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For example, undergraduate enrollments in computer science fell about 25%
between 2000 and 2003 (Computer Research Association, 2003).

Moreover, as the Web has evolved, browsing, searching, and carrying out
purchases has become easier and more accessible, while creating dynamic,
interactive Web content has become increasingly more difficult, requiring server-
based mechanisms (e.g., servers that support web-based discussion forums),
embedded components written in other programming languages (e.g., Java
applets, ActiveX controls, Flash, or JavaScript), or plug-ins that augment the
user's browser and allow it to receive data in closed, proprietary formats. These
advances create richer experiences for the passive information consumer on the
Web, but they add technical obstacles for users interested in constructing novel,
interactive functionality to their own creations.

Forces

Two of the key forces shaping the solution to the problem in this pattern are the
lack of resources among volunteer community-based groups and the important
role such groups play in social capital formation.

Lack of Resources

Community volunteer organizations generally lack financial resources,
telecommunications infrastructure (high bandwidth connectivity), equipment,
skills, and access to training. They lack almost every relevant resource to support
an IT strategy. In our studies, we have found that it is typical for community
organizations to have no budget line item for technology. In one case, a
community organization we worked with only had Internet access via the home
connections of its members; the organization as such had no connectivity other
than its own phone line. Lack of resources is a force—it affects how community
volunteer organizations will address the problem of having less control of their
IT.

Lack of relevant resources is exacerbated by the fact that IT is generally not a
core concern of these organizations. Not surprisingly, a local historical society is
chiefly concerned with preservation of sites and artifacts, informal education
programs, and interactions with school and community groups. Even though an
outside consultant might conclude that IT is a key to addressing their primary
concerns in an efficient and effective manner, they do not necessarily see it that
way.
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Social capital

Social capital is the generalized trust, social interaction, and mutual reciprocity
throughout a group, a community, or a society (Coleman, 1990). Because
community volunteer organizations depend upon intrinsic motivation and
personal commitment, rather than material rewards, social capital formation and
preservation is especially critical to their survival and growth (King, 2004). And
the social capital produced through participation in these organizations is critical
to the whole society (Putnam, 2000).

Indeed, many studies of contemporary American society have concluded that
traditional mechanisms of social capital formation in American communities are
in decline (e.g., Bellah, Madsen, Sullivan, Swindler, and Tipton, 1986; Putnam,
2000). For example, between the 1960s and the 1990s, participation rates in a
variety of civic activities declined: Red Cross volunteering declined by 60
percent; participation in parent-teacher organizations declined by nearly half,
membership in the League of Women Voters and in the Jaycees both declined by
40 percent; the number of people reporting that they attended a public meeting on
town or school affairs in the past year has declined by more than a third;
volunteering of Boy Scout troop leaders declined by a quarter; voter turnout in
national elections declined by nearly a quarter; churchgoing and church-related
activities declined by a sixth; the proportion of Americans who socialize with
neighbors more than once a year declined by nearly a sixth.

In this societal context, the formation and preservation of social capital
through participation in community groups has become of greater importance to
the larger society.

Solution: Community-based Learning

An important alternative to formal pedagogy is learning informally. Informal
learning refers to learning that occurs outside of classrooms, schools, and other
formal instructional environments and activities, and it includes incidental, self-
directed, and lifelong learning. People with existing and active commitments to
their communities may find it more meaningful to learn about Web programming,
for example, by helping to create a Web application for a community service
organization, than by attending an intensive programming class. What we know
about adult learners suggests that this would indeed be the case (e.g., Knowles,
1973).

In fact, informal learning represents an important part of the common culture
of the Internet and its democratic and community roots (Rheingold, 1993).
Informal learning of Web technologies often involves "learning by doing", for
example, learning in the course of downloading and exploring new software,
posting on newsgroups, getting product technical support, or copying and editing
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useful or appealing Web pages. Such activities are often situated in "authentic"
tasks, providing solutions to real, concrete problems that the learner faces either
as an individual or as part of a group or community.

One solution to the problem of lack of control over IT is a self-sustained
process of informal learning, in which organizations identify and analyze their
technology needs, and then learn about IT through continuing engagement in
solving their own problems. We describe this solution as comprising three facets:
reflection, analysis, and enactment (see Figure 1). Reflection is a self-assessment
on part of the community organization of its relationship to its own IT. It is more
effective to come to the realization that there is a lack of control on one's own,
than to be told there is a problem by another. Technology self-assessments and
discussions of critical incidents within the organization are good approaches for
this reflection. In the example, we discussed above, when the environmental
group wanted to change their Web site and found that this would be a long and
difficult process, they realized that they were not in control to the extent they
wanted to be and needed to be.

Organizational competition with peer groups may also prompt reflection, such
as multiple environmental organizations in a proximate community competing for
project or operations funding from one government source.

Problem
Lack of control over IT

—] =

Solution

Realize that
organization

Identify and
analyze

lacks partici- practices, needs,

pation in and Continuous and issues
control over IT engagement in related to IT
meaningful
activities

Figure 1. Solution schema for Community-based Learning.
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An example teacher-designed project is WebPals (Figure 2), a reading and
discussion activity for middle school students. The activity was originally created
using a text-based multi-user domain (MUD). We developed a collection of
Bridge objects for a graphical MUD, a set of "rooms" each with a user list,
navigation map, message board, chat area for each, room description, and an
optional object to swap with the map using a tab. The objects could be configured
and copied easily to create new MUDs or, since each object has a web rendering
and corresponding URL, each object could be accessed in a web browser.
Adoption of this activity spread rapidly to other teachers; it seemed critical that
the technology was demonstrated by peers, and could be quickly appropriated and
repurposed.

Teacher Bridge was initially used by a handful of teachers and administrators.
However, as part of a process involving the design of a new school website, the
school administration decided to host a workshop to introduce Teacher Bridge to
the entire staff. The workshop sessions, run by the teachers and administrators,
walked groups of teachers through the process of setting up their own sites. In
most cases, these were sites for individual teachers’ classroom management, but
in some cases, they were sites for groups of teachers, teams, or departments. As a
result, many Teacher Bridge components were shared and reused among teachers
(e.g., authentication privileges of web sites). The diversity of skills among the
teachers actually helped strengthen the social network by distributing the burden
of training. Using Teacher Bridge, no one teacher had to know everything, and no
one teacher had to train everyone else.

Frameworks and Patterns as a Research Approach

Community-based Learning is a design pattern that is a specific solution to the
recurring problem of lack of control over IT in community volunteer
organizations. We believe that patterns, and related abstractions, offer a research
approach that usefully couples codification and application of design knowledge.
This is a highly desirable property in practical design domains like CSCW where
many kinds of scientific knowledge necessarily converge and interact (see Carroll
and Rosson, 2003, for general discussion). In the balance of this discussion, we
describe how our approach recruits the notion of frameworks from software
design to codify knowledge for design.

A framework is a reusable design of all or part of a system that is the skeleton
of an application customizable by a software developer (Gamma, Helm, Johnson,
and Vlissides, 1994). Frameworks are expressed in a programming language —
they are code. A single framework usually contains several to many patterns, and
in this sense patterns are narrower than frameworks (Johnson, 1997). Patterns are
embodied in and illustrated through their roles in frameworks. Patterns are more
abstract, and can be viewed as micro-architectural elements of frameworks. A
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well-known example in software engineering is the role of the observer,
composite, and strategy patterns in the model-view-controller framework
(Gamma, Helm, Johnson, and Vlissides, 1994).

In the CSCW domain of community computing, frameworks are the various
types of community networks, community portals, and community organization
Web sites. For example, Spring Creek Web site (section 7) instantiates a design
framework: It consists of a shallow information hierarchy navigated by a
permanently-displayed dynamic menu that foregrounds a statement of the
organization’s mission, a rationale, and a newsletter archive. The primary
graphical content is a set of images depicting typical landmarks throughout the
Spring Creek Watershed. This Web site is literally code, but more specifically it
is a code base over which the Spring Creek organization now exerts substantial
control. It exemplifies an application skeleton that could be immediately
repurposed with a few cut-and-paste operations.

As described earlier, the Community-based Learning design pattern is an
architectural element of this framework. The framework embodies and illustrates
the pattern, but it also shows how the knowledge codified in the pattern interacts
in design implementation with other patterns. For example, another recurring
problem for community organizations is that of preparing and disseminating
newsletters (Merkel, Xiao, Farooq, Ganoe, Lee, Carroll, and Rosson, 2004). This
pattern is also evident in the Web site framework; the current newsletter and the
newsletter archive are one click away from the homepage display of the
organization’s mission and strategic goals. This pattern (which we have not yet
analyzed in the same detail as Community-based Learning) highlights the need to
organize members to contribute content and editorial assistance, and to streamline
the formatting of newsletter content into email, Web pages, and other formats
(e.g., pdf file). It suggests, for example, solution approaches like Wiki-based
interface through which organizational stakeholders can add newsletter content
without worrying about the details of formatting tags, and possibly press a button
to generate the newsletter as a pdffile styled according to a pre-defined template.

Another community-oriented design pattern could address the problem of
managing different volunteers who have a variety of technical skills and vested
interests. Within the web site framework, this pattern implies the problem of who
does what on the web site while keeping organizational goals in mind. In our
fieldwork, we have observed that community organizations want to micro-
manage volunteers in relation to specific Web site tasks. In our work with Spring
Creek, it was noted that they did not want all volunteers to be able to update the
entire web site because it may be detrimental to the organization (volunteers’
interest may not match organizational mission, volunteers may involuntarily
delete vital content, etc). One possible solution that was discussed was to grant
access rights to specific volunteers so they could change web site content only for
the sections they had privileges to.
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The preparing newsletters and managing different volunteers are two related
patterns to community-based learning. We discussed these patterns in context of
the Web site framework.

Linking patterns explicitly to pattern frameworks is a critical step in
developing patterns as a medium for effectively codifying design knowledge. For
example, Schuler’s (2002) impressive pattern language collection has had limited
utility and impact. This collection is organized as a searchable list. It does not link
patterns to frameworks, either in the sense of providing concrete exemplification
(i.e., code) or in the sense of illustrating how multiple patterns can work together.
Thus, it does not provide enough support for bridging from knowledge to design.

First, using the notion of frameworks in community computing gives us an
analytic lens to concretely study recurring problems in this domain. Patterns
themselves are abstract constructs that have little meaning and implication
without context. Frameworks add this context by tangibly illustrating the use of
patterns. Community-based learning, for example, would be demonstrably weak
as a pattern if it were not applied to the Web site framework.

Second, frameworks enable researchers and practitioners to apply multiple
patterns interdependently. Without frameworks, patterns would exist in isolation
with loosely conjectured relations amongst themselves. Frameworks strengthen
these loose relations by evoking synergies and tradeoffs between multiple
patterns. In the Web site framework example, granting access rights to different
volunteers in the managing different volunteers pattern may conflict with learning
through engagement in the Community-based Learning pattern. This is because
the former means more time needs to be expended to manage different volunteers,
which leaves less time to actively engage in meaningful activities, therefore
implying decreased learning.

In community computing, organizations such as community-based volunteer
organizations are needy for practical solutions they encounter everyday because
of the multivalent challenges they face. In addition to practical solutions, the need
for developing abstractions is clear in community computing if we want to
inculcate a culture of developing coherent and reusable scientific knowledge in
this inter-disciplinary domain. Community-based learning, as a design pattern,
and our integrated approach, comprising frameworks and patterns, set a research
trajectory to develop such practical and abstract models in community computing.
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