INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section I1.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Gerry Stahl
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [X  Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[0 Native Hawaiian or Other Pacific Islander
MK White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
X None
Citizenship:  (Choose one) I U.S. Citizen [0 Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): X

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project X

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).
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INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section I1.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Robert Craig
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [X  Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[0 Native Hawaiian or Other Pacific Islander
[0 White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
[0 None
Citizenship:  (Choose one) I U.S. Citizen [0 Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): X

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project X

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).
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INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section I1.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Curtis LeBaron
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [] Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[0 Native Hawaiian or Other Pacific Islander
[0 White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
[0 None
Citizenship:  (Choose one) [0 uU.S. Citizen [0 Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): X

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project O

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).
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THE ROLE OF COMPUTATIONAL COGNITIVE ARTIFACTS
IN COLLABORATIVE LEARNING AND EDUCATION

PROJECT SUMMARY

This project addresses ROLE quadrants 2 and 3: It builds bridges from cognitive and social theories of the role of
artifacts to research on learning in educational settings, and it develops a methodology for the principled assessment
and research-based design of technological artifacts to mediate learning processes. The goal of the project is to
refine both a micro-analytic methodology and an artifact-centered theoretical framework that can aid in the
principled design of distance learning environments. The project will not only result in a much-needed methodology
for future designers of educational technology, it will also deepen our understanding of the role that such
computational cognitive artifacts can play in collaborative learning and formal education.

The project studies small groups of students using prototype versions of learning environments to see what the
students go through in learning how to use the computer-based artifacts and what problems interfere with the
learning goals. The project brings together educational software developers and experts in human-human and
human-computer interaction to conduct the analysis of videotaped student interactions and to iterate the design of
the educational environments.

Three software systems developed by project team members are studied, gradually advancing from a relatively
simple computer simulation, through a semester-long on-line biology lab curriculum, to a distance education version
of the labs:

1. SiMRockeT simulates the launch of rockets having varying characteristics. Five middle school students
used the simulation to predict the effects of the different characteristics on the height attained by the rocket.
Their sessions working with the simulation were videotaped.

2. VIRTUALBIOLOGYLAR is a series of 10 freshman college biology lab experiments simulated and conducted
on the Web. Groups of 2 or 3 students work together to complete the lab — analysis of their successes and
difficulties feeds back into the iterative design of the digital curriculum.

3. WEBGUIDE is a knowledge-building environment for supporting collaboration. Functionality from WEBGUIDE
will be integrated into the VirTuarLBrorocyLaB in the final project year, and used by geographically
distributed high school students for a version of the biology labs redesigned for Advanced Placement study.

From the perspective of the project’s theoretical framework, these learning environments are treated as interacting
networks of computational cognitive artifacts. For instance, in analyzing students working with SIMRoCKET, the
project team looks at how the students talk about and make use of (a) the rocket simulation, (b) a display of rocket
characteristics, and (c) a data collection form. Each of these three artifacts is designed in a way that permits it to be
used in certain ways to accomplish certain tasks: (a) some artifacts like the simulation are computational and change
on their own in response to inputs; (b) others like the display convey knowledge; while (c) yet others like the form
provide cognitive support by organizing and preserving information. In each case, the students must learn how to
recognize and take advantage of these artifact affordances. Designers of learning environments must design both the
affordances of individual artifacts and the curricular context that will make these meaningful to students within a
coherent educational experience.

The project analyzes the collaborative efforts of small groups of students in order to determine (a) the extent to
which students can understand the use of educational artifacts, (b) where this is problematic, and (c) how student
learning can be scaffolded to overcome problems. In collaborative interactions, students must display to each other
their beliefs, their questions, their problems, and the resolution of problems. When this process is videotaped and
carefully analyzed, it makes the students’ learning visible to researchers as well. The project adopts a micro-analytic
form of communication analysis called micro-ethnography to study what is displayed. This is a rigorous method for
analyzing both vocal and visible forms of human interaction recorded on video.

The project team has already begun to adapt micro-ethnography and the theory of artifacts to the analysis of student
interactions with on-line educational technologies. Members of the project team have collaborated in various
combinations in the past, including a semester-long pilot project investigating SIMROCKET student interaction data
and theories of artifacts. The 4 Principal Investigators are experienced in the design of educational technology
and/or the micro-ethnographic analysis of people interacting with educational artifacts. All 9 of the Advisory Board
consultants assessed educational technologies in their PhD dissertations and/or in their current work. The 2 Graduate
Research Assistants are pursuing dissertations closely linked to this project.
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THE ROLE OF COMPUTATIONAL COGNITIVE ARTIFACTS
IN COLLABORATIVE LEARNING AND EDUCATION

PROJECT DESCRIPTION
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1. The Problem of Educational Artifacts

As schools across the nation get wired for computer-based learning, the problem of scarcity of effective on-line
curriculum and content becomes increasingly urgent. Current research stresses the importance of carefully designed
software artifacts that are “student centered, knowledge centered, assessment centered, and community centered”
(Bransford et al., 1999). Yet, with a few notable exceptions, there is little in the way of constructivist curriculum and
content that meets these criteria and is also ready to take advantage of computer- and Internet-based media. In fact,
there is little systematic knowledge of how to develop such educational artifacts, grounded in a theoretical
understanding of the role that such artifacts might play in learning and in a methodology for software testing.

Distance Learning

The general problems of computer-mediated education multiply substantially under the pressure to rush to distance
learning. Universities and dot.com’s around the country have jumped on the distance education bandwagon, without
necessarily thinking through the complex educational issues involved. It is true that distance education has the
potential to address various pressing educational, social, geographic, and economic issues (Keegan, 1986). It is also
true that the technical infrastructure that will enable this revolution in education to proceed is being quickly set in
place. However, the design and development of the necessary curriculum and content lags far behind. In the dash to
market, providers of distance education are likely to settle on software technologies that were developed for other
uses and are inappropriate for educational applications, curricula that implement outmoded approaches like drill-
and-practice, and content that has not been tested for its learning effects. We need to develop more new models of
computer support for learning that are effective in distance learning.

Designing Computer Support for Learning

Based on our own experiences with software in classrooms, we have found that computer-supported collaborative
learning (CSCL) has a vast — and largely untapped — potential. Access to global sources of information is just one
facet. In addition, computer simulations can transform conceptual representations into interactive worlds for inquiry.
They can transcend real-world barriers of time, expense, geography, scale, expertise, etc. to allow students to engage
with and experience phenomena that have until now been unapproachable. Hypertext systems of information can
personalize presentations to meet individual learning needs. Communication media can promote collaboration in
ways never before possible, as well as among people who could not hitherto interact. Structured curricular databases
and shared knowledge-building environments can support student learning processes. However, we have seen that
students always use computer artifacts in ways not envisioned by the designers. So, careful study of the artifacts in
naturalistic settings is critical to the development of effective educational technology.

Understanding Computational Cognitive Artifacts

It is possible to ground the design and assessment of educational software applications in an understanding of their
role as “artifacts” in learning. Our preliminary understanding views various forms of artifacts as absolutely central to



human cognition and learning. People construct their understanding through interaction with artifacts; often
artifacts extend, amplify, or transform cognition; eventually the artifacts may be internalized as mental procedures
(Cole & Griffin, 1980; Donald, 1991; Engelbart, 1995; Hutchins, 1999; Norman, 1993; Papert, 1980; Pea, 1985;
Vygotsky, 1930/1978). We intend to further develop this theoretical framework, which is inherent in theories of
situated action and situated learning, in distributed cognition, in activity theory, and in various philosophies.

In particular, we propose to apply this framework to analyze educational technologies as “computational cognitive
artifacts” (CCAs). We use this term to refer to computer-based or Internet-based educational artifacts (simulations,
data analysis tools, on-line curricular modules, etc.): They are “computational” if they respond interactively to user
interactions by changing their display. They are “cognitive” to the extent that they can become part of the user’s
thinking, by, for instance, helping the user to visualize some phenomenon, providing an external memory or
workspace for manipulating representations, or aiding in conducting a computation. They may also be “cognitive” in
the further sense that they can be internalized in the user’s mind so that he or she can make use of them as a mental
metaphor or representation in the future when they are no longer even virtually present on a monitor screen. They
are “artifacts” in the sense that they are perceptible objects that were designed to serve as some kind of tool — even
though today they may not be physical objects that can literally be grasped.

To conceptualize an educational application as a CCA is not to assume a priori that it functions effectively in this
role. Rather, it is to raise a set of critical issues:

e Does it facilitate human-computer interactions or mediate human-human interactions computationally?
e Does it support and enhance cognitive functions of its users?
e Does it function as a useful artifact in accordance with its design?

By conceptualizing certain types of educational technology (e.g., computer simulations) as CCAs, we can ask if they
are fulfilling this role effectively in specific situations that we observe. We propose to investigate how people
develop the understanding required to use CCAs effectively in CSCL settings, and conversely to study the roles
these CCAs then play within the collaborative learning and education taking place.

Assessing Collaborative Learning for Iterative Design

Our goal is to contribute to the design of CCAs that are effective for supporting collaborative learning and
education. Our theoretical framework does not directly imply criteria for the design of educational technology.
Rather, it suggests that we develop prototypes of software applications and look at how students actually relate to
them as computational cognitive artifacts — that is, that we look at how students concretely explore, come to
understand, and use the software as an artifact for extending their cognitive powers — and then we iteratively revise
the design of the software. For us as researchers to look at this, we need a methodology. We believe that micro-
ethnography provides such a methodology. Micro-ethnography was designed to look very closely at social
interaction processes. This project will adapt micro-ethnography to look at computer-mediated interactions in
situations of collaborative learning.

The proposed project is an application of micro-ethnography’s method to the concerns of human-computer
interaction. It brings together a team of people from these areas who are experienced in interdisciplinary research
(see Biographical Sketches). Our team includes faculty and students from Communication, Computer Science,
Cognitive Science, and Education, as well as developers of educational software — within a broader academic
community that is supportive of this project. This project is unique in bringing together educational software
developers and specialists in the micro-analysis of interaction to develop and systematically test a rigorous
methodology and a grounded theoretical framework for the design of distance learning artifacts.

2. Three Educational Artifacts for Study

In our project we will study the use of three software systems that we have developed: SIMROCKET,
VIRTUALBIOLOGYLAB, and WEBGUIDE (see section on Pilot Studies for more details):

A Middle School Computer Simulation

SIMROCKET is a simulation of rocket launches. We already conducted and videotaped a three-hour trial of it with 5
middle school students and a teacher. We have begun to analyze the data from this trial. We have observed that the
simulation artifact played a central role in the interaction: it opened up and defined the whole educational space,
providing the narrative context as well as the source of data for collection and interpretation. In the analysis of a
specific episode with SIMROCKET (see below), we will see the collaborative interaction revolving around three inter-



related artifacts: the computational simulation of rocket launches, an external memory display of rocket
characteristics, and a paper chart of recorded rocket heights. By closely analyzing the interactions among the teacher
and students we see: (a) successes and failures of students to grasp the meaning/use of these artifacts, and (b) the
teacher’s attempts as an experienced scientist to guide the group to effective use of the artifacts. Because of
problems in the interaction that become apparent to the participants, the teacher must make his analytic skills
observable and the students must make their adoptions or misunderstandings apparent. We also see that there is not a
single simple artifact here, but a subtle network of artifacts with different functions. Furthermore, the artifacts only
exercise their cognitive function or activate their meaning when they are being used appropriately. Our observations
of the teacher’s patterns of face-to-face interaction suggest forms of scaffolding that could be introduced in distance
learning where a teacher is not physically present.

A College On-line Lab

The VirTuaLBIOLOGYLAB is a much more complex network of interdependent artifacts. It is a complete one-
semester curriculum on the Web, intended to replace college freshman biology wet labs for non-majors. Each of 10
planned labs takes an estimated three hours for a student to work through — and enables students to conduct seminal
experiments from the history of biology that would not be feasible in traditional physical wet labs (see attached
letter of support from the developer). One can distinguish multiple kinds of artifacts composing the software: a
guiding narrative, animations of lab equipment, simulations of lab procedures, data collection / analysis / graphing /
display tools, background materials (theory, history, remedial text), links to related websites, and interactive
assessment exercises. The virtual lab is designed to be used by students independent of any teacher guidance,
although it is loosely coordinated with a biology lecture course. The on-line system must work as a whole,
motivating and guiding students through a sequence of tasks; each of the distinct component artifacts must work
effectively on its own and within the whole pedagogical context.

A High School Distributed Education Lab

WEBGUIDE is a knowledge-building environment to support collaborative learning. It provides a collaboratively
constructed and shared external memory medium on the Web. The display is dynamically computed to show a
hierarchy of notes arranged as a personal or group “perspective” on the persistent, asynchronous discussion. This
perspective mechanism is an artifact that people must learn how to use and navigate to mirror and support the
interpersonal relationships of collaboration. WEBGUIDE also incorporates a variety of knowledge management
functions that must be learned in order to manipulate the ideas stored in the system and to build effective shared
knowledge. Certain components of WeEBGUIDE will be integrated with a version of the VIRTUALBIOLOGYLAB toward
the end of our project to explore a collaborative distance learning biology curriculum at the high school Advanced
Placement level. We will also extend the lab software to incorporate educational scaffolding techniques from other
knowledge-building environments like CSILE/KNOWLEDGEFORUM (Scardamalia & Bereiter, 1996), KIE/WISE
(Cuthbert, 1999), and CoVis (Pea, 1993).

3. A Staged Research Plan

Collaborative learning is a complex process. Accordingly, our project will build up gradually from our relatively
simple pilot study to a full example of collaborative distance education.

Project Schedule

The project will consist of three main stages:

1. Analysis of the three hours of video tape already collected of five middle school students and a teacher
conducting a study of rocket design using the SIMRoCKET computer simulation.

2.a. A very brief study of college freshmen in a biology wet lab. This will serve as an informal baseline for the
next stage.

2.b. This is the core study for the project. We will videotape small groups of students working together with the
on-line VirtuarBIorocyLaB. This software is currently under development at the University of Colorado.
The developers are involved in this project and will be iterating the design of the software in response to
the analysis of the usage trials. We will focus our analysis on critical steps in the lab, like learning how to
use a particular piece of equipment or a data analysis tool.

3. A distance education version of VIrTuaLBIOLOGYLAB Will incorporate a collaboration medium based on
WeBGUIDE. This will be offered as an Advanced Placement curriculum to geographically distributed high



schools students. The curriculum will be designed to be collaborative, and we will log user interactions and

use these to study the learning taking place.

Following is a timeline for these stages:

Semester 1. SimRocket 2. VirtualBiologyLab 3. VBioLab with WebGuide
Summer "01 data analysis 2.a. & 2.b. pilot trials

Fall 01 complete data analysis collect data

Spring 02 revise method iterate & collect data

Summer 02

revise theory

data analysis

pilot trials

Fall °02

iterate, collect, analyze data

collect data

Spring "03

iterate, collect, analyze data

collect data

Summer "03

complete data analysis

complete data analysis

Fall 03

revise method & theory

revise method & theory

Spring 04

evaluate project

disseminate findings

prepare final report

Data Gathering and Analysis

Our gathering and analysis of data involves the PIs working closely with the graduate and undergraduate team
members. In addition, our consultants participate in workshops held monthly. The workshops not only review
project progress and plan next steps, but they importantly include group data sessions for the analysis of data. The
data gathering and analysis process (for instance for the VirRTuALBIOLOGYLAB sessions) will typically proceed
through the following steps:

1. Videotaping of students. Two or three students are gathered around a computer. Cameras and microphones are
set up to capture the facial expressions and body movements of all participants. The monitor image is also
captured. Microphones are arranged to capture all speech as clearly as possible and to distinguish the speakers.

2. The video is combined (picture-in-picture) and time-code is burned in to provide a frame-by-frame reference
system.

3. A minute-by-minute record log is created, describing in a sentence or two what takes place each minute. This
is typically done by a graduate student and reviewed by a PI. The log may be revised later.

4. A list of interesting episodes is created. Episodes are meaningful interactions lasting up to several minutes. The
list is discussed by the whole project team at a group workshop.

5. Selected episodes are digitized and made available electronically. This allows them to be replayed easily,
looped, freeze-framed, slowed down, and studied by project consultants at distant locations.

6. A detailed transcript is created. It transcribes both speech and visible behaviors. Speech of different
participants is color-coded. The transcripts are printed and posted on the Web with the digitized clips.

7. Each episode is assigned to a project team member who “owns” that piece of data. The owner watches the clip
many times to understand what is happening there.

8. A data session is conducted with the whole project team at a group workshop. This is a collaborative analysis
of the data’s empirical details. Usually, about two hours are spent on a single episode. The session is led by the
owner of the data, who presents the episode and raises issues. The owner may audio-tape this session to
preserve ideas and interpretations that come up.

9.  The owner of the episode returns to a study of the video clip. At this point, the transcript may be revised and
extended to include more details of interaction. The owner may invite other project team members to view and
discuss the clip. The owner may present the clip at another data session. Finally, the owner drafts a micro-
ethnographic analysis of the episode. This is distributed for comment. The analysis includes:

a. A detailed description of the actions of all participants and their interactions.
b. A discussion of what learning is evidenced in the data.

c. A discussion of the role of any artifacts.

d. A discussion of problems with the software, learning problems, etc.

10. The analyses of the episodes are reviewed by the whole project team and various suggestions are made based
on this:

a. Proposed revisions to the software.




. Changes to the list of interesting episodes, such as the inclusion of additional episodes.
c. Alterations to the research plan, such as scheduling additional usage sessions or changing the way
they are conducted.
d. Revisions to the research methodology and theoretical framework.

Project Assessment and Dissemination

We will engage in formative evaluation of our project throughout. That will be an important function of our larger
team, which includes assessment experts, and will form a regular part of the monthly workshops. We will check that
we are making progress toward our project goals in accordance with the project timeline and are following our data
analysis procedures. Specifically, we will check that we are developing our methodology for making learning visible
and for iteratively designing software artifacts, as well as disseminating our findings.

The micro-analytic approach that the project will develop provides a built-in assessment process for the project. By
videotaping sessions of students working with artifacts, we will derive a formative evaluation of the learning
facilitated by the artifacts. By the end of the project, we will be able to compare in a detailed and documented way
how well our revised versions of educational software artifacts perform as compared to how they worked in the pilot
studies and in earlier phases of the project. In addition, we will assess how successful we were in the course of the
project in developing, formulating, and applying micro-ethnographic methodology for studying the educational role
of cognitive artifacts and for assessing the ability of students to adopt the computational artifacts into their
collaborative learning.

In addition to the micro-ethnographic analysis which examines both how students learn with computer technologies
and their learning processes as revealed through their interactions (computer-mediated and face-to-face), it is
important to understand how students relate to the technologies, as well as the degree to which students learn. In
order to understand this, a triangulated approach to assessment will be adopted. Some students in the core trials of
VIRTUALBIOLOGYLAB will be given a set of pre-assignment questions to gauge their prior knowledge and
understanding of the concepts. Once they have completed the trial, they will be asked the same questions so that we
can calculate their learning gains. In addition, we will interview these students in order to understand their
perceptions of the artifacts as effective learning tools. This information will be gathered with each iteration and use
of the software under development, and the comments and perceptions will be fed back into the development of
software and the articulation of learning processes that involve computer software and computer-mediated
collaboration. Understanding student perceptions of their experiences will also enable us to track our progress
toward our research goals and to evaluate the effectiveness of the theory and method under development by
answering the critical question of, does it work: have we indeed made learning visible in a way that can contribute to
iterative design of effective software artifacts?

The PI will be personally responsible for coordinating activities associated with the project. He will supervise the
work of students and consultants and ensure that they are working in accordance with the project plan, including the
preceding procedure for the collection and analysis of data. The PI will make certain that the plan is followed and
the timetable met (taking into account changes adopted during the life of the project). He will also attempt to
mediate any conflicts that arise within the diverse and interdisciplinary project staff. The PI will engage project
Advisory Board consultants who are assessment specialists to assist in on-going project evaluation and to conduct a
quarterly project review for reporting to the Advisory Board.

Data collection and analysis issues including sampling and confidentiality will conform to rigorous research
conventions and University of Colorado Human Subjects standards.

We will establish a website for both internal use and broad dissemination. The website will collect and coordinate
materials and findings of the project. It will include logs of our videotapes, digitized clips of selected episodes,
detailed transcripts, analyses of interactions, etc. It will also include all papers submitted to journals and
conferences.

This project and its findings will be broadly disseminated in the CSCL, CSCW, HCI, education, and communication
research communities through conferences and journals. It will be particularly prominent at CSCL 2002 and
subsequent meetings of CSCL, AERA, CSCW, Group, ICLS, and WebNet. It will also significantly impact the

release of a published VIrTUALBIOLOGYLAB curriculum at the college and the high school level.

4. Theoretical Framework for Cognitive Artifacts

In the current Fall 2000 semester, the PI offered an interdisciplinary seminar on the theory of artifacts. Many of the
project co-Pls, graduate research assistants, and consultants participated fully in the seminar. The project’s



theoretical framework grow out of this seminar. It will be considerably refined through a grounded theory analysis
of the data collected in the project. This theoretical framework provides a bridge from selected findings of various
cognitive sciences to research on learning in educational settings. It will guide the questions we pose in looking at
our data.

Mediated Cognition
We start from three principles enunciated by Vygotsky (1930/1978; 1934/1986):

1. Mediated cognition. Modern human cognition is thoroughly mediated by physical and symbolic artifacts such
as tools and words. We extend this to the use of computer-based artifacts like simulations, data analysis tools,
and collaboration media.

2. Social cognition. Meanings and practices are first established interpersonally and may then be internalized in
individual minds. We take advantage of this by analyzing the interpersonal interactions, which are largely
observable to the trained analyst as well as to the participants.

3. Zone of proximal development. A student learns most productively when guided somewhat beyond his or her
current developmental level by peers or a mentor. We use this principle to design experimental situations in
which a small group of students is challenged to engage in a scaffolded scientific task.

Collaborative Knowledge Building

We conceptualize our subject matter as the process of “knowledge-building” (Bereiter, 2000). This is an active
collaborative learning process in which a community constructs conceptual meaning. For instance, in our
SIMRoCKET pilot study the students came to understand the effect of different variables upon future rocket launches
and learned to isolate variables to measure their independent effects. The process of collaborative knowledge-
building is interpersonal and observable — primarily through analysis of the communicative interactions through
which it takes place.

Collaborative knowledge-building involves an interplay between individuals and the group, with individuals
contributing from their personal perspectives and the group accepting these contributions in its own way (Stahl &
Herrmann, 1999). This perspective-taking and perspective-making unfolds in the observable world of signs and
artifacts, such as spoken utterances and external memory devices (Boland & Tenkasi, 1995). The physical and
symbolic artifacts mediate between personal and group understandings.

The Role of Artifacts

It is possible to re-conceptualize learning (both individual and collaborative) through a focus on the artifacts that are
involved. Artifacts — including software artifacts — embody intentionality, meaning, and experiences of their creators
and preserve these for future users (Donald, 1991; Hall, 1996). The problem is for users of artifacts to know how to
reactivate this stored wisdom. This requires complex skills of interpretation (Gadamer, 1960/1988; Stahl, 1993).
Education can be viewed as largely the effort to socialize children and other new-comers into a practical
understanding of the artifacts and practices that constitute a society’s or a community’s culture (Lave & Wenger,
1991). The written word and the symbols of mathematics, for instance, are cognitive artifacts that take years of
schooling to master. While people have been producing and using artifacts forever (Donald, 1991; Geertz, 1973), we
have little experience designing and teaching computational artifacts.

Artifacts play an absolutely central role in learning and understanding according to the philosophic roots that
underlie contemporary cognitive theories that are influential for CSCL theories (Koschmann, 1996; Koschmann,
1999; Koschmann, in press), such as situated action (Suchman, 1987), situated learning (Lave & Wenger, 1991),
activity theory (Engestrom et al., 1999), distributed cognition (Hutchins, 1996), dialogicality (Bakhtin, 1986), and
critical inquiry (Dewey & Bentley, 1949/1991).

According to Hegel (1807/1967), the very basis of self-consciousness and sociality in mutual recognition is
thoroughly mediated by the creation and use of artifacts — which embody human consciousness or meaning in their
imposed form or design. Marx (1867/1976) argues that the production, circulation, and consumption of artifacts as
commodities is both affected by the prevailing social relations and reproduces those relations — and influences how
we understand and learn about contemporary artifacts; these commodities are essentially stored labor — physical and
intellectual — that comes alive in use. Marx traces the social history of artifacts from simple tools through machinery
to computational automated industry. For Husserl (1936/1989), meaning is established and historically sedimented
in the form of artifacts; Heidegger (1927/1996) expands this analysis to argue that the life-world of our everyday
involvements is structured as networks of meaningful artifacts. More recently, software is seen as a new form of



stored meaning or intentionality (Keil-Slawik, 1992; Stahl, 1993; Winograd & Flores, 1986). For instance, effects of
“artificial intelligence” are accomplished by embedding human intelligence in software procedures and knowledge-
bases.

Engelbart (1995) and Norman (1993) claim that it is artifacts that make us smart, by amplifying our very limited
native abilities like short-term memory. Others (e.g., Cole & Griffin, 1980; Pea, 1985) counter that these artifacts
change our tasks, rather than simply increasing our powers, but this still places artifacts centrally in our attempts to
increase our intellectual capabilities. Donald (1991) argues that the entire enterprise of modern knowing and science
only became possible with the development of artifacts like books, which provided external memories that could be
circulated and that might outlive their creators. Papert (1980), reflecting on his own learning history, believes that
playing with automobile gears as a young child “did more for my mathematical development than anything I was
taught in elementary school. Gears, serving as models, carried many otherwise abstract ideas into my head” (p. vi).

If one looks closely at learning — from infancy to kindergarten, formal schooling, and on-the-job — one sees that
artifacts (now including computational artifacts) are pervasive. While it is clear that a primary function of education
(and socialization into culture generally) is to teach new-comers how to understand and use the available artifacts of
one’s society or of its specialties, we have only narrow studies of how this takes place. For instance, Bruner (1990)
discusses how children acquire the ability to follow and generate narratives as verbal cognitive artifacts, and Hall
(Hall & Stevens, 1995) investigates how young students use design tools.

How Artifacts are Understood

Even in our very preliminary pilot study of the StMRockeT data, it has already become clear that the process of
coming to understand a computer simulation that models a scientific phenomenon is a complex process, which
strains the cognitive abilities of middle school students. Without strong guidance from a teacher, the students would
at best have treated the simulation as a video game, perhaps competing to get the highest rocket flight, but not
investigating the scientific factors that might lead to success.

Although students often make statements that sound like they understand how to construct certain kinds of
knowledge, when one watches them struggling through the steps that are actually required one gains a much more
detailed understanding of what is involved for a novice, what supports are helpful, and where problems typically
arise. For instance, while the students in the pilot study were proficient at taking averages of sets of numbers in a
traditional math lesson, they ran into many problems when averaging their rocket data. A major problem had to do
with the organization of the data and of their averages on a data sheet. The two teams of students became very
confused about which rocket heights had been observed by which team, and which averages were associated with
them. While an adult experienced with scientific experiments can keep these things straight without thinking about
it, the students had to learn this skill. They did this partially by negotiating with the teacher, who alerted them to
problems and guided them back on track, and partially by collaboratively applying their own intellectual and
communicative skills.

Our work and that of our current and past colleagues explores the use of gesture in understanding artifacts and in
constructing shared understanding of artifacts. In his seminal example of micro-ethnographic analysis (which studies
the interaction of five young children in a school project, and thereby provides a model for us) and subsequently,
Streeck (1983; 1993; 1996) focuses on the roles of gesture in making social understanding visible. LeBaron analyzes
different forms of gesture that are successively used to build a shared vocabulary of meaningful gestural artifacts
(LeBaron, 1998; LeBaron & Hopper, 1997; LeBaron & Koschmann, 1999; LeBaron & Koschmann, 2001; LeBaron
& Streeck, 2000). Koschmann also highlights the role of gesture in educational settings (Koschmann et al., 1997;
Koschmann & LeBaron, submitted; Koschmann et al., 1998; Koschmann & Stahl, 1998). Our micro-ethnographic
method (see below) is explicitly adapted to making learning visible by systematically attending to the sorts of
gestures and bodily interactions that people use to co-construct the meaning of artifacts.

According to our theoretical framework, learning through interaction with artifacts is an inherently social process,
involving either interaction with other people through the artifact or at least interacting with an artifact that was
made by other people and that incorporates their intentions. For our research, collaborative interactions have an
important characteristic: in order to collaborate, participants must make their ideas and their relationships visible to
each other as part of their communication. That is, they make learning visible. As researchers, we can capture this in
video or computer logs and analyze it. That way, we can see how students are relating to computational artifacts and
what they are learning in the process. This overcomes the traditional problem of educational assessment, where it is
assumed that learning is invisible to researchers and must be inferred from learning outcome measures. Thus, our
approach avoids the restriction of educational assessment to the kinds of analyses of pre/post-test statistics and after-



the-fact interviews that so often lead to “no significant difference” (Russell, 1999) results, which are of little value
for design purposes.

Of course, not all learning is made visible, so other methods to indirectly measure learning outcomes are necessary
and complementary. But focusing on the visible displays of learning prevents the common tendency to lose track of
the learning in favor of secondary phenomena that seem easier to describe or quantify. For instance, much of the
traditional literature on cooperative learning focuses on small group facilitation, rather than on cognitive and group
learning processes (for a recent review of this literature, see (Brody & Davidson, 1998) reviewed by the PI (Stahl,
2000a)). Even recent CSCL studies often miss the interesting learning phenomena (e.g., (Hakkarainen & Lipponen,
in prep) and (Jong et al., in prep), reviewed by the PI (Stahl, in prep)).

Grounded Practical Theory

While we have encountered many suggestive ways of thinking about artifacts in our readings, the roles and
functioning of artifacts are most clearly revealed by close observation of our data. We expect to come to a deep
understanding of the role of artifacts in education — and conversely of the role of learning in artifacts — through our
study of student interactions with educational artifacts.

Glaser & Strauss (1967) have described techniques for deriving theory from qualitative data in sociology. In
philosophy, Gadamer (1960/1988) has proposed that hermeneutic understanding can be derived through reflection
on life experience and situated interpretation. Schon (Schon, 1983; Schon, 1987) argues for reflective practice in
professional activities like design and teaching.

Project co-PI Craig and his colleagues (Craig & Sanusi, 2000; Craig & Tracy, 1995) — building on Glaser & Strauss,
Gadamer, Schon, and others — have developed an approach to grounded practical theory within communication
analysis. The general idea of this approach is that practical theory — theory designed to inform praxis — involves
conceptually reconstructing practice. This can be done on three levels:

1. A problem level that accounts for difficulties or dilemmas typically encountered in the practice.
2. A technical level that describes a repertoire of practical techniques for addressing problems.
3. A philosophic level that formulates normative principles to govern the use of techniques

For example, collaborative learning is a normative principle that can govern the use of practical techniques such as
the SIMROCKET exercise. A problem noted in the pilot project was that middle school students may not collaborate
toward certain desirable learning objectives without some guidance by the teacher (level 1). In the StMRockeT data,
we see a teacher using various interactional techniques that may display his orientation to this problem. To facilitate
reflection on those techniques, the problem might be conceptualized theoretically as an instance of the more general
dilemma of any pedagogical practice that attempts to be learner-centered while achieving specific learning
objectives. "Scaffolding" names a general sort of technique that teachers can use to address this dilemma (level 2),
but scaffolding can be, for example, either too directive (becoming teacher centered) or too nondirective (risking
failure to achieve prescribed learning objectives). The collaborative learning principle (level 3) suggests a solution
to the dilemma: the use of scaffolding techniques that focus the group's attention on a task that both structurally
entails the prescribed learning objectives and requires active student collaboration to be completed. This may
provide a principled basis for assessing the teacher's techniques in the SimRocket data, and also a principled basis
for design revisions in the computational artifact (to better enable preferred forms of scaffolding). By the same
token, the micro-ethnographic analysis provides a basis for assessing the relevance and applicability of this or any
other theoretical reconstruction of the practice that might be proposed.

Such a grounded practical theory approach will guide us to:
1. Reflect upon problems that arise in the interactions we observe.
2. Define techniques that are responsive to these problems.
3. Formulate principled ways to move from empirical observations to software recommendations.

5. Research Methodology for Studying Interaction

Iterative Software Design

The core of the project is to develop a methodology for driving the iterative development of software for computer-
mediated education. The idea is to start with an initial prototype, videotape small groups of students collaborating
with the software, analyze the problems that arise as well as the kinds of learning that take place, formulate revisions
to the software based on that analysis, and iterate system design (along with any associated recommendations for
classroom presentation) toward improved learning.



Iterative design is a well-established approach in software development, particularly when the effectiveness of the
software depends upon the ability of people to use it as intended. The problem is how to analyze the quality of usage
in successive trials. This is best done by interpreting in a rigorous way how learning is taking place. During the past
25 years, scientific methodologies for interpreting social interaction have been developed. We focus on one
particularly promising school of this science, micro-ethnography.

Micro-ethnography

For this project, we adopt a recent tradition of human interaction analysis (Jordan & Henderson, 1995) that we refer
to as “micro-ethnography.” This methodology builds on a convergence of conversation analysis (Sacks, 1992),
ethnomethodology (Garfinkel, 1967), nonverbal communication (Birdwhistell, 1970), and context analysis (Kendon,
1990). An integration of these methods has only recently become feasible with the availability of videotaping and
digitization that records human interactions and facilitates their detailed analysis. It involves close attention to the
role that various micro-behaviors — such as turn-taking, participation structures, gaze, posture, gestures, and
manipulation of artifacts — play in the tacit organization of interpersonal interactions. Utterances made in interaction
are analyzed as to how they shape and are shaped by the mutually intelligible encounter as a holistic context — rather
than being taken as expressions of individuals’ psychological intentions or of external social rules (Streeck, 1983).
At the same time, micro-ethnography addresses larger social concerns, such as criminal justice (LeBaron & Hopper,
1997), medical education (LeBaron & Koschmann, 1999), and problem solving in complex technological settings
(Hutchins & Palen, 1998).

Micro-ethnographic research typically involves the following components:

1. A specific setting, or research site — such as several students gathered around a computer running specific
software.

2. A detailed analysis of both audible and visible micro-behaviors, which are to be understood in terms of their
embeddedness within the particular social and material environment — such as a classroom.

3. A recognition that culture (which includes the meaning and use of shared artifacts) is a product and a process
of naturally-occurring communication, simultaneously co-constructed and experienced by participants — and
thereby made available for empirical study and interpretation by researchers.

4. A use of recent technologies, like digitized video, that allow researchers to look at in detail the orderly
performance of social life — such as the negotiation of learning between teacher and student or among
collaborating peers.

We will build on this micro-ethnographic approach and on the expertise and methodology which has evolved
through the micro-ethnographic data sessions conducted by the project co-Pls and their colleagues for several years.
We will collect appropriate data and conduct our own data sessions for project staff, as we have already begun to do
with our pilot study data.

Micro-ethnography can be adapted from the study of human-human interaction to that of human-computer
interaction or computer-mediated collaboration. Our pilot studies suggest that such an adaptation of the
methodology can be accomplished effectively. Our past use of micro-ethnography in collaborative educational
settings — particularly in medical problem-based learning — has been very insightful and encouraging.

Micro-ethnography and Human-Computer Interaction

Our research approach brings together educational software designers and micro-analytic researchers. We use
micro-ethnography to analyze empirical student interactions with educational software artifacts. Techniques related
to micro-ethnography, such as video analysis and conversation analysis, have previously been used to analyze
human-computer interaction in limited cases (Badker, 1989; Badker, 1996; Frohlich & Luff, 1990; Hollan et al.,
2000; Mcllvenny, 1990; Nardi, 1996; Suchman, 1987; Suchman & Trigg, 1991). However, these cases typically did
not analyze interactions at the micro-behavior level, including such things as gesture and posturing, which are
important means of making understandings visible in face-to-face communication (suggestive exceptions from our
own community include (Hutchins & Palen, 1998; Streeck, 1996)). But, most importantly, these studies did not
investigate learning technologies. Nor did they investigate learning taking place through the interactions. Those that
did look at learning (like Roschelle (1996)) did not use this to feed back into the design of the technology. Thus, our
project is undertaking an approach that is unique in combining all three:

1. Analysis of interaction at a micro level.
2. Analysis of the learning taking place.
3. Application of the analysis to revision of the technology.



Our own past work using micro-ethnography has begun to move this approach toward our project goal. Co-PI
LeBaron (1998) shows through micro-ethnography how an architecture teacher goes through four stages of
successive abstraction to define meaningful gestures, which the students then gradually adopt in their own
presentations. By freezing key video frames and relating them to the speech and bodily behaviors of the teacher and
students, LeBaron makes the teaching and learning process — which the participants are only tacitly aware of —
visible to researchers.

Co-PI Koschmann and collaborators (including LeBaron) have been engaged for almost 10 years in fine-grained
studies of collaboration among medical students in a problem-based learning (PBL) curriculum (Glenn et al., 1999;
Koschmann & Glenn, submitted; Koschmann et al., 1997; Koschmann et al., 2000; LeBaron & Koschmann, 2001).
In particular, we have shown how group discussions raise learning issues for further study and how the status of
these issues is negotiated by the students and a tutor. While we have investigated the role of a tutor in face-to-face
PBL sessions, we have only recently begun to study the role of computer-based artifacts and media in distance-PBL
sessions (Koschmann & LeBaron, submitted; LeBaron & Koschmann, 2001). The proposed project will build upon
the isolated pioneering efforts of ourselves and others, and attempt to put these methods together in a systematic way
and apply them to the design of educational artifacts.

Focus on Artifacts in Learning

Artifacts frequently play a central role in learning situations as analyzed by micro-ethnography. In the preceding
examples, for instance, a student architectural model was the focus of discussion in LeBaron’s example, a medical
instrument in Koschmann’s surgical example, and a whiteboard for listing learning issues in Koschmann’s PBL
example. In each of these cases, the artifact was germane to the students’ learning. In fact, the students were
primarily learning how to use and make sense of the artifact. The architecture teacher was demonstrating how to
hold and study an architectural model, how to move through the spaces it creates, and how to critique its design. The
surgeon was teaching his student how to manipulate the automated instrument and how to interpret the image on the
screen as the organs being surgically treated. In the PBL session, the tutor was subtly guiding the students to
formulate issues for the whiteboard and teaching them how to orient their collaborative learning processes around
this artifact. In the following section, we see the role of artifacts in our SIMROCKET pilot study.

6. Sample Analysis of an Episode of Collaborative Learning

To illustrate our micro-ethnographic approach, we analyze a brief moment of classroom interaction taken from our
SIMROCKET data. Our excerpt begins approximately 90 minutes into the videotaped record. The students have
already performed multiple launches of seven different rockets, each rocket having a certain combination of features
(i.e., engine type, body type, nose shape, and number of fins). By noting the height of each launch, students were
able to calculate an average height for each rocket. The students might have also compared these averages to
determine the effects of the different features — but the students were having difficulty conducting such a
comparison. Through his interaction with students, the teacher was able to assess participants’ understandings and
lead them into a discussion of basic scientific procedures.

An Instance of Collaborative Learning with Artifacts

Consider the following transcribed moments, involving the teacher (T) and his various students (the transcript has
been simplified for this presentation) :

1 T: And you don't have anything like that there?

2 (1.4) ((T gestures toward monitor & data))

3 S: I don't think so.

4 J: Not with the same engine. Not with the same-

5 T: With the same engine but with a different nose
6 cone?

Repeatedly (e.g., lines 1 and 5), the teacher directs students’ attention toward their computer monitors (with the
simulation and rocket description — see Figure 1 below) and their data sheets, inviting them to recognize these
artifacts as having answers to the group’s various questions. One student (C) has just finished explaining how he
would like to use computer software to drag various features onto simulated rockets for purposes of comparison.
While looking and orienting toward C (line 1), the teacher gestures toward the computer monitors and data sheets
(line 2), and thereby encourages the students to recognize their simulation artifacts as already embodying what they
need for their questions. Having been prompted by the teacher, the students attend to what is the same or different
about the simulated rockets in the description list. The transcription continues as follows:
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7 C: These are both of the same thing o-
8 B: This one is different ((gestures toward monitor))
9 J: Yeah but it has - uh

10 (0.4)

11 C: A pointy nose cone

12 C: But it's not the same engine.

13 J: Yeah it is

14 B: Yes it is

15 J: Compare two and one.

16 C: Oh

17 B: It's the same engine.

18 J: So if you compared two and one

19 C: Oh yeah I see I see I see

While the teacher remains silent, the students look toward their computer monitors and data sheets, and talk about
the features of particular rockets. When C claims that two rockets are the same (line 7), B corrects by literally
pointing out a difference (line 8). In collaboration with J, C notices that the rocket B referred to has a pointy nose
cone (line 11) in contrast to rocket one’s rounded nose — still insisting, though, that “it’s not the same engine” (line
12). J and B quickly disagree with C (lines 13 and 14), and J prompts a comparison between rockets “two and one”
(line 15). Through a series of discourse markers, C shows that he has a new understanding: the particle “oh marks a
change in his information state, and the recycled words “I see” provide additional evidence.

Through group interaction involving both vocal and visible forms of communication, participants’ shifting
understandings were made visible to each other (and to us), and through this process were eventually improved. C
showed understanding of the need to compare rockets before he recognized the simulation software as the needed
comparison activity. C's displayed vision of experimental design was essentially the same as the teacher's — C simply
failed to see that the work of designing and data gathering had already been done. We are not claiming that this
knowledge is something that individuals have acquired and firmly mastered; what interests us is the ability that they
demonstrate in concrete interactional learning situations. Across videotaped episodes this knowledge is seen to be
fragile and inconsistent, leading us to suspect that it may be dependent upon situational details, group dynamics, and
knowledge-building processes.

Implications for Artifact Design
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offered an alternative to the simulation as he then saw it. In his effort to demonstrate his vision, he was actually very
involved with the artifact on the screen, proposing dragging features to create rockets with the right set of features
for comparing — even while not yet understanding the affordances that already existed in the given rockets. A
designer who takes seriously the possibility that what C proposes might be more effective could consider making the
design of the rockets an interactive aspect of the simulation. Rather than presenting rockets with already fixed sets of
characteristics (which is what proved so hard for C to focus on), an interactive design would provide "parts" and
require students to configure pairs of rockets with sets of characteristics that would allow them to measure the effect
of different nose cones, etc. The results would be the same from a mathematical viewpoint, but the process might be
more meaningful and insightful for the students and involve them interactively at an earlier stage of experimental
design in scientific inquiry. It is also possible, of course, that it might be more confusing for students and chaotic for
the group, but that is an empirical question to be decided after another trial and micro-ethnographic analysis.

The log for this data is available at http://www.cs.colorado.edu/~gerry/readings/simrocket/log.htm. The digitized

clip is available at: http://www.cs.colorado.edu/~gerry/readings/simrocket/clipl 6.mov. The full detailed transcript is

available at: http://www.cs.colorado.edu/~gerry/readings/simrocket/t16.html.
7. Pilot Studies Conducted

The proposed project builds upon a series of activities that we have already started to work on. These activities —
that either grew out of our previous engagements or were conducted to explore the basis for this proposal — have led
to the design of our project and are suggestive of its probable success.

SimRocket (http://www.cs.colorado.edu/~gerry/previous/simrocket)

The PI designed and implemented SiMRocKET, a computer simulation of a rocket launch. The height attained by a
simulated rocket is dependent upon its engine, nose-cone shape, fin configuration, and surface texture — as well as a
random noise factor. The simulation was originally designed as part of a larger “Mission to Mars” curriculum built
around launching model rockets and used with troubled middle school students in a remedial summer project. The
PI was invited to try it in a local Boulder school with five boys engaged in a model rocket science project. The
teacher guided the students (grouped in front of two computers) to fire each of 7 virtual rockets with different
characteristics six times and to average the resultant heights in order to predict the height of an 8™ rocket. Project
staff then engaged in micro-ethnographic analysis of this three-hour interaction — during data sessions in the
Communication Department, the seminar on artifact theory, a summer workshop on micro-ethnography, and pilot
sessions for this proposal.

WebGuide (http://www.cs.colorado.edu/~gerry/webguide)

WEBGUIDE is a knowledge-building environment for discussing topics via the Web developed by the PI and
colleagues over the past two years. It has been used in a middle school environmental science class and in college
seminars on CSCL (Stahl, 1999c). WeBGUIDE goes beyond similar discussion-based systems by supporting the
representation and development of personal and group perspectives (Stahl, 1999a; Stahl, 1999b).

VirtualBiologyLab (http://www.virtuallaboratory.net)

VIRTUALBIOLOGYLAB is a Web-based curriculum to substitute for biology wet labs in introductory freshman biology
courses for non-majors. Currently under development, it will soon consist of ten labs, each of which takes
approximately three hours for a student to work through. Project staff has begun to review this software with the
designer, Mike Klymkowsky, who is closely involved in this project. While the scientific content of the curriculum
has been carefully thought through, the software artifact will cause many problems for students until it is subjected
to thorough testing in naturalistic situations.

Medical PBL

Beginning students in the Medical School at Southern Illinois University have the option of taking a Problem-Based
Learning (PBL) track for their first two years. Traditional educational assessments indicate that students opting for
this are better prepared for the rest of their medical studies than those who attend lectures (Barrows, 1994). PBL
students learn by working collaboratively in teams of five students and a tutor (facilitator) to investigate specific
medical cases (problems). Koschmann has undertaken many studies of this approach to education, increasingly
relying upon micro-ethnography and collaborating with trained micro-ethnographers. His experience has provided
insight into the workings of collaborative learning in this particular successful setting, and has convinced us of the
potential of micro-ethnography as a methodology for studying the role of artifacts in collaborative learning.
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Artifacts Seminar (http://www.cs.colorado.edu/~gerry/readings)

The PI organized a seminar on artifact theory, primarily as a pilot project for this proposal. Core members of the
project team met along with other faculty and graduate students from Communication, Education, Philosophy, and
Computer Science. We reviewed theoretical texts on the nature of artifacts from cognitive science, CSCL,
communication, cultural studies, psychology, philosophy, and social theory. We also held data sessions on episodes
from the SIMROCKET tapes. Out-of-class discussions were held in WEBGUIDE and we conducted a SIMROCKET
experiment mediated by WEBGUIDE.

StateTheEssence (http://www.cs.colorado.edu/~gerry/projects/essence)

STATETHEESSENCE is Web-based software developed by the PI to help middle school students develop their text
summarization skills. It was used in an interdisciplinary four-year research project at a local Boulder public school.
After undergoing considerable revision and refinement based on testing with students, the software was shown to
improve text summarization, particularly in cases where the original text was somewhat difficult for the student to
understand (Kintsch et al., 2000; Stahl & dePaula, 2001; Steinhart, 2000). Evaluation of this software was conducted
by means of controlled experiments and teacher ratings.

JIME (http://www-jime.open.ac.uk)

The web-based Journal of Interactive Media in Education, JIME, conducts group reviews of submitted articles on-
line, and then includes an edited version of the review discourse with the published version. We are currently
analyzing the on-line review discussions to draw conclusions about how the journal software and practices might be
improved (Lenell & Stahl, 2001). This study provides us with some experience in analyzing on-line discourse,
which will be important in the final stage of our proposed project.

8. Results from Prior Support

Organizational Memory and Organizational Learning

“Conceptual Frameworks and Computational Support for Organizational Memories and Organizational Learning
(OMOL),” Pls: Gerhard Fischer, Gerry Stahl, Jonathan Ostwald, September 1997 — August 2000, $725,000, from
NSF CSS Program #IRR-9711951.

This grant led to the current proposal’s focus on Web-based learning environments. The OMOL project started from
a model of computer support for organizations as Domain-Oriented Design Environments (DODEs) in which both
domain knowledge and local knowledge are stored in the form of artifact designs and associated design rationale.
This CSCW model evolved into one of Collaborative Information Environments (CIEs), that emphasized the
interactive, asynchronous, persistent discussion of concepts and issues within an organization. Gradually, interest in
organizational learning aspects led to involvement in CSCL and the model of collaborative Knowledge-Building
Environments (KBEs). A number of software prototypes were developed to explore the use of the Web as a
communication and collaboration medium:

e DvynaCrass: A discussion forum for use in college courses. It features ties to DYNAGLOSS and SOURCES as
well as email notification and specialized displays.

e WeBGUIDE: Differs from DyNaCLass in providing more control over rearrangement of notes; features
computational perspectives.

e DyNAGLOsS: A system for defining technical terms and keywords and for debating the definitions and
reviewing the history of debate; linked to DyNACLASS and Sources in that each term shows all the locations
in these other systems where the term is explicitly referenced.

e  SOURCES: A system for annotating bibliographical entries; uses terms from DYNAGLOSs as keywords.

e InroMar: An interface component for creating a graphical display of linked notes like a threaded
discussion; providing convenient drag-and-drop functionality.

Work on this grant led to the focus on KBEs as models of computer support for organizational memory and
collaborative learning. In particular, it provided a number of different systems, each with useful functionality. As we
tested and deployed these systems, we confronted serious issues of adoption and focused our concerns increasingly
on socio-technical and social informatics issues: motivation, media competition, critical mass, social practices,
seeding, management, re-seeding, convergence of ideas, peer-to-peer collaboration, deployment strategies. These
issues led to a new research agenda (Stahl, 2000b) and this proposal.
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Environmental Perspectives in a Middle School Classroom

“Collaborative Web-Based Tools for Learning to Integrate Scientific Results into Social Policy,” Pls: Ray
Habermann, Gerry Stahl, November 1998 — July 1999, 389,338, NSF, #EAR-9870934.

This grant funded the initial implementation of WEBGUIDE as an integrated Java applet KBE supporting personal and
group perspectives. It was a joint effort between the PI, a middle school teacher, and a research group at the National
Oceanographic and Atmospheric Administration (NOAA) labs in Boulder. The teacher taught an environmental
science class in which he wanted to spend the year having his students interview various adults and construct a set of
contrasting perspectives (conservationist, regulatory, business, community) on a particular local environmental issue
that the students had previously been involved in. WeBGUIDE was used by the students to collect notes on their
interviews and to formulate personal and team perspectives on the issue. Results of this software trial were analyzed
and presented at the AERA, CSCL, ICLS, CILT, WebNet, and Group conferences (Stahl, 1999c¢). These findings led
to a number of revisions of WEBGUIDE, including the separation of the perspectives mechanism from the Web
interface, and recognition of the need for software architectures, standards, and components to support flexible rapid
prototyping of KBEs.

Interoperability among Knowledge-Building Environments

“Interoperability Among Knowledge-Building Environments,” PI: Gerry Stahl, September 1999 — August 2000,
89,124, from NSF-funded Center for Innovative Learning Technology (CILT), Subcontract #17-000359 under NSF
grant #EIA-9720384.

This was a seed grant whose purpose was to stimulate collaboration among KBE research groups. Part of the
intention of the grant was to prepare a proposal for fuller funding, such as the present proposal. This grant resulted
in a semester-long student project involving three graduate and three undergraduate students (one collaborating
virtually from Germany using WeBGUIDE) creating an XML DTD that defines a data format for data imported from
several different KBE prototypes and displayed in a Web browser using XSL. The grant supported a workshop
organized by the PI, entitled “Collaborating on the Design and Assessment of KBEs in the 2000's” at CSCL ’99 at
Stanford. This workshop attracted over 60 participants and was preceded by an on-line discussion of 28 submitted
position papers. This grant led to the emphasis on collaboration among KBE research groups and the need to
develop and disseminate theory and methodology for developing educational artifacts, as proposed here.

Incorporating Automated Text Evaluation into Collaborative Software Environments

“Allowing Learners to be Articulate: Incorporating Automated Text Evaluation into Collaborative Software
Environments,” Pls: Walter Kintsch, Gerhard Fischer, Thomas Landauer (Stahl served as co-PI and primary
software developer), calendar 1997-2000, $1,400,000 for four-years, from the McDonnell Foundation’s Cognitive
Science in Education (CSEP) program.

This grant supported the design, implementation, and testing of STATETHEESSENCE, Web-based software to teach
middle school students summarization skills (Kintsch et al., 2000; Stahl & dePaula, 2001; Steinhart, 2000).

New Media to Support Collaborative Knowledge-Building

“New Media to Support Collaborative Knowledge-Building: Beyond Consumption and Chat,” PI: Stahl, November
2000 through March 2001, $19,752, from the Lab for New Media at CU, sponsored by the Omnicom Corporation.
The grant is to test WEBGUIDE in the Artifacts Seminar and to make a number of technical improvements to
WEBGUIDE's functionality.

9. Contributions to ROLE Goals and Potential Impact

Recent research on learning and on technology in education — as surveyed in the Report to the President (Panel on
Educational Technology, 1997) and in How People Learn (Bransford et al., 1999) — stresses the potential of
innovative constructivist educational approaches to foster deep understanding. The latter document, for instance,
concludes that computer technology “has great potential to enhance student achievement and teacher learning, but
only if it is used appropriately” (Ch. 9).

Pursuing the Potential of Computer-Supported Collaborative Learning (CSCL)

Our project proposes to investigate at a detailed level the key learning processes in a computer-supported
collaborative knowledge-building environment. We believe that collaborative learning has a great potential to foster
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deep knowledge-building when it brings together the perspectives of multiple students in a productive way.
However, this requires a more detailed understanding of how collaborative knowledge-building processes work. We
further anticipate that computer support has the potential to facilitate collaboration by removing communication
limitations and by helping to manage the complexity of ideas and interactions. However, this requires carefully
designed knowledge-management software applications tuned to the needs of collaborative learning. This project
will investigate the potential of CSCL through focused inquiry using micro-ethnographic methods to observe how
learning takes place in collaborative settings under conditions of computer support.

A Methodology for Assessing Computer Support for Collaborative Learning

We will develop a methodology for assessing the role of computational cognitive artifacts in supporting
collaborative knowledge-building. We will start with micro-ethnography as a methodology for analyzing the
construction of social organization in small group communicative interactions. We will adapt this methodology to
address the concerns of human-computer interaction. This will provide future researchers and designers with an
approach for studying CSCL at a level of detail that can usefully drive iterative software design. Our approach will
make visible the learning that is taking place within small groups of students engaged in computer-supported tasks,
thereby indicating what is needed to help students learn how to take advantage of the computational artifacts and
where the design of the artifacts is effective or problematic.

Increased Understanding of the Role of Computational Cognitive Artifacts in Learning and Education

Our project will increase our understanding of the social origins and maintenance of knowledge, how knowledge is
embodied in artifacts, how the artifacts transmit this knowledge, and how people learn to use the artifacts to make
cognitive use of the embedded knowledge. In complex learning systems like VIRTUALBIOLOGYLAB, such knowledge
is presented in many forms: explicit textual knowledge like background information and procedural instructions,
animations and other representations of physical processes, simulations that generate data for analysis, interactive
tasks, mini-tests of student understanding, interactive tools for manipulating data, and lab results that require guided
interpretation. We will study how students in small groups successfully and problematically collaboratively
construct these various forms of knowledge through interaction with the software and with each other. This will
increase our theoretical understanding as CSCL researchers of the role of computational cognitive artifacts in
learning and education.

Impact on the CSCL Research Community

There is a vigorous and growing CSCL research community in the United States and globally, despite rather limited
funding opportunities here beyond ROLE. Last year over 700 people attended CSCL 99 and this year the first
European CSCL conference will take place. In January 2002, CSCL will be hosted at the University of Colorado,
with all of this project’s staff actively involved. The focus of the conference will be on new methodologies and
deepened theoretical frameworks. We anticipate that our project will provide an organizational basis for establishing
at CSCL 2002 on-going global research collaborations. Our project will provide an example of a systematic attempt
to apply a new methodology within the field and to elaborate a coherent theoretical framework that addresses core
issues of CSCL.

ROLE Quadrant 2 and 3

While ROLE projects related to neuroscience may focus quite literally inside the head of an individual learner, this
project will look outside at the social interactions through which knowledge is constructed and shared — and at the
same time evidenced — in collaborative educational settings. The project is situated in ROLE’s quadrant 2 because it
builds bridges from the cognitive sciences to research on learning. Through micro-ethnographic studies of
educational environments, it undertakes fundamental research on behavioral, cognitive, affective, and social aspects
of human learning as mediated by artifacts. It is also situated in quadrant 3 because it is building a stronger research
base to support educational approaches (e.g., scaffolded collaborative small groups), curriculum materials
(VirTuaLBrorogyLaB), and technological tools (WEBGUIDE) to facilitate the learning process. In particular, the
project builds on diverse cognitive theories of the role of artifacts and on methods of micro-ethnography in order to
develop and refine new education research and evaluation methods for analyzing the role of computational cognitive
artifacts in collaborative learning and education — and investigates these theories and methods in formal science
learning settings in middle school, high school and college.
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BIOGRAPHICAL SKETCHES

10. The Project Team

The project team includes designers, developers, and assessors of Web-based educational artifacts. It also includes
micro-analysts of human interaction. The project not only brings together people from different disciplines, it also
coordinates efforts at a number of relevant research centers.

Research Centers: L°D, PBLI, CDS, ATLAS, CSCL 2002

The Center for LifeLong Learning and Design (L’D) is a research center in software development to support
collaboration and learning, housed within the Computer Science Department and the Institute of Cognitive Science
(ICS) at the University of Colorado at Boulder (CU). The PI and two consultants (Palen, Sumner) are long-time
members of L’D.

The Problem-Based Learning Institute (PBLI) at the University of Southern Illinois’s School of Medicine, until
recently directed by Howard Barrows, is an important research institution for collaborative education. Project co-PI
Koschmann is an active member.

The Communication Data Sessions is an on-going series of interdisciplinary micro-ethnographic data sessions
hosted by the faculty of the Communication Department who specialize in studies of human interaction. Over time,
these meetings have involved faculty and students in Communication, Linguistics, Education, Speech Language &
Hearing Sciences, Computer Science, and other fields. Participants meet informally to share recordings of human
communication (video, audio, field notes, etc.) for group discussion. The recordings are drawn from research
projects, and often are presented during exploratory or early phases of data collection and analysis. Short data
segments, usually accompanied by written transcripts, are observed repeatedly and discussed. One important goal of
data sessions is to generate insights, grounded in close observation from a variety of analytical viewpoints. A second
goal is to cultivate observational and analytical skills among an interdisciplinary community of researchers involved
in empirical studies of human interaction. These sessions are organized by project co-PIs Craig and LeBaron, and by
GRA Sanusi.

The Alliance for Technology, Learning and Society (ATLAS) is a faculty-led, campus-wide initiative to enhance and
assess undergraduate SMET education at the CU. Two project consultants (Barker, Garvin-Doxas) are assessment
specialists at ATLAS with backgrounds in communication and ethnography.

The international conference on Computer-Supported Collaborative Learning (CSCL) in January 2002 will be
hosted by L’D. The project PI is Program Chair of the conference; all co-Pls and most project team members are on
the Steering and/or Program Committee. This will be an important opportunity for the project to disseminate
preliminary results to the international research community.

Principal Investigators

Stahl, the PI, is an experienced software developer with a joint Assistant Research Professor position in Computer
Science and Cognitive Science. He has earned Ph.D.s in Philosophy and Computer Science, so he is equally at home
with theory and technology. He has participated in many research projects, including as PI.

Koschmann is an Associate Professor of Medical Education at Southern Illinois University. He is a leader in CSCL,
having organized CSCL ’95 and CSCL ’97 and having edited important texts on CSCL. He is also an authority on
PBL (problem-based learning), having studied the PBL program at SIU’s Medical School.

LeBaron is an Assistant Professor of Communication. He studied with Streeck and Hopper, founders of micro-

ethnography, and has subsequently developed the field further and applied it to learning and to the analysis of
artifact usage.

Craig is an Associate Professor of Communication who specializes in communication theory and discourse analysis.
He has studied interactive discourse in college classrooms, especially critical thinking courses. He has written on
theory of communication, grounded theory, and communication as a research field.

Consultant Advisory Board

The project team includes a number of consultants who bring important complementary skills and expertise from
education, ethnography, human-computer interaction, and assessment. Science and math content expertise is
provided by Kalmon, Klymkowsky, Koschmann, Nathan, Otero, and Petrosino. In addition, the developers of
VIRTUALBIOLOGYLAB, SIMROCKET, WEBGUIDE, Mission to Mars, and JIME are involved (Klymkowski, Petrosino,
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Stahl, Sumner). The consultants primarily form an advisory board for the project and attend monthly workshops to
review project progress and to participate in data sessions. Individual consultants may take a more active role during
specific project periods as needed. The breadth of the project team including the consultants is important to provide
an interdisciplinary audience for the analysis of the data, as well as for the on-going design and assessment (esp.
Barker, Garvin-Doxas, Palen) of the project.

Lecia Barker is Director of Evaluation and Assessment for ATLAS. Her PhD dissertation in Communication
(supervised by co-PI Craig) was on the discursive construction of virtual community in LamdaMOO, a
computational artifact. She is currently Evaluator or co-PI in 7 grants, mostly from NSF.

Kathy Garvin-Doxas conducts quantitative and qualitative assessment and evaluation of the Sorar SvysTEM
COLLABORATORY — a web-based freshman astronomy course for non-majors; for the past 3 years she has been
evaluating the implementation of collaborative learning techniques at CU. Her PhD dissertation in Communication
was a Bakhtinian analysis of collaboration in an organization becoming more participatory.

Stevan Kalmon is now a Regional Technology Consultant for the Colorado State Department of Education.
Previously he was a high school teacher at New Vista H. S. in Boulder and educational advisor to L’D.

Michael Klymkowsky is the designer and developer of the VirTuaLBIoLoGYLAB. He is a Professor of Molecular,
Cellular & Developmental Biology at CU. He has previously published textbooks and a CD-ROM (see his appended
letter of support for details).

Mitchell Nathan is Assistant Professor in the CU School of Education. His specialty is learning and teaching in
school settings, and educational technology. He conducts extensive field research in high school algebra classrooms.
After earning his PhD in cognitive psychology, he did research at the Learning Research and Development Center at
Pittsburgh and Vanderbilt University Learning Technology Center, where he worked on Jasper and Scientists in
Action.

Valerie Otero will join the faculty of the CU School of Education in January 2001 as a science education specialist.
She was a co-developer of curriculum materials and simulation visualization tools in a five-year NSF-funded project
entitled: Constructing Physics Understanding in a Computer Supported Learning Environment. Her PhD
dissertation (at UCSD with Ed Hutchins) was on the shifting role of visualization tools in the process of learning
electrostatics in a collaborative environment.

Leysia Palen is an Assistant Research Professor in Computer Science and a member of L’D. She specializes in the
adoption and use of everyday artifacts like mobile phones and electronic and group-sharing calendars. She studied
CSCW issues and ethnographic methods at UCSD and UC Irvine.

Anthony Petrosino is a researcher in Science Education at the U. of Wisconsin. His PhD dissertation at Vanderbilt
involved developing and implementing the “Mission to Mars” curriculum, centered on a model rocket project. He
collaborated with the PI on the design of SIMROCKET.

Tamara Sumner is Assistant Professor of Computer Science at CU and is a member of L’D and ICS. She teachers
HCI, Al, and the Internet. She is co-founder and co-editor of JIME. Her research includes digital libraries in geo-
science and on-line scholarly publication. Previously she developed distance education courses at the Open
University in England.

Research Assistants and Research Apprentices

The project will hire two graduate research assistants and three undergraduate research apprentices from the fields of
Communication, Computer Science, and Education. These students will participate in the collection and analysis of
data and will assist in other project activities. They will attend the monthly workshops.

Elizabeth Lenell is a graduate student in the School of Education specializing in CSCL. She is currently coordinating
the School’s PTTT technology services. She has taken 4 courses on CSCL from the PI and co-authored a study of
JIME with him. She has extensive graduate training in linguistics and cognitive psychology. Her dissertation
(advisor: Nathan) will be in understanding how students learn to interpret elements of representational artifacts.

Alena Sanusi is a graduate student in Communication. Her dissertation (advisor: LeBaron) involves micro-
ethnographic analysis of the StMRockeT data. She has co-authored papers with Craig and Stahl. Previously, she
pursued graduate studies in linguistics, and is skilled at transcribing and analyzing human communication.
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Significant Publications:

Stahl, G. (1996) Armchair missions to Mars: Using case-based reasoning and fuzzy logic to simulate a time series
model of astronaut crews, Knowledge-Based Systems, 9, pp. 409-415. Also in: Pal, Dillon & Yeung (2000)
Soft Computing in Case Based Reasoning, London, UK, Springer Verlag, pp. 321-334. Available at:
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Stahl, G. (2000) Collaborative information environments to support knowledge construction by communities, A/ &
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centered curriculum, Computers and Education. Special Issue on Education and the Internet, 24 (3), pp.
237-246. Available at: http://www.cs.colorado.edu/~gerry/publications/journals/c&e/.

Major Recent Grants (last 3 Years)
e 2000-2001: “New Media to Support Collaborative Knowledge-Building: Beyond Consumption and Chat”
(PI) $19,752; sponsor: Lab for New Media at CU and the Omnicom Corporation.

e 1997-2000: “Allowing Learners to be Articulate: Incorporating Automated Text Evaluation into
Collaborative Software Environments” (primary author and primary software developer; Pls: Gerhard
Fischer, Walter Kintsch and Thomas Landauer) $678,239; Sponsor: James S. McDonnell Foundation.

e 1997-2000: “Conceptual Frameworks and Computational Support for Organizational Memories and
Organizational Learning” (co-PI with Gerhard Fischer and Jonathan Ostwald), $725,000; Sponsor: NSF.

e 1999-2000: "Interoperability among Knowledge Building Environments" (PI) $9,124; Sponsor: Center for
Innovative Learning Technology / SRI.

e 1998-1999: "Collaborative Web-Based Tools for Learning to Integrate Scientific Results into Social Policy"
(co-PI with Ray Habermann) $89,338; Sponsor: NSF.

Collaborators:
Thomas Herrmann (and the Informatics and Society research group at Dortmund), Timothy Koschmann (and the
Problem-Based Learning research group at Southern Illinois), Chris Hoadley (SRI & Stanford), Alex Cuthbert
(Berkeley), Charles Hendricksen (Washington), Geri Gay (Cornell), Simon Buckingham Shum (Open University).
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Department of Communication (303) 492-6498 (phone)

Campus Box 270 (303) 492-8411 (fax)

University of Colorado Robert.Craig@Colorado.edu
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1969  University of Wisconsin - Madison, Speech, B.A.
1970  Michigan State University Communication, M. A.
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1990- University of Colorado at Boulder, Department of Communication; Associate Professor with
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1978 (Spring)  University of Wisconsin-Madison, Department of Communication Arts; Visiting Assistant
Professor

1975-1979 Pennsylvania State University, University Park, Department of Speech Communication;

Assistant Professor
1973 (Spring)  American University of Beirut, Mass Communication Program; Visiting Assistant Professor

Research Interests

Professor Craig is a communication theorist with a particular interest in theory as discourse and its role in cultivating
reflective practices. His more than fifty academic publications have addressed a variety of research topics and issues
in communication theory, including cognitive effects, conversational coherence, strategies and goals in discourse,
argumentation, the epistemological foundations of communication as a practical discipline, and the intellectual
structure of communication theory as a field. A current project involves close discourse analysis of student
discussions in a sample of university-level critical thinking classes. The goal of this research is to describe the meta-
discursive vocabularies that student discussants use for managing their interaction, especially the ways in which
formal argumentation and critical thinking concepts are adapted and used in practice.

Related Publications

Craig, R. T., & Sanusi, A. L. (in press). "I'm just saying": Discourse markers of standpoint continuity.
Argumentation.

Craig, R. T., & Sanusi, A. L. (in press). "So, what do you guys think?": Think talk and process in student-led
classroom discussions. In P. Glenn, J. Mandelbaum, & C. LeBaron (Eds.), Excavating the Taken-for-
granted: Studies in Language and Social Interaction. Mahwah, NJ: Lawrence Erlbaum Associates.

Craig, R. T. (2000). "The issue" as a metadiscursive object in some student-led classroom discussions. In T. A.
Hollihan (Ed.), Argument at Century's End: Reflecting on the Past and Envisioning the Future (pp. 64-73).
Annandale, VA: National Communication Association.

Craig, R. T. (1999). Metadiscourse, theory, and practice. Research on Language and Social Interaction, 32(1), 21-
29.

Craig, R. T. (1997). Reflective discourse in a critical thinking classroom. In J. F. Klumpp (Ed.), Argument in a Time
of Change: Definitions, Frameworks, and Critiques (Proceedings of the Tenth NCA/AFA Conference on
Argumentation, 1997; pp. 356-361). Annandale, VA: National Communication Association.
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Craig, R. T., & Carlone, D. A. (1998). Growth and transformation of communication studies in U. S. higher
education: Towards reinterpretation. Communication Education, 47, 67-81.

Craig, R. T. (1996). Practical-theoretical argumentation. Argumentation, 10, 461-474.

Craig, R. T. (1996). Practical theory: A reply to Sandelands. Journal for the Theory of Social Behaviour, 26(1), 65-
79.

Craig, R. T., & Tracy, K. (1995). Grounded practical theory: The case of intellectual discussion. Communication
Theory, 5, 248-272.
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University of Wisconsin-Madison Psychology B.S., 1976
University of Wisconsin-Milwaukee Psychology M.S., 1980
[llinois Institute of Technology Computer Science Ph.D., 1987
Appointments

Visiting Associate Professor, Institute of Cognitive Science, University of Colorado-Boulder, (1997-1998).
Associate Professor, Dept. of Medical Education, Southern Illinois University (1994-present).

Assistant Professor, Dept. of Medical Education, Southern Illinois University (1988-1994).

Assistant Professor, Computer Science Dept., Southern Illinois University (1988-1992).

Related Publications:

Conlee, M., & Koschmann, T. (1997). Representations of clinical reasoning in a PBL meeting: The inquiry trace.
Teaching and Learning in Medicine, 9, 51-55.

Koschmann, T., Glenn, P., & Conlee, M. (1997). Analyzing the emergence of a learning issue in a Problem-Based
Learning meeting. Medical Education Online, 2(1) [available at : http://www.utmb.edu/meo/res00003.pdf].

Glenn, P., Koschmann, T., & Conlee, M. (1999). Theory sequences in a problem-based learning group: A case
study. Discourse Processes, 27, 199-133.

Koschmann, T., & Glenn, P. (1999, April). Hypothesis generation within problem-based learning meetings. Annual
meeting of the American Educational Research Association, Montreal, Canada.

Koschmann, T., Glenn, P., & Conlee, M. (2000). When is a problem-based tutorial not tutorial? Analyzing the
tutor's role in the emergence of a learning issue. In C. Hmelo & D. Evensen (Eds.), Problem-based

Learning: Gaining Insights on Learning Interactions through Multiple Methods of Inquiry (pp. 53-74).
Mahwah, NJ: Lawrence Erlbaum.

Other Significant Publications
Koschmann, T. (Ed.)(1996). CSCL: Theory and Practice of an Emerging Paradigm. Mahwah, NJ: Lawrence
Erlbaum.

Koschmann, T., Hall, R., & Miyake, N., (Eds.) (in press). CSCL2: Carrying Forward the Conversation. Mahwah,
NIJ: Lawrence Erlbaum.

Koschmann, T., Kuutti, K., & Hickman, L. (1998). The concept of breakdown in Heidegger, Leont'ev, and Dewey
and its implications for education. Mind, Culture, and Activity, 5, 25-41.

Koschmann, T. (1999, December). Toward a dialogic theory of learning: Bakhtin's contribution to understanding
learning in settings of collaboration. In Proceedings of CSCL'99 (pp. 308-313). Mahwah, NJ: Lawrence
Erlbaum.

Koschmann, T. (in press). A third metaphor for learning: Toward a Deweyan form of transactional inquiry. To

appear in D. Klahr & S. Carver (Eds.), Cognition and Instruction: 25 Years of Progress. Mahwah, NJ:
Lawrence Erlbaum.



Synergistic Activities
Doctoral Consortium Faculty and Coordinator for Student Paper Prize Competition: CSCL '99, Palo Alto, CA,
December 1999.

Conference Co-Chair: CSCL '97, Toronto, Ontario, December 1997.
Program Chair: CSCL '95, Bloomington, IN, October 1995.
Associate Editor: Journal of the Learning Sciences.

Member Editorial Board: Distance Education, American Education Research Journal (Section on Teaching,
Learning and Human Development), Journal of Interactive Media in Education.

Collaborators

Collaborators: Paul Feltovich (SIU), Phil Glenn (SIU), Rogers Hall (U. of California-Berkeley), Larry Hickman
(SIU), Kari Kuutti (Oulu Univ., Finland), Curtis LeBaron (Colorado), Brian MacWhinney (CMU), Naomi Miyake
(Chukyo Univ., Japan).

Graduate and Post-Doctoral Advisors: Martha Evens (Illinois Institute of Technology).



Biographical Sketch of Curtis D. LeBaron, Co-Principal Investigator

Department of Communication (303) 492-7488 (phone)
Campus Box 270 (303) 492-8411 (fax)
University of Colorado Curtis.LeBaron@colorado.edu

Boulder, Colorado 80309-0270
Professional Preparation

B.A.  Department of English Brigham Young University, 1979

M.A. Department of Communication University of Utah, 1983

Ph.D. Department of Communication Studies University of Texas at Austin, 1988
Appointments

Assistant Professor, Department of Communication, University of Colorado at Boulder (1996 to present).
Assistant Instructor, Department of Communication Studies, University of Texas at Austin (1992 to 1996).
Associate Instructor, Department of Communication, University of Utah (1991 to 1992).

Managing Editor, The National Center for Constitutional Studies, Salt Lake City, Utah (1990 to 1991).
Technical Writer, Clyde Digital Systems, Orem, Utah (1987 to 1989).

Teaching Assistant, Department of Philosophy, Brigham Young University (1986 to 1987).

Writing Instructor, Department of English, Brigham Young University (1986 to 1987).

Research Interests

LeBaron studies language and social interaction within institutional and organizational settings. He uses micro-
analytic methods (e.g., Conversation Analysis, Micro-ethnography) to examine recordings of naturally-occurring
human interaction. He explicates both the vocal and the visible behaviors whereby people interactively create their
social identities and pursue their practical goals. Recent research topics include: the strategic use of physical space
during a police interrogation; the detection of deception during group therapy sessions; the use of hand gestures to
introduce and negotiate new ideas during meetings between professional architects and their clients. For many years,
LeBaron’s research and teaching has been influenced by emerging computer technologies, which facilitate micro-
analysis of videotaped data and creation of multimedia presentations (“movies”) to document research findings.

Related Publications:
LeBaron, C. (in press). Technology does not exist independent of its use. In R. Hall, T. Koschmann, & N. Miyake
(Eds.), CSCL2: Carrying Forward the Conversation. Mahwah, NJ: Lawrence Erlbaum.

LeBaron, C. & Streeck, J. (2000). Gesture, knowledge, and the world. In McNeill, D., (Ed.), Language and Gesture.
Cambridge: University Press.

Koschmann, T., & LeBaron, C. (1998, July). The complementarity of speech and gesticulation in learner
articulation. Paper presented at Eighth Annual Meeting of the Society for Text and Discourse, Madison, WI.

Hopper, R. & LeBaron, C. (1998). How gender creeps into talk. Research on Language and Social Interaction 31
(1), 59-74.

LeBaron, C. & Streeck, J. (1997). Space, surveillance, and interactional framing of participants’ experience during a
police interrogation. Human Studies 20, 1-25.

Other Significant Publications

LeBaron, C., Mandelbaum, J., & Glenn, P. (Eds.) (in press). Excavating the taken-for-granted: An introduction.
Excavating the Taken-for granted: Studies in Language and Social Interaction. Mahwah, NJ: Lawrence
Erlbaum.

LeBaron, C., & Koschmann, T. (in press). Gesture and the transparency of understanding. In Glenn, P., LeBaron, C.,
& Mandelbaum, J. (Eds.), Excavating the Taken-for Granted: Studies in Language and Social Interaction.
Mahwah, NJ: Lawrence Erlbaum.



LeBaron, C. (1996) "Looking for Verbal Deception in Clarence Thomas's Testimony." Published in S.L. Ragan, et
al., The Lynching of Language: Gender, Politics, and Power in the Hill-Thomas Hearings, Chicago:
University of Illinois Press.

Glenn, P., LeBaron, C., & Mandelbaum, J. (Eds.) (in press). Excavating the Taken-for Granted: Studies in Language
and Social Interaction. Mahwah, NJ: Lawrence Erlbaum.

10



SUMMARY YEAR 1

PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. | DURATION (months)
Univer sity of Colorado at Boulder Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gerry Stahl
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates NSRGunded Funds Funds
(List each separately with title, A.7. show number in brackets) CAL |ACAD |SUMR R‘*S%%SSSSPY gr%?ﬁ?fe%rﬂ)s i
1. Gerry Stahl - PI 9.00 0.00, 0.00/s 66,323 s
2. Robert Craig - Co-PI 0.00| 0.00| 2.00 13,585
3. CurtisLeBaron - Co-PI 0.00| 0.00| 2.00 10,262
4,
5.
6. (_ 0) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE) | 0.00| 0.00| 0.00 0
7.( 3)TOTAL SENIOR PERSONNEL (1 - 6) 9.00] 0.00| 4.00 90,170
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL ASSOCIATES 0.00/ 0.00| 0.00 0
2.( Q) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.00] 0.00] 0.00 0
3.( 2)GRADUATE STUDENTS 28,567
4.( 3)UNDERGRADUATE STUDENTS 15,000
5.( ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 133,737
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 23,770
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 157,507
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 8,000
2. FOREIGN 3,100
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 15,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 27,000
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 8,454
TOTAL OTHER DIRECT COSTS 50,454
H. TOTAL DIRECT COSTS (A THROUGH G) 219,061
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
47.4% of MTDC (Rate: 47.4000, Base: 211107)
TOTAL INDIRECT COSTS (F&A) 100,064
J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 319,125
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG I1.D.7.}.) 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 319,125|s
M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT $
Pl / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY
Gerry Stahl INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date Of Rate Sheet Initials - ORG

NSF Form 1030 (10/99) Supersedes all previous editions 1*SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG 11.B)



SUMMARY YEAR 2

PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. | DURATION (months)
Univer sity of Colorado at Boulder Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gerry Stahl
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates NSRGunded Funds Funds
(List each separately with title, A.7. show number in brackets) CAL |ACAD |SUMR R‘*S%%SSSSPY gr%?ﬁ?fe%rﬂ)s i
1. Gerry Stahl - PI 9.00] 0.00| 0.00 69,308 | $
2. Robert Craig - Co-PI 0.00| 0.00| 2.00 14,196
3. CurtisLeBaron - Co-PI 0.00] 0.00| 2.00 10,724
4,
5.
6. (_ 0) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE) | 0.00| 0.00| 0.00 0
7.( 3)TOTAL SENIOR PERSONNEL (1 - 6) 9.00| 0.00| 4.00 94,228
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL ASSOCIATES 0.00/ 0.00| 0.00 0
2.( Q) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.00] 0.00] 0.00 0
3.( 2)GRADUATE STUDENTS 29,853
4.( 3)UNDERGRADUATE STUDENTS 15,300
5.( ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 139,381
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 24,585
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 163,966
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 10,000
2. FOREIGN 3,100
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 7,500
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 27,000
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 8,716
TOTAL OTHER DIRECT COSTS 43,216
H. TOTAL DIRECT COSTS (A THROUGH G) 220,282
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
47% of MTDC (Rate: 47.0000, Base: 176722) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 99,812
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 320,094
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG I1.D.7.}.) 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 320,094 | s
M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT $
Pl / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY
Gerry Stahl INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date Of Rate Sheet Initials - ORG

NSF Form 1030 (10/99) Supersedes all previous editions 2 *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG II1.B)



SUMMARY PROPOSAL BUDGET COMMENTS - Year 2

** |- Indirect Costs
47.4% of MTDC (Rate: 47.4000, Base 35344)




SUMMARY YEAR 3

PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. | DURATION (months)
Univer sity of Colorado at Boulder Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gerry Stahl
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates NSRGunded Funds Funds
(List each separately with title, A.7. show number in brackets) CAL |ACAD |SUMR R‘*S%%SSSSPY gr%?ﬁ?fe%rﬂ)s i
1. Gerry Stahl - PI 9.00 0.00, 0.00/s 72,427 s
2. Robert Craig - Co-PI 0.00| 0.00| 2.00 14,835
3. CurtisLeBaron - Co-PI 0.00/ 0.00| 2.00 11,207
4,
5.
6. (_ 0) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE) | 0.00| 0.00| 0.00 0
7.( 3)TOTAL SENIOR PERSONNEL (1 - 6) 9.00| 0.00| 4.00 98,469
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL ASSOCIATES 0.00/ 0.00| 0.00 0
2.( Q) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.00] 0.00] 0.00 0
3.( 2)GRADUATE STUDENTS 31,196
4.( 3)UNDERGRADUATE STUDENTS 15,606
5.( ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 145,271
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 25,437
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 170,708
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 12,000
2. FOREIGN 6,200
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 3,500
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 27,000
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 8,987
TOTAL OTHER DIRECT COSTS 39,487
H. TOTAL DIRECT COSTS (A THROUGH G) 228,395
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
47% of MTDC (Rate: 47.0000, Base: 219908)
TOTAL INDIRECT COSTS (F&A) 103,356
J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 331,751
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG I1.D.7.}.) 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 331,751|s
M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT $
Pl / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY
Gerry Stahl INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date Of Rate Sheet Initials - ORG

NSF Form 1030 (10/99) Supersedes all previous editions 3*SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG II1.B)



SUMMARY Cumulative

PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. | DURATION (months)
Univer sity of Colorado at Boulder Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gerry Stahl
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates NSRGunded Funds Funds
(List each separately with title, A.7. show number in brackets) CAL |ACAD |SUMR R‘*S%%SSSSPY gr%?ﬁ?fe%rﬂ)s i
1. Gerry Stahl - PI 27.00] 0.00] 0.00|s 208,058 |s
2. Robert Craig - Co-PI 0.00| 0.00| 6.00 42,616
3. CurtisLeBaron - Co-PI 0.00| 0.00| 6.00 32,193
4,
5.
6.( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE) 0.00] 0.00] 0.00 0
7.( 3)TOTAL SENIOR PERSONNEL (1 - 6) 27.00/ 0.0012.00 282,867
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 0)POST DOCTORAL ASSOCIATES 0.00/ 0.00| 0.00 0
2.( Q) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.00] 0.00] 0.00 0
3.( 6)GRADUATE STUDENTS 89,616
4.( 9) UNDERGRADUATE STUDENTS 45,906
5.( ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 418,389
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 73,792
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 492,181
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 30,000
2. FOREIGN 12,400
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 26,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 81,000
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 26,157
TOTAL OTHER DIRECT COSTS 133,157
H. TOTAL DIRECT COSTS (A THROUGH G) 667,738
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A) 303,233
J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 970,971
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG I1.D.7.}.) 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 970971s
M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT $
Pl / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY
Gerry Stahl INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date Of Rate Sheet Initials - ORG

NSF Form 1030 (10/99) Supersedes all previous editions C*SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG II1.B)



BUDGET JUSTIFICATION
Salaries

PI

The PI will work full-time on this project. He is a Research Professor with no teaching responsibilities. He will
manage the project and supervise the project team.

co-Pls

Craig, Koschmann, and LeBaron are professors with teaching responsibilities. They will work on the project part-
time and involve their students in project activities. Craig and LeBaron will receive summer salary. Koschmann will
visit CU from SIU periodically and will be paid as a consultant.

GRAs

2 doctoral students will be paid for half-time work on the project during the academic year. They will receive tuition
reimbursement.

URAPs
3 undergraduates will be paid at an hourly rate for half-time work on the project during the academic year.

Travel

Domestic

Travel expenses are budgeted for 8 trips in year I, 10 in year II and 12 in year III. This will allow consultants and the
co-PI who do not live in Colorado to make periodic trips to CU. It will also cover expenses for project staff to attend
conferences where they present the findings of the project. The need for such trips will increase in later years as the
project has more findings to report.

Foreign

Travel expenses are budgeted for 1 trip in year I, 1 in year II and 2 in year III. This will cover expenses for project
staff to attend conferences abroad where they present the findings of the project.

Other Direct Costs

Materials and Supplies

Funds are budgeted for equipment needed to gather and analyze data, including video cameras, microphones, video
digitization hardware and software, computer memory, etc. Most of this equipment will be purchased in year I.

Consultants
Co-PI Koschmann will be paid as a consultant at the rate of $450/day for 25 days a year.

Consultants will be paid for participation in monthly Advisory Board workshops at a rate of $150/ meeting for
preparation and attendance. Funds have been budgeted for 45 of these participations a year.

Consultant funds have been budgeted for an additional 20 days per year of project work at $450/day to allow
consultants to engage in project tasks over extended periods of time as needed.

Indirect Costs

Per HHS agreement dated 8/16/99, indirect costs are calculated at 47.4% of M.T.D.C. for the period 7/1/99 - 6/30/02
and 47% of M.T.D.C for the period 7/1/02 - 6/30/04.



CURRENT AND PENDING SUPPORT

Other agencies (including NSF) to which this proposal has

Investigator: Gerry Stahl been/will be submitted. None

Support: Current Pending X Submission Planned in Near Future

Project/Proposal Title: The Role of Computational Cognitive Artifacts in Collaborative Learning and Education (this
proposal)

Source of Support: NSF - ROLE

Total Award Amount: $970,972 Total Award Period Covered: 5/1/01 — 4/30/04

Location of Project: University of Colorado at Boulder

Person-Months Per Year Committed to the Project. Cal: 9 Acad: Sumr:

Support: Current X Pending Submission Planned in Near Future

Project/Proposal Title: New Media to Support Collaborative Knowledge-Building: Beyond Consumption and Chat
Source of Support: Omnicom Corporation

Total Award Amount: $19,752 Total Award Period Covered: 11/1/00-4/30/01

Location of Project: University of Colorado at Boulder

Person-Months Per Year Committed to the Project. Cal: 3 Acad: Sumr:

Support: Current X Pending Submission Planned in Near Future

Project/Proposal Title: Allowing Learners to be Articulate: Incorporating Automated Text Evaluation into
Collaborative Software Environments.

Source of Support: The James S. McDonnell Foundation, Cognitive Studies in Educational Practice program
Total Award Amount: $678,239 Total Award Period Covered: 1/1/97 - 12/31/00

Location of Project: University of Colorado at Boulder

Person-Months Per Year Committed to the Project. Cal: 4.5 Acad: Sumr:

Other agencies (including NSF) to which this proposal has

Investigator: Robert Craig been/will be submitted. None

Support: Current Pending X Submission Planned in Near Future

Project/Proposal Title: The Role of Computational Cognitive Artifacts in Collaborative Learning and Education (this
proposal)

Source of Support: NSF - ROLE

Total Award Amount: $970,972 Total Award Period Covered: 5/1/01 — 4/30/04

Location of Project: University of Colorado at Boulder

Person-Months Per Year Committed to the Project. Cal: Acad: Sumr: 2




Other agencies (including NSF) to which this proposal has

Investigator: Curtis LeBaron been/will be submitted. None

Support: Current Pending X Submission Planned in Near Future

Project/Proposal Title: The Role of Computational Cognitive Artifacts in Collaborative Learning and Education (this
proposal)

Source of Support: NSF - ROLE

Total Award Amount: $970,972 Total Award Period Covered: 5/1/01 — 4/30/04

Location of Project: University of Colorado at Boulder

Person-Months Per Year Committed to the Project. Cal: Acad: Sumr: 2

Support: Current Pending X Submission Planned in Near Future
Project/Proposal Title: Toward a Descriptive Science of Learning Practices

Source of Support: NSF - ROLE

Total Award Amount: $399,007 Total Award Period Covered: 6/1/01 — 5/31/03

Location of Project: Southern Illinois University School of Medicine

Person-Months Per Year Committed to the Project. Cal: .5 Acad: Sumr:

Support: Current Pending X Submission Planned in Near Future

Project/Proposal Title: Studying Learning as Accountable Practice: Advancing an Alternative Paradigm
Source of Support: Spencer Foundation

Total Award Amount: $298,430 Total Award Period Covered: 4/1/01 — 3/31/03

Location of Project: Southern Illinois University School of Medicine

Person-Months Per Year Committed to the Project. Cal: .5 Acad: Sumr:




Other agencies (including NSF) to which this proposal has

Investigator: Timothy Koschmann been/will be submitted. None

Support: Current Pending X Submission Planned in Near Future

Project/Proposal Title: The Role of Computational Cognitive Artifacts in Collaborative Learning and Education (this
proposal)

Source of Support: NSF - ROLE

Total Award Amount: $970,972 Total Award Period Covered: 5/1/01 — 4/30/04

Location of Project: University of Colorado at Boulder

Person-Months Per Year Committed to the Project. Cal: Acad: Sumr: 2

Support: Current Pending X Submission Planned in Near Future
Project/Proposal Title: Toward a Descriptive Science of Learning Practices

Source of Support: NSF - ROLE

Total Award Amount: $399,007 Total Award Period Covered: 6/1/01 — 5/31/03

Location of Project: Southern Illinois University School of Medicine

Person-Months Per Year Committed to the Project. Cal: 3 Acad: Sumr:

Support: Current Pending X Submission Planned in Near Future

Project/Proposal Title: Studying Learning as Accountable Practice: Advancing an Alternative Paradigm
Source of Support: Spencer Foundation

Total Award Amount: $298,430 Total Award Period Covered: 4/1/01 — 3/31/03

Location of Project: Southern Illinois University School of Medicine

Person-Months Per Year Committed to the Project. Cal: 3 Acad: Sumr:




FACILITIES, EQUIPMENT AND OTHER RESOURCES

Computational Facilities

The Center for LifeLong Learning and Design, the Department of Computer Science, and the Institute of Cognitive
Science at the University of Colorado, Boulder, have created a first-class computational environment for research in
artificial intelligence, cognitive science, human-computer interaction, and social factors.

Over the last 15 years, the Department of Computer Science received a Coordinated Experimental Research (CER)
grant and three Institutional Infrastructure grants from NSF. These grants have allowed the department to acquire
some of the most modern machines and create a computationally rich research environment. In addition, these grants
provided a basic level of networking infrastructure for the department.

The PI (Stahl) is a Senior Research Scientist on the new NSF/CISE Research Infrastructure grant. This grant will
support the purchase of several laptop computers to facilitate project work and communication among the co-Pls
and GRAs.

The Communication Department maintains a lab for digital video analysis. This lab will be available to project staff.

Office Space

The College of Engineering and the Department of Computer Science provide faculty, staff, and Ph.D. students with
office space. A unique Discovery Learning Center (DLC) is currently under construction as the next phase of the
development of the College of Engineering complex. DLC will have the capacity to link to other sites, on campus,
with our partners, in the community, and around the world, through state-of-the-art technology. Building completion

is expected in August 2001, during the first phase of the project. L3D is the major tenant in the DLC. The PI, some
of the project staff, and proposed activities will be housed in the DLC. Most trials of educational artifacts will be
conducted and videotaped in a specially designed area of the DLC. There will be space there for project workgroups
and for the monthly Advisory Board meetings. The DLC is specifically designed to provide space for projects like
the proposed one, which include undergrads, grad students and faculty, which are interdisciplinary, and which take
advantage of digital technologies.
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Monday, November 27, 2000

Professor Gerry Stahl
Computer Science / University of Colorado, Boulder
Boulder, Colorado 80309-0430

Dear Gerry,

I am pleased to give my enthusiastic support for your NSF ROLE Program proposal
"The Role of Computational Cognitive Artifacts in Collaborative Learning and Education.” |
have been involved in a number of media and web-based educational projects, e.g. developing
web-sites to support courses | have taught!, writing and editing the “teachware” CD-ROM
“The Dynamic Cell” published by Springer-Verlag?, and authoring the “Working with the
Literature” section of the web-site that accompanies W.H. Freeman’s best selling text
“Molecular Cell Biology” by Lodish et al’>. | have had first hand experience with laboratory
courses, having completely redesigned the laboratory course (MCDB 3140) that accompanies
our Cell Biology course (MCDB 3120).

I have read your NSF proposal and am happy to participate in the project. | believe that
your work is likely to be useful to those developing web-delivered teaching applications in the
natural sciences and other subjects. Over the past year Tom Lundy and I, working through
our company virtuallaboratory.net, inc. (DUNS number: 001394381), have been developing
web-based curricula and interactive FLASH 5-based web applications for high school
“Advanced Placement” (virtuallyAPBiology®), introductory and advanced college-level
biology (virtuallyBiology®) and genetics (virtuallyGenetics®) courses. We are in final contract
negotiations with W.H. Freeman & Co to produce college level virtuallyBiology® WebLabs®;
the first series of these labs are scheduled for release in August 2001. Negotiations are on
going with W.H. Freeman & Co. and CogitoLearningMedia, Inc. to produce and distribute
virtuallyAPBiology© labs. A number of our web-based labs are currently ready for student
testing’. In the spring and fall of 2001, we will recruit students to test these labs. My
department is supportive of the use of web-based labs and | am scheduled to teach a new

! MCDB 4444 — The Diseased Cell: spot.Colorado.edu/~klym/class4444.html; M CDB 3330 — Evolution
& Creationism — spot.Col orado.edu/~klym/class3330.html; MCDB 1150 - Introduction to Molecular
Biology: spot.Colorado.edu/~klym/class1150.html and M CDB 3120 — Cell Biology:
spot.Colorado.edu/~klym/Cel|[Home.htm.

2 http://www.springer.de/lifesci/dynamic-cell/.

® http://www.whfreeman.com/l odish/con_index.htm?99wwl

* These labs can be viewed at our web site: www.virtuallaboratory.net.




course, MCDB 1111 - Biofundamentals, in the spring of 2002. This introductory level course
will use web labs as a substitute for conventional “wet” labs.

Wet labs are a cornerstone of the conventional biology curriculum. There are, however,
many reasons to believe that interactive web-based labs will prove to be significantly more
effective in teaching the basics concepts of experimental science. Web-based labs are not
constrained by time, student technique, institutional facilities, or the availability of well-
trained personnel and ancillary resources. Classic experiments, such as the studies by Luria &
Delbruck that revealed the random nature of mutations or the studies of Monod and Jacob that
established the regulatory organization of the gene, can be readily recreated using web-based
applications. It is possible to create experiments in evolutionary and ecological biology that are
impossible to perform in conventional lab courses. More to the point, conventional labs are
subject to a very strong, and generally unacknowledged, selection pressure against exercises
that are time consuming or that have a significant chance of “failure”. This inevitably leads to
a simplification of the experiments attempted, often at the expense of didactic substance.

In contrast, web-based laboratories enable (and truth to tell, force) students to discover
for themselves how critical ideas were established in an experiential, “minds on” way. While
conventional laboratory courses can often turn students off to science, web-based laboratories
can inspire students — particularly in an age when more and more biology will be done using
computers, both in “data mining” and the modeling of biologic systems.

There is a strong and quite sound argument that physical laboratories are essential to
the training of practicing biologists. However, even here logic would seem to favor web-based
labs at the introductory and intermediate levels. Over the years, | have hosted over 30
independent study undergraduate students in my laboratory; | have consistently found the
“training” they received in their laboratory experiences left them completely unprepared for
lab work. Web-based labs can provide a level of conceptual rigor that conventional labs do not
approach, constrained as they are by the realities of biologic systems and educational
economics. More importantly, large introductory laboratory courses are expensive (~$500-
$600 per student here at the University of Colorado). They effectively drain scare resources
away from smaller and more effective upper division laboratory courses and independent
study experiences that are essential in the training of future biologists.

Finally, it is clear to us that in a project as revolutionary as our interactive WebLabs®,
student and instructor feedback, and responsive redesign and design modification are critical
to the development of optimally effective teaching applications. Your project promises to
provide the developers of web-based teaching applications critical insights into what works
and what does not. As such it is fundamental to the successful development of new teaching
technologies, and with them the promise of bringing high quality educational experiences to a
much broader segment of the American and worldwide student population.

Sincerely yours,

Michael W. Klymkowsky
Professor



