams. 

5.2.3 Commonality of perspective:  

This case study was restricted to situations in which there was a relatively high commonality 

of perspective among participants, specifically climatologists using a shared scientific paradigm 

to pursue narrow data exploration tasks. The prototype emphasized support for direct interaction 

with the visual display. Due to the expected high commonality of perspectives little attention was 

directed to tools that help to share points of view, explain what is being seen, or integrate 

different perspectives and interpretations. As noted above in discussion of the first case study, 

however, we are beginning to address the more challenging goal of visual display support for 

multiple scientific perspectives. Our current work addresses this issue in the context of large-

screen, non-immersive GeoVE (see section 6 below).  

5.2.4 Spatial and temporal context:  

The prototype considered in this case study, was developed initially to support same-place–

same-time collaboration. The primary advantage of the IDesk environment for this application 

(over a standard desktop display environment) proved to be the large screen. Its size (and upright 

orientation) allowed multiple people to simultaneously share a similar view of the data. A 

disadvantage for same-place group work is that use of stereo glasses limits participant’s ability to 

carry on a normal dialogue about what they are seeing; because they cannot take advantage of 

gestures and facial expressions as fully as if participants were discussing a large paper wall map.  
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As noted, multiple IDesks were linked (using high-speed Internet connections) to support 

different-place–same-time applications (in our trials, we have used only two at a time, but the 

technology supports more). Remote collaboration requires tools that support a dialogue. We 

opted initially for Internet tools that supported real-time voice communications. The latter 

proved to be unreliable and we often resorted to a pair of speaker telephones to communicate 

among multiple participants working with each display. While voice-only dialogues might at 

first seem to add a constraint on collaboration not faced in the same-place situation, the use of 

stereo glasses (as noted above) constrains same-place dialogue using an IDesk in a similar way.  

5.2.5 Interaction characteristics:  

The IDesk and network technologies put specific constraints on interaction characteristics. 

For same-place use, only one individual has control of the display at a time (for convenience, 

referred to as the guide below) and the hand off of control from one user to another interrupts any 

dialog that is taking place. The guide must not only hand the control ‘wand’ to another user but 

also switch glasses with them, since (at least with our hardware implementation) a physical wire 

connects the head tracking unit to one pair of glasses. The environment, thus, favors an 

interaction topology in which one person controls the dialog (thus an instructor-led situation).  

Group size is restricted to perhaps 3-5 individuals by display size and the optimal viewing 

position (about one meter from the display and keyed to the location of the control glasses worn 

by the guide). Picture quality deteriorates rather quickly from this location (with the coherence of 

the stereo view decreasing and the likelihood that users will become nauseous increasing 

proportionally). Similarly, the sense of immersion decreases with distance from the screen.  

For different-place collaboration, each guide can adjust their site’s viewpoint independently 

(by zooming, panning, and rotating). In addition, each guide can control which information 
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layers are visible locally as well as globally. This capability meets a need identified in previous 

interviews (case study 1), to provide a mechanism that supports independent work (local 

viewing) prior to showing that work to all collaborators (global viewing). The implementation is, 

however, quite limited because participants at any one site see an identical view and it is not 

possible to toggle between an in-progress view and the shared view, other than by turning each 

information layer completely on or completely off globally. 

Overall, for different-place group interaction, the IDesk/Cave5D environment is best suited 

to situations in which each group is organized with a team leader who acts as moderator for 

collaboration from one team to another. With a voice link, of course, any individual on one team 

can direct a comment or question to any individual on another team, but without control of the 

display the potential to answer effectively is limited. 

5.2.6 Tools to mediate understanding:  

Although designed for computer graphics applications, an IDesk combined with Cave5D 

software provides limited tools to visually mediate understanding. The software was developed 

for use in single-user desktop display, and then ported to multi-walled ‘Caves’ and to the IDesk 

hardware platform (still with an underlying single user structure). Even with enhancements that 

support multiple locations, these single user roots remain apparent and limiting. The environment 

provides only two specific features to support same-place collaboration.  

First, the screen size allows 2-5 individuals to be near enough to the screen to use ordinary 

pointing gestures as a means to draw each other’s attention to features being discussed. Second, 

the guide can make use of a laser pointer-like device to pinpoint features being discussed. This 

pointer appears more similar to a light-saber from Star Wars than to a standard laser pointer, 

because it generates a long narrow light beam in 3D space. This remote pointer supports some of 
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the functionality that Florence, et. al (1996) envisioned for ‘wallboards’ (used at ‘spitting 

distance’), but with substantial limits. Like a light-saber, its beam has a fixed length. Thus, the 

only way to point at a feature in the foreground is for the guide to move their hand away from the 

screen. It is usually easier to pierce an object of interest than to point at it.  

For different-place collaboration, each guide is represented by one light beam. The beam at 

any location will appear (to those at that location) to enter the field of view from the guide’s 

location, thus the origin of the beam will not be visible to the local participants. For beams 

representing remote team guides, participants see the beam plus a small avatar. The location of 

the avatar represents the team guide’s viewpoint and the beam represents the guide’s direction of 

view. This rather abstract representation (based on our informal experience) seems to be quite 

effective in helping each team identify the perspective from which other teams are viewing the 

scene and (together with voice communication) in helping to arrive at a shared perspective. 

6 Discussion and ongoing research 

The overall goal of the conceptual framework for visually-enabled geocollaboration 

presented here is to guide the design, implementation, and assessment of geocollaboration 

environments. The conceptual framework supports a structured approach to each stage of the 

design, implementation, and assessment process. Attention is paid to both the human 

components of the collaborative environment (problem context, collaboration tasks, and 

perspective commonality) and the system components that can support or impede collaboration 

(spatial and temporal context, interaction characteristics, and tools to mediate understanding). 

The use of the conceptual framework developed was illustrated through application to post-

hoc analysis of two prototypes, one focused on different-place—same- and different-time 
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collaborative geovisualization and the other on same-time—same- and different-place 

collaborative GeoVE, both applied to knowledge construction. This post-hoc analysis provided 

the basis for discussing strengths and weaknesses of particular methods and tools applied to 

environmental science. More importantly, however, this exercise helps to identify a set of 

research and IT/HCI development challenges related to visually-enabled geocollaboration.  

Among the most important overarching research challenges are the following: 

• To develop a theoretical understanding of the cognitive and social aspects of both local 

and remote collaboration mediated through display objects in a geospatial context; 

• To develop approaches to multi-user system interfaces that support rather than impede 

group work; 

• To understand the ways in which characteristics of methods and tools provided to 

support collaboration influence the outcome of group work. 

• To initiate a parallel, concerted effort focused on integrating, implementing, and 

investigating the role of the visual, geospatial display in collaborative science, 

education, design, and group decision support (GDSS);  

We believe that meeting these goals will require an interdisciplinary approach that draws upon 

and contributes to advances in a range of domains including CSCW, CSCL, GDSS, ergonomics, 

cognitive system engineering, and distributed cognition. 

Within the overarching challenges detailed above, we also identify a series of specific 

visualization, HCI, and information technology objectives. 

• If visual displays are to serve effectively as mediators for geocollaboration, it is 

essential to: 

•  assess the advantages and disadvantages of extending methods of interactive 

geographic and information visualization (developed for single users) to 

collaborative settings and compare such extensions with new methods designed 

specifically to meet the unique characteristics of group work; 
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• examine the role of different kinds of visual representation (realistic versus 

abstract, animated versus static) and related virtual environment methods and 

technologies in geocollaborative settings; 

• Because available control devices and kinds of interaction supported in current 

visually-enabled collaborative environments rely on desktop metaphors, they impede 

dialogue, for example using popup “dialog” boxes for achieving actions such as turning 

display of layers on and off. More natural interfaces that allow users to direct attention 

to (and talk about) the information being displayed, rather than to using the system, are 

needed to facilitate dialogue. 

• New interaction devices are needed that support multiple users in the same place at the 

same time. This is particularly necessary to support multiple co-equal collaborators 

(rather than instructor-led collaboration). 

• For situations with low commonality of perspectives, interfaces must do more than 

help collaborators realize each others viewing location. Tools are needed to help them 

understand and share differing conceptual perspectives. 

 
We have begun to experiment with three environments that address the challenges 

identified. All use large screen display but de-emphasize immersion (by omitting the head 

tracking used with the IDesk display). One of these environments is the HI-SPACE Table 

described above (Figure 1). By allowing integration of physical objects (phicons) with the visual 

display and supporting multiple users at once, the HI-SPACE Table decreases some of the 

impediments to group work found in our early prototype tools. The HI-SPACE environment was 

designed for same-place collaboration and we are now working with colleagues at PNNL to 

extend it for different-place collaboration using linked tables. 

The second environment we have begun to use is a new large-screen VE constructed by our 

collaborators in the Center for Academic Computing at Penn State (figure 12). This new 

environment is not dependent on the Cave library. Instead, we can use any software capable of 
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generating 3D depictions. We are now using our Java-based GeoVISTA Studio software to 

develop stereo applications for group work (Takatsuka & Gahegan, in press). The hardware 

implementation uses a pair of non-immersive, large-screen, stereo displays (driven by two pairs 

of rear-projection video projectors). The displays are viewed with polarized glasses. The lack of 

head tracking (and absence of wires between glasses and display) makes collaboration among 

users more balanced (i.e., the environment is useful for both instructor-led collaboration and 

group work among equals). Although one user is still in control (using a gyro mouse), it is much 

easier to trade off that control and the display is not constantly readjusting its perspective to that 

of one user while he or she moves around. The dual display facilitates work by larger groups 

and, as shown, facilitates discussion of both the visual representation of data (right screen) and 

the visual program used to process and display those data (left screen). The environment is also 

an order of magnitude less expensive than an IDesk (roughly $25,000 U.S. rather than $250,000+ 

U.S.). 

{figure 12 about here} 

The objective for the third environment, Dialogue-Assisted Visual Environment for 

Geoinformation (DAVE_G),  is to provide more natural, multi-user interfaces to spatial 

information. The specific research goal is to develop principles for implementing and assessing 

natural, multimodal, multi-user dialogue-enabled interfaces to geographic information systems 

that make use of large-screen displays and virtual environment technology. The DAVE_G project 

incorporates computer vision and speech processing as a means of interpreting and integrating 

user input from spoken words, free hand gestures and gaze. The practical goal for this research is 

to support decision-making tasks by experts and the general public. For more details, see: 

http://www.geovista.psu.edu/grants/nsf-itr/index.html and (Rauschert et al., 2002). 
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As discussed above, past research on group work with geospatial information has not 

focused on the role of maps and other visual display forms. The potential of visual display to 

enable geocollaboration is, however, beginning to be recognized (MacEachren & Kraak, 2001); 

http://www4.nationalacademies.org/cpsma/cstb.nsf/web/project_geospatial?OpenDocument. As 

outlined in these reports, a fundamental challenge for GIScience and related information sciences 

is to: (1) understand the roles for visual display and the types of display environments best suited 

to geocollaboration  (i.e., large screen, table top, wall displays, VR), and (2) to implement and 

assess visually-enabled geocollaboration environments suited to a range of problem contexts and 

tasks. 
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FIGURE CAPTIONS 

Figure 1: Vision of HI-SPACE group interaction environment. The table display shown is on loan to the 
Penn State GeoVISTA Center from the Pacific Northwest National Laboratory, and is being used to 
facilitate joint research on collaborative visualization.  

Figure 2. Decision-making tasks matched with knowledge construction tasks. 

Figure 3. The range of perspective commonality that characterizes group work. 

Figure 4. Sample geovisualization applications for each of the four space-time situations. 

Figure 5. Three key factors in group interaction: topology of participant connections (who is connected to whom), 
group size and aggregations (how many groups of participants are involved and how big are the groups), and 
information constrints (what are the technological and social impediments to information flow among participants 
who share a connection). 

Figure 6. Following Pierce’s (1955) triadic approach to signs, a sign can be defined as a relationship 
among three components, the semiotic triangle. First is the referent, the object being signified. Second is 
the sign vehicle, the object or device (e.g., a written word, a map symbol) that stands for or signifies the 
referent. Third is the interpretant, the meaning derived from (or perhaps read into) the relationship.  

Figure 7. Group semiotic triangles depicting 4 users with substantially different intepretants for the same 
sign vehicle-referent relationship (top view) and subsequent convergence of intepretants as a result of 
joint work. 

Figure 8. Design prototype collaboration display with activity tracking (controls at top right) and 
‘watcher’ tools (2 lower right panels). Created in Macromedia Flash®. The prototype includes only 
placeholders for exploratory data analysis tools. Its purpose is to illustrate the potential of such an 
observation tool. The two lower right panels provide a dynamic representation of each participant and 
their collective actions. The bottom panel indicates who is in control and which display component they 
are interacting with (indicated by the shaded rectangle) as well as the relative proportion of time each 
participant has been in control. Here, the first participant (AMM) is in control of the display and is 
interacting with the map. This user has been in control of the display for about half of the session thus far 
(as indicated by the gray fill in the bars representing each user). The upper watcher panel provides 
summary information about actions over time. The top half of the panel indicates every mouse click 
made. For the session depicted, participants focused initial attention on the map (for nearly half of the 
session to this point). Then attention shifted to the scatter plot (with nearly continuous interaction). 
Finally, attention moved to the parallel coordinate plot (with a period of consistent interaction followed 
by alternating periods of inaction and action). The bottom half of the panel illustrates the zoom factor for 
the map over time, as a user adjusted the scale gradually, then reverted to the default scale. To the right, 
filled bars represent the proportion of the session during which each display component was the focus of 
attention. The prototype also tracks mouse movements and allows for replay of those movements. The 
primary intended application of this watcher tool is to support post session analysis of the collaborative 
session. 

Figure 9. Same time/same place collaboration on linked desktops. Users can manipulate orientation, 
scaling, and color schemes of a 2.5D animated depiction that displays, simultaneously, spatially and 
temporally continuous environmental data (e.g., temperature and precipitation superimposed on an 
extruded terrain surface). Left panel shows one frame of an animated representation of user-selected 
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climate data (precipitation is shown) draped on a 2.5D terrain depiction. Upper right panel contains 
controls for color scheme and animation. Lower right panel contains visual query tools that allows user to 
select subsets of data using a combined linear-cyclic interactive legend (in this case, all days for May, 
1993).  

Figure 10. Same-place collaboration at a large-screen ImmersaDesk  

Figure 11. Terrain depiction (lower portion of display) merged with space-time representation of 
precipitation (green isosurfaces) and temperature (yellow-blue layer), with x-y representing geographic 
position and z representing three months of time. The threshold value for the isosurfaces can be 
manipulated by the users; a tighter threshold acts to visually isolate the core precipitation regions (in 
space and time), thus those most likely to have generated immediate flash flooding (deep in time) and 
those likely to generate more sustained flooding (broad in space). The temperature layer can be moved 
through time by clicking and dragging. Dragging the layer up through the hurricane event easily 
highlights short-term evaporative cooling that follows the hurricane. What surprised our earth science 
colleagues about the display was that it also allowed them to visually explore the similar, but much more 
subtle, cooling associated with local thunderstorms (even though the data depicted are at daily temporal 
resolution).  

Figure 12. Same-place collaboration at a dual, large-screen stereo display.  

 

 







 

 


