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ABSTRACT

In this paper, we describe how a knowledge-building community perspective can lead to a framework for designing an informational website for learners.  We illustrate the framework through our work on the Arthritis Source, an informational website helping learners-at-large acquire information about arthritis.  The resulting framework provides one means of addressing challenges that arise in the design and development of such informational websites. 

Introduction

In the past decade, the world has experienced explosive growth in the amount of web-based information available to help learners of all varieties (Passive first sentence - possibly re-word to be “In the past decade, the number of web-based information aiming to help learners of all varieties has grown exponentially”).  Websites exist to help teens learn about life in foster homes, to help the general public find answers to legal questions, and to help K-5 students find out about topics that interest them. Frequently, these sites (which sites? Clarify?) aim to speak to a particular audience, addressing their questions (whose questions?) and interests in a manner appropriate to their knowledge and circumstances.  The web has provided a means for innumerable individuals to help each other. 

The design of an informational or educational web site involves creative solutions to both product and process challenges.  An important product challenge is that of creating a website that is effective for the end user – one that addresses the concerns that users have and makes information relevant to these concerns findable and comprehensible.  Studies such as a recent RAND study point to the challenges of achieving this goal (Berland et al.  2001).  In that study, which was focused on health information websites, researchers identified three major user complaints: 1) incomplete answers to important health questions; 2) information overload from search engines that return vastly more irrelevant results than useful ones; and 3) use of complex technical language that is not geared for the general population.  Such problems, which are not uncommon, speak to the need to build a product based on a deep understanding of the needs and concerns of the user/learner.    

Process challenges in the design of information websites entail both timing and coordination.  Working toward an effective site involves the coordination of multiple stakeholder groups (e.g., content experts, web designers, users (I cut this because often users don’t know their own needs…?), quality control experts, etc.), each with particular expertise to offer and goals to achieve.  Thus, one challenge is finding strategies that permit these groups to work effectively together.   Another important challenge consists of finding an appropriate balance between up-front development time and continuing expansion and improvement.  Scheduling the release of the first version of a website can be a challenging decision.  Through strategies such as online surveys, user email, and user rating of content, a development team can use an early release of a website to learn more about an audience and the audience’s expectations.  While such observations make early release seem inviting, a poorly designed, incomplete, and/or ineffective initial website can leave users with a bad impression and influence them to not visit the site again.  How then does a design team balance up-front design time and release with ongoing development work?

We have faced these challenges in our own work on developing large-scale informational websites for learners-at-large.  In this paper, we mention some of the theoretical frameworks we explored as we sought a strategy to handle these types of challenges.  Ultimately, we chose to focus most of our attention on knowledge-building communities, specifically developing a system of architecture and human processes that enable the system design to take on the properties of a knowledge-building community.  We have turned to a knowledge-building community perspective because of the promise it offers in addressing the challenges we have encountered.

We have been using our framework in a number of different projects, including the design of a legal information website for Washington state citizens, a national resource to help engineering educators find answers to their questions about effective teaching strategies, an educational resource to help architecture students learn about innovative construction methods, and an international resource to help people with arthritis gain access to information about arthritis.  In each case, the information website goes beyond a static, encyclopedic object by representing (I don’t understand the use of the word “representing” here - I thought maybe “providing” would be clearer….?) a community of inquiry and practice where users learn from each other’s questions, users shape the growth of the knowledge base, and a community of designers, content authors, and users of the website each learn from the others. In this paper, we illustrate the framework with a specific account of how the framework is instantiated for the Arthritis Source, our oldest and most mature project.    
The remainder of this paper is organized as follows.  In the next section, we explore the knowledge-building community perspective that underscores our work, specifically providing four features that characterize a knowledge-building community.  The core of the paper consists of two descriptions of the Arthritis Source, a general overview in the third section followed by an explanation of how the system embodies each of the four features of a knowledge-building community (the fourth section).  We close with comments about our current efforts to refine the design of our systems as well as to evaluate our systems.   

Background

A number of theoretical perspectives can provide guidance in the design and development of informational websites for learners.  For example, one can turn to general theory on design as well as work on specific types of design such as information design and user experience design for ideas about how to approach the design activity.  Research on audience analysis as well as ideas about distributed design and distributed writing provide ways of thinking about website design.  Educational perspectives such as inquiry-based learning, collaborative learning, informal learning, and implicit learning can also provide ways of thinking about the learning associated with informational websites.  Distributed intelligence and activity theory frameworks can provide ways of thinking about how such a site may fit into the overall activity of its users.

In the case of website design, a theoretical basis may be useful if it draws attention to important issues, provides practical advice about how to address challenges in the design of informational websites, and helps to identify examples and related work.  In our work, we have chosen to focus on the knowledge-building community perspective, ultimately because it best fulfilled these criteria.      

Knowledge-building community

The role of community in knowledge construction has been an important theme in recent educational research (e.g, Scardamalia and Bereiter, 1994; Hewitt and Scardamalia, 1998; NRC, 1999).  This emphasis has many origins.  Vygotsky’s work underscores the valuable contribution that interaction with others has on the development of personal knowledge (Vygotsky, 1978).  Latour’s work in the nature of scientific communities underscores the role that the community has in determining what appears to be production of knowledge by individuals (Latour, 1987).  

More recently, educational researchers have explored the creation of communities of learners in formal learning contexts.  For example, Ann Brown explored the feasibility and effectiveness of transforming a standard classroom instructional practice (in this case, the reading group) into a revised instructional practice built upon a community of learners perspective. She demonstrated through various studies that this approach can enhance learning as measured by traditional methods (Brown and Campione, 1990).  Others have focused on designing technologies that support transforming groups of learners into communities, specifically knowledge-building communities.  For example, Scardamalia and Bereiter have developed and studied CSILE (Scardmalia and Bereiter, 1994; Scardamalia and Bereiter, 1991).  CSILE (Computer Supported Intentional Learning Environment) provides a database to which students contribute information.  More importantly, the students who use CSILE to create a shared repository of knowledge become a knowledge-building community in which knowledge production processes become visible to others.  

Knowledge-building community has four distinctive features 

Work on knowledge-building communities, such as that described above, has helped to highlight critical features of a knowledge-building community and the benefits that can occur when a knowledge-building community perspective is adopted.  The heart of a knowledge-building community is the knowledge base and the standards of quality used to decide what belongs in the knowledge base.  In a knowledge-building community, a variety of people contribute to the accumulation of knowledge in different ways, and interact with each other and the knowledge base in ways that are beneficial to them.  The result is that the knowledge base builds up over time, at a pace set jointly by everyone in the community.  These characteristics are described in more detail below, along with examples of how they are instantiated in a scientific community (the prototypical knowledge-building community).  (I think here we need to clarify where the following 4 features come from.  Did we come up with them out of the blue, or synthesize the work cited above?  Or are they from another source?  We also might want to explain if the example (the scientific community) was our own idea for this topic, or someone else’s.)
Feature 1: Standards of Quality exist.  For a knowledge-building community to effectively accumulate knowledge, there must be shared standards of quality.  Quality standards can apply to the properties of any contributed written materials as well as the type of description or indexing that permits others to access material within the knowledge base.  Creating and enforcing the standards of quality for the knowledge base is an important trait for a successful knowledge-building community.  Without such standards, the knowledge may not build up in meaningful ways, but instead grow cumbersome, disconnected, and irrelevant (I’ve heard a term for this in the information architecture field:  “ROT”: redundant, outdated, and trivial content.  I think Lou Rosenfeld coined the term, if you want to use it).  A common example of such a standards-free community is an un-moderated bulletin board. Some such communities work, for a time, but typically do grow cumbersome.  

In a scientific community, quality standards come into play explicitly in funding decisions (does the proposed research meet standards such as technical merit and broader impact?), journal publication decisions (is the paper and its research of sufficient quality), and decisions about who will receive what awards.  Specific members of the community also invoke standards when they decide which papers to cite in their own work and which threads of research to pursue.  The quality standards can be funneled through one person (such as an editor) or through teams of people (such as when a committee jointly reviews proposals or journal papers). 

Feature 2:  A variety of stakeholders participate in different ways.  Stakeholders in  a knowledge-building community can contribute to the development and use of the knowledge base through combinations of activities in the following areas:  defining the scope of the knowledge base, creating new knowledge, and judging the quality of the knowledge.  Because different stakeholder groups will bring different resources to the community (e.g., different levels of education, different skills, and different knowledge), they contribute in different ways.  In a scientific community, funding agencies decide who will receive the funds to do research, scientists conduct experiments and write papers, and editors review papers and manage journal publication. 

Feature 3:  Participants interact with each other and the knowledge base in ways that are beneficial to them. Most stakeholders need to receive some benefit from their interaction with the site (what site? Clarify?) or they will eventually stop participating in the community.  Fortunately, there are a wide variety of ways to benefit from a knowledge-building community.  Some stakeholders will benefit from the knowledge contained in the knowledge base.  Some will benefit by getting credit for their contributions to the knowledge base.  Some will benefit from their interactions with other stakeholders as they work together to build the knowledge base.  Further, when engaged in a knowledge-building community, participants learn from each other by being exposed to both the products and process of the knowledge creation activities, such as insights about users needs.  This exposure benefits them all.  Additionally, the feedback and interest that a community provides to a learner can motivate a learner to sustain his or her engagement in knowledge-building activities. 

In a scientific community, scientists, editors, program officers at funding agencies and other participants all have jobs that compensate them for their activities.  Further, the people in these roles also typically experience other less direct benefits such as the thrill of bringing new findings to the community and the refinement of their own skills.  (Is the public a stakeholder too?  Does the public benefit from the scientific discoveries?  I think the public might be a stakeholder in that they somewhat define what scientific questions are asked -- e.g. the public donates money to organizations like the Arthritis Foundation, and the AF gives grants etc.  Also, the prevalence of certain conditions among the public (AIDS, cancer, heart disease) may influence scientists to focus more on these types of diseases rather than more rare ones….?)
Feature 4: The knowledge base builds up over time, and at a pace set in decentralized manner. The product of the above activities is a knowledge base that builds up over time.  This build up can involve expanding content, evolution of the scope of the content, evolution of indexing methods, and evolution of the standards of quality. Each stakeholder contributes to the pace at which the knowledge base grows via the pace at which they make their own contributions.  All contributions (from setting scope to expanding content to judging content for quality) are necessary for the knowledge base to move forward.  In a scientific community, the availability of funding, the varying timeframes by which journal papers get published, and the decisions  scientists make about  theirresearch are clearly examples of decentralized influences affecting the pace at which knowledge builds up over time.

These four features of a knowledge-building community —quality, contribution, benefits, and pace—offer a means for thinking about informational websites.  They have provided us with a way of thinking about how the stakeholders of such a site can work together to continuously evolve such a site.  In the next two sections, we illustrate the result of this thinking, through two descriptions of the Arthritis Source – first at a general level and then specifically through the four knowledge-building community features.  

Our System: The Arthritis Source

The Arthritis Source is an informational website that provides learners at large with authoritative information related to arthritis and life with arthritis.  From a technological standpoint, the Arthritis Source is a system of site architecture and content development processes that make it possible for different members of a knowledge-building community to continually expand and improve the content of the site.  In this section, we focus on the site architecture and underlying processes from a system standpoint, describing specifically the scope and structure of the content, the paths by which users access content, and the strategies used to embed evaluation within the system.   In the next section, we will demonstrate how this configuration embodies the features of a knowledge-building community.

Diverse Content:  Articles, Questions, and Templates

Content in the Arthritis Source is organized into articles, of which the site has over 100..  Figure 1 shows the first page from an article on Rheumatoid Arthritis.  The articles in the arthritis source currently are organized into five categories: conditions, treatments, surgery, medication, and living with.  This decision was informed by research on users and their needs (e.g., Turns and Wagner, submitted) as well as by the significant insights of medical personnel at the University of Washington.   

All articles are based on an underlying question and answer model. (Was this sentence necessary?) Figure 2 shows the same article as Figure 1, except that headings are replaced by the underlying question (similar to a frequently asked question form).  In the Arthritis Source, all articles default to a view consisting of headings rather than questions, so that users can experience the resulting article as a coherent whole.  

[Insert Figures 1 and 2 about here]

The set of all questions addressed in an article is called the article’s template.  As part of the development of the system, we have developed a generic template for each article category (e.g, condition,  surgery, etc.).  These generic templates are used to guide the development of new articles.  The templates for individual articles evolve as we gather guidance from users concerning additional information they would like to see.

Articles are written and extended by volunteer subject matter experts (typically doctors), under the guidance of the system administrator.  Periodically, authors are asked to create new articles with a default template, or express interest in adding information to the website and are encouraged to use the template.  More frequently, authors are asked to respond to questions from users.  The administrator then integrates these question and answer pairs into existing articles.  The templates are a significant element in the authoring process, since they communicate the users’ needs to the subject matter expert and provide a structure within which the subject matter expert can contribute their expertise.  

We have adopted this question-based template approach because it benefits our system in a number of ways.  From a user perspective, the approach gives a central role to something that our users have been able to give us easily – their questions.  From a research perspective, the approach makes it possible to synthesize a great deal of information about users into concrete advice for the rest of the design team.  From a development perspective, the approach makes much of the indexing straightforward.  From an authoring perspective, the approach makes it easy to pass user needs on to authors in a concrete manner. 

Multiple Access Paths:  Navigation and Search

Users in the Arthritis Source can access content through multiple paths – article navigation, question-based search, keyword search, site map, and spotlight links (temporary links from the main page).  The spotlight links, site map, and keyword search are relatively standard.  The article navigation and question-based search both have distinctive properties that are important for understanding the Arthritis Source as a system.  The article navigation inherits its structure from the underlying templates.  This results in three benefits.  First, development time is streamlined since no additional decisions are needed to determine the navigation.  Second, the articles tend to have a similar navigation structure since they are based on a small set of underlying generic templates.  As a result, users can gain proficiency with the system by acquiring a mental model of the system structure.  Finally, because the templates are based on user questions and concerns, the resulting navigation is thus also tightly linked to user concerns and questions.  Thus, the structure can resonate with users and make it easier for them to identify information relevant to their needs.  

Question-based search makes it possible for users of the Arthritis Source to search the site and access content by asking free-text questions.  A key to our approach is that the search returns questions that are answered in our site as opposed to returning pointers to site content that may be relevant to the user’s question.  Specifically, the search results are returned as five questions, each displayed with the related article title and small portion of the related content.  If the user is satisfied that one of the questions is of interest, he/she can select that question, be taken to the part of the article that addresses the question, and then read the relevant portion of the article as well as explore the contents of the entire article.  If the user feels that none of the resulting questions are sufficiently close to their original question, they can choose to reformulate their question or submit their question to our development team for review.  The response depends on the question. If the question is relevant but not covered in the site, content can be added to address it. If the question is addressed on the site but the search failed to locate the information, the metadata associated with the answer can be updated. If the question is outside the scope of the site, the user can be sent a personal email either providing the information directly or providing an online resource besides the Arthritis Source that covers the information. 

We have selected question-based search, and implemented it in this way, for a number of reasons.  First, from a user perspective, the process has immense potential value to our users who asked us questions in all phases of our early research.  Second, this implementation of the question-based search (responding to questions with questions) avoids concerns about liability resulting from giving users actual answers to medical questions.  Third, we are able to implement the question-based search in this way because our underlying content is organized by questions and it is easy for us to reveal these questions to users.  Finally, when users fail to find answers to their questions and send their questions to us, those questions become an integral part of the continued development of the Arthritis Source.  From a technical standpoint, we are currently using a very basic model for processing the questions (not really, it’s a fairly sophisitcated system that I had Eric build me - it keeps track of all the Qs in a database and allows me to categorize them as well as respond to the questions with template-based answers….).   Nonetheless, many users seem satisfied with this portion of the site. 

Ongoing evaluation and communication

A third critical element of the Arthritis Source is the collection of embedded evaluation mechanisms present in the system.  Each mechanism involves a creative approach to gathering information from users that can be used to evaluate the site and ensuing users benefit from having shared this information.  Examples of these mechanisms are described in greater detail below:

· Quizzes.  Our online quizzes make it possible for users to evaluate their knowledge on a particular topic and then be given pointers to relevant information they might explore given their level of knowledge.  To date, we have implemented quizzes based on our own research on user misconceptions related to arthritis (Liu and Turns, 2001).  We have questions corresponding to specific misconceptions (e.g., bone spurs cause arthritis pain, lack of calcium leads to osteoarthritis, etc).  After answering each question, users are rewarded with the correct answers, explanations of the correct answers, and pointers into relevant Arthritis Source content.  

· Questions by email.  Users of the Arthritis Source are invited to send us their questions.  The invitation exists on each page as well as specifically on the question-based search page (where they are invited to send us questions for which they are failing to find useful results).  We currently respond to all emails with responses that range from a) a pointer to relevant content in the arthritis source, b) a statement that that question lies outside of the scope of the Arthritis Source, and c) a response crafted by one of our subject matter experts.  While the benefits to users are clear in these cases, there are also benefits to the site.  Through this process, we gain additional questions that can be added to article templates, as well as their responses.      

· Online polls.  In these cases, site visitors encounter a multiple choice question that they are invited to answer.  While every article features one of these polls inviting users to rate article quality, we have also conducted polls on other topics.  Users who participate in the poll are rewarded with the results-to-date of the poll.  

A peek behind the scenes:  How content gets added

These various elements work together behind the scenes to drive the content that available on the system as well as the users’ ability to get to the content.  To illustrate how these elements work together, we offer the following vignettes describing one instance of content being added to the system.  

In this case, the system administrator received the following question through the “ask a question” function:  This question is included exactly as it was submitted to the system.  

“i have found out that i need to have the rotator cuff surgary, for a large linear full-thickness,tear in the supraspinatus tendon.  the problem i have is that i have a pace-maker, and that i’m diabetic.  how will this affect my surgary and my recovery?  i’m 47 years old thank you for your trouble.”

The administrator, based on her experience, tagged the question as one that could be relevant to all usersand sent the question to the appropriate content expert.  The content expert transformed the user’s raw question into a question appropriate for all users of the website and a corresponding answer, as shown below: 

Q:  How does one’s health affect the healing after rotator cuff surgery?

A: The healing after surgery can be compromised by smoking, poor nutrition, and medications such as cortisone.  Diabetes can cause additional scar tissue.  Heart and lung disease, as long as they are well managed, do not seem to have an effect. 

The administrator then a) responded to the user’s original email with this answer, b) added the question and answer to the existing Rotator Cuff Surgery article, which modified the template for that specific article, and c) added the question to the surgery article template, so that all future surgery articles will address this question.

Highlighting the community we created: Revisiting our system

The public pages of the arthritis source and the ongoing processes of improvement are made possible by the contributions of four stakeholder groups. These groups include the users, authors, administrators, and designers (see Table 1).   In the remainder of this section, we highlight how these groups, supported by both architecture and processes, represent a knowledge-building community.  We demonstrate this by revisiting each of the four features of a knowledge-building community, and exploring how these features are realized in the system and how the different stakeholders contribute to each.

Feature 1: Standards of Quality exist

Knowledge added to the Arthritis Source knowledge base must meet a stringent and comprehensive set of standards.  For example, new knowledge must be centered on user concerns, represent what we know about Arthritis Source users, be medically accurate, have limited implications for liability, and be grammatical.  The standards of quality used in the Arthritis Source have resulted from the aggregation of and negotiation among the standards that each of the stakeholder groups brings to the table.  

The different stakeholder groups all agree on certain basics such as medical accuracy, grammatical correctness, and authoritativeness (although the meaning of authoritative may vary across groups).  Additionally, the different stakeholder groups have somewhat unique standards.  The users overall want information in their own language, understandable and applicable to their own problems. They like information that “speaks,” that tells stories and creates images rather than being dry and pedantic. They value the standing and authority that comes with the University of Washington association. The authors, however, value medical accuracy and recognizable expertise of the information source. Other standards can be seen in the designers: they expect content to be appropriately based on research and to remain inside the scope of the site. Administrators are concerned about liability, on-time submission of material, and procedural correctness.

Fortunately, most of these standards are additive in the sense that they can concurrently be achieved.  For example, it is clear that information can be concurrently grammatical, medically accurate, and centered on patient concerns.  At the same time, the standards can be in tension, such as when users value first person accounts of other arthritis patients’ experiences and doctors express concern about the medical accuracy and authority of such writing. The success of the community depends on somehow bringing these different evaluations into agreement.  In our case, such tensions form the basis for continual evolution of the standards.  For example, we currently have articles that contain alternative (non-medical) treatments, although the scientific benefits may not be well substantiated.  Often the solution represents a compromise, such as our information about copper bracelets which falls short of answering the question, “How do I successfully use copper bracelets?”  

The critical piece is that we recognize the existence of multiple standards of quality so that we can ensure that knowledge put into the knowledge base can be held up to those standards, while still meeting the needs of the various stakeholders.  What is important here is that the standards are compatible, identifiable, and workable, and also that the standards are in somewhat continuous evolution.  As part of the next section, we discuss the processes and strategies we use to ensuring that knowledge meets the standards of quality.    

Feature 2:  Stakeholders contribute in different ways.

The effort to develop a knowledge base that meets the standards of quality involves interplay among the three knowledge-building activities:  a) defining the scope of the knowledge base, b) producing the knowledge, and c) judging the quality/acceptableness of the knowledge.  In the Arthritis Source community, the members of the four stakeholder groups contribute to these activities in different ways. This varied participation allows the community as a whole to benefit from the different skills and experiences represented in its members.  Looking at the knowledge-building community from this perspective shows how the community operates together. 

Defining the scope of the knowledge base.  At a general level, the scope of the Arthritis Source includes information about arthritis and living with arthritis that meets users’ needs.  The scope of the Arthritis Source knowledge base can be defined more concretely as the set of templates that guide article development and the set of articles that exist.  At this more concrete level, defining and redefining the scope consists of determining which new articles get written, and deciding what additional content would usefully extend articles.  

At the beginning of the project, the designers, administrators, and authors worked together to define the initial articles and underlying templates, informed by audience analysis conducted to support these early decisions.  The set of initial articles and templates represented the starting scope of the site.  

Ongoing definition of the site’s scope is tied tightly to user feedback.  Information about possible extensions to the scope comes from users through a variety of mechanisms.  For example, when users ask questions, either directly via email or by using the question-based search engine, these questions (and any responses sent to users) represent directions for extending the scope.  When users complete surveys, quizzes, and polls, they provide information that can directly impact scope (such as additional questions) as well as information that can indirectly impact scope.  For example, a finding that many users give incorrect answers on a quiz may suggest that explanations of the correct and incorrect answers would be useful to users.  Users’ questions and responses help calibrate the system over time. 

The designers, administrators, and authors work together to determine how to use the information from users to extend the scope of the knowledge base.  Administrators decide which of the questions/issues should be acted upon and assign such questions to authors.  If extensions to a template or new templates are possibilities, then the designers are brought in.  

The administrators also have an additional mechanism for affecting scope – determining when (and at which rate) the incoming information sources, such as questions and quiz responses, get analyzed.  Since information which is not analyzed cannot affect the scope of the site, scheduling when the information sources has the concrete affect of controlling the pace at which the scope can change. 

Ultimately, this overall process is cyclical.  Users’ use of the site and mastery of the information there leads them to generate more questions. These questions in turn push the site to new areas, extending and deepening the content.  This leads to an ever-improving site.
Producing the knowledge.  Knowledge in the Arthritis Source is primarily produced by the authors, who write the entire articles as well as responses to specific questions.  The administrators mediate the production by guiding the process and by controlling the assignment of content to authors. Administrators also can exert veto power over incoming questions, preventing them from being addressed in the system.  Designers produce knowledge about the users and the processes of content creation.  Through creation of templates, designers guide the production of knowledge. Designers are also responsible for producing the structure of the knowledge: the vocabulary for indexing, the paths linking users and information, and the presentation of the content.  In our implementation, the users do not contribute to the production of the knowledge.  

Judging the knowledge relative to the quality standards.  In the Arthritis Source, there are a variety of mechanisms for determining if articles meet the quality standards.  These mechanisms are enacted by different stakeholders at different times.  The ultimate judges of the quality and appropriateness of the knowledge are the users: they are the primary beneficiaries of the knowledge that is built up in the knowledge base.  Users can uniquely judge whether the content is useful. They can also detect holes in the coverage that are not apparent to other stakeholders who do not need to apply the information. Users make their judgments known by voting “with their feet” as well as by completing online polls.  Content that is not useful receives fewer visitors, quicker exits, and poorer ratings. 

Administrators have a more direct method of maintaining the quality of the knowledge-base. Administrators are the last group to touch the content as it is put into the knowledge base.  They are responsible for the most basic of quality control measures such as writing quality.  They also have the responsibility for seeing that the linkages within the knowledge base are maintained and that the content stays up to date and correct. Without such oversight, the knowledge base can quickly become corrupted by poor quality information. 

The authors provide the primary judgments about one kind of appropriateness: they are the arbiters of liability issues and medical accuracy. (combine this sentence with the next paragraph?)
The templates, as created by the designers, take on some of this responsibility, but the ultimate decision will always fall to the content expert.   The designers are additionally responsible for creating the quizzes and polls that are included on the site.  Thus, designers have an indirect effect on the user judgments in that the designers affect the type of judgments users are encouraged to make.  Finally, the quality control processes and content guidelines have been instantiated by the designers, though the administrators and the authors apply them.

Feature 3: Participants contribute in ways that are beneficial to them.

As has already been demonstrated, the Arthritis Source involves participation from and interactions among multiple stakeholder groups.  The continued participation of these stakeholders depends, in turn, on their perception that they are benefiting from their participation.  Here we focus on both the direct and indirect benefits associated with each stakeholder group.  

The users benefit directly by getting answers to their questions and, more generally, information of interest to them.  This benefit ensues both from their casual interaction with the system, as well as from interactions in which users providing information to the system (e.g, submitting their questions to the search engine, submitting their questions via email, responding to quizzes, completing online polls).  These latter types of contributions typically result in users getting pointed to content that might benefit them.  Interactions with and contributions to the Arthritis Source can also lead to a variety of indirect benefits for users.  Users may develop transferable asking successful questions and, more generally, skills at doing internet research. Users can also experience affective benefits.  Their interactions with the system may motivate them to continue seeking of information.  They may receive inspiration and reassurance from contact (even indirect contact) with other people who share their needs.  They may receive the satisfaction that comes from making one’s voice heard.

The authors also benefit directly and indirectly.  In the Arthritis Source context, the authors are primarily physicians affiliated with the website who, volunteer to write content for it.  The most direct benefit to these volunteer authors is the credit that they get for their contributions.  Thus, we ensure that the authors’ names are associated with the articles to which they contribute.  In a more indirect manner, the authors can be seen as serving the population they entered the medical profession to serve. Further, by writing articles that help the users, the physicians develop their skill at writing for a lay audience.  Finally, by participating in the Arthritis Source context, which exposes them to the templates and the research that contributed to the templates, the authors can gain a deeper understanding of users’ needs that can help them throughout their careers.

The direct benefit for our administrators and designers has been financial compensation (their work on the Arthritis Source has been part of their job).  These stakeholder groups also benefit from their contributions when their contributions lead to a successful system.  Thus, a direct motivation for their interactions with each other and contributions to the system is that such interactions and contributions ultimately lead to a successful system.  For the administrators, a successful system means that they have fewer problems to address and more satisfied users.  For the designers, a successful system implies confidence that they made the right design decisions.  More indirectly, the administrators benefit by gaining strategies for interacting with user questions and for distributing writing activities across groups of authors.  The designers benefit by gaining insight into how to improve the system, and less directly, how to build systems such as these.  

Feature 4: Knowledge base builds up over time and at a pace set in decentralized manner.

The Arthritis Source is a continuously evolving site.  Growth occurs as articles are written, as quizzes and polls are collected, as the site improves via feedback, and as the search improves via calibration.   This is possible because of the infrastructure of the Arthritis Source (questions and answers, templates), make it possible to extend the site with minimal risk of destroying its integrity.  Every stakeholder group contributes to the growth processes.  

That the knowledge base builds up over time should be apparent.  New content is written in response to questions from users and given the availability of authors.  Since both are constantly changing resources, the pace at which the Arthritis Source evolves is thus determined in a decentralized manner.  For us, this is clearly an example of the type of second order environment described by Scardamalia and Bereiter in which excellence (high quality user-centered articles and effective search) promotes higher excellence (more questions that in turn lead to better articles and even more effective search).  

There are at least three important strengths of this approach.  First and foremost, the system is set up to evolve in response to user needs.  Moreover, the evolution can occur when there are available resources.  If resources are unavailable (e.g., lack of administrator time, lack of author time), the system continues to function and the user needs information simply continues to collect until there are resources available.  Finally, while ongoing evolution may not seem like a good idea from a management perspective, in the context of the web, it is realistic that projects will evolve.  This site, thus, is set up to evolve, making change the norm and paving the way for on-going success. 

Concluding remarks

In this paper, we have described our effort to develop an informational website, the Arthritis Source, based on a knowledge-building community perspective.  To do this, we have identified four features associated with a knowledge-building community and then demonstrate how the processes and products associated with the Arthritis Source embody those features. 

As we move forward, we continue to refine our approach.  We are currently working on two implementation challenges:  refining our content creation procedure and improving our question-based navigation.  We are also working on three evaluation challenges:  assessing the individual and/or community learning that results from this enhanced architecture, evaluating the quality of the content in the system, and gauging stakeholder satisfaction with the site and with the knowledge-building processes.  In light of the framework presented in this paper, we are particularly interested in more rigorous evidence concerning the benefits that stakeholders accrue through their interactions with the system.  

We have also identified a number of ongoing design challenges.  For example, we are seeking better ways to reveal the community nature of the site to stakeholders who interact with the site.  We recognize that while we conceive of the many stakeholders as joined together as a knowledge-building community, our stakeholders may not share the same impression.  Thus, our design challenge is to communicate the community theme, and their role in the community, to each of the stakeholder groups.  Additionally, we are seeking better ways to reify potential stakeholder benefits so that future stakeholders (both current and future) will be even more inclined to participate and contribute. 

This work represents a useful contribution to a number of communities including the educational technology, information science, and user centered design communities.  The contribution comes from the way that the theoretical notion of a knowledge-building community is explored for learning situations on the web.  In particular, the work with the Arthritis Source concerns learners who are distributed in space and time, rather than learners in traditional classroom settings.  These learners are learning about personal topics, rather than imposed topics and are learning at their own pace.  By applying knowledge-building community theory to this type of environment, we can test the robustness of the theoretical frameworks as well as identify (and potentially resolve) new challenges.  We are excited by this opportunity.  
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Figure 1.  Typical Arthritis Source Content Page – Article version
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Figure 2.  Arthritis Source Content Page – FAQ Version, Highlighted questions are part of template


Tables

Table 1.  The Potential Community in Information System Design

	Users:
The users are the people who visit the site; mostly people with a bone or joint condition and their relatives, this group comes to the site to gain the information there and to use it elsewhere. Users interact with the site in three primary ways: contributing questions, using content, and completing quizzes and polls.

	Authors:
The authors for the Arthritis Source are domain experts: medical doctors writing about their own specialties. The authors’ interact with the site primarily by writing complete articles and adding needed content to existing articles.

	Administrators:
The administrators are the people in charge of keeping the site functioning on a day-to-day basis. The administrators interact with the site behind the scenes to keep information moving smoothly.

	Designers: 
The designers are the creative force behind the site. They are the group who initiated the website and perform the design research that keeps the site content flexible and adapted to the community’s needs.  Designers’ site interactions are mediated by the administrators. Designers contribute the structure and presentation of the site and guide its evolution.
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