Collaboratively filtering learning objects

Mimi M. Recker

Andrew Walker

Department of Instructional Technology

Utah State University

2830 Old Main Hill

Logan, UT, 84332-2830, U.S.A.

David A. Wiley

Department of Instructional Psychology & Technology

Digital Learning Environments Research Group

Brigham Young University

150Q MCKB

Provo UT 84602-5089, U.S.A.

Chapter submitted to Designing Instruction with Learning Objects, David Wiley (Ed).

June 2000

Abstract

This chapter describes and discusses the application of collaborative filtering techniques to the design of metadata structures for learning objects, and its implications for instruction. This approach enables context-sensitive discovery and recommendation of learning objects. The discussion is based upon research in developing and evaluating a collaborative filtering system, which enables users to share ratings, opinions, and recommendations about resources on the Web. An additional benefit of this approach is that it also allows a user to locate other users that share similar interests for further communication and collaboration.

Introduction

Much recent research has focused on building Internet-based digital libraries, containing vast reserves of information resources. Within educational applications, a primary goal of these libraries is to provide users (including teachers and students) a way to search for and display digital learning resources, frequently called ‘learning objects’. As part of these efforts, researchers are developing cataloging and tagging systems. Much like labels on a can, these tags provide descriptive summaries intended to convey the semantics of the object. Together, these tags (or data elements) usually comprise what is called a metadata structure (LTSC, 2000). Metadata structures are searchable and thus provide a means for discovering learning objects of interest, even when these are non-textual.

For example, an IEEE standards committee, called the Learning Technologies Standards Committee (LTSC) has developed a draft standard for "Learning Objects Metadata". For the purpose of this task, the committee defined a Learning Object as “any entity, digital or non-digital, which can be used, re-used or referenced during technology-supported learning” (LTSC, 2000). The LTSC standard is designed to provide a means of enhancing the discovery of learning objects. The LTSC learning object model currently defines over 50 data elements within its hierarchical metadata structure. Example data elements include title, language, rights management, and description (LTSC, 2000). Because of their status as official data descriptors of learning objects, we call these  ‘authoritative’ data elements (Recker and Wiley, 2000). 

The LTSC standards are clearly focused on addressing knowledge management issues of learning object repositories. The standards are particularly focused on solving the technical aspects of object description and cataloging within a networked environment. They are not, however, focused on capturing aspects surrounding the initial context of instructional use of the object. They do not support encoding a description of the learning activities and context surrounding a learning object. The standards also do not provide explicit support for the re-use of learning objects within specific instructional contexts.

In this paper we propose an alternate view of creating and sustaining a metadata structure for distributed digital learning objects. In particular, this paper describes and discusses the application of collaborative filtering techniques within a metadata structure for describing and cataloging learning resources. As we will describe, the approach supports metadata structures that incorporate what we call ‘non-authoritative’ data elements. This form of metadata attempts to capture the context of use and surrounding activities of the learning object. The data elements can also describe the community of users from which the learning object is derived. Moreover, any user (and not just the authorized cataloger) can contribute a metadata record. As a result, a particular learning resource may have multiple ‘non-authoritative’ metadata records, in addition to its ‘authoritative’ record.

As we will explain, such an approach supports discovery and automatic filtering and recommendation of relevant learning objects in a way that is sensitive to the needs of particular communities of users interested in teaching and learning. An additional benefit of this approach is that it allows a user to locate other users (students or instructors) that share similar interests for further communication and collaboration. 

In the next section of this paper, we describe collaborative filtering, and its implementation within a system called Altered Vista. We then describe an implemented example and present results of pilot user studies. We conclude with a discussion of planned system extensions, applicability to a framework for designing learning object metadata structures, and a discussion of implications for teaching and learning.
Altered Vista: A collaborative filtering system 

Within information science and human-computer interaction (HCI) research, a paradigm for categorizing, filtering, and automatically recommending information has emerged, called “collaborative information filtering” (Malone et al., 1987). This approach is based on collecting and propagating word-of-mouth opinions and recommendations from trusted sources. For example, if you wanted to try a new restaurant, how would you decide where to go? You would probably ask friends with similar tastes in cuisine to recommend their favorite spots. This solution to the ‘restaurant problem’ forms the basic insight underlying research in collaborative information filtering. Systems built on a collaborative information filtering approach (also called recommender systems) have been demonstrated in a variety of domains, including filtering and recommending books, movies, research reports, and Usenet news articles (Maltz & Ehrlich, 1995; Resnick and Varian, 1997; Shardanand, and Maes, 1995).

In recent work, we have been applying collaborative filtering techniques within a metadata structure for digital learning resources. In particular, we are developing and evaluating an Internet-accessible system, called Altered Vista, which allows users to share ratings and opinions about resources on the Internet. Using the Altered Vista system, users input reviews about the quality and usefulness of Internet-based resources. Their reviews become part of the review database. Users can then access and search the recommendations of other users. The system can also support the automated recommendation of learning resources. In this way, a user is able to use and benefit from the opinions of others in order to locate relevant, quality information, while avoiding less useful sites.

Altered Vista design goals were as follows:

· Because of the inadequacy of current content-indexing search engines (Lawrence and Giles, 1999), the system employs collaborative filtering techniques to support communities of users in discovering (and recommending) Web resources of value, while avoiding wasteful sites.

· By using the system to rate Web resources, users improve their information design skills. In particular, our target users, students, engage with Internet-based resources more mindfully and reflectively.

· By reviewing and searching for Web resources within a community of users (especially a learning community), the system supports and promotes collaborative and community-building activities in settings that utilize Internet resources. This is particularly true in distance education settings lacking face-to-face activities. Rather than focusing exclusively on Web resources, the system promotes interaction among people, with the resource providing common ground for reflection, discussion, and debate. 

System description

A fundamental design issue in a collaborative filtering system is defining the kinds of data elements used to describe resources of interest. These data elements are intended to convey the semantics and value of the resource. Following Resnick and Varian (1997), the following dimensions need to be considered in the design of a metadata structure for collaborative filtering. These are 1) the ontology (data elements) of the metadata structure, 2) the collection of metadata records, 3) the aggregation of metadata records, 4) the usage of metadata records, and 5) whether user contributions (reviews) are anonymous.

Metadata structure. Devising a metadata structure that can be used to describe a wide variety of resources used in a wide variety of ways by many users is a challenging problem. Moreover, the structure must be both usable and useful to potentially diverse communities of users. In many ways, the efforts to specify such metadata structures are reminiscent of the knowledge engineering efforts that were popular in the 1980s. These efforts were focused on building expert systems based on symbolic artificial intelligence (AI) research. Despite their promise, expert systems, by and large, have not become widespread. Two key reasons are 1) the knowledge elicitation bottleneck and 2) the frame problem. 

In the first case, the design of expert systems relies on a description of what experts in the domain know and how they use their knowledge. In practice, it has proven to be very difficult for experts to provide a description of their (often tacit) knowledge divorced from the actual context of use (Dreyfus, 1993). We suspect that providing a unique description of learning objects and resources that support their instructional use and re-use will raise similar sets of issues. 

In the second case, symbolic AI and related applications are subject to what is known as the ‘frame problem’ (Lormand, 1998). When providing symbolic descriptions of a changing world, the standard calculus requires axioms that describe changes that are dependent on prior events. For example, an axiom might state that flipping a light switch turns on a light. To support deductive reasoning about these events, axioms are also needed that describe ‘non-changes’. For example, flipping the switch does not change its color, etc. Without these frame axioms, a reasoning system is unable to deduce which states persist through time. Unfortunately, using axioms to describe which occurrences relate to which non-changes quickly leads to combinatorial explosion. 

As with knowledge engineering, we suspect that attempts to provide an ‘authoritative’ description of a learning object divorced from context of use will again raise the frame problem. As suggested by research in situated cognition and activity theory, it can be very difficult to devise descriptions of representations arising out of activity (Brown, Collins, and Duguid, 1989; Suchman, 1987). Indeed, the activity (for example, instructional design or a learning activity) that led to the representation (the learning object) plays a central role in the creation of that representation. Often, these representations contain indexicals (e.g., “this”, “today”), much like language. Indexicals derive their meaning from context. They are powerful in that they provide an efficient and compact representational form. As a result, the representations are dependent on their context of use.

When creating descriptions of learning objects, the immediacy and context of an indexical term must be replaced by a data element value. However, because indexicals are virtually transparent, the resulting descriptions may be obscure and ambiguous. Therefore, the consumer of a metadata record will sometimes be required to induce the meaning and reference of data element values. 

As a result, we argue that for a metadata structure to be effective, it must incorporate what we call ‘non-authoritative’ records, comprise of ‘non-authoritative’ data elements. These data elements attempt to capture the embedding context and surrounding activities of resource use in order to help convey meaning. They can also capture a description of the community of users that designed or used the resource (cf. Recker and Wiley, 2000).  

Table 1. Data elements in example review area, ‘online education’

	Name
	Description
	Format

	Web site title
	The title of the site
	Text box

	Internet address
	The URL of the site
	Text box

	Keywords
	Keywords to classify resource
	Multiple selection list

	Added by 
	User name
	Automatically generated

	ADA Accessibility
	Meets Disabilities Act design criteria
	5-point Likert scale 

	Usability
	How usable is the resource
	5-point Likert scale

	Authoritativeness
	Authority base of document author
	5-point Likert scale

	Educational relevance
	Educational relevance of the resource 
	5-point Likert scale

	Description
	Simple description of resource
	Text box

	Quality
	The subjective quality of the resource
	5-point Likert scale

	Overall rating
	Overall opinion
	5-point Likert scale


In our work, we have adopted an approach where the metadata structure used is specific to the review area (or domain) under consideration. In other words, rather than defining a single, overarching structure for all learning objects, we define data elements for each review area. These elements then define that metadata structure.

We have been experimenting with a variety of data elements for particular review areas. For example, Table 1 shows our current data element definition set in one example review area, online education. Any user can contribute a metadata record using our pre-defined set of data elements for this particular review area. As a result, an individual learning resource may have multiple metadata records. Moreover, the resource may be reviewed within multiple review areas.

Collection of metadata records. Altered Vista currently relies on explicit, active collection of resource reviews from users. To enter their data element values, users interact with a series of interface elements, including radio button Likert scales, text entry boxes, and multiple selection lists.

Aggregation of metadata records. Once a review is complete, the user submits the form and the metadata record is stored in the network-accessible, review database.

Usage of metadata records. Metadata are used to support searching within a specific review area. In the current implementation, a user can see all reviews, search by keywords, or search reviews by a specific reviewer. Future versions will add additional searching capabilities (for example, searching by rating value).

In addition, user reviews can be analyzed statistically in order to identify clusters of users who have similar opinions. This is calculated by finding pairs of users whose data element values correlate strongly (Hill, Stead, Rosenstein, and Furnas, 1995). These clusters form the basis for automatically recommending to a user unseen resources rated highly by people within similar clusters. In addition, via these clusters, users can locate other users that share similar interests for further communication and collaboration. While much learning object work has been set in a direct instruction paradigm, this kind of community building through learning object rating and use provides a model for learning object use in constructivist learning environment.

Anonymity of contributions. To maximize the value of user reviews, we believe it is important to recognize that contributors to the metadata database are members of a community. Information about who contributed is as important as the contribution itself. Hence, users must log in prior to using the system, and their reviews are not stored anonymously. Instead, we believe that the identity of contributing authors provides important contextual information within a metadata record. Thus, the author of reviews is both a searchable item and available for inspection within search results.

Altered Vista: System description

There are three distinct usage modes for Altered Vista: Guest, User, and Administrator.  While each mode supports specific functions, many functions are available in all modes. Figure 1 shows a simplified view of the system architecture. In our description of the system, we will use examples from one implemented review area, online education.

Login

To use the system, users must first log in using a pre-assigned id and password. On the first login, users must complete a short demographics survey. A guest login is also available, in which reviews can be browsed but not added.

Session State

When users first start using the Altered Vista system, a unique identifier is generated. This unique identifier is then passed via the URL from page to page within the system. State dependant information (such as the user’s access privileges or the current review area) is then stored along with this unique identifier in a database on the server. When the information is needed, it is retrieved using the unique identifier available on each page. This eliminates the need for storing cookies on the client machine.

Search Reviews

Using guest, user, or administrator access, users of the system can search through reviews that have been added by other (registered) users. Users first specify the topic or review area they want to search, then specify the keywords they are looking for.  These keywords are selected from a list that is specific to the review area that they are searching.  

After submitting their search request, users are given a list of matching results. This resulting list shows a summary list of matches. For each match, the system displays a rough aggregate of the community’s opinion on a given resource by computing the median of responses for the ‘overall rating’ category. From this large result list, the user can click for a more detailed look at a particular resource. Figure 2 shows an example composite review of a learning resource in an implemented review area, online education.

The detailed view first displays the median value for data elements that have numeric values. In the example online education review area, these are the median of Likert scale values (e.g., overall rating). In addition, each reviewer’s name is listed along with the date/time that the review was submitted, the overall rating for the resource, and any textual data element values. For the online education review area, these are the site descriptions submitted by reviewers.  

Each reviewer’s name can also be clicked on. This action displays a list of all the reviews that the author has submitted in the current review area. This enables a user to view the reviews of a favored (or disliked) reviewer. 

Add Review

Registered users and administrators can both add new reviews to the database. As with searching reviews, a reviewer must first identify the review area.  Once the review area is identified, the screen is split into two areas.  Depending on screen resolution, about three quarters of the screen space on the right side is given over to browser space for the user to look at the web site under review. The remaining screen space displays a browser window in which the user is asked to identify the resource that they want to review.  In the case of online education, Uniform Resource Locators (URLs) are used. Once the user submits a URL, Altered Vista checks the database to see if there is an exact match for it. If no exact match is found, then the system displays to the user the eight “nearest neighbors” to the URL.  The user is then asked to either confirm that he/she is in fact reviewing a resource that is new to the system or select a neighbor that might be the same resource with a slight variation in the URL.  

Once the URL is identified, in the left-side browser, a list of the data elements that comprise the metadata structure for that review area is displayed (see Figure 3). The user is asked to complete the review and submit it. 

Modify Review Area

Altered Vista is a template system. This means that administrators of the system can manipulate (update and insert) the review areas themselves. The fundamental metadata structure behind each review area is defined by its data element definitions. These currently consist of two types: Likert scale and memo. Each review area can contain any number of these definition types.  

Each data element definition consists of a label and a description of how it should be used by reviewers. Likert scale definitions add a list of discrete values, a corresponding list of labels for those values, and may include an explanation of the scale (e.g., 5=excellent, 1=poor). Memo definitions have no additional parameters.  

Each data element definition type has a corresponding table in the database for data values.  These data values consist of a relationship to the data element definition that describes it, which in turn contains a reference to the Review Area in which the definition is used. These data values also contain a reference to the review area that they belong to, which in turn contains a reference to the user who added the review.  

Administrators also define the list of keywords for a particular review area.

System specifications

The current version of Altered Vista is implemented on a Windows NT server. The metadata database is stored in Microsoft Access. Communication between server and database is accomplished using Cold Fusion server software.

Users must be connected to the Internet and may access the system using Internet Explorer 4.0 or Netscape 4.6 (or later) Web browsers. Javascript and Cascading Style Sheets must be enabled in the browser. The system is optimized for Windows, but will also run on other platforms.

Pilot studies of Altered Vista

Method

The Altered Vista system was tested over a 3-month period by 15 students enrolled in a course on “Creating resources for online education” at Utah State University. The course was comprised of a mix of graduate and upper-level undergraduate students. In this trial, the collaborative filtering review area was “online education.” Participants were asked to find and rate Web sites that contained online instruction. To maximize the chance of overlap, participants were asked to rate sites from a compiled list of online education sites (see http://edweb.sdsu.edu/webquest/matrix.html). Users also participated in an online discussion forum in which various aspects of Altered Vista usage were discussed. Table 2 shows usage results from the trial period.

Table 2. Results from trial usage period

	Total number of users
	15

	Total number of reviews
	172

	Total number of resources reviewed
	97


At the end of this period, users anonymously completed a usability evaluation survey. The survey consisted of several 5-point Likert scale and short answers questions. For example, students were asked to rate the usability of the system, its support for finding useful resources and people, and the extent that usage of the system promotes information design skills.

Results

Users appeared to hold a diversity of views about the sites that they reviewed. Figure 4 shows the frequency of Likert scale values for two data elements (‘overall’ and ‘usability’, from 1 (poor) to 5 (excellent)). As can be seen, users appeared to be generally more critical in their overall rating of sites, while more positive in their view of the usability of sites.

Overall, users appeared to find the system easy-to-use. In a Likert scale response to the statement “I found the Altered Vista system easy to use” (from 1 (strongly disagree) to 5 (strongly agree)), the median was 3.77. As one user commented: “Generally speaking, I enjoyed using the altered vista, for it provides bunches of informative websites, based on which we can make comparisons according to certain criteria.”
Users also reported that use of the system has made them think more deeply about Web site design. In a Likert scale response to the statement “Using Altered Vista has made me think more deeply about Web site design” (from 1 (strongly disagree) to 5 (strongly agree)), the median was 4.00 on the 5-point scale. One user noted: “Altered Vista seems to be a good way to review different web pages and sharpen our design and usability skills by making comments about them”. 

Users also thought that the system would be a useful tool for finding quality resources. In a Likert scale response to the statement “Altered Vista, once fully deployed, will be a useful tool for finding quality Web sites” (from 1 (strongly disagree) to 5 (strongly agree)), the median was 4.00. They seemed less convinced that the system, once fully deployed, will be a useful tool for finding people with shared interests (median = 3.00 on the 5-point scale). The latter result may be due to the fact that automatic recommendation of similar people was not implemented during pilot testing. As a result, the respondents may have not understood the scope of the question.

Finally, user reviews can be analyzed in order to cluster users with similar interests (Konstan, Miller, Maltz, Herlocker, Gordon, and Riedl, 1997). These clusters then form the basis for recommending unseen resources. Specifically, we correlated pairs of users on the basis of the values they gave for their overall ratings of different resources. Pairs of users with high correlations in their overall ratings can be seen as having shared views. These high correlations form the basis for automating recommendations of resources. Thus, for each pair of users with high correlations in their overall ratings, the complement of one member of the pair’s set of reviews can be recommended to the other member.

Here, we must be cautious in interpreting our results as, in our pilot studies, few resources obtained multiple reviews. Indeed, only 20% of the resources reviewed had 3 or more reviews. Similarly, few pairs of users had more than one review in common (see Table 3). Naturally, this impacts the system’s ability to recommend both resources and like-minded people. 

Table 3. Overlap in reviews from trial usage period

	Number of resources with 1 review
	58

	Number of resources with 2 reviews
	19

	Number of resources with 3 reviews
	12

	Number of resources with 4 reviews
	3

	Number of resources with 5 reviews
	3

	Number of resources with 6 reviews
	1

	Number of resources with 7 reviews
	1

	Number of user pairs with 1 review in common
	34

	Number of user pairs with 2 reviews in common
	13

	Number of user pairs with 3 reviews in common
	13

	Number of user pairs with 4 reviews in common
	5

	Number of user pairs with 5 reviews in common
	4


Nonetheless, of the 22 pairs of users with more than 3 reviews in common, several strong correlations were found. In particular, 5 pairs of users correlated highly (r > .80), while 3 pairs had high negative correlations (r < -.80). Thus, resources rated by one member of the pair but unseen by the other provide the basis for automated recommendations. As our database of reviews expands, we will explore automation of this functionality.

Conclusion 

We believe that collaborative filtering techniques, as demonstrated within Altered Vista, offer a viable approach for designing and sustaining a framework for metadata structures for learning objects. We showed how this approach enables users (and not just official catalogers) to contribute metadata records for learning objects within particular areas of interest. In this way, a particular learning object may have multiple metadata records. These may be referenced within multiple contexts. The customizable metadata structure also enables ‘non-authoritative’ data elements to be included. These, we argue, better allow the context of use and re-use of particular learning objects to be described. This then supports the discovery of learning objects in a way that is sensitive to the needs of particular communities of users. 

Moreover, the collaborative filtering approach also supports the automatic recommendation of relevant learning objects. It also allows a user to locate other users that share similar interests for further communication and collaboration. These capabilities, we believe, are critical to the success of a learning object digital library. 

The instructional and learning implications of such a system are also significant. From the instructor perspective, such a system makes locating relevant, high quality learning objects significantly easier. In addition to standard digital library / metadata search capabilities, a system that also captures and allows the searching of instructional-context specific metadata should provide a significantly enhanced design experience for the instructor. Not only would instructors be able to inspect and select individual learning objects for utilization, they would also be able to review groupings of learning objects made by other instructors with similar instructional styles. This capability provides an important complement to existing online repositories of syllabi and lesson plans, and opportunities to cross-reference are obvious.

The implications for students are equally substantial. When a collaborative filtering system captures role information in the demographics for each user, students utilizing a grouping of objects could locate other students using the same or similar groups of learning objects. There exists an opportunity for informal group formation and inter-class pollination. This type of functionality could also compliment learning object-based environments in which the students interact only with the learning environment, providing the opportunity for collaborative or cooperative learning to occur.

However, as noted in the research literature, to be successful, collaborative filtering systems must address the key problems of cold-start, sparse review set, and scalability:

“Reviewing web sights (sic) is not something I would do without some kind of motivation” – participant comment in an online discussion board.
As exemplified in this comment above, people are loath to explicitly contribute reviews without some kind of incentive; hence it is difficult to seed and grow a metadata database. As a result, the review database is sparse, impacting its reliability when searching for and recommending resources (Konstan, Miller, Maltz, Herlocker, Gordon, and Riedl, 1997).

Unfortunately, we propose no immediate solution to these problems. We simply note that the primary target context for our system is educational environments. The design goal thus is to promote a kind of learning community, as well as help users locate liked-minded colleagues. Thus, the actual quality of the automated recommendations may be less important than the process it supports.

Future work

In future work, we wish to explore several additional issues. First, as previously noted, we wish to automate recommendation of people and resources. This requires a more substantial database, and we plan several sustained studies involving a larger pool of users. In addition, since review records incorporate numeric values for a number of data elements, we will need to conduct multivariate analyses of these values to fully support automated recommendation. Currently, we simply rely of the values provided by users in response to the ‘overall rating’ category.

Second, we wish to experiment with a version of Altered Vista that supports a user-modifiable metadata structure. This means that users will be able to specify the data elements that they think are relevant. We hope this will enable users to devise a vocabulary that better captures the user or community’s context of use. While providing greater flexibility, it will also introduce greater complexity within the system.

Finally, to help reduce the cognitive load of explicitly entering reviews, we wish to explore the use of implicit rating methods. These methods will be based on collecting metrics about prior usage of the resource. In particular, in previous research (Recker and Pitkow, 1996), we showed that object desirability is strongly correlated to recency and frequency of prior object usage. The collection of such usage metrics is generally easily implemented within a digital library. These metrics will thus provide data in an analytical model for deriving additional implicit reviews about the quality of learning objects.
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Figure 1. Sketch of the system architecture.
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Figure 2. Example review record.
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Figure 3. Screen shot for entering a review.
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		http://homes.arealcity.com/sbzinak/																						3								4				0		0		1		1		0		2

		http://horizon.nmsu.edu/ddl/wqdesertworlds_k.html										4								3								3								0		0		2		1		0		3

		http://hotwired.lycos.com/webmonkey/98/03/index0a_page2.html?tw=programming																								5										0		0		0		0		1		1

		http://landow.stg.brown.edu/victorian/victov.html												4																						0		0		0		1		0		1

		http://library.thinkquest.org/50072/topindex.htm												4																						0		0		0		1		0		1

		http://members.aol.com/tlexk/ParamaxWebQuest.htm		2																																0		1		0		0		0		1

		http://members.tripod.com/hop53/pigs.html						2								2												3								0		2		1		0		0		3

		http://members.tripod.com/MsDSmith/												5																						0		0		0		0		1		1

		http://php.indiana.edu/%7Esmhartle/		5										4						3								4								0		0		1		2		1		4

		http://physics.nist.gov/GenInt/Time/time.html																						5												0		0		0		0		1		1

		http://powayusd.sdcoe.k12.ca.us/mtr/ConflictYellowstoneWolf.htm				3																														0		0		1		0		0		1

		http://powayusd.sdcoe.k12.ca.us/nukeweb/				4																										4		5		0		0		0		2		1		3

		http://projects.edtech.sandi.net																																3		0		0		1		0		0		1

		http://projects.edtech.sandi.net/chaves/batquest/batquest.html																																3		0		0		1		0		0		1

		http://projects.edtech.sandi.net/encanto/fishfeatures/fishfeatures.html						2								2																				0		2		0		0		0		2

		http://projects.edtech.sandi.net/kearny/cybermag/index.html				2						3																								0		1		1		0		0		2

		http://projects.edtech.sandi.net/lewis/rock/																														4				0		0		0		1		0		1

		http://projects.edtech.sandi.net/mission/iss/				3				3		2				5				4								4				3				0		1		3		2		1		7

		http://projects.edtech.sandi.net/sessions/sharks/						4								4																				0		0		0		2		0		2

		http://simscience.org/cracks/								5																										0		0		0		0		1		1

		http://sites.netscape.net/amywehrman/mywebquest.htm		5						4				5																						0		0		0		1		2		3

		http://students.itec.sfsu.edu/edt628/mexquake/earthquakers.html														4				4																0		0		0		2		0		2

		http://students.itec.sfsu.edu/ITEC815/antaramian/																										4								0		0		0		1		0		1

		http://students.itec.sfsu.edu/itec815_s98/cavada/index.html																								1										1		0		0		0		0		1

		http://tech-two.mit.edu/Shakespeare/works.html												3																						0		0		1		0		0		1

		http://topcat.bridgew.edu/~kschrock/fall97/wilson/												4																						0		0		0		1		0		1

		http://topcat.bridgew.edu/~kschrock/spring98/thompson/patquest.htm																														3				0		0		1		0		0		1

		http://ttt.teachtheteachers.org/~JSmall/amerart/index.htm										4																4								0		0		0		2		0		2

		http://tudents.itec.sfsu.edu/EDT628/shovanes/index.htm																		4																0		0		0		1		0		1

		http://u2.lvcm.com/esullivan/webquest.html		5																																0		0		0		0		1		1

		http://www.babycenter.com/general/3841.html																						4												0		0		0		1		0		1

		http://www.bell.k12.ca.us/BellHS/Littauer/Webquest/index.htm		4																														3		0		0		1		1		0		2

		http://www.beth.k12.pa.us/schools/wwwclass/kgrammes/kgwebquest/kgwebquest.htm		1										4																						1		0		0		1		0		2

		http://www.branson.k.12.mo.us/langarts/radio/radio.htm																																4		0		0		0		1		0		1

		http://www.ccsn.nevada.edu/academics/departments/English/bleck/webquest.htm#Conclusion																										4								0		0		0		1		0		1

		http://www.cesa8.k12.wi.us/it/webquests/canada/index.html																								3								3		0		0		2		0		0		2

		http://www.cesa8.k12.wi.us/it/webquests/crucible/index.html				3																														0		0		1		0		0		1

		http://www.cesa8.k12.wi.us/it/webquests/home_design/index.html																																2		0		1		0		0		0		1

		http://www.epicurious.com/												5		4																				0		0		0		1		1		2

		http://www.esc2.net/TIELevel2/projects/art/						4																		2										0		1		0		1		0		2

		http://www.esc2.net/TIELevel2/projects/class/														4								4								2				0		1		0		2		0		3

		http://www.esc2.net/TIELevel2/projects/gender/						4																								4				0		0		0		2		0		2

		http://www.esc2.net/TIELevel2/projects/invest/										5												2		4										0		1		0		1		1		3

		http://www.esc2.net/TIELevel2/projects/safety/																										3								0		0		1		0		0		1

		http://www.esc2.net/TIELevel2/projects/webpage/		1						2										3				1				5				3				2		1		2		0		1		6

		http://www.fsu.edu/~CandI/ENGLISH/fsuwebquest3/annef.htm						2																3												0		1		1		0		0		2

		http://www.fsu.edu/~CandI/ENGLISH/fsuwebquest3/bloodredsun.htm				4																														0		0		0		1		0		1

		http://www.fsu.edu/~CandI/ENGLISH/webquest2/blues.htm		2																		4														0		1		0		1		0		2

		http://www.fsu.edu/~CandI/ENGLISH/webquest2/farenheit.htm												4																						0		0		0		1		0		1

		http://www.fsu.edu/~CandI/ENGLISH/webquest2/peace.htm		2																																0		1		0		0		0		1

		http://www.fsu.edu/~CandI/ENGLISH/webquests/mocking.htm																										4								0		0		0		1		0		1

		http://www.fsu.edu/~CandI/ENGLISH/webquests/nightwebquest.htm														2																				0		1		0		0		0		1

		http://www.fsu.edu/~CandI/ENGLISH/webquests/noexit.htm		2																																0		1		0		0		0		1

		http://www.geocities.com/Athens/Parthenon/5827/breakout.html																								2										0		1		0		0		0		1

		http://www.geocities.com/EnchantedForest/Mountain/4240/						5																												0		0		0		0		1		1

		http://www.geocities.com/SiliconValley/Mouse/5641/studentpage.htm																				3														0		0		1		0		0		1

		http://www.geocities.com/SiliconValley/Orchard/3876/webquest.html								2		4										4						4				3				0		1		1		3		0		5

		http://www.gnbvoc.mec.edu/rainforest/default.htm				2																														0		1		0		0		0		1

		http://www.hgtv.com/village/villages/buildmore/shows/tfx/tfx_welcome.html														4																				0		0		0		1		0		1

		http://www.ils.nwu.edu/~e_for_e/nodes/NODE-245-pg.html																		3																0		0		1		0		0		1

		http://www.internet-catalyst.org/projects/amproject/toc.html								5																										0		0		0		0		1		1

		http://www.itdc.sbcss.k12.ca.us/curriculum/personaltrainer.html																														4				0		0		0		1		0		1

		http://www.kaytee.com/smallanimals																				3														0		0		1		0		0		1

		http://www.kn.pacbell.com/wired/democracy/debtquest.html																						4												0		0		0		1		0		1

		http://www.kn.pacbell.com/wired/fil/pages/websciencejo.html		5		3														3		3						3								0		0		4		0		1		5

		http://www.learn.com/														2																				0		1		0		0		0		1

		http://www.learnto.com																																3		0		0		1		0		0		1

		http://www.manteno.k12.il.us/drussert/WebQuests/JackLally/Vaca98'.html										4												3		3										0		0		2		1		0		3

		http://www.manteno.k12.il.us/drussert/WebQuests/PaulaHall/Foods%20of%20the%20US.html																										4								0		0		0		1		0		1

		http://www.pekin.net/pekin108/wash/webquest																																3		0		0		1		0		0		1

		http://www.perseus.tufts.edu		5																																0		0		0		0		1		1

		http://www.plainfield.k12.in.us/hschool/webq/webq3/rain.htm														3				3		3				3										0		0		4		0		0		4

		http://www.plainfield.k12.in.us/hschool/webq/webq4/vietwa~l.htm				3																										4				0		0		1		1		0		2

		http://www.plainfield.k12.in.us/hschool/webq/webq5/qgerm.htm												3																						0		0		1		0		0		1

		http://www.plainfield.k12.in.us/hschool/webq/webq52/banned.htm																														1				1		0		0		0		0		1

		http://www.pvpusd.k12.ca.us/teachweb/twidwelll/FutureQuest.html																								4										0		0		0		1		0		1

		http://www.richmond.edu/~ed344/webquests/cinderella/Cinderella.html						4						4		3																				0		0		1		2		0		3

		http://www.richmond.edu/~ed344/webquests/creationstories/creation.htm						4		3																										0		0		1		1		0		2

		http://www.richmond.edu/~ed344/webquests/ecuador/jwmupdateon.htm						3														3								1						1		0		2		0		0		3

		http://www.richmond.edu/~ed344/webquests/prayer/																																4		0		0		0		1		0		1

		http://www.richmond.edu/~ed344/webquests/textbook/textbook23.html		4						4																										0		0		0		2		0		2

		http://www.richmond.edu/~ed344/webquests/wwii/bomb.html				3																														0		0		1		0		0		1

		http://www.sbcss.k12.ca.us/sbcss/services/educational/cctechnology/webquest/puppetry.html								2		1																4								1		1		0		1		0		3

		http://www.sbcss.k12.ca.us/sbcss/services/educational/cctechnology/webquest/weather.html																						3												0		0		1		0		0		1

		http://www.slc.k12.ut.us/webweavers/jillc/mbird.html																4																		0		0		0		1		0		1

		http://www.spa3.k12.sc.us/WebQuests/space/index.htm										4																								0		0		0		1		0		1

		http://www.ufrsd.k12.nj.us:443/~stefanl/webquest/evidence/index.htm								3		4		4								4														0		0		1		3		0		4

		http://www.yorkville.k12.il.us/webquests/webqeichhammer/webqteichhammer.html								4		2								3		3										3				0		1		3		1		0		5

		http://www.yorkville.k12.il.us/webquests/webqplunkett/webqsplunkett.html								4												2														0		1		0		1		0		2

		http://www.yorkville.k12.il.us/webquests/webqwagner/webqswagner.html								5														3												0		0		1		0		1		2

		http://www3.guilford.k12.nc.us/webquests/pd/pd.htm										3										3		2												0		1		2		0		0		3
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		http://cte.jhu.edu/techacademy/fellows/MENTZER/webquest/austan.htm																2										5				3

		http://eduardo.rbw.usu.edu/syllabase/classroom/index.dsp  OR  http://english.usu.edu/online																								4

		http://edweb.sdsu.edu/webquest/9-12matrix.html																														2

		http://edweb.sdsu.edu/webquest/K-3matrix.html																										2

		http://forum.swarthmore.edu/dr.math.elem.html																								4

		http://golocalnet.net/drive/																														2

		http://homes.arealcity.com/sbzinak/								4				3

		http://horizon.nmsu.edu/ddl/wqdesertworlds_k.html																						4						4		4

		http://hotwired.lycos.com/webmonkey/98/03/index0a_page2.html?tw=programming																		4

		http://landow.stg.brown.edu/victorian/victov.html				3

		http://library.thinkquest.org/50072/topindex.htm				4

		http://members.aol.com/tlexk/ParamaxWebQuest.htm										2

		http://members.tripod.com/hop53/pigs.html																2										2		3

		http://members.tripod.com/MsDSmith/				5

		http://php.indiana.edu/%7Esmhartle/				4						4																		5		3

		http://physics.nist.gov/GenInt/Time/time.html												4

		http://powayusd.sdcoe.k12.ca.us/mtr/ConflictYellowstoneWolf.htm																				3

		http://powayusd.sdcoe.k12.ca.us/nukeweb/						4		4												4

		http://projects.edtech.sandi.net						1

		http://projects.edtech.sandi.net/chaves/batquest/batquest.html						3

		http://projects.edtech.sandi.net/encanto/fishfeatures/fishfeatures.html																2										2

		http://projects.edtech.sandi.net/kearny/cybermag/index.html																						4

		http://projects.edtech.sandi.net/lewis/rock/								4

		http://projects.edtech.sandi.net/mission/iss/								2						4		5				2		1						4		4

		http://projects.edtech.sandi.net/sessions/sharks/																3										4

		http://simscience.org/cracks/														4

		http://sites.netscape.net/amywehrman/mywebquest.htm				5						5				4

		http://students.itec.sfsu.edu/edt628/mexquake/earthquakers.html																3														4

		http://students.itec.sfsu.edu/ITEC815/antaramian/																												3

		http://students.itec.sfsu.edu/itec815_s98/cavada/index.html																		1

		http://tech-two.mit.edu/Shakespeare/works.html				5

		http://topcat.bridgew.edu/~kschrock/fall97/wilson/				4

		http://topcat.bridgew.edu/~kschrock/spring98/thompson/patquest.htm								2

		http://ttt.teachtheteachers.org/~JSmall/amerart/index.htm																						4						5

		http://tudents.itec.sfsu.edu/EDT628/shovanes/index.htm																														4

		http://u2.lvcm.com/esullivan/webquest.html										4

		http://www.babycenter.com/general/3841.html												4

		http://www.bell.k12.ca.us/BellHS/Littauer/Webquest/index.htm						5				4

		http://www.beth.k12.pa.us/schools/wwwclass/kgrammes/kgwebquest/kgwebquest.htm				5						4

		http://www.ccsn.nevada.edu/academics/departments/English/bleck/webquest.htm#Conclusion																												3

		http://www.cesa8.k12.wi.us/it/webquests/canada/index.html						3												3

		http://www.cesa8.k12.wi.us/it/webquests/crucible/index.html																				3

		http://www.cesa8.k12.wi.us/it/webquests/home_design/index.html						3

		http://www.epicurious.com/				5												4

		http://www.esc2.net/TIELevel2/projects/art/																		3								5

		http://www.esc2.net/TIELevel2/projects/class/								4				3				3

		http://www.esc2.net/TIELevel2/projects/gender/								4																		5

		http://www.esc2.net/TIELevel2/projects/invest/												1						4				5

		http://www.esc2.net/TIELevel2/projects/safety/																												2

		http://www.esc2.net/TIELevel2/projects/webpage/								3		2		1		3														5		2

		http://www.fsu.edu/~CandI/ENGLISH/fsuwebquest3/annef.htm												1														1
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		http://www.ils.nwu.edu/~e_for_e/nodes/NODE-245-pg.html																														3

		http://www.internet-catalyst.org/projects/amproject/toc.html														4

		http://www.itdc.sbcss.k12.ca.us/curriculum/personaltrainer.html								3

		http://www.kaytee.com/smallanimals																								3

		http://www.kn.pacbell.com/wired/democracy/debtquest.html												4

		http://www.kn.pacbell.com/wired/fil/pages/websciencejo.html										5										4				3				3		3

		http://www.learn.com/																2

		http://www.learnto.com						4

		http://www.manteno.k12.il.us/drussert/WebQuests/JackLally/Vaca98'.html												2						4				3

		http://www.manteno.k12.il.us/drussert/WebQuests/PaulaHall/Foods%20of%20the%20US.html																												4

		http://www.pekin.net/pekin108/wash/webquest						3

		http://www.perseus.tufts.edu										5

		http://www.plainfield.k12.in.us/hschool/webq/webq3/rain.htm																3		4						2						3

		http://www.plainfield.k12.in.us/hschool/webq/webq4/vietwa~l.htm								5												2

		http://www.plainfield.k12.in.us/hschool/webq/webq5/qgerm.htm				3

		http://www.plainfield.k12.in.us/hschool/webq/webq52/banned.htm								3

		http://www.pvpusd.k12.ca.us/teachweb/twidwelll/FutureQuest.html																		4

		http://www.richmond.edu/~ed344/webquests/cinderella/Cinderella.html				5												3										3

		http://www.richmond.edu/~ed344/webquests/creationstories/creation.htm														5												3

		http://www.richmond.edu/~ed344/webquests/ecuador/jwmupdateon.htm		1																						2

		http://www.richmond.edu/~ed344/webquests/prayer/						4

		http://www.richmond.edu/~ed344/webquests/textbook/textbook23.html										5				5

		http://www.richmond.edu/~ed344/webquests/wwii/bomb.html																				3

		http://www.sbcss.k12.ca.us/sbcss/services/educational/cctechnology/webquest/puppetry.html														2								3						3
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		http://www.yorkville.k12.il.us/webquests/webqeichhammer/webqteichhammer.html								4						4								4		3						3

		http://www.yorkville.k12.il.us/webquests/webqplunkett/webqsplunkett.html														5										3

		http://www.yorkville.k12.il.us/webquests/webqwagner/webqswagner.html												2		5

		http://www3.guilford.k12.nc.us/webquests/pd/pd.htm												4										5		3






