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terns for mobile use in noisy environments, to Web-based transactions and 
standard text-editing applications that will reshape daily computing tasks. We 
indicated that many key research challenges remain to be addressed before 
successful multimodal systems can be realized fully. Among these challenges 
are the development of cognitive theories of multimodal interaction, as well as 
more effective natural language, dialogue processing, semantic integration, 
and error-handling techniques. Although the rapid maturation of SLT has 
contributed directly to recent advances in multimodal systems, further strides 
will be needed in other component technologies and hardware before existing 
multimodal systems can be diversified and optimized fully. In addition, new 
and more sophisticated architectures will be needed for handling media-inde­
pendent representations; designing more robust and adaptive multimodal sys­
tems; and supporting multidevice, multiuser use. Before this new class of 
systems can proliferate, multimodal ·toolkits also will be needed to support 
software development, as will simulation-based methods for corpus collec­
tion, analysis, and effective system iteration. 

Finally, some of the requirements for advancing innovative multimodal 
systems are not intellectual ones, but rather social, political, and educational in 
nature. The development of state-of-the-art multimodal systems of the kind 
described in this article also requires multidisciplinary expertise in a variety of 
areas, such as speech and hearing science, perception and graphics, linguistics, 
psychology, signal processing, pattern recognition, statistics, engineering, and 
computer science. The multidisciplinary nature of this research makes it un­
likely that a single group can conduct meaningful research across the entire 
spectrum. As a result, collaborative research and "community building" 
among multimodal researchers will be critically needed to forge the necessary 
relations among those representing different component technologies and key 
disciplines. In addition to cross-fertilization of ideas and perspectives among 
these diverse groups, there also is a critical need for cross-training of students 
and junior researchers. Like spoken-language systems, multimodal technol­
ogy does not fit neatly into a traditional academic departmental framework. 
To make the appropriate educational opportunities and resources available to 
future students, new academic programs certainly will need to be formulated 
that encourage and reward researchers who successfully reach across the 
boundaries of their narrowly defined fields. 

NOTES 

Backgr<n1,nd. This article is based partly on discussions held at a CHl'99 Work­
shop meeting in Pittsburgh, Pennsylvania during May 1999. The workshop,"De­
signing the User Interface for Pen and Speech Multimedia Applications," was 

Amazon/VB Assets 
Exhibit 1006 

Page 55



MULTIMODAL UI DESIGN 313 

organized by James A. Larson (Intel Architecture Labs), David Ferro (Unisys NLU 
group), and Sharon Oviatt (Computer Science Department at Oregon Graduate In­
stitute). In addition to its authors, this article also benefitted from workshop discus­
sions with. Adam Cheyer of SRI, Christopher Esposito of Boeing,Jennifer Mankoff 
of Georgia Tech, Mark Newman of University of California-Berkeley, Pernilla 
Qvarfordt ofLinkoping University in Sweden, Dan Venolia of Microsoft, and Timo­
thy Miller of Brown University. 
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