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-----------------------------------------------------------------------The E-Rate is working! The Benton Foundation’s recent report, The E-Rate in America: A Tale of
Four Cities (Carvin, 2000), found that, with federal funding, network infrastructure deployment
accelerated and Internet access significantly expanded in the schools that were investigated. "What
thence?" we may ask. Does this automatically mean that teachers will use it? Does the use of
telecommunications contribute to teachers’ self-efficacy? Is it compatible with their personal vision
of learning? Is it worth the time and effort that they must put into mastering a new set of skills? In
other words, "if we build it, will they come?"
Learning and Adopting Technology
Researchers have been studying the process of adopting new innovations for the past thirty years.
Two of the most popular adoption models are Rogers’ (1995) Diffusion of Innovations and Hall
and Hord’s (1987) Change in Schools, which describes their Concerns-Based Adoption Model. Our
research has shown these traditional models must be extended and modified (Batty, et al., 1999).
Systems Theory (Senge, 1990), Activity Theory (Engestrom, 1996), and Information Ecologies
(Nardi & O’Day, 1999) can offer some refreshing alternative viewpoints.
There are three fundamental limitations to the traditional adoption models. First, an educational
system is not a single social system; it is a decentralized organization consisting of teachers within
classrooms, within schools, within districts, and within a virtual community of peers, mentors,
experts, and administrators. Second, traditional models ignore external factors such as the rapid,
worldwide evolution of the Internet and the presence of change facilitators within a distributed,
networked community. Third, because they treat the adoption decision as an event, the older
models do not describe the process by which a complex system makes creative adaptations of an
innovation over time, based on "what works" within each sociocultural subsystem. Adoption is not
an event; it is a process — and it is resource-hungry!
Any new model must deal with the complex interrelationships among the many key actors and
parts of the system. It must provide a framework and language for describing many simultaneous
interactions. It must represent the flow of resources in a system over time. Finally, the model must
make visible both the patterns and the extent of involvement of the various players and parts in the
system.
In our studies of the Boulder Valley Internet Project (Sherry, 1997, 1998), we developed a new
model by which teachers progress through a series of stages as they learn to use educational
technology to enhance teaching and learning: teacher-as-learner, teacher-as-adopter, teacher as colearner, teacher as reaffirmer or rejecter, and teacher-as-leader. We called this the
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"learning/adoption trajectory". The first two stages in this process are rather straightforward. Once
teachers are informed about promising educational practices using technology in the classroom, and
once they are given the opportunity to engage in professional development that matches their
needs, the learning process begins.
As teachers experiment with multimedia computers and telecommunications, they express a similar
set of personal and task management concerns: "Can I handle this?" "Will it make my job easier?"
"Will I be replaced by a computer?" It is at this stage that they need ready access to computers that
will support the instructional activities that they wish to try out in the classroom. Technical support
and mentoring by trusted peers is critical at this second stage.
Unfortunately, school and district technology plans generally fall short in this regard. In a recent
Technology Counts report (September, 1999), Education Week researchers reported that despite the
increasing need for training and support, spending by school districts on these items continues to
lag behind funding for hardware and other equipment. Across the nation, districts generally spend
13% on professional development, service and support, as compared with 60% for computer
hardware and networks. Moreover, simply learning how to operate a computer and log onto the
Internet is not sufficient; teachers need curriculum-integration training as well as basic skills
training.
Shifting Roles
Given adequate training, mentoring, access, and technical support, teachers tend to be more willing
to move to the next phase at which they become co-learners and co-explorers with their students.
However, this requires a fundamental shift in perspective. Technology proponents often talk about
teachers shifting their role from the "sage on the stage" to the "guide on the side". But as
instructional technology leader Tom Carroll (2000) pointed out in his keynote speech at
AACE/SITE 2000, the required shift is far greater. Teachers need to become "expert learners"
along with their "novice learners" in a community of learning and practice that spans the classroom,
the school, the district, and the entire online community.
This is a total change of scope! It is at this stage that many teachers feel they are losing control of
the instructional process, and that their role in the classroom is being compromised by the new
generation of technologically savvy students. Many teachers become "rejecters" of technology at
this point, saying "I tried it, and it didn’t work for me" or "it increased my work load substantially",
and similar statements.
In contrast, the teachers who become "reaffirmers" go on to become "teacher-leaders". They begin
to develop a greater awareness of intermediate learning outcomes. They begin to create new ways
to observe and assess impact on student products and performances, and to disseminate exemplary
student work to a larger audience. As the boundaries of the classroom become more transparent to
them, they begin to take a more systemic view of educational technology and its relationship to the
entire educational organization of which they are an integral part.
The National Staff Development Council’s Standards for Professional Development emphasizes the
importance of the teacher-leaders’ role as continuous learners who help to create and expand a
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school’s context for continued professional growth; strengthen its content offerings that are needed
to provide students with the best opportunities for learning; and model the processes for adult
learning that reflect the processes desired in the classroom.
Given administrative support; incentives for conducting inservice training; opportunities for peer
coaching and outside consulting; structured time for sharing new ideas and promising practices
with their colleagues; and support from enthusiastic students, these teacher-leaders are able to grow
beyond their traditional roles. They become active researchers who carefully observe their practice,
collect data, share their improvements in practice with their peers, and mentor new teachers through
the learning/adoption process. They become change facilitators who help diffuse educational
technology throughout the entire school system. On the other hand, if the school system fails to
support them in this effort, they realize their skills are portable and marketable, and they move on.
The Systemic View
Let us now shift our perspective from that of the individual teacher going through a "stages of
change" process to that of a teacher, technology coordinator, or administrator serving on a school or
district technology planning team. As part of the planning process, we may ask: "What
organizational factors need to be in place to support this learning/adoption process?" and "How can
we facilitate diffusion of educational technology throughout the system?" As we begin to
understand how resources flow within an educational system, we gain new insights about the
diffusion of technology expertise throughout a school or district. Three critical processes must be in
place: convergence of resources; mutual benefit to those who are affected by the changes taking
place; and continuous, free flow of resources and expertise.
Research has shown (Clarke, et al., in press; Gibson, 2000) that when resources converge at a
certain level of the organization–at the classroom level; the school level; the district level; or the
online networked community level–that is the highest level to which an innovation will diffuse. For
example, if there are two teachers in a school who are master teachers with technology, but if the
principal and the school staff fail to offer administrative support; then the exemplary practices in
teaching with technology will be confined to the teachers’ individual classrooms. On the other
hand, if resources, knowledge, and skills are shared and sustained throughout an entire online
community, then teachers are free to move throughout the network to other schools that are more
open to their vision of learning. This was evident in our research with The WEB Project (Sherry, et
al., 2000a; Sherry, et al., 2000b). When resources converge, it is like a spark of ignition that can
start an engine–if other conditions are right.
One can visualize the educational system as a set of circles nested within one another: the
individual teacher; the classroom; the school; the district; and the virtual community of other
teachers who share common interests. Each circle may be considered as a boundary: the walls of
the classroom; the property boundaries of the school; the political boundaries of the district, and so
forth. For promising practices with educational technology to diffuse beyond the classroom–in
addition to the convergence of resources at that level or above–there must be a mutual benefit for
people on both sides of the boundary.
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For example, consider a school administration that rewards an exemplary teacher with release time,
opportunities for professional development, and increased recognition. The teacher, in turn, may be
able to offer evidence of increased academic performance by students who are using technology.
S/he may also be able to provide peer leadership to help others create curriculum-related products
and performances. Since this is a "win-win" situation, that teacher’s best practices are more likely
to diffuse throughout the school. The engine of change is sustained by the cyclical effect of mutual
benefits flowing across the boundaries in the system. However, we must constantly be aware of
where the vehicle is going, lest unintended consequences outweigh the envisioned benefits…
We can also visualize the educational system as a connected community in which one part of the
system responds to changes that either do or do not take place at another location. The spark that
starts the process by which resources converge at a localized starting point in the educational
system, plus the cyclical renewal supplied by mutual benefits flowing across boundaries, both
provide all the motivating force needed to transform the system–to take it somewhere.
However, a third component needs to be in place in order for that transformation to go beyond its
initial localized setting to reverberate throughout other parts of the system. The resources and
mutual benefits need to flow back and forth continuously among all the parts of the system.
Otherwise, an innovation may get stuck in a small area and not impact all students. The innovation
must become extensive. In other words, its important features need to be found and supported at
several levels in all parts of the system.
In order for a technology innovation to be systemic, it must extend both the requisite resources
(such as continuous access to hardware and acquisition of skills) and the mutual benefits (such as
the opportunity to learn and to contribute to the learning of others) to all parts of the system. A
technologically transformed educational system would include all of the teachers in all of the
classrooms, all of the administrators in every school building, and it would also be evident in the
district’s expectations for all students.
From Theory to Practice
The learning/adoption trajectory, which was developed through the evaluation of the Boulder
Valley Internet Project, was further verified by The WEB Project. The WEB Project
(http://www.webproject.org) began as an attempt to create records of evidence of student learning
through the use of educational technologies such as multimedia development and
telecommunications. However, the project later found that it could easily transmit and share student
work online for constructive feedback and critique. This led to the development of professional
networks and groups of students and teachers who were learning from each other.
The WEB Project found that there were important learning gains on all sides. Students acquired
more advanced content-specific vocabulary, skills, and understanding of the arts as they sought out
their teachers to help explain the critique and feedback messages from experts and mentors in their
online forums. Teachers also grappled with the new ideas and content of their disciplines in ways
that are common to the profession, but uncommon in classrooms, such as using composition as a
primary avenue of teaching about the expressive power of music. And the professionals gained a
better understanding of the earlier stages of learning in their respective disciplines, in addition to
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forming new relationships and friendships at remote distances. Best of all, in a few studies
conducted by the project, student academic gains in other content areas were found as a result of
student involvement in collaborative and creative work in relation to the state standards.
What can we learn from this?
By making the challenges, intentions, and questions of the learner the center of the dialogue
between all partners in the education of the learner, the role of the teacher was transformed. The
teacher became a facilitator, a translator of the professional vocabulary, and an expert learner along
with the students–the "novice learners". As a result, the relationships between all the learners in the
system evolved into a network of critical friends.
We may refer to such a system as an "information ecology". Although its parts are
diverse–teachers, students, mentors, and online peers and experts–the idea of an ecology implies
continuous evolution and growth in which local experimentation can provide guidance to a largerscale planning and implementation process (Nardi & O’Day, 1999:75). Within such an expanded
sociocultural system, the challenges and opportunities on the path to expertise and leadership are
shared by a broad group of key players. As they create and evolve contextually appropriate
solutions to their challenges, their vision of using educational technologies to transform teaching
and learning becomes ever clearer.
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