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In August, 2004, Richard Anderson (UW) and Jane Prey (Microsoft Research) hosted a Tablet PC in Higher Education Workshop. The outcomes of that workshop were delivered in a whitepaper focusing on the then current state of tablet computing in higher education from the teacher, the student and the researcher’s perspectives. (The workshop 2004 summary and whitepaper can be found from a link at: http://www.cs.washington.edu/homes/anderson/tpc/index2004.html)

Based on the success of that workshop, Anderson and Prey again hosted a Tablet PC Workshop in July of 2005, gathering together university faculty who are advancing research and education around tablet computing together with industry representatives from Microsoft and Hewlett-Packard. Attendees spent two days reflecting on the current state of pen computing discussing the future. This paper documents those discussions. (This workshop summary, workshop agenda, presentations, etc can be found at: http://www.cs.washington.edu/homes/anderson/tpc/)
Three broad themes emerged over the course of the workshop. First, there was the need to continue innovating. Current applications are not compelling enough to drive widespread adoption of this promising technology. The workshop attendees saw a need to broaden their exploration of tablets with new interfaces, new interaction contexts, and new disciplines.

Second, the attendees saw the need to strengthen collaborations between members of their community. As new educators begin to explore the use of Tablet PCs in universities, the need to share current knowledge of best practices grows as well. As research into the effectiveness of Tablet PCs in educational settings expands, the need to agree on approaches to research increases. Also, as research into pen interfaces becomes more fragmented, the need for a unified vision of the future becomes paramount.
Finally, attendees agreed that lingering hardware and software problems with the Tablet PC platform continue to hinder its penetration into universities. Powering a Tablet PC for a full day of use at a university is the biggest hardware problem. Software bugs (e.g. OneNote interaction bugs and network scaling bugs) make students and educators lose precious time when using Tablet PCs in the classroom and discourage adoption of the technology. The difficulty of developing applications for the Tablet PC was also noted by many educators and researchers.

Part of each of the two days was devoted to small group discussion. The following pages present a detailed account of the discussions held. The first section will summarize the conclusions of breakout groups held during the first day. The second section will list the results of brainstorming sessions held on the second day. The paper closes with conclusions and a list of attendees.
Conclusions of Breakout Groups

On the first day, attendees were broken into three groups and asked to consider the following questions:

· Where are we today compared to a year ago in pen computing?

· Where do we want to be a year from now?

· Are we succeeding?
The first group considered these questions from the perspective of interface researchers who use the Tablet PC as a platform. The second considered them from the perspective of teachers attempting to use the Tablet PC as an educational tool. The third took the perspective of administrators deploying Tablet PCs into universities. The conclusions of each of these groups are given separately below.

Tablet PCs in Research 

Faculty researchers noted one important form of progress in the past year: there has been better discussion between human-computer interaction researchers and recognition technology researches. Attendees noted, in particular, that there has been good attendance from both groups at a number of conferences, including the ACM Symposium on User Interface Software and Technology (UIST), the AAAI Workshop on Making Pen-Based Interaction Intelligent and Natural, the International Conference on Multimodal Interfaces (ICMI), and the Eurographics workshop on pen-based computing.

All agreed, however, that the community needs to articulate a vision of this new style of computing enabled by the Tablet PC. Note taking and document annotation are still the staple applications of this platform, but they do not appear to be “killer” applications. In the next year, the community hopes to speculate about the killer applications that will drive this new style of computing and outline the steps to achieve that vision.

As a step toward this new vision, those assembled saw a need to shift thinking about this platform away from “Pen” interfaces and toward “Multimodal” interfaces. Part of the power of the Tablet PC platform comes from its ability to combine or alternate between several modes of input, including keyboard, pen, and audio. The possibility of expanding this to new modes, such as photographs, GPS, accelerometers, or perhaps even pens with multiple points of contact, makes the platform even more intriguing. Also, with regard to sketching interfaces, attendees wished to see a shift from thinking about “text” to thinking about a wider variety of information, such as mathematical expressions, drawings, and diagrams.

Attendees identified six broad areas of research that will be significant in the coming year:

Taking Advantage of Multiple Input Modalities
Entering data while in slate mode is still a challenge, and research into fast text input methods will continue to be important. As an alternative, research into methods for fast switching between keyboard and pen could be helpful. Also important is research into systems that combine audio intelligently with other modalities.

Recognition/Analysis of Non-textual Information

Extensive work is still needed into systems that quickly recognize and analyze shapes, diagrams, and other drawings. Parsing schematics and mathematical expressions are important problems in this area.
Interfaces that Adapt
The Tablet PC claims to encourage informal interaction. This implies that the system will adapt to the user so that the user does not have to adapt to the system. Research into adapting to users’ input contexts (e.g., walking vs. sitting at a table vs. in a lounge chair vs. in a car) is particularly important. Adapting to users’ tasks is also important. Adapting to users’ language patterns is useful for recognition systems. 

Design Methods for Intelligent Interfaces

As interfaces become more intelligent, they begin to fail in more complex ways. Consequently, helping users to diagnose and recover from recognition errors is a major interface design problem. However, understanding the complex tradeoffs of recognition technologies is difficult for designers. Research into design methods for such systems will continue to be important.

New Interface Metaphors
Most Tablet PC interfaces limit themselves to collecting and organizing handwritten notes, but there is a need for research that explores radically new metaphors. Some attendees pointed out the use of promising pen-based systems in broadcast sports, basketball coaching (Coach’s Edge), and coverage of election night results. Attendees also pointed out promising work that adds warmth or beauty to handwritten text or drawings. 

Merging Ink and Existing Applications

Tablet PCs still have a small market and most of the software that runs on them was not designed for pen interfaces. For this reason, developers are still faced with the problem of merging ink with existing applications. Research in this area will continue to be important.

These researchers concluded with a discussion of problems facing tablet interface research. One problem is confusion over the slow transfer rate of interface ideas to industry. Is Microsoft slow in adopting good ideas, or are researchers working on unmarketable problems? Most seemed resigned to the fact that this process takes time, and one researcher pointed out that collaboration with MSR can sometimes help researchers to phrase their findings in ways that will have impact at Microsoft. 

Another problem mentioned was the difficulty of creating fully-functional pen-based applications. If comparisons between experimental pen-based interfaces and traditional interfaces are to be convincing, experimental interfaces need to have extensive functionality that is close to that of commercial applications. This requires major development effort, but it could be alleviated if Microsoft were to make available more extensive APIs for extending or modifying its Office applications. 

Tablet PCs and Pedagogy

The faculty teachers assembled at this workshop pointed out four ways that the Tablet PC was affecting or could affect pedagogy. 
Tablet as a Vehicle for Teaching Methods
The first observation was that the novelty of the Tablet PC platform made it a perfect vehicle for bringing new teaching methods into universities. Tablet PCs have gained a reputation as devices for learning, possibly due only to its promotion as such. Some teachers proposed to exploit the excitement about and belief in tablets as a learning medium by attaching positive pedagogy to them. Adoption of these methods could be made easy with some effort put into packaging of tutorials, technology, and tips.

Tablet as Student Multimedia Authoring Device

The second observation was that the Tablet PC opens up new possibilities for active learning. It was already clear that the Tablet PC enabled teachers to author multimedia content during class, but it is becoming clear that students can become more involved in learning if they do this authoring themselves. This is a move from the so-called “sage-on-the-stage” model of instruction to the “conductor-of-orchestra” model. More work is needed to enable students to author their experiences and to enable teachers to evaluate those experiences. 

The portability of the Tablet PC makes it a natural device to carry across the different contexts in which learning occurs, tying together pre-class, in-class, and post-class activities. The informality that the Tablet PC encourages (low cognitive load, modalities reflecting natural expression) also makes it ideal in classroom settings. The wide variety of media it supports (text, audio, ink, and possibly photography and/or video in the future) makes possible a wide variety of learning activities.
Bridging the Formal and Informal
All disciplines codify formal expressions (textual and visual) of central ideas. Students’ thought and learning proceeds from informal stages to more formal stages, but the laptop is most adept at capturing only formal expressions. The Tablet PC, however, supports informal expression well through sketching representations in addition to more formal expressions. This makes it ideal for bridging these formal and informal stages of understanding.

To bring this future about, there needs to be scaffolding of students' transition from informal learning, sketching, and thinking to formal understanding and sharing.  This scaffolding will remind students and teachers to start informally while simultaneously stressing the need for later reflection and structuring of thoughts.

Negative Responses to Tablet PCs
Some teachers did note a few negative properties of the Tablet PC. Because the Tablet PC is such an engaging platform, students often use them for doing things other than listening to teachers, which can be disruptive to a class. Also, the presence of Tablet PCs in a class seems to magnify the difference between good and bad teachers. Good teachers can use Tablet PCs to engage their students even more, but some teachers use the problems with the Tablet PC platform as a scapegoat for poor teaching and lose what effectiveness they had. These observations should serve as a word of caution to those deploying Tablet PCs into universities.
Deploying Tablet PCs into Universities
The faculty administrators concerned with deploying Tablet PCs into universities noticed several changes since last year. As tablets are spreading and costs are dropping, more people are being seen with them, and it is apparent that there is a general increase in interest. News of teaching successes among educators using Tablet PCs is spreading, and more teachers are opting to use them when given a choice between tablets and laptops. Attendees noted several specific successes, including use by architecture/design students and use by veterinary students to identifying body parts by marking up images.
All workshop attendees noted difficulties with spreading Tablet PCs through their organizations but had high hopes for the coming year. The estimated $1 million investment in Tablet PCs by teachers and students does not come close to the estimated $500 million investment in laptops, and the introduction of Tablet PCs must be sensitive to that. 

Many look to industry for help obtaining the hardware they need to evangelize Tablet PCs. Some wanted improved access to demo machines so that they could quickly demonstrate promising new models to skeptics in their institutions. Some called for a change to the grant model for Tablet PCs where institutions would be given a larger grant of machines for a short period of time. A grant of one hundred or more machines to run an experiment over a single semester or quarter could generate a great deal of interest. Attendees felt that such grants might not be significantly more expensive to companies than existing grants (where institutions keep all machines), but could be much more effective.

Attendees also hoped that manufacturers would work to make Tablet PCs more appealing to students. Some suggested marketing Tablet PCs to high school students purchasing machines before college. Hardware options that make the tablet more like a traditional laptop were seen as positive. Adding an integrated CD/DVD drive makes a system more appealing, because students can use a single piece of hardware for all their computing needs. Offering a tablet screen as a minimal cost add-on to any laptop was suggested, and HP was applauded for offering a standard laptop with a tablet screen for only $100 extra. (Note: dissenting opinions were expressed by many researchers who felt that the light and thin slate configuration will be better suited to most applications in the future.)
Unfortunately, software problems continue to undermine the efforts of attendees to deploy tablets. If students’ note taking and document annotation experience is regularly interrupted by software problems, the technology is much less appealing. There were loud complaints of interaction bugs in Microsoft OneNote, with one student’s confusing experience documented in video. Some also complained about the difficulty of touching the “minimize” button instead of the “close” button with the pen. Instructors deploying interactive presentation systems such as Classroom Presenter complained about synchronization and network scaling problems. Because of these problems, educators are avoiding Tablet PCs in teaching situations where time is critical.
The one hardware issue seen as a major hindrance to deployment was power. This did not appear to be a problem in most current tests, because students were using Tablet PCs in one course only. Powering a Tablet PC for an entire day of use was considered a major problem, and universities are considering how to address it. Putting power hookups in classrooms appears to be prohibitively expensive. Some are considering battery swap services but suspect that students will be unwilling to trade their batteries for others that might be older and might retain less power. The possibility of offering individual charging services for a fee at coffee stands that serve students was suggested. This would require new hardware for charging many batteries at once.

Many schools are still nervous about the durability of Tablet PCs and laptops in general. There is concern that hardware will fail and students’ work will be lost. Some suggested that manufacturers should offer more heavy-duty warranty and service options to combat this problem.

Pondering their own responsibilities, attendees agreed that they needed to share their resources. Many expressed the need for a web site (possibly a Wiki) for instructors that explain how the Tablet PC can improve education, with basic software or with other software. Most of the discussion centered on the need to collect and disseminate “best practices” though this web site, and there was brainstorming on this topic the following day (see below).

Attendees also pointed out the need to continue publishing papers that document deployment experiences. Of particular interest are observations of communities transitioning to tablets and evaluations of the learning benefits that tablets bring. Some suggested looking outside the United States for new publishing opportunities. 
Finally, attendees in this group reiterated their need to push the envelope and explore new interfaces like those described earlier. These interfaces need to take advantage of the platform’s mobility, increase accessibility, and explore new approaches to learning. Some pointed to the aforementioned successes in architecture and veterinary medicine. Others pointed to peer-to-peer sharing of ink environments as a promising area. The annotation capabilities of the tablet also make it possible to grade papers in new ways. Though the development challenges persist (as mentioned earlier) the educators assembled are committed to exploring new areas.

Brainstorming Sessions

On the second day of the workshop, attendees were again broken into groups and asked to respond quickly to questions related to discussions from the day before. The questions and responses are listed below.

Question #1: How do we best integrate Tablet PCs into higher education?

· What are the content/subject areas most likely to be interested in tablet use?
· Music

· Chemistry

· Design

· Architecture

· Any engineering discipline

· Computer Science

· Graphics

· Data Structures

· Business (Process Flow)

· Special Education

· Math

· Doctors/Nurses making rounds

· What do faculty/students need in order for the tablet to be a useful technology?
· Tablets need to be owned rather than loaned
· Better Developer Tools

· Plug-in for visual studio that makes it easy to pen-enable code or write new code by hand
· Courseware authoring SDK

· More code samples for educators

· Integration with PDF

· Compiled Best Practices

· Web site/wiki mentioned earlier

· Have an “ambassador” (supported by Microsoft, similar to “student ambassadors”) that is a source of tips/”How Tos” on campuses.

· Get into campus centers for teaching development

· Improved accessibility

· Microsoft provides Tablet PCs to faculty fellows, etc.

· Microsoft works with centers for teaching development, providing extra funds to upgrade laptops to tablets.

· Get papers on Tablet Usage into education conferences in non-engineering disciplines.

· Special sessions on Tablet PCs

· Educause

· Syllabus

· OneNote should be part of Office so desktop users will get interested in inking and see the benefits.

· Who needs to be involved in the process?

· Faculty use will encourage adoption, so focus of faculty.

· Administrators could encourage campus-wide tablet initiatives (to justify cost)

· Tablet PC Software Developers need to be more accessible to educators writing code (possibly Microsoft “buddies”)
Question #2: What are the appropriate evaluation methods and metrics?

What are the different classroom issues? Who is involved with this? How to encourage faculty to understand what appropriate evaluation methods and metrics are?

· Identify standard, objective metrics

· Produce a standardized assessment for researchers to start with. This makes it possible to combine data from different sources and look at results on a larger scale.

· Build ½ day on assessment into next Tablet PC Workshop

· Possible metrics
· Behaviors that the Tablet PC encourages (e.g. class participation)
· Types of qualitative information (e.g. video)

· Diagnostic evidence that allows others to re-evaluate results
· Instructor cost/effort

· Properties of educational setting
· Researchers should pose research data gathering questions to each other for validation

· Look for assessment resources in the assembled group of researchers
· How funding agencies can encourage better evaluation

· Allocate 10% of each grant budget to assessment (as in NSF model)

· Require both formative and summative evaluation in grant applications

· Reserve 10% of each grant and retain a well-trained consultant (Sociologist? Education Researcher?) at MSR for assisting grant recipients in the following ways:
· Help design evaluations
· Consult with researchers remotely

· Conduct three-day visits with researchers

· Help researchers to ask the right questions

· Could tour schools and identify commonalities between Tablet PC projects

· Smaller grants to allow other schools to replicate successful big grants

· Builds strength of experimental findings

· Can show importance of slight variations

· Find ways to encourage students to participate in Tablet PC studies
Question #3: What are the current best practices for helping students and faculty to make effective use of the tablet in research and education?
· How do we gather best practices?

· Need to flesh out the various dimensions of best practices so that teachers have a way of determining which best practices are applicable to their situation. Possible dimensions include:

· Discipline

· Teaching style

· Physical environment

· Number of students

· Tablet Form Factor

· Broaden perspective to think it as more than in a classroom

· Broaden base of who is involved (not just computer scientists)
· Construct a database of who’s using tablets and for what

· How to disseminate best practices?

· Make software tools available to everyone
· Make curriculum tools available

· Continue to push for workshops at national conferences

· Fund curriculum development of textbooks with embedded best practices along with how to use the tablet in the class

Conclusions
Despite lingering problems with the Tablet PC platform and the slow pace of innovation, the members of this workshop maintain a sense of excitement over what this platform will bring to universities. Those assembled re-committed themselves to building a stronger sense of community in order to bring this future about. All faculty attendees expressed gratitude, in particular, to Microsoft Research and Hewlett-Packard for their invaluable support.
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