ABSTRACT

Project Title: “Learning Via Distributed Dialogue: Livenotes and Handheld Wireless Technology.”

Whiteboard technologies have been increasingly tested as a means of collaborative learning, but few metrics exist to characterize the dynamic nature of shared note-taking. Our software platform, Livenotes differs from other whiteboard technologies in using a synchronous, handheld wireless format portable inside and outside classrooms. Our focus is to develop metrics to capture the learning that happens through the process of distributing dialogue. These metrics will not focus on formal tests, but will grow out of the ways in which students interact in patching together input on Livenotes whiteboards in real time. In particular, we compare metrics for learning via distributed dialogue in two different contexts, namely drawing in a design class at the University of Washington and dialogue in an education class at the University of California at Berkeley. 
Project Title: “Learning Via Distributed Dialogue: Livenotes and Handheld Wireless Technology.”
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Dr. Alastair Iles, iles@nature.berkeley.edu (Energy and Resources Group, UCB)

Daniel Glaser, dcg@cs.berkeley.edu (Interdisciplinary Doctoral Program, UCB)

Matthew Kam, mattkam@cs.berkeley.edu (Computer Science, UCB)
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Objectives and Significance:
We aim to contribute insights into how to measure the effects of distributed dialogue on learning to the Technology in Learning Assessments theme. In recent years, whiteboard technologies have been increasingly tested as a means of collaborative learning, but few metrics exist to characterize the dynamic nature of shared note-taking. Our software platform, Livenotes,
 differs from other whiteboard technologies in using a synchronous, handheld wireless format readily portable inside and outside classrooms. Students can engage in peer-to-peer dialogue, directly asking each other questions about a lecture or presentation, drawing diagrams, discussing a professor’s overheads, commenting on each other’s ideas, sharing information. This differs greatly from other approaches to collaborative learning that do not rely on distributing input between students or on handheld styli, or on combining handwritten text and drawing.

Our focus is, therefore, to develop metrics that can capture the learning that happens through the process of distributing dialogue, and that can be generalized to other settings that make use of distributed dialogue. These metrics will not focus on formal educational test approaches, but will be based on the ways in which students interact in patching together input on the Livenotes whiteboard in real time. Earlier trials revealed that learning behavior could occur in counterintuitive ways. For instance, students seemed to remember more vividly when they had directly discussed ideas, engaged in humor in connection with these ideas, or shared the work of debating an idea. Their attention appeared key in absorbing ideas. Equally important, students seemed to distribute their dialogue differently if they had engaged in a group drawing. Hence we propose to develop metrics to target these dimensions, and to do a comparative user study of design and education classes to see if the metrics differ.

Eventually, we plan to use the results of our user analysis to apply for National Science Foundation funding to investigate learning by remote interaction and through graphical conventions. That is, the learning metrics initially developed through this study may be expanded to contexts of use where different classroom sites in different states and substantial graphical interaction play central roles. 

Status of Livenotes.

Livenotes exists in prototype form, but is undergoing further, iterative, cooperative design. Currently, the Livenotes Group is developing a new user interface based on our analysis of the first user trials during spring 2001. This interface will be completed by June 2002 and will have the facility of permitting students not only to draw, but also to write comments on the overheads that a lecturer is presenting before the class by superimposing these on the whiteboard. We will be using several different handheld wireless platforms, choosing from the growing number available on the market this summer. Livenotes is designed for use by small groups of 4-5 students on diverse platforms. There can be multiple groups within a lecture room, or dispersed across separate rooms.
Learning Targets.

We will study three specific learning targets: the understanding of concepts; the ability to explain and evaluate readings or lecture material; and collective problem-solving in designing something. These learning targets are distinct from how students learn to use the tablet platforms or Livenotes. They are key to many educational settings ranging from universities to elementary schools, so the resulting metrics can be generalized across different educational tools and processes that share the feature of distributed dialogue. In part, each learning target depends on the class context. To generate different insights into learning, we use two different contexts:

· An education discussion seminar held under the auspices of Professor Rogers Hall at the University of California at Berkeley in late summer 2002. This class will have 3 sessions in which graduate students interact in multiple small groups to discuss education readings. It will take a predominantly discussion format, but the professor will give short lectures at the beginning of each session. Usually, these classes rely on verbal discussion where individual members take turns to participate, if they wish to. They include short lectures by the professor at the beginning.

· An architectural design studio class held by Professor Ellen Do at the University of Washington, Seattle during fall 2002. This class will have 3 sessions in which undergraduate students in multiple small groups discuss design readings and work on solving a design problem by graphical diagramming and discussion. Usually, the design classes have a format where individual students sit at separate desks and do their own sketching instead of working interactively. The professor may give lectures at times.
While the first context allows us to study learning targets like those of traditional lectures and seminars, the second context enables focus on learning targets that have a sizeable drawing component. Both contexts are traditionally individualistic in learning and interaction, but we propose to use the tablets and small groups to bring a more collaborative element into the classroom. In turn, students can take away the transcripts of each session (via email or a project website) for later reference. The tablets will not stand alone, but will be linked to a web-based database that students can retrieve data from.

Tasks and Activities to Elicit Data.

Based on the learning targets that we investigate, we will set three tasks for each class to evaluate how students learn to respond. These equivalent tasks are prompted by the professor, but allow class members to explore according to their backgrounds and interests. 

The education class (looking at environmental education issues) will be asked to explain an educational concept given in a short professor lecture (in session 1) and to review (summarize, evaluate, and build on) a key reading that they will have read prior to class (in session 2). Finally, the group will collaboratively design a set of slides for use in explaining what conclusions the class has reached about environmental education (in session 3). 

In parallel, the design class will be requested to explain a lighting design concept given in a lecture (in session 1); and to review a lighting design reading (in session 2). The group will collaboratively design a room taking account of requirements for energy efficient lighting (in session 3). 

Development of Metrics and Expected Outcomes

Based on the analysis, we will develop two major learning metric categories. First, we look at how the dialogue is distributed. From our first deployment, we have developed an initial taxonomy classifying input into different types of marks. Some of these marks include summary points, expansion of ideas, linking ideas, and humor. We have already developed basic quantitative measures such as the ink-strokes and categories attributable in each class to each user. Automating these measures will enable us to see, for example, who is contributing which ink-strokes and in what categories. We plan to expand on this analysis by linking the inkstrokes to the live classroom discussion to obtain a more complete “map” of the conversations. It may be possible to identify patterns of marks that lead to favorable outcomes as judged by the professor and student peers. Users who expand ideas on the tablets for longer than the verbal discussion in class may produce better essays or designs. 
Second, we look at the changes in learning that take place through the process of distributing dialogue. For example, some students may develop conceptual understanding more than others by engaging in distributed dialogue as contrasted to the verbal discussion or through side-conversations alongside commenting on lectures. Other people may do things that they would not otherwise do in the “traditional” class format, like contributing to drawings that aid group understanding of lecture ideas. Such qualitative metrics will rely on sources like interview data, following play-backs of dialogue sequences recorded in real time on transcripts, and professor feedback. Based on our initial study, we expect to find “meaningful conversations” (e.g., students explaining to each other about a concept, or asking questions about a design issue) that would otherwise be inhibited in normal classroom discourse. We also expect to find that the students will develop their own dialogue alongside the professor’s lecture or discussion.
More specifically, the metrics will measure the following kinds of learning. For session 1, we want to evaluate whether and how students express their understanding by articulating concepts in written form on the whiteboard, as contrasted to verbal discussion and the professor’s lecture. Are students building on each other’s conceptual insights? Do students elaborate on the concept beyond what the professor says? How does the explanation change through distributed dialogue? Does the comment of one student lead to other students enriching the explanation with their own insights? Is this better than a verbal answer by one person addressed to the whole class? In the design context, can students sketch pictures during a live discussion that they would otherwise not and thereby improve their understanding of the concept?
For session 2, we will compare what is said in the distributed dialogue against the reading contents. Are students adding to these contents, or simply summarizing them? We would like to see if students are able to create conversations and artifacts that they could not otherwise make without the distributed dialogue. Does the facility of being able to read and interact on whiteboards lead to different participation? Do students re-use the transcripts later in their essay writing and discussions? 

For session 3, we wish to evaluate how the ability to draw and assemble different ideas on the whiteboard enhances the design process as seen by the students themselves, and by the professor. We will look at whether and how students engage in critique of each other’s ideas on the whiteboard in ways that they could not in verbal discussion or in traditional design reviews. In the architectural design field, for instance, student projects are commonly criticized by outside reviewers. Using the instructor’s analysis, we will ask: are students able to generate this kind of critique internally to the group? Does the ability to record the distributed dialogue on the whiteboard lead to better criticism?  How and will drawings students make on the whiteboard during lecture be carried over into their later collaborative design?

Data Collection and Analysis; Quality Control.
We are developing a protocol to guide the design and analysis of the class sessions. This will also assure the quality of the evidence. Prior to the first meeting of each class, we will briefly train members as to how to use the wireless tablets and Livenotes, to ensure that students make use of the tablets rather than engaging in verbal dialogue alone. The evidence that we will use will take the form of classroom videotape and sound recordings, Livenotes transcripts with time-stamped records, and interviews with users before, during, and after the classes. Livenotes will have a “play-back” feature in which we can set a tablet to show the progressive sequence of ink-marks as the distributed dialogue appears on the screen. This will allow us to see who is responding to whom and to which comments, and at what times during the class. 

Some of this analysis, developed by the Education School members, will be translated into prototype automation by the Computer Science members. This automation can be used in other settings. As we discovered in our first trials, manual analysis is very time-consuming. Quality will be judged by repeating counts twice for all measures and data sources. We will manually check samples of the evidence against the automated analysis results. We will ask the professors to evaluate the evidence in terms of their experiences with similar, previous classes. The final session will be followed by a meeting to retrospectively do video and sound analysis with the students themselves, to ask them about what they were thinking at the time. This will also allow the evidence to be tested more exhaustively.

Project Partners
The Livenotes research group, led by Professor John Canny, is an innovation and user analysis group that is attached to the Department of Computer Science at UCB. The partners for this project span three main areas of expertise. Canny will oversee the continuing development of Livenotes, and contribute his knowledge of artificial intelligence algorithms for segmenting data to support subsequent data analysis. Professor Rogers Hall of the UCB School of Education will assist with the design and testing of learning metrics, videotape analysis techniques, and provide a classroom setting at Berkeley. Professor Hall is one of the leading figures in the field of social and cultural factors in learning. Professor Ellen Do of the Architecture Department at the University of Washington not only will contribute expertise on developing “grouping” functions to aid with the user interface development, but also has an extensive background in protocol analysis for design problems.  Additionally, she and Professor Mark Gross provide an architectural design classroom that specializes in portable, computer-aided, handheld design approaches of a kind that the UCB Architecture School does not teach. In this way, participation by University of Washington researchers provides an exciting new development of the Livenotes project that would otherwise not be feasible, namely studying how drawing may affect distributed dialogue.

Other participants include Dr. Alastair Iles (a postdoctoral fellow expert at conducting user studies); Daniel Glaser (an interdisciplinary PhD candidate also expert at user analysis); and Matthew Kam (the leader of the Livenotes design team and a PhD student). Other undergraduate and graduate students at UCB and the University of Washington will participate. In short, this project brings together not only participants from different research institutions, but also from different departments of the UCB campus that otherwise do not interact densely. Moreover, it provides a unique educational opportunity to the students involved, by enabling them to do advanced user research along with their programming work. The Computer Science Department will contribute the space and computing equipment needed to develop Livenotes, as well as the Tablet PCs to be used. The Education School will provide video analysis equipment and facilities to allow user analysis. Thus, CILT funding would be used to enable cross-campus collaboration, through allowing user studies to take place, and permitting travel between campuses to oversee these studies. 

Deliverables: 

1. Research protocols for studying dynamic learning interactions and the use of drawing in design processes. Responsible person: Ellen Do.

2. In depth evaluations for two different learning settings with Livenotes. These evaluations will include transcript and video analysis to map the conversations. Responsible persons: Alastair Iles, Daniel Glaser, Chris Wu, Matthew Kam, and the Seattle students (to be identified in fall).

3. Learning metrics will be identified. Responsible person: Rogers Hall.

4. Experimental low-fidelity prototypes will be developed to automate learning analysis. Responsible person: John Canny.

5. Email updates in October 2002 and January 2003; final report in March 2003. Responsible persons: Alastair Iles and Daniel Glaser.

Week by week plan:



Period of Performance: August 1, 2002 to March 31, 2003 (32 weeks)

Budget for 2002-2003 CILT Evaluation Proposal













U.C. Berkeley ($6,660)
 
subtotal
total

Post-Doc/GSR Salary
 
 
$4,660

 
Post-Doc (analysis)
$2,860
 

 
GSR #1 (analysis)
$600
 

 
GSR #2 (transcriber)
$600
 

 
GSR #3 (transcriber)
$600
 

Travel
 
 
$1,200

 
3 round-trips Berkeley/Seattle
3@ $400
 

Consumables
 
 
$800

 
printing
$400 
 

 
data storage (video tapes/CD's)
$100 
 

 
office supplies
$300 
 






U.W. Seattle ($3,330)

subtotal
total

GSR Salary
 
 
$1,930

 
GSR #1 (transcriber and analysis)
$1,930
 

Travel
 
 
$800

 
2 round-trips Berkeley/Seattle
2@ $400
 

Consumables
 
 
$600

 
printing
$300 
 

 
data storage (video tapes/CD's)
$100 
 

 
office supplies
$200 
 

CROSS CAMPUS TOTAL


$9,990

� Full details of Livenotes can be found at: http://newmedia.colorado.edu/cscl/225.html.
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