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Many are the conditions which must be fulfilled if the Great 

Society is to become a Great Community .... The highest and most 

difficult kind of inquiry and a subtle, delicate, vivid and 

responsive art of communication must take possession of the 

physical machinery of transmission and circulation and breath 

life into it. When the machine age has thus perfected its 

machinery, it will be a means of life and not its despotic 

master. John Dewey (1938) 
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Abstract 

Social accounts of learning and human knowledge have led to attempts to 

reorganize schools as learning communities. This paper examines the utility 

of World Wide Web (WWW) for aiding in the construction of school-based and 

work-based learning co~nmunities. An ordered list of interactions is 

provided to characterize the depth of students entry into new learning 

communities. Current offerings on the WWW are then surveyed in terms of 

these categories. Finally, proposals are advanced for enhancing the 

architecture of the WWW to facilitate its use for the creation and 

operation of learning communities. 

1. Introduction 

Social accounts of learning and human knowledge (Dewey, 1938; Kuhn, 1962; 

Toulmin, 1972; Vygotsky, 1978; Wittgenstein, 1967) have led to attempts to 

reorganize schools so as to form learning communities(1). In general, two 

different senses of learning communities have been advanced. First, are 

school-based learning communities formed by students and teachers who 

engage in long-term projects; where students work together collaboratively, 

thus allowing them to learn from one another: and use the problems to be 

solved to dictate the knowledge that must be acquired, thus frequently and 

purposefully crossing disciplinary boundaries (Hill, 1982). Second, are 

work-based learning communities where students learn the practices of a 

discipline or profession, with the historical example being apprenticeship. 

Here the profession defines a "community of practice" that the student 

aspires to join; this term refers broadly to the practices of a field, its 

social organization, and its mores. This method of learning through 

apprenticeship has been characterized as becoming a legitimate peripheral 

participant (Lave & Wenger, 199 1). Schools can play a role here too by 

helping connect students and work-based learning communities and 

encouraging students to critically reflect on the communities in which they 

participate. In fact, these are functions many professional schools 
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commonly perform. Essential to all types of learning communities is access 

to resources and communication. In this light, it is argued herein that 

computational communication technologies (CCT)2. and, in particular, the 

World Wide Web, can play a vital role in the formation and successful 

operation of learning communities. 

2. Role of Communications in Learning Communities 

Learning communities are difficult to build because they have high social 

and material requirements. School-based learning communities that are 

attempting to engage in long-term inquiry require access to specialized 

information, to practitioners, to relevant data and analysis tools, and the 

means to create arguments and representations so as to negotiate 

disagreements through them. For example, Dewey proposed that students 

investigate how the history of cotton production and the impact of those 

changes on the experience of the workers. Such a survey requires students 

to trace through the history of technological innovations, interview 

current workers and investigate the lives of former workers, and to express 

and discuss their results. A CCT could expedite these needs enormously by, 

for example, providing ready access to historical documents, books and 

reference material; provide the means and medium to communicate with 

appropriate workers; and through helping students to structure their 

discussion via specialized hypertextual mediums that reify argumentative 

structure (O'Neill, Gomez, & Edelson, 1994). The needs of students in 

work-based learning communities are similarly demanding, including the need 

to learn about community practices and products, find participants in the 

community who are looking for an apprenticeship, build and store an 

accessible portfolio of work, and reflect and critique the apprentice 

experience. Clearly, a CCT could be useful here as well. It could be argued 

that apprenticeships have successfully been conducted for thousands of 

years without the need for CCTs, yet this would miss the point that these 

new connections to work-based learning communities are not necessarily 

designed to turn the students into life-long professional practitioners but 

rather to provide an opportunity for them to understand and investigate a 

field -- or more to the point, to investigate many fields. The success of 

apprenticeships historically has demanded years of service where the 
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initiate was immersed in all aspects of a profession. The hope is that 

shorter more focused and more varied experiences can serve to educate 

students on a variety of fields, thus providing them with the ability to 

integrate diverse expertise and to choose a field based on experience 

rather than inheritance or chance. In learning communities students must 

connect to colnrnunities of practice (e.g., when a school-based learning 

community picks as a class project to build a sturdier or more agile kite 

it should profitably engage the knowledge of aerodynamics, kite 

manufacturing, and the atmospheric science). Hence, it is useful to 

characterize the types of interactions students may have with communities 

of practice. The following list is designed to describe increasing levels 

of interaction with a community of practice or fuller levels of 

participation: 

1. Students access published work, such as, papers, figures, 

presentations, and analyzed data. 

2. Students access tools and raw data, such as, equipment for production, 

laboratory procedures and materials, co~rununity developed data sets, 

and analysis tools. 

3. Students dialogue with comlnunity members, either written or oral , 

such as, exchange of letters, email, telephone calls, and interviews. 

4. Performance of joint coordinated activities between students and 

work-based learning communities, such as, performing an experiment 

together or planning collaborative activities. 

5. Incorporating student work into published archives of a community's 

work (e.g., when scientist collect and use student collected data). 

This list will be used to organize the discussion found below of how the 

World Wide Web (WWW) can be used to form learning communities. The intended 

value of these categories of use is that they be used to guide next 

generation WWW application design and future technology adoption 

strategies. Hence, it is necessary to briefly describe the WWW and the 

rapid process by which it has become a dominant technology. 

3. The World Wide Web 
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In the early and mid 1980's the Internet and inter-networking were 

dominated by the technical and research community. It was a special-purpose 

information preserve for the support of communication and inquiry. Starting 

in the late 80's and continuing into the early 90's the Internet 

experienced explosive growth. For example, in 1987 the number of Internet 

hosts exceeded 10,000, in 1989 the number of hosts exceeded 100,000, and in 

1992 there were over a 1,000,000 Internet hosts (Zakon, 1994). Much of this 

growth did not come from more technologists and researchers joining the 

network but from non-traditional entrants to the network community. In 

particular, students and teachers were introduced to email, news groups, 

listservs, ftp, and gopher, thus causing a significant part of the 

network's growth. In a similar fashion the WWW, the most important recent 

innovation in Internet Protocol technology, have gained a significant 

foothold in the technical community and are now expanding rapidly into the 

world beyond the research community, including the K- 12 community of 

students and teachers. 

Paralleling the exponential growth of the Internet overall has been the 

growth of the WWW: Only 18 months ago, there were but 100 WWW servers 

on-line worldwide, today there are over 10,000 WWW servers and current 

estimates predict 100,000 a year from now (Gray, 1994). This decentralized 

development of information resources, for everything from scientific 

databases to corporate products to traffic and weather reports, is an 

exciting development for lifelong learning and for education and training. 

In the discussion that follows we survey several current applications of 

WWW technology in K- 12 learning situations. The survey follows the 

categories proposed above detailing students increasing participation in 

communities of practice. Our survey is not meant to be exhaustive. Indeed 

by the very decentralized nature of the network an exhaustive report may be 

impossible. We do however attempt to describe several example K- 12 uses of 

the WWW that are illustrative of the breadth of use and which might be 

indicative of where school people and others in learning communities may be 

taking the WWW. 

Following our brief use-survey we will speculate on how current WWW 
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technology and its potential evolution support the needs of learning 

communities. Finally, we use both our characterization of WWW use and 

speculation of its evolution to argue that there are specific needs and 

identifying characteristics for WWW servers developed for educational 

purposes. Of course it is likely that any information resource on the 

network can be learned from, just as any book from the library can offer 

learning opportunities, whether it is specifically planned for educational 

uses or not. The potential value of all information resources for learning 

notwithstanding, it seems to us that a broad set of guidelines for 

educationally focused WWW servers will spur both new application design and 

widespread technology adoption in schools and other learning communities. 

4. Access to Resources 

The search for reference and archival information for reports, projects, 

and other activities is a large part of school work. Thus, students 

commonly go in search of information in their school and public libraries. 

Often, a short passage in an encyclopedia meets the student's need, where 

their goal is to merely summarize commonly accepted information and 

standard interpretations. However, when students engage in school-based 

learning communities they must do more than be passive collectors of 

previously digested information. In pursuit of long-term project and in 

defense or controversial hypotheses students must find relevant 

information. The emphasis in on the student using the information, not 

merely reporting it; developing, stating and defending a position, not 

merely repeating a status quo. It is in these information seeking 

situations that we believe the WWW will be most valuable to the K-12 

community. Its value stems from the way in which organizations act as 

publishers for themselves, allowing them to quickly place their new work 

on-line and to clearly express their own point of view. These distinctive 

points of view are in one sense biases and therefore inimical to the 

student knowing the "truth." Yet, this is precisely the antidote to overly 

sanitized textbooks that is needed. Before students can decide what they 

believe they must become aware of the range of existing opinions and to 

identify at least some of them as ones they do not believe. Hence, as 

students combine information from more traditional sources with WWW 
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sources, they originate their own point of view, including critiques of 

alternatives. 

Due to the individualized medium of publishing on the WWW, its diversity 

nearly defies exposition. Examples are used to illustrate this enormous 

array of information. However, these example can barely scratch the surface 

of what is available. Our aim is to show utility to students, rather than 

to provide even a representative summary. 

The information resources for K- 12 education provided by the WWW can be 

divided into the following five categories: 

1. Libraries 

2. Museums 

3. Government Information 

4. Curriculum and Activities 

5. Indices 

These categories are a mix of information sources and information format 

types. However, this mixture accurately reflects the dominant ways that 

material is currently organized within the WWW. Entries are jointly 

organized by institution (e.g. universities or libraries) and form (e.g. 

plain-text article or hyper-text index). 

Libraries 

The potential for communication networks to amplify the reach of libraries 

is being pursued by many libraries, as can be seen in the variety of 

offerings on the WWW. A noteworthy site is the North Carolina State 

University library (Morgan, 1994) which, in addition to books, provides 

links to popular periodicals like Mother Jones (1994). Perhaps the 

quintessential vision of on-line information access for the "information 

superhighway" is placing the Library of Congress on the network. The 

difficulties in converting its current vast holdings of paper books into 

digital media also illustrates the distance that must be covered. However, 

the first step in this journey has already been taken as can be seen by the 
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Library of Congress's home page (1994). The general vision is simple and 

powerful: place the holdings of the Library of Congress on-line coupled 

with flexible search engines, thus providing unprecedented access. Students 

could pursue virtually any topic, no matter how obscure or popular, without 

having to worry that the book is not in the inventory of their local 

library or had already been checked out. 

Museums 

Museums, like libraries, are great bastions of culture in our society. They 

too have come on to the WWW providing provocative and useful resources for 

students. For example, the Exploratorium Science Museum in San Francisco 

(1 994) provides "virtual-exhibits" designed to aid in the understanding of 

scientific principles and concepts. A Museum of Paleontology has been 

erected on the WWW by University of California at Berkeley. A diverse 

collection of dinosaur images and information provides a particularly 

welcome resource for K- 12 students who are often fascinated by our gigantic 

ancient predecessors. Through these new venues, museums and libraries are 

continuing their primary task of providing access to cultural artifacts and 

descriptions of nature. However, the possibilities of access at a distance 

to so much of their collections introduces order of magnitude differences 

in the level of access that can be achieved. Of course, these possibilities 

come at the cost of redefining what is being delivered. Providing a picture 

of a dinosaur is much different than standing before a fifty-five foot high 

reconstructed skeleton: The agreed upon "stand-in" for nature has been 

transformed. 

Government Information 

Government information provides a treasure trove for those hoping to 

understand our society and to those seeking to play watchdog. For example, 

through accessing government information and statistics, students can 

re-evaluate newspaper editorials and study the human impact on the 

environment. Towards this later end, the Environmental Protection Agency 

(1994) provides numerous data sets and statistics. Similarly, the United 

States Geological Survey (1994) provides information and curriculum units 
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Another example, is the United States Bureau of the Census (1994) which 

publishes data and analyses through the WWW. Through analysis of these 

governmental data sets students can examine anthropogenic changes in our 

environment and evaluate what populations will be affected, including both 

the number of people and their demographic characteristics. The goal if for 

students to acquire a deeper sense of their own local area by summarizing 

its characteristics and contrasting them with other areas. Another valuable 

resource for such activities comes from an enormous collection of 

declassified military spy photographs collected over the past 25 years 

(United States Geological Survey, 1995a) in the hopes that students and 

researchers can use them to detect changes in our local and global 

environments; however, currently only a few demonstration images are 

available over the WWW. The legislative branch of government is publishing 

the full-text of legislation and the congressional record through the 

(United States Congress, 1995). 

Curriculum and Activities 

The examples above were intended to illustrate the utility of these data 

sets and also to suggest the tenor of potential projects: Students can go 

beyond merely reporting facts and figures to using them in service of 

testing or promoting a theory. Often students need guidance to effectively 

use the information that can be found in remotely accessible libraries, 

museums, and government data bases. A traditional way to package such 

guidance is through prespecified activities or a curriculum. Thus, the WWW 

provides a new medium to deliver these curriculums. An exacting procedural 

example is provided through a lab experiment to dissect a frog, turned into 

a WWW interactive session by the Instructional Technology Program at the 

Curry School of Education, University of Virginia (Kinzie, 1994). Ample use 

has been made of images that illustrate the steps involved in the 

procedure. In addition, snippets of video are provided that show students 

going through these steps, thus providing a model to imitate. This 

multi-media presentation permits specification of the laboratory procedures 

well beyond what can be provided in a textbook. Further, the text, images, 

and video are flexibly intertwined, thus providing a more integrated 

context than a videodisk. An even more ambitious effort is demonstrated by 
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the Education for Gifted Youth Program (1'394) from Stanford University 

which attempts to provide entire courses in mathematics for gifted high 

school students. In contrast to coordinated presentations like these, other 

WWW servers provide lists of curriculum that are available. For example, 

the Explorer Project (Unified Network Informatics Technology for Education 

at the University of Kansas, 1994) provides extensive listings of 

educational material in the areas of math and science some of which can be 

obtained directly over the WWW. The utility of superb images is exemplified 

by the University of Illinois Atmospheric Science department who have 

assembled pictures of various types of clouds (Atmospheric Sciences at 

University of Illinois at Urbana-Champaign, 1994). This Cloud Catalog 

consists of unique photographs (slides) of different cloud types, ranging 

from Cirrus Fall Streaks to the Funnel Cloud. These pictures have been 

scanned in and are accompanied by descriptive information identifying the 

cloud type. 

Indices 

Simple textual searches are not sufficient to index information. Often more 

useful are indices to information sources that have been created. Many of 

these indices are organized by subject matter, author, or other standard 

criteria. Automatic creation of indices exist both by the WAIS searches of 

selected data bases and by "robots" or "spiders" (e.g., Eichmann, McGregor, 

and Danley, 1994) that crawl through the WWW and compose traces of its 

paths and by-ways. In particular, the Lycos search engine from 

Carnegie-Mellon University (1 994) provides a superb facility and was used 

extensively in the preparation of this paper. However, pattern matching on 

text is not sufficient. Richer and more flexible indexing strategies are 

needed. In fact what have emerged are trailblazers (as proposed by Vannever 

Bush, 1945) who map out whole networks of associations that are worth 

following -- in fact, this section itself could be viewed as an attempt to 

trailblaze. In addition, pragmatic indices can be created that are designed 

to help accomplish tasks (as opposed to subject indices that group together 

material on a similar topic). Alternatively, students' exploration of the 

WWW may be best facilitated if they were able to flexibly and explicitly 

list their goals when accessing a link, thus providing the opportunity to 
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maintain an external memory and executive assistant. In any case, the 

pragmatic structure of the information and resources being provided by the 

WWW must be more clearly conveyed so that students can mine its 

extraordinary riches. 

5. Access to Analysis Tools and Raw Data 

A more sophisticated level of access for students to cotnmunities of 

practice provides them the ability to generate custom representations and 

obtain access to the underlying data, thus permitting novel analyses and 

interpretations. Often, the form of the data is dictated by the 

representations employed. These representations are often very complex in 

that they are highly encoded and are layered on top of other 

representational systems (Latour, 1988). Not yet present in any of these 

systems is an attempt to provide scaffolding for novices through the 

provision of rich contextual information that would deconstruct the 

representations and provide examples of how these images, data, and tools 

have been successfully used in practice. This is unfortunately similar to 

how scientific laws have been presented in didactic classrooms -- formulas 

presented absent the situations in which they provide explanatory power, 

thus posing a puzzle to the student why they are valued (Toulmin, 1953). 

Nonetheless, the appearance of these dynamic tools is an important step in 

moving education beyond a model of student as consumer to a model of 

student as active inquirer. The examples presented here are grouped by 

domain as follows: 

1. Weather maps 

2. Scientific visualizations of climate 

3. Interactive Mapping 

Weather Maps 

Purdue University's Department of Earth and Atmospheric Sciences (1995) has 

developed a server that allows students to select weather images and data 

that is updated hourly, thus allowing students to do weather prediction and 

investigation. 

WWW K- 12 paper Submitted 3.95 



Scientific Visualization 

The tools used by an expert community often serve to help define the basic 

questions and assumptions used. In particular, scientists in recent years 

are employing scientific visualizations(3) (SciVs) as a primary means to 

communicate discoveries and to perform speculative investigations. The 

extent to which they have permeated scientific practice is demonstrated by 

picking up any recent issue of Science or Nature and counting how many 

SciVs can be found. A common use of these visualizations on the WWW is to 

provide the ability to browse data sets in order to refine one's choice of 

which data to request. For example, the Lamont-Doherty Earth Observatory of 

Columbia University (1995) will dynamically render climate data sets as 

directed through a vast array of parameters as well as provide the 

underlying data to the user. Similarly, the Pacific Marine Environmental 

Laboratory of the National Ocean and Atmospheric Administration (1 995) 

renders several oceanic data sets and will deliver the data in spreadsheet 

form. Another example comes from the Learning Through Collaborative 

Visualization (CoVis) Project at Northwestern University (1993). Practicing 

atmospheric scientists were interviewed and their methods and data 

analyzed, leading to the design of specialized educational software where 

the students could peruse and construct SciVs of climate and the earth's 

radiation budget (Learning Through Collaborative Visualization Project, 

1995a). These visualizations are provided at multiple levels of detail so 

as to aid students in detecting large and small grain patterns within the 

global climate system. Individual points can be queried for their value; by 

choosing different levels of resolution these data points can refer to 

relatively small areas (e.g., 2.5 degrees square) or to large areas (e.g., 

a single scalar for the whole earth). 

Interactive Mapping 

Evaluating the data that can be obtained over the WWW often requires 

flexible tools that allow the iterative selection of data and analytical 

operations on it. Tools like this are becoming increasingly common on the 

WWW through the use of forms. An example of a WWW server providing 
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interactive analysis of data (even before the introduction of forms) is 

provided by Xerox's map server (1994). This server facilitates the 

interactive exploration of digital maps through the operations of selecting 

a part of the globe, zooming in on the globe, and specifying what aspects 

to portray (e.g. rivers or political boundaries). In this manner, not only 

is information provided, but an environment for querying and investigating 

that information is specified. A fascinating example has emerged of an 

application that combines the information on recent earthquakes with the 

Xerox map server to provide customized maps of where recent earthquakes 

have occurred. Hence, by providing applications on a common global platform 

new applications can be built by linking others together. This philosophy 

of linking pieces to create larger wholes is fundamental to the methodology 

of computer science and has been a primary goal of many operating systems 

(e.g., Ritchie & Thompson, 1974) -- the WWW now provides such a global 

operating system for interactive applications. Of course, the emergence of 

standards for inter-operability should substantially enhance the ease with 

which such applications can be created. 

6. Forging Learning Communities through Communication Mediums on the WWW 

This section focuses on how the WWW is being used to forge learning 

communities between students, teachers, schools, and professionals. The 

emphasis is on those using the WWW as an interactive(4) communication 

medium and on sites whose primary goal is to establish learning 

communities. Interactive mechanisms are still relatively undeveloped on the 

WWW, but include forums which are similar to newsgroups (messages can be 

posted and read asynchronous) and chat sessions which emphasize synchronous 

communication through entering short messages. These facilities have 

possibilities not shared by their progenitors, namely Usenet newsgroups and 

Internet Relay Chat (IRC). These possibilities arise from the flexibility 

of the WWW to incorporate multimedia, hypertextual links, and structured 

forms. Some of these advantages are realized in the communication mediums 

reviewed below, in particular, that allow students and teachers to create 

logs of their activity and in their collaborative construction of web 

pages. However, we expect development of interactive structured 

communication like these to be one of the most important developments for 
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the establishment of learning communities. The examples provided here are 

grouped into the following categories: 

1. Connecting teachers and students with one another 

2. Connecting parents and local cotrununities with schools 

3. Connecting students to scientists and other practitioners 

Connecting teachers and students with one another This category is broad in 

that it refers to connections both within a single classroom and across 

classrooms. The Gonzaga College High School in Washington DC (1995) Earth 

System Science Community Curriculum is using their web server as the basis 

for students to file progress reports where they record their activities, 

list problems or questions, and enumerate the resources they employed that 

day. Teachers similarly file reports. These reports are available to the 

entire community, indeed to the entire WWW, though selected portions (e.g., 

the teachers' reports) are password protected. These communication 

facilities are integrated into a comprehensive set of services that provide 

relevant scientific instruction and data, bibliographies, and relevant 

papers for students to use in accomplishing their project. These facilities 

provide an excellent example of how the WWW can be used to forge a 

school-based learning cotnmunity that is also open to work-based learning 

communities in that scientists and others could potentially serve as 

mentors by observing the students on-going work and through understanding 

the suite of tools and data that help comprise the environment in which 

they are working. 

The CoVis Project has established WWW pages that students and teachers 

collaboratively construct by adding WWW sites along with a description and 

annotation (e.g., Learning through Collaborative Visualization, 1995b). 

These pages serve as a place to share key "finds" on the WWW with each 

other. Another example of annotating the web is the provision for newsgroup 

style threads that optionally include pointers to WWW pages (Learning 

through Collaborative Visualization, 1995~) .  

Another exemplary project is Web66 (1995a) which helps teachers and schools 

to start publishing on the Internet by setting up ftp, gopher, and WWW 
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servers. While this style of colnmunication does not fit with the 

interactive motif of this section, Web66 does provide for interactive 

communication by maintaining a listserv that connects educators supporting 

WWW servers. Another excellent service provided by Web66 is a comprehensive 

list of K-12 WWW sites (Web66, 1995b). 

The Global Schoolhouse Project is also seeking to build a community between 

schools. Their WWW server (Craighead, 1994) provides an asynchronous 

electronic spine as a repository of diverse information including: a 

description of the project's goals, a list of its participants organized by 

school with home pages for teachers and students, a "hot" list of software 

being used by the project (i.e., clicking on the name of a piece of 

software transfers it via ftp) access to mailing lists and curriculutn. 

Another area where efforts have been begun but are not yet well developed 

is in establishing a learning corntnunity amongst teachers. This is 

particularly important since teachers are often shut-off from professional 

contact with their fellow teachers and researchers due to the physical 

architecture of educational environments, namely, separate classrooms with 

one teacher and many students. CCT can provide vital links between 

teachers, thus allowing them to share professional advice and to adopt new 

practices and methods. Mechanisms of fostering such change are crucial if 

new technologies are going to be successfully incorporated into classrooms 

without having to wait for an new generation of teachers to enter the 

profession. An example effort in this regard is the Texas Education Network 

(Tenet) project which is seeking to forge community and expertise amongst 

the state's educators. One aspect of this is their WWW server (Texas 

Education Network, 1994) where a wide range of information can be found, 

including legal, technical, and practical aspects of telecommunications. 

Connecting parents and local communities with schools One advantage parents 

can provide students and teachers is that of an interested audience. The 

primary audience for students are teachers, thus providing an audience who 

is vastly outnumbered by the performers. When a school uses the WWW to make 

student work available to the broad-based audience of the Internet, 

students suddenly have a new, and greatly expanded audience for their work. 
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A number of schools have started to make student work available in this 

way. Two notable examples are Grand River Elementary School (1994) in 

Lansing, Michigan, and Hillside Elementary School (1994) in Cottage Grove, 

Minnesota. Both of these schools assist students in creating their own 

personal WWW pages, in effect giving the students a personalized presence 

on the Internet. In an analogous attempt to allow parents access to school 

life many schools, especially in urban areas, have begun using "voice mail" 

systems. These systems allow parents to phone the school, and through a 

series of touch-tone commands, learn about their child's attendance record 

or daily assignments. These systems have been very successful in alerting 

parents to the work their students should be doing, and aids parents in 

monitoring homework and academic progress. If a school is able to make 

student work available on-line, a leap is made from showing parents what 

students should be doing to what students are doing. Beyond seeing their 

own child's work, parents would be able to view the work of other students. 

This allows parents to see how their child compares to others, so that they 

can make a self-determination of academic progress that is based upon 

quality of output, not on grades or class rankings. Furthermore. through 

the addition of a forms-based interface, parents could provide feedback or 

critique on their child's work, adding another dimension to its evaluation. 

Local communities serve as another primary audience and source of resources 

for schools. The WWW can serve schools as an alternative mechanism to 

communicate with their local communities. For example, people who are live 

in Arlington, Virginia (1994), can get current information about their 

local public schools on-line. The Houston Independent School District has 

taken advantage of the excellent Armadillo WWW server at Rice University to 

announce the mission statement for a new lab school (Perkins & Castellanos, 

1994). The Cottage Grove Elementary School makes community statistics and 

information about its PTA (Hillside, 1994) available on the same WWW server 

its students use to produce their personal home pages. 

Putting students in touch with experts Few if any WWW sites have facilities 

to directly put students in contact with practitioners, experts, or 

scientists. Instead the WWW is helping to publicize mechanisms outside the 

WWW by which such contact can be arranged. For example, the United States 
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Geological Survey (1995b) advertises its "Ask-A-Geologist" service. 

7. Collaboration between Students and Work-Based Learning Cotrununities 

Again, the WWW is not being directly used to accomplish collaboration 

between students and practitioners or experts. Instead, some WWW servers 

are helping to publicize efforts that are occurring using other 

communication facilities. On of the most fascinating of these is the JASON 

project which seeks to build community by having students remotely 

participate in scientific field trips or "telepresence." Such trips are 

accomplished through highly advanced robots that are capable of exploring 

the depths of oceanic vents or the inner molten reaches of volcanoes. 

Students participate by suggesting courses of action and asking questions. 

Jason's WWW server (Feldman, 1994) aids in this process by providing a 

basis for teacher in-service education, dissemination of curriculum, and 

multimedia recapitulations of past explorations. 

A possible future use of the WWW to foster communication and collaboration 

between students and practitioners is to provide a mentor data base. 

Students would list the type of help they are requesting, while 

practitioners would list their areas of experience. Further, logistical 

constraints could be incorporated, such as, available time, preferred modes 

of communication, and so on. This data base could then be used to do 

matchmaking between students and practitioners. 

8 .  Adopting students work into a community of practice 

In this area as well, the WWW does not yet have many facilities for 

students to build or engage in collaborations with practitioners. Hence, we 

again concentrate on WWW servers that describe such activities conducted 

through alternative mediums. In particular, the Global Lab Project at the 

Technical Education Resource Center (TERC) is linking classrooms around the 

globe with each other and with experts in order to accumulate student data 

for scientific use. One project had students around the United States 

collect experimental data on acid rain and then pool the data for analysis 

by experts in the area. This effort produced a unique and valuable resource 
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for environmental scientists. Recent efforts are seeking to have students 

collect data on levels of ozone and other quantities crucial to observing 

patterns of global environmental change. The international flavor of the 

project is conveyed by their WWW server (TERC, 1994) which contains movie 

clips from Global Lab classes in Nigeria, the Czech Republic, Mexico, and 

Washington, D.C. A strength of TERC's projects is that they have found ways 

for students' work to be of genuine use and of interest to scientists, thus 

providing the basis for a relationship based on mutual benefit. This is 

consonant with the philosophy of their chief scientist, Robert Tinker 

(1994), who seeks to transform students and schools from isolated islands 

of concept learning into powerful social resources. In a similar vein, 

Vice-president Gore (1993) is leading Project Globe which has called for 

scientists for organize and lead student data collection into environmental 

conditions, such as, air and water pollution, stratospheric ozone levels, 

and carbon-dioxide emissions. 

In summary, WWW servers provide valuable aid towards the goal of enabling 

schools to forge learning communities. WWW servers serve as central 

repositories of general project information, software, expert tools, home 

page biographies, and mailing lists. In this way, the WWW servers provide a 

common infrastructure which all can access equally(5). This provides a 

place to accumulate results from more transient communication mediums like 

video conferences and email. WWW sites are evolving as a medium for newly 

formed communities to consolidate identities, build shared vocabularies and 

expertise. As the WWW evolves to support interactive cotnrnunication more 

fully it should prove better matched to the goals of creating learning 

communities. 

9. The Need for WWW Educational Server Development Guidelines 

To date most resources on the WWW have been developed without the specific 

goal of fostering K-12 learning communities. Yet, as the above examples 

show, even without this aim WWW resources have been developed that are of 

extraordinary value to schools and learning communities. In order to 

continue to advance in this process of facilitating the construction of 

learning communities through the WWW an explicit characterization of how to 
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accomplish this goal is needed. The beginning point in this process is a 

recognition that Educational WWW Servers (EWS) are needed that embodies a 

distinctive architecture. In particular, an EWS must embody the following 

features: 

1. EWSs' need to provide "just-in-time" curriculum for students. This 

style of curriculum differs from the standard prearranged sequences of 

material found in most textbooks and is organized so that students get 

access to resources they need in order to solve their current on-going 

problem. This style of problem-solving is no different than that 

employed by adults in the completion of their tasks. When an adult 

needs to build a bookshelf they usually do not engage in a four month 

sequence on wood working, but look up bookshelves in the index of a 

"how-to" book. Similarly, students will access curriculum resources in 

order to achieve their short and long-term goals. Necessary components 

of such curriculum are: 

Information resources such as those surveyed in section 4 above. 

Activity structures must be provided that aid students to learn 

the conceptual structures of a domain (e.g., There is overarching 

category that unites visible light with imperceptible radiation 

of longer and shorter wavelengths, that is, the electro-magnetic 

spectrum) and to build important artifacts for the investigation 

of physical phenomena (e.g., a pyrometer that can detect infrared 

radiation). These activity structures should identify materials 

required as well as place the activities into a social structure 

(e.g., performed as a small group or whole class). This is in 

contrast to the assumed model of use on WWW servers today, 

namely, an single individual accessing information. 

Assessment procedures designed to aid students and teachers in 

understanding a student's level of competency in order to direct 

them student to the resources and activities described above. 

These assessments can also be keyed to educational standards such 

as Goals 2000 or district-based mandates. In short, an EWS must 

have more than content, it must also have that content placed 

into larger contexts of use. In addition, assessment procedures 

can help students monitor their own progress, thus promoting 
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their executive and meta-cognitive abilities to lead their own 

learning. 

Matching resources to teaching and learning tasks is the primary 

design objective of a EWS and can provide rich opportunities for 

important new design work in computer science, networking, and 

learning sciences, particularly around issues of information access, 

intelligent agents, teacher development, domain cross-referencing, and 

cognitive development in the subject areas. Some preliminary ideas in 

this direction are enumerated in the section below on a geosciences 

EWS. In addition, work-based learning communities can aim to provide 

versions of their tools and data sets that are surrounded by a rich 

contextual background to help ease the difficulty of learning their 

use. This would involve, for example, making the units of the data 

explicit and their meaning explained in everyday terms (e.g., a joule 

is the amount of energy spent in lifting a lemon one meter, Emniliani, 

19%). 

2. The EWS should offers facilities for authoring and browsing user 

commentaries. These commentaries provide a living dimension to the 

EWS, so that it is continually open to the design work that its users 

are doing in seeking to utilize its resources in their local 

situations and for their specific purposes. Commentaries can discuss 

the usefulness of specific resources and the activity structures 

designed to provide context for their use, and suggest modifications 

that "make them work better." This design goal of developing a 

self-improving or cybernetic EWS can provide a major advantage over 

any previous static educational innovation in curriculum. We would 

argue that it provides more of a free market for teaching and learning 

resources which is evolutionary in its nature (survival through use in 

selection) rather than top-down from instructional designers -- which 

is often too elite and ill-suited to the vicissitudes of local 

situation appropriacy in educational settings. In addition, these 

authoring facilities provide a means for teachers and students to 

originate their own curricular ideas and to engage in collaborative 

knowledge construction and debate. The investigation of how to 

structure hypermedia documents to facilitate learning communities has 
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been an active area of investigation (O'Neill, Gomez, & Edelson, 1994) 

that can be utilized here in designing mechanisms to foster both 

divergent and convergent lines of thought. 

3. The EWS also offers a facility for teachers and students to contact 

others on the network who share a particular interest with them. These 

contacts can be as simple as WWW entries containing email addresses or 

they can grow to be as complex as WWW-based protocols that assist 

teachers and students in making contact with people that have 

appropriate expertise at the time it is needed in a learning 

situation. The WWW is now poorly developed in its interactive 

communicative functionality. In particular, little has been done as 

regards either infrastructure or content to set up opportunities for 

work-based learning communities. Explicit attention must be paid to 

this issue. A primary critique of current educational practice is that 

it does not "transfer" to the work-place. As critiques of the notion 

of transfer have pointed out, connections between subject matter that 

transfer are not inherent, rather they are constructed via analogies 

and social agreement (Pea, 1987). The work and educational community 

must join together to forge connections between their, too often 

disparate, learning communities. Opportunities can be found for 

students to investigate issues and potentialities that the work-based 

communities do not have the time or energy to pursue. Building on 

Simon's (1969) insight that economic decisions are limited by bounded 

rationality we can easily recognize that any decision we make is made 

heuristically within an ecological domain where all relevant resources 

are limited. Our schools provide a huge resource for performing 

additional research on these decisions. An obvious example is the 

researching of alternative energy sources, such as, solar power. As 

technologies rapidly evolve the economies of scale for energy 

production change -- students can provide an ever ready pair of eyes 

inspecting such possibilities for fiscal viability. In addition, 

professionals work in established paradigms and modes of thought. 

These paradigms guide productive work, yet they can also blind one to 

productive alternatives. Again the eyes of our students can provide 

sponsor the fruitful production of new hypotheses that incorporate 
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more divergent influences or randomness than a fuller member of a 

learning community. This random variation is the prerequisite for the 

evolutionary selection of ideas to occur. The professional community 

can easily critique and prune such ideas; the role of our students can 

be to generate and design new possibilities. Through these designs and 

the subsequent critiques profound learning can occur. Imagine how much 

more valuable it would be for each class of our students to have 

proposed alternative energy sources, rather than for each individual 

student to be successful in passing a math competency exam. In 

addition to critiquing the work of students, work-based learning 

communities could be formed that would provide for mentoring of 

students, provide opportunities for joint work, and mechanisms to 

acknowledge when the work of students was sufficiently useful that it 

warranted further investigation or incorporation into the community's 

corpus. 

Overall, it must be emphasized that EWSs will only develop value for 

education insofar as educators and other educational agents (e.g., 

parent, peers, and workers) take action to advance teaching and 

learning design, usability, and promote their broader adoption. This 

serves to seed a learning web, and establish new distributed 

communities for educational reform. 

4. Educational servers fundamentally need powerful search engines for 

specifying teaching and learning tasks by educators which then guide 

intelligent agent-based search throughout WWW servers. The kinds of 

considerations in designing such searches include query by progressive 

refinement around subject domain, topic within domain 

(cross-referenced interdisciplinary curriculum resources probably 

requiring indexing of some kind), grade level appropriacy (but 

ultimately learner level irrespective of grade). The key here is 

turning up resources that are "good enough," so that educators and 

users find that the time and effort costs of browsing and search are 

worth it, relative to the benefits derived for teaching and learning. 

10. The Geosciences Server: a sample Educational WWW Server 
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EWSs, if they evolve, will take many shapes; below, we offer a 

characterization of one now being designed, that is, the Geosciences Server 

being built as part of the CoVis project. The CoVis Geosciences server is 

being developed by multiple institutions that include Northwestern 

University, University of Illinois, University of Michigan, University of 

Colorado, Exploratorium Museum, and select K- 12 schools. Materials will 

include: curriculum, activities, assessment materials, data sets, 

editorially-reviewed student projects, directory services for participants, 

and a comprehensive indexing scheme. Part of the design effort is to seek 

to assure compatibility of server resources, materials, and activities with 

the leading state frameworks and emerging national science education 

standards. 

The ultimate goal of the server is to develop a model for how 

cornrnunications technologies can aid the establishment of learning 

communities. One part of the design focuses on the delivery of curriculum 

so as to be useful to a school-based learning community. This curriculum 

incorporates the following parts: 

1. An accounting of the basic conceptual structures of a field presented 

as a set of categories and processes. This account is consistent with 

cognitive science descriptions of how scientific knowledge is 

organized (Chi, 1992; Gentner, 1989). 

2. Activities designed to help students move from their everyday 

categories to the specialized categories of science. These activities 

should accomplish this by demonstrating the worth of the categories. 

That is, the categories should be argued for on the basis of their 

worth and not on the basis of authority. 

3. Systems are provided which utilize the above categories and processes 

for their analyses. For example, when investigating the earth-sun 

system and in particular the process by which the earth maintains an 

energy balance (or radiative equilibrium) important categories are 

incoming light (or insolation), amount of reflectivity and absorption, 

and resulting temperature. Hence, the student would be asked to 

investigate the system by alternately doing laboratory experiments to 
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experience the categories processes of light and energy and so on and 

then showing how they play out in the earth-sun system currently under 

study. In doing this the student is encouraged to build on their 

everyday experience of climate (i.e., their everyday knowledge of the 

earth-sun system) to understand the category of radiation and its 

processes. Similarly, students are encouraged to use experience 

gathered in laboratory experiments of light, radiation, and 

temperature to understand the Earth-sun system. Hence, the focus 

becomes forging relations from categories and processes to systems. 

4. These two way relations are explicitly represented at some level of 

detail to aid students in making these connections. For example, 

relations might be provided for an analogous situation, say the energy 

budget of the human body, which too must balance its incoming energy 

(consumed in food not light energy) with its outgoing energy. 

5. Diagnostic instruments are provided to help teachers identify what 

categories and processes students hold so as to help recommend 

activities for students to perform to persuade them of the utility of 

scientific concepts. For example, students who do not believe in the 

existence of infrared light could be shown it visibly though charge 

coupled devices (CCD) calibrated to detect such light. Such a 

demonstration would show differential brightness over the surface of a 

human's body showing which areas were warmer and cooler. This 

acquaintance with a new category of infrared light could then be 

parlayed into the system of the earth-sun by examining visualizations 

of the infrared radiation emitted by the earth and relating it to the 

infrared radiation emitted by people. 

There are several other areas to be developed that are not discussed for 

reasons of space. These include a mentor data base, richly contextualized 

data sets, and tools for data analysis specialized for student use. 

1 1. Conclusion 

The WWW is in its infancy. As it grows and matures many different 

communities will customize it and shape it to meet their specific needs. 

The K-12 teaching and learning community will be no exception. We have 
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attempted to point out here that the needs of this community are diverse 

and that already the K-12 community has found resources on the WWW that are 

valuable. The demands of education are especially rigorous, particularly 

when we consider the development of both school-based and work-based 

learning communities. We have argued that there is a long way to go before 

the WWW can serve as a major tool for building educational communities. 

Specifically, the support for interactive communications is woefully 

underdeveloped, but is receiving significant attention and growth. We have 

provided a progressive list detailing increasing depth in the formation of 

learning communities -- we urge architectural innovations for WWW 

interactive communications be evaluated with respect to this list. 

Hopefully, these suggestions will be used to spur thinking and developtnent 

around customizing the WWW and its applications to meet needs of schools 

and education more broadly wherever it occurs. 
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Footnotes 

1 Of course, it can be said that all communities are "learning 

communities." Hence, implicit in distinctively labeling some communities as 

learning commuities is a normative notion of what knowledge these 

communities should aspire towards. For example, in an ethnography of high 

school life (Eckert. 1989) found students primarily learning from one 

another, but almost none of this learning went beyond learning the social 

customs of high school culture. In contrast, within a learning community 

students engage in acquiring conceptual structures and explanatory systems 

useful to understand and transform their physical, social, and 

psychological world. 

2 This term refers to increasing integration of computational processes 

with communication mediums. The primary characteristic of a computational 

communication medium is the ability to not only transmit and receive 

information, but also to specify the execution of complex procedures. Such 
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integration has become co~ntnonplace not only in the Internet, but also in 

telephone systems through the introduction of automated interaction 

systems. In contrast, term "computer-mediated cornmunications" is much 

broader, encornpassing not only CCTs but also any communication modality 

that utilizes computers whether or it allows the embedding of complex 

procedures (e.g., e-mail or newsgroups). 

3 As used here, a scientific visualization refers to an image rendered 

through high-speed computer graphics that is based on a numerical data set 

that describes some quantity in the world. For example, temperatures around 

the world can be rendered as a color image, typically mapping cold 

temperatures to blue hues and warmer temperatures to yellow and red hues. 

4 The WWW can be considered interactive in that pages are retrieved in 

response to clicking on hypertext pointers. In contrast, we distinguish 

interactive communications to refer to dialogue, with the paradigmatic 

example being two people in conversation. Similarly embraced are epistolary 

exchanges such as found on newsgroups and ernail. This point is belabored 

here so as to avoid the conflation between clicking on hypertextual links 

and dialogue (Schank & Cleary, 1994). Dialogue, in contrast to clicking on 

hypertext links, is social and as such opens the possibility for 

negotiation of meaning and disagreement as well as the deepening of human 

relationships which form the obvious center of any learning community. 

5 This is currently true, of course, only in principle, since access to the 

Internet is present in only a few schools. Hence, a priority for the 

education community and for the general body politic must be to ensure 

equity of access, else the learning colnlnunities we seek to build will be 

closed to segments of the population -- this inequity will injure not only 

the disenfranchised but will also diminish the quality and range of the 

learning communities we build by restricting the diversity of thought they 

possess. 
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