Approaching a New Multimodal GIS-Interface
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Geospatial information is used in emergency management centers, architectural bureaus,
environmental protection offices and daily life. Not only are trained experts using
Geographic Information Systems (GIS) but novices, e.g. government employees, rescue
workers and the general public, also use GIS. Despite the success of various GIS
applications, their current use and usability is still constrained by overly complex user
interfaces. While keyboard and command line shortcuts can make use of GIS applications
more efficient for expert users, often some functions can only be accessed through
repetitive menu and wizard tool usage. These functions are “hidden” for novice users,
which remain tethered by the WIMP (windows, icons, menus, pointers) model of human
computer interaction. Another, more often overlooked limitation of current GIS interfaces
is that GIS user interfaces are designed for single-user interaction and thus do not support
aspects of collaborative group work [1].

In order to overcome these limitations, a paradigm shift (and associated new
approaches) towards multimodal interface design for GIS are needed. Current research in
multimodal user interfaces [2-7] suggest that such interfaces are more efficient and more
usable than the traditional interaction mode. Our goal is to develop a Dialogue-Assisted
Visual Environment for Geoinformation (DAVE G) that uses different interaction
modalities, domain knowledge and task context for a meaningful dialog management that
supports easy, efficient and collaborative group work with GIS. In combination, speech
and gesture interaction modalities indicate many advantages over systems that are using
only one input modality (e.g. speech) or standard input devices (keyboard and mouse).
While speech provides an effective and direct way of expressing actions, pronouns and
abstract relations, it often fails when spatial relations or locations have to be specified.
Despite belief to the contrary, speech is not self-sufficient [8]. Therefore gestures can
provide an effective second input modality that is more suitable for expressing spatial
relations and is less error prone than if expressed in words [9].

The research reported upon here presents a first prototypical GIS interface that builds
upon the multimodal interface framework [10] by Sharma et al. The set-up of the initial
DAVE G uses a large screen display, non-intrusive microphone domes (attached to the
ceiling) and active cameras that allow multiple users to move freely in front of the system
and issue queries to the GIS. Supported interaction modalities are speech and natural



Figure 1. Collaborative interaction with the multimodal GIS interface,
and actual snap shot of screen

gestures, whereas spoken commands could be chosen freely within the definition of an
annotated grammar. Natural gestures such as pointing and outlining areas of interest on
the large screen display help to specify the spatial concept of many geographical queries.
Figure 1 shows the prototype system when used during a collaborative work session with
two users. Currently, the functionality of the prototype is limited to simple drawing and
display commands, such as draw circle, scroll or zoom plus selected more complex
commands, such as spatial selection or selection by attribute (see Table 1). The prototype
however, is easily extendable and therefore new utterances and commands can be
incorporated into the existing.

However, before extending the system to its full functionality, the usability of the
prototypical interface design needs to be investigated. Only limited empirical research
has been conducted on the design of integrated speech-gesture GIS interfaces and no
guidelines exist to determine interface designs that are efficient and natural to users.
Thus, a human centered design approach has been chosen for the DAVE G project that
focuses on emergency management as the exemplary task domain. A cognitive systems
engineering approach is being developed that incorporates domain expertise throughout
the initial design, implementation, assessment and refinement phase. Focusing on domain
users and tasks, we have started to analyze emergency management tasks through onsite
visitations of operations centers and administration of questionnaires and interviews.
Some of the emergency management tasks include transportation support, search and
rescue efforts, environmental protection, and firefighting. The questionnaires and
interviews have allowed us to identify GIS-based response activities and operations
during disaster events and helped to determine the range of possible GIS functionalities
within DAVE G. The resulting prototypical multimodal interface of DAVE G serves as
a test-bed for user studies and helps to assess users gestures and speech patterns.

Presently, information retrieval in GIS remains complicated, time consuming and
often distracts users from their actual tasks. In addition, current GIS are not designed for
collaborative work. If users were able to express their requests using speech and gestures,
GIS queries such as “show me all hotels close to this shoreline ” would become much
easier to express and the result of this query would appear instantly on the display. An
instant response would allow an efficient interaction process with the GIS, even with
multiple individuals, supporting time-critical tasks as they occur in emergency



Command Type Data Query Viewing Drawing
' scroll
show/hide left/right/up/
layers, buffers down circle
o spatial, zoom in/out/ ‘
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. free-hand
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Table 1. Supported User Commands

management centers. In addition, novice users could apply such a multimodal GIS
interface more naturally and overcome initial inhibitions much easier. A first step
towards such “easy” GIS interactions has been realized with the development of the
multimodal and multi-user interface prototype of “DAVE_G”. In subsequent research, we
will focus on improving the interaction modalities by conducting realistic user studies,
developing methods that allow more natural gesture and speech expressions and
incorporating a knowledge-based interaction dialog between users and a GIS. Our goal is
to approach a more “natural” communication between users and a GIS, and as a result to
utilize the full power of GIS that today often remains unused.
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