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F Project Summary

The aim of the proposed research is to integrate flexible hypermedia infrastructures to automated capture
environments in order to support long-term use. Previous work by the group at GATECH has aimed at
making capture a ubiquitous service at any point in time and over a short period of time. The real use of
the infrastructure has created the interesting problem of having too much information available. The
objective of the proposed joint research is to find flexible and customizable information access solutions
that scale over time, increasing the benefit of captured memories for the human as time passes and more
information is captured. Our approach to this problem is to view capture as only one part of the
information acquisition process in any given application. We introduce a spiral model for capture that
stresses how the capture repository must be viewed as an ever-growing container for activities and
knowledge that occurs before, during and after live capture sessions. As the repository grows over time,
specialized automated services must be created that add structure by highlighting inter-relationships
between the captured experiences and activities that occur outside of capture. Moreover, flexible services
for structuring and accessing the information must be provided. Work that involved Abowd and Pimentel
demonstrated how the digital media of the captured lecture can serve as an effective anchor for
collaborative discussions and Web-based homework assignments — Abowd et al. (1999). The four main
activities of the joint research plan are:

1. The definition of a spiral model to describe the research challenges of an automated capture service
to support long-term activities.

2. A generic Infrastructure for Capture and Access — InCA. InCA provides not only the framework for a
run-time environment to support the capture of many live activities, but also an extensible information
model for captured experiences that will be used to link activities occurring during a live session to
those that occur outside of the live session, as described by the spiral model.

3. The development of a generic and open infrastructure to Store, Extend, Retrieve, and Visualize
Evolutionary information, or to SERVE captured information to humans. The SERVE infrastructure will
support specialized services that occur outside of live capture and serve to augment the information
contained in a capture repository and to generate automatic associations between related
experiences.

4. The continued experimentation within the educational domain as well as the development of expertise
in a new domain, distributed collaborative design meetings.

These activities will be split between researchers in the ICMC-USP, Brazil, and researchers in the Future
Computing Environments Group at GATECH, U.S.A. These institutions are particularly well positioned to
do meaningful research on automated capture environments. The FCE Group, lead by Dr. Gregory
Abowd, invented the Classroom 2000 system, the foremost demonstration of a large-scale automated
capture environment. The USP Group, with extensive experience in the modeling and design of
hypermedia systems, is lead by Dr. Maria da Graga Pimentel, who has worked closely with the FCE Group
to extend the capabilities of the Classroom 2000 system over the past year. This collaboration has
involved 8 different graduate students, 3 from USP, and will continue at least for the next 15 months, with
Dr. Pimentel and another faculty member from USP, Renata P.M. Fortes, working at Georgia Tech. This
proposal, if funded, will continue to feed the momentum of this collaborative activity. In terms of the work
proposed in this document and its companion proposal submitted by Dr. Abowd to the NSF in the U.S.,
the FCE Group will be responsible for the development of the INCA framework for developing capture
applications for different domains. The group at USP will be responsible for the development of the
SERVE infrastructure and will actively participate in the use of the revised Classroom 2000 educational
capture system at ICMC-USP. Both groups will collaborate in the development of a new educational
capture environment and one to support distributed design meetings. It should be evident from this
proposal and the one submitted by Dr. Abowd to NSF that this research could not be carried out at this
scale without effective collaboration between these particular partners.

The results of the research applied to the educational domain will benefit directly part of the teaching
activities in both USP and GATECH, while the research applied to distributed collaborative design
meetings could benefit any other software development teams.

Duration: 3 years. Budget Requested: R$ 129,605.28 + US$ 37.983.33. Corresponding investment
from ICMC-USP (payroll): R$ 400,000.00.
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RESUMO

O objetivo da pesquisa proposta é integrar infraestruturas hipermidia flexiveis a ambientes que realizam a
captura automatica das informagées, de maneira a prolongar a vida util da informagédo capturada.
Trabalhos em andamento no grupo da GATECH tém investigado desafios associados a implementagao
de ambientes de captura ubiquos, utilizados por aplicagdes que manipulam informagdes por periodos de
tempo relativamente curtos. Um problema enfrentado por ambientes desse tipo & o oferecimento de
servigos quando a quantidade de informagdes capturadas se torna muito grande. A proposta do trabalho
conjunto entre a USP e o GATECH é prover solugdes flexiveis e “customizaveis” que sejam escalaveis
em termos de tempo e que permitam aumentar o tempo de vida util da informagéo capturada — podendo
até tornar mais util a informagéo capturada @ medida em que ela va se tornando mais antiga. A
abordagem utilizada é considerar a captura apenas como um dos processos de aquisi¢ado de informacao.
Introduzimos um modelo espiral para captura que enfatiza que o repositério de informagdes capturadas
deve ser visto como estando em constante crescimento, para acomodar informagdes produzidas antes,
durante e depois de cada sessao de captura. Propomos que servigos automaticos especializados devem
ser criados para permitir a adigao de novas estruturas que reflitam os relacionamentos existentes entre
as informagdes capturadas durante as sessGes de captura e aquelas informagdes produzidas por
atividades que ocorrem fora daquelas sessdes. Além disso, servigos flexiveis para a estruturagéo e o
acesso a informagéo resultante devem ser providos. As quatro atividades principais a serem realizadas
no contexto da pesquisa a ser realizada pelos pesquisadores da USP e da GATECH sao:

1. A definigdo do modelo espiral que descreve os desafios associados a implementagdo de um servico
de captura que suporta atividades de longo-prazo.

2. Uma Infrastructure for Capture and Access (InCA) genérica que pode ser especializada para varios
dominios. A InCA prové, além de um framework para uma aplicagéo que suporta a captura de muitas
atividades realizadas em sessdes "ao vivo", um modelo de informacéo extensivel para a captura de
experiéncias que podem ser utilizado para integrar as atividades que ocorrem fora da sessdo de
captura, como descrito pelo modelo espiral.

3. O desenvolvimento de uma estrutura genérica para armazenar (Store), estender (Extend), recuperar
(Retrieve) e visualizar (Visualize) informagéo evolucionaria (Evolucionaria) — ou seja, servir (SERVE)
a informagéo capturada aos usuarios da aplicagdo. A infraestrutura SERVE deve suportar servigos
especializados oferecidos fora da sessdo de captura e servir para estender a informacdo
armazenada.

4. Dar continuidade a aplicagédo dos servigos implementados no dominio de educagéo, e a extensao
dessa aplicagdo ao dominio de distributed collaborative design meetings.

As atividades serdo divididas entre os pesquisadores do ICMC-USP, no Brasil, e do Future Computing
Environments (FCE) Group da GATECH, U.S.A. Estas instituicbes estdo bem capacitadas para
realizagdo da pesquisa ora proposta. O grupo do Dr. Abowd inventou o sistema Classroom 2000, uma
bem sucedida implementagao de sistema de captura em ambientes que utilizam computagdo ubiqua. O
grupo da USP possui extensa experiéncia na modelagem e implementagéo de sistemas hipermidia. Dra.
Maria da Graga Pimentel, que coordena esta proposta junto ao grupo da USP, esta realizando um estagio
de pés-doutorado junto ao grupo do Dr. Abowd de Outubro de 1998 a Fevereiro de 2000. A colaboragao
envolveu 8 alunos de pés-graduagéo, 3 dos quais sdo da USP, e deve continuar com o estagio de pds-
doutorado a ser realizado no FCE-GATECH pela Dra. Renata P.M. Fortes, do ICMC-USP, por 12 meses
a partir de janeiro de 2000.

De acordo com o trabalho proposto neste plano, e no plano correspondente apresentado pelo Dr. Abowd
junto ao NSF, o grupo do FCE sera responsavel pelo desenvolvimento do InCA framework e o grupo da
USP sera responsavel pelo desenvolvimento da SERVE infrastructure. Além disso, eles irdo colaborar na
desenvolvimento de uma nova versdo do Classroom 2000 e um versdao que suporte a captura de
reunides de projeto, as quais utilizem as infraestruturas construidas. Deve-se notar que o trabalho aqui
proposto ndo poderia ser realizado nesta escala sem a efetiva colaborag&o dos dois grupos envolvidos. A
nova versao do sistema Classroom 2000 podera ser diretamente aproveitada em atividades de ensino da
USP e do GATECH. O ambiente de captura de reunides de projeto, além de utilizado pelo préprios
grupos, também o podera ser por outros grupos envolvidos na construgdo de software.

Duragao: 3 anos. Orgamento pleiteado: R$ 129,605.28 + US$ 37.983.33. Contrapartida do ICMC-USP
(salarios): R$ 400,000.00.
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4 The Research Groups

The overall research will involve researchers from the ICMC-USP, Brazil, and researchers from the Future
Computing Environments (FCE) Group at GATECH, U.S.A. The USP group is formed by Dr. Maria da
Graga Pimentel (Assistant Prof.), Dr. Renata Fortes (Assistant Prof.) and Dr. Edson Moreira (Associate
Prof.). Dr. Gregory Abowd (Assistant Prof.) is the principal investigator from Georgia Tech. These
institutions are particularly well-positioned to do meaningful research on automated capture environments.
The FCE Group, lead by Dr. Gregory Abowd, invented the Classroom 2000 system, the foremost
demonstration of a large-scale automated capture environment. The USP Group, with extensive
experience in the modeling and design of hypermedia systems, is lead by Dr. Maria da Graga Pimentel,
who has worked closely with the FCE Group to extend the capabilities of the Classroom 2000 system over
the past year.

4.1 Universidade de Sao Paulo

Dr. Pimentel is an Assistant Professor in the Departamento de Ciéncias de Computacéo e Estatistica —
ICMC-USP, where she has been working for eleven years. Her research interests involve issues
associated to building distributed hypermedia systems in general, and those suited to be used in the
World Wide Web in particular. Dr. Pimentel received the degree of B.S. in Computer Science in 1986 from
the Universidade Federal de Sao Carlos, the degree of M.Sc. in Computer Science in 1989 from the
Universidade de S&o Paulo, and the degree of Ph.D. in Computer Science in 1994 from the University of
Kent at Canterbury - England (funded by CAPES-Brazil). Dr. Pimentel is a Visiting Scientist at the College
of Computing at GATECH from October 1998 to February 2000, funded by FAPESP-Brazil.

Pimentel's previous work includes the modeling of tools for supporting the authoring, presentation and
database storage of structured teaching material in the WWW, as well as their use in a collaborative
environment (Pimentel, Kutova & Teixeira 1999) (Pimentel, Santos & Fortes 1998a,b) (Pimentel, Kutova,
Macedo & Teixeira 1998). Dr. Pimentel has been developing research in hypertext systems both in terms
of distributed hypermedia (Pimentel et al. 1997) (Macedo, Pimentel & Fortes 1999) and hyperdocument
modeling (Pimentel, Scott & Teixeira 1998) (Scott & Pimentel 1999a,b). Work on the user-hypertext
interaction area has also been developed, e.g. (Pimentel 1994) (Pimentel & Buford 1996) (Pimentel &
Hagui 1996). Her work with graduate students has resulted in the development of prototypes to make
complex hypertext structures available in the WWW environment (Trindade & Pimentel 97) (Pimentel,
Baldochi, Fagundes & Teixeira 98). These results where part of an important participation of the candidate
in two CNPq ProTeM-CC fase 2 Projects (HyperProp and SMmD). Three of her graduate students in the
Master's Program at the ICMC-USP were involved in projects related to this proposal (Pires 98, Macedo
99, Kutova 99). Moreover, three of her Masters students spent a Summer Internship at Georgia Tech in
1999: Alessandra A. Macedo (3 months), Daniel F. Pires (2 months) and Fulvio P. Parmejjani (1 month).
The researcher was a member of the organizing committee of two of the Brazilian Workshops on
Hypermedia and Multimedia Systems (95 and 97) — she was the general chair in the third edition held in
Sé&o Carlos in 1997. She was a member of the program committee of all five editions of this event which,
in 1998 and 1999, were full conferences sponsored by the Brazilian Computing Society.

Dr. Fortes is an Assistant Professor in the Departamento de Ciéncias de Computacdo e Estatistica -
ICMC-USP, where she has been working since 1987. The main research interests includes the application
of techniques and methods from Software Engineering in order to support the building and evaluations of
hypermedia applications in the World Wide Web. Dr. Fortes work involves aspects of modeling and
formalization of hypermedia structures (Fortes 1997) (Fortes & Nicoletti 1997a,b) as well as the modeling
and implementation of hypermedia applications (Pimentel et al. 1998a,b) (Macedo et al. 1999). Dr. Fortes
received the degree of B.S. in Computer Science in 1982 from the Universidade de S&o Paulo, the degree
of M.Sc. in Computer Science in 1991 from the Universidade de S&o Paulo, and the degree of Ph.D. in
Applied Science in 1996 from the Universidade de S&o Paulo. Dr. Fortes plans to be a Visiting Scientist at
the College of Computing at GATECH from during 2000.

Dr. Moreira is an Associate Professor in the Departamento de Ciéncias de Computacéo e Estatistica -
ICMC-USP where he has been working since 1984. Dr. Moreira received the degree of B.S. in Electronic
Engineer in 1982 from the Universidade de Sao Paulo, the degree of M.Sc. in Applied Science in 1991
from the Universidade de Sao Paulo, and the degree of Ph.D. in Computer Science in 1996 from the
University of Manchester-UK. His interests are in the area of computer networks and distributed systems
in general, and in the support to audio and video in particular (Soto et al 1999). His work deals both with
the storage and processing of multimedia information (Moreira et al. 1995a,b) (Moreira et al. 1997)
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(Hachisuca et al. 1998) and with the development of applications to exploit the infrastructure provided
(Castro et al. 1998) (Goulart et al. 1998).

4.2 Georgia Institute of Technology

Dr. Abowd received the degree of B.S. in Mathematics and Physics in 1986 from the University of Notre
Dame. He then attended the University of Oxford in the United Kingdom on a Rhodes Scholarship,
earning the degrees of M.Sc. (1987) and D.Phil. (1991) in Computation from the Programming Research
Group in the Computing Laboratory. From 1989-1992 he was a Research Associate/Post-doc with the
Human-Computer Interaction Group in the Department of Computer Science at the University of York in
England. From 1992-1994, he was a Postdoctoral Research Associate with the Software Engineering
Institute and the Computer Science Department at Carnegie Mellon University.

Dr. Abowd's interests lie in the intersection between Software Engineering and Human-Computer
Interaction. Specifically, Dr. Abowd is interested in the application of formal methods from Software
Engineering to the design and analysis of interactive systems. Dr. Abowd's group is investigating the use
of the Classroom 2000 by teachers and learners in a university environment. The research involves
studying the impact of this use on the multimedia environment supported (Abowd 1999, Abowd et al.
1998), and to which extend the environment itself can be used as a seamless authoring tool (Abowd et al.
1996) (Abowd et al. 1997a). As a result, many issues regarding multimedia synchronization and
presentation have been identified (Brotherton, Bhalodia & Abowd 1998). Moreover, the group has also
addressed these challenges by using simple but effective techniques that approximate intelligence
(Brotherton & Abowd 1998).

In the context of the Future Computing Environments Project, Dr. Abowd's research group has been also
investigating the issues related to the development of software to support collaborative work in context-
aware environments (Abowd et al. 1997b) (Dey, Abowd & Wood 1999) (Abowd & Mynatt 1999).

4.3 Ongoing Collaboration

Dr. Abowd and Dr. Pimentel have been collaborators on applications of automated capture services to the
educational domain for the past year. Dr. Pimentel is the recipient of a 16-month fellowship from FAPESP-
Brazil that began in October 1998 and she is spending her fellowship at Georgia Tech working with Dr.
Abowd on the Classroom 2000 project. Their work has already resulted in one conference publication and
several submitted journal and conference papers that are currently under review.

This collaboration has involved 8 different graduate students, including 3 from USP, and will continue at
least for the next 15 months, with Dr. Pimentel and another faculty member from USP, Dr. Renata P.M.
Fortes, as Visiting Scientists at Georgia Tech. This proposal, if funded, will continue to feed the
momentum of this collaborative activity. ‘

4.4 Other Current Funding Resources

Dr. Pimentel has a Post-Doc grant from FAPESP (PD) from October 1998 to February 2000, and a
graduate grant from FAPESP (MSc) for Daniel F. Pires, from May 1998 to April 2000.

Dr. Fortes has a graduate grant from FAPESP (MSc) for June 1999 to May 2001 for Elisandra Aparecida
Alves da Silva, and has applied for a Post-Doc grant from FAPESP from January 2000 to January 2001.

Dr. Moreira has two DSc graduate grants (FAPESP for Rudnei Goulart and UNIFENAS for Jodo B. Santos
Jr.) from 1999 to 2001. He is a collaborator with the Projeto PRONEX (FINEP): Integragcdo da Manufatura
(1997/1999). He is the ICMC-USP local Coordinator of the Projeto Infra-estrutura de Pesquisa: Rede
Metropolitana de Alta Velocidade para Integragéo de Grupos de Pesquisa em Ensino a Distancia, Redes
de Computadores e Hipermidia Distribuida - FAPESP 1997/1999
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5 Objectives

Authoring meaningful and useful multimedia documents — those that present effective integration
between several media components — is a hard and expensive task. One approach to ease multimedia
authoring is to process media streams in order to generate an associated multimedia document. Work
reported in the literature has investigated problems associated to supporting the automatic generation of
documents from existing streams. Chua and Ruan (1995) discuss a semi-automatic video processing
system that includes support to indexing and retrieving the original presentation. Shahraray and Gibbon
(1995) present a system that produces structuring and synchronization information from an original
presentation by exploiting its associated closed-caption text and underlying structure. Similarly, Amir et al.
(1999) report on the automatic production of summaries and indexes from an original video presentation.
In such cases, the resulting information can be seen as a semi-automatically generated multimedia
document.

Another approach is to instrument an environment so that live experiences can themselves be used to
author multimedia records of those experiences. This approach assumes that the everyday experiences
are rich in information which, if captured and made available as multimedia documents, may provide a
valuable source of information. It also assumes that humans need support in capturing the salient
memories from live experiences that they can then call upon at a later time. There are many situations in
our everyday lives that satisfy both of these criteria.

One possible environment is the classroom. The GATECH group has spent the past four years developing
tools and environments to automate the capture of live lectures to support the teaching and learning
experience (Abowd 1999, Abowd et al. 1998, Brotherton et al. 1998, Abowd et al. 1996). The Classroom
2000 project exploits ubiquitous computing technology — electronic whiteboards, large projected displays,
networked computers, and streaming digital audio/video — to create a room that automatically captures
much of the rich detail of a lecture experience and provides effective multimedia-enhanced Web-based
interfaces for both students and teachers to review the lecture. The result is twofold: the student is free to
take on a different, more enriching role in the classroom while the instructor is provided with a tool to
generate Web-based material at almost no cost (http://www.cc.gatech.edu/fce/c2000).

In the context of the Classroom 2000 project, evaluations have shown that over the course of an entire
term, there is a clear value added for students in gaining access to captured lectures. They report being
able to pay better attention during lecture, having less of an obligation to take stenographer-style notes,
and generally being better able to learn effectively in classes that provide the automated capture service.
Students have also indicated a desire to access captured classroom lectures in the future, after they have
completed a given course. Logged access patterns reveal that within one calendar year more than half of
the accesses to captured lectures have occurred outside of the term in which the lecture was given,
indicating that long-term access is an important consideration in designing useful capture systems.

Leveraging off the positive experience with the Classroom 2000 project, the work in this proposal aims to
address several important open problems in the area of automated capture environments:

¢ We wish to develop a better software infrastructure for capture and access that can be specialized for
various domains. This includes a scalable infrastructure to support the capture of information in
ubiquitous computing environments and an extensible information model for the captured data that
can be applied to different domains.

e We must develop services that support the human activities that occur before, during and after
captured experiences, for short-, medium- and long-term benefits.

e« We will continue and increase our focus on developing living laboratories for long-term evaluation of
the impact of automated capture, so as to demonstrate the value of this research methodology for
ubiquitous computing research.

The aim of the proposed research is to integrate flexible hypermedia infrastructures to automated capture
environments in order to support long-term use. Previous work by the group at GATECH has aimed at
making capture a ubiquitous service at any point in time and over a short period of time. The real use of
the infrastructure has created the interesting problem of having too much information available. The
objective of the proposed joint research is to find flexible and customizable information access solutions
that scale over time, increasing the benefit of captured memories for the human as time passes and more
information is captured. Our approach to this problem is to view capture services as only one part of the
information acquisition process in any given application. We introduce a spiral model for capture services
that stresses how the capture repository must be viewed as an ever-growing container for activities and
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knowledge that occurs before, during and after live capture sessions. As the repository grows over time,
specialized automated services must be created that add structure by highlighting inter-relationships
between the captured experiences and activities that occur outside of capture. Moreover, flexible services
for structuring and accessing the information must be provided. Work that involved Abowd and Pimentel
demonstrated how the digital media of a captured lecture can serve as an effective anchor for
collaborative discussions and Web-based homework assignments — Abowd et al. (1999). In this proposal
we will outline the four main activities of the joint research plan:

1. The definition of a spiral model to describe the research challenges of an automated capture service
to support long-term activities.

2. A generic Infrastructure for Capture and Access — InCA. InCA provides not only the framework for a
run-time environment to support the capture of many live activities, but also an extensible information
model for captured experiences that will be used to link activities occurring during a live session to
those that occur outside of the live session, as described by the spiral model.

3. The development of a generic and open infrastructure to Store, Extend, Retrieve, and Visualize
Evolutionary information, or to SERVE captured information to humans. The SERVE infrastructure will
support specialized services that occur outside of live capture and serve to augment the information
contained in a capture repository and to generate automatic associations between related
experiences.

4. The continued experimentation within the educational domain as well as the development of expertise
in a new domain, distributed collaborative design meetings.

Since the time of Vannevar Bush (Bush, 1945), we have dreamed of being able to incorporate more of our
physical everyday experiences into our electronic worlds in such a way that memories are not lost. This
proposal is aiming to build a slice of that dream for two specific domains — education and software design
teams.

Using the distributed nature of collaboration between the research teams in the U.S. and Brazil as a
testing ground for the software design is another important example of building a living laboratory for
ubiquitous computing research. Mark Weiser observed that the whole purpose of ubiquitous computing
research is to support applications for human use of technology (Weiser, 1991). We are adding another
maxim through demonstration — the only way to do valid ubiquitous computing research is to subject
large-scale systems to extended and actual use. In the tradition of experimental research inspired by the
success of the Classroom 2000 project — in which a capture system is built and then used and evaluated
extensively by the researchers to support their everyday activities — the continued collaboration of FCE-
GATECH and ICMC-USP will serve as one subject for our long-term capture experiments.

The FCE Group will develop the InCA framework for developing capture applications for different
domains. The USP Group will develop the SERVE infrastructure that, interfacing with InCA, will support
the development of flexible and customizable capture-based hypermedia long-term applications. Both
groups will cooperate to develop a new educational capture environment and one to support distributed
design meetings. The results of the research and its evaluation will be reported in appropriated
Conferences and Journals.

The results of the research applied to the educational domain will benefit directly part of the teaching
activities in both USP and GATECH, while the research applied to distributed collaborative design
meetings could benefit any other software development teams.

It should be evident from this proposal and the one submitted by Dr. Abowd to NSF that this research
could not be carried out at this scale without effective collaboration between these particular partners.



Development and Understanding of Automated Capture Environments to Support Long-Term Use: InCA-SERVE

6 Research Issues and Planned Activities

The aim of the proposed research is to integrate flexible hypermedia infrastructures to automated capture
environments in order to support long-term use. Previous work by GATECH group has aimed at making
capture a ubiquitous service available at any point in time and over a short period of time (see section
6.1.2 on the Classroom 2000 project). The everyday use of the infrastructure has created the interesting
problem of having too much information available. The objective of the proposed joint research is to find
flexible and customizable information access solutions that scale over time, increasing the benefit of
captured memories for the human as time passes and more information is captured. Our approach to this
problem is to view capture as only one part of the information acquisition process in any given application.
We introduce a spiral model for capture that stresses how the capture repository must be viewed as an
ever-growing container for activities and knowledge that accrues before, during and after live capture
sessions. As the repository grows over time, specialized automated services must be created that add
structure by highlighting inter-relationships between the captured experiences and activities that occur
outside of capture.

Our objective is to find solutions that scale over time in the educational domain and in a software
engineering domain. This entails:

¢ understanding how groups who have live or synchronous meetings can benefit from this support
so as to model the processes associated with information and knowledge generation in these
groups;

e establishing a framework to guide the development of the proper software infrastructure to
automate the generation of this information and knowledge augmentation support.

In order to focus our research, we will exploit our own background and other state-of-the-art related work.
Specifically, we detail next the following planned activities:

1. The definition of a spiral model to describe the research challenges of an automated capture service
to support long-term activities.

2. A generic Infrastructure for Capture and Access — InCA. InCA provides not only the framework for a
run-time environment to support the capture of many live activities, but also an extensible information
model for captured experiences that will be used to link activities occurring during a live session to
those that occur outside of the live session, as described by the spiral model.

3. The development of a generic and open infrastructure to Store, Extend, Retrieve, and Visualize
Evolutionary information, or to SERVE captured information to humans. The SERVE infrastructure will
support specialized services that occur outside of live capture and serve to augment the information
contained in a capture repository and to generate automatic associations between related
experiences.

4. The continued experimentation within the educational domain as well as the development of expertise
in a new domain, distributed collaborative design meetings.

6.1 Modeling Evolutionary Multimedia Derived from Captured Experiences

6.1.1 A spiral model of the generation of evolutionary multimedia information

When a group of people have cause to meet on a regular basis, we argue that over an extended period of
time, captured information from those live meetings may be important both on a short- and long-term
basis. Moreover, many activities carried out before, during and after the regular meetings gain significance
over time. Consider the classroom:

e Users (or students and teachers) meet regularly in live sessions

e The course usually runs for a certain period, or term, during which live lectures are presented on a
regular basis, such as twice a week.

e From the instructors’ perspective, many tasks have to be performed — preparing lectures,
assignments and examinations, reviewing and assessing student work.

e Students are also engaged in many tasks — reading, participating in class discussions,
completing assigned personal or group work, studying and taking exams.

In this context, the live meeting is the lecture itself. During the meeting, the instructor's activities include
delivering the prepared presentation and holding discussions with students, while the students’ tasks
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