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Alignment with Curriculum and Instruction

Authentic assessment—especially as it relates to information tech-
nologies—is an essential component of school reform, but its wider use
will require complementary changes in curriculum and instruction.
Curriculum and instruction should focus on the important knowledge
and skills that students are expected to learn, and assessment should
measure the same knowledge and skills. All three should stress critical
thinking skills, creativity, and habits of mind that support lifelong learn-
ing and consistently high levels of performance. When curriculum,
instruction, and assessment are aligned, the issue of whether assessment
is driving curriculum and instruction becomes less of a concern.

Many schools that participated in The Road Ahead program came to
realize that their existing methods of assessment were not aligned with
the kinds of student outcomes they were seeking through technology-
based learning (ISTE 1998). Other research suggests, however, that
technology-based projects can successfully adapt their assessment
methods to bring them more in line with their technology-enhanced
curriculum (Hawkins, Baker, Justin 1998).

Final Remarks

With technology, students can expand their knowledge and develop
their higher-order cognitive skills by addressing real-world projects and
complex problems, but the full realization of these benefits will require
compatible changes in assessment. Information technologies can also
help with that. Not only can technologies improve the efficiency of
current assessments, but they also can offer new ways of measuring
student learning. Successful implementation of technology-based assess-
ment requires research and development on their measurement aspects,
professional development and other supports for teachers and key
stakeholders, and compatible changes in curriculum and instruction.

“Assessment and Information Technologies in the K–12 Curriculum” is
one of several papers included in Connecting the Bits, A reference for using
technology in teaching and learning in K–12 schools, issued by the National
Foundation for the Improvement of Education in 2000, and available at
www.nfie.org.

Wide use of technology-based
authentic assessment requires
changes in curriculum and instruction
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There is wide public support for application of information technolo-
gies in education. Everyone wants students to use computers in schools.
Yet, beyond computer literacy and willingness to learn new technolo-
gies, society has only the vaguest notion of what students should accom-
plish. The public understands little about how information technologies
can most effectively enhance student learning and relies on educators to
make prudent use of the considerable public investment in wiring the
nation’s schools.

Early efforts to integrate information technologies into the curriculum
were pioneered by technologically literate teachers and educational
researchers. Demonstrating both the practice and its effectiveness,
their results helped galvanize the resolve of state and local districts
to integrate technology and education. The goal was to enable large
numbers of students to benefit from the technological revolution and
its limitless contributions.

Professional Development and Information Technologies

Introduction

Information technologies must play an important part in the educa-

tion of America’s children. Parents, students, and educators are united in

the belief that a technologically rich curriculum is an essential compo-

nent in preparing today’s students for adulthood in the new millennium.

Schools are being wired. Many schools already have Internet connec-

tivity; many also have their own local area networks. Further, local,

state, and federal agencies are rapidly committing to connect every

school classroom to the Internet.

This paper discusses

• the need for technology-related
professional development and
the difficulty of integrating
technology into teaching and
learning;

• the key characteristics of high-
quality professional develop-
ment and their implications for
technology;

• strategies for professional
development that have
promise for improving teacher
knowledge and skills in
technology;

• support, access, and structures
that must be in place to help
teachers make the most of
technology-related professional
development;

• assessment of the effectiveness
of technology-based
professional development;

• the promise of technology
for improving professional
development;

• an annotated bibliography.

Connecting the Bits
A reference for using technology in
teaching and learning in K-12 schools

www.nfie.org
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As classrooms are wired, it is teachers who face the main challenge
of figuring out how best to incorporate technology into their practice.
They look to professional development to help them fulfill that mission.
In a 1996 national poll conducted by the National Foundation for the
Improvement of Education (NFIE), 93 percent of teachers placed
“how to use information technologies for instructional purposes” as
a top priority in striving for their overarching goal: helping students
achieve. In survey after survey, these findings are consistent. Teachers
recognize the importance of tapping into technology’s vast promise
for enhancing teaching and learning, and they want to do it right.

Knowing how to integrate technology into the curriculum is a com-
plex challenge. It will not be met by one-shot workshops. Instead, truly
effective professional development in technology applications for educa-
tors is marked by several key components. Technologically proficient
teaching and learning requires that teachers participate in ongoing indi-
vidual and collegial study, reflective thinking, analysis of practice, and
evaluation of student achievement. Such deep learning is job-embed-
ded, rigorous, and systemically sustained—three hallmarks that differen-
tiate solid, results-oriented professional development from the limited
training reflected in much current practice.

NFIE focused on professional development as its primary strategy
for exploring the best practice in the groundbreaking collaborations of
its Road Ahead program. In this focus, NFIE drew upon decades of
research and evaluation of what constitutes high-quality professional
development. Consistently, the findings indicate that it is what teachers
know and can do that makes the difference in improved student per-
formance and that teacher learning is the key to helping students
achieve. NFIE, the National Staff Development Council, and other
groups have written extensively on this topic.

One-shot workshops
are not the answer

Teacher learning is the key
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Two additional components augmented the strategy focusing on pro-
fessional development in these school/community partnerships. The
first was assigning experienced teacher mentors to each project site.
Drawn from the ranks of successful NFIE grantees, these mentors had
expertise relevant to the site’s program but did not live in the same
region. The second was developing online networks to facilitate com-
munication among mentors, site teams, NFIE staff, and others who
played a part in providing resources and support.

The Road Ahead sites devoted an average of 36 percent of their grant
budgets to professional development—a figure consistent with recom-
mendations from research that schools spend about a dollar on technolo-
gy-related professional development for every two dollars spent on tech-
nology acquisition and implementation (ISTE 1998). The total funding
for professional development in The Road Ahead program was actually
greater, because NFIE also conducted three national conferences for
all the project teams as a main component of its professional develop-
ment strategy.

This paper discusses recommendations for effective professional
development resulting in technologically proficient teaching and learn-
ing. It is based on extensive research, collaboration among accomplished
experts in technology education and practitioners in the field, and the
results of the real-life application of these innovative programs. The dis-
cussion is centered upon field-tested programs and reflects the input of
all that were involved in the programs’ execution.

Mentors and online networks

36 percent of budgets
for professional development
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The Need for Technology-Based
Professional Development

Technology can be a catalyst for changing how teachers teach, what
they teach, and how they interact with students. It can also simplify
routine responsibilities, thus freeing time for teachers by helping them
and their students to work more efficiently.

Technology can facilitate teaching methods that build students’
inquiry and problem-solving skills and their content knowledge in every
subject. For example, students can gain access to a wealth of research
sources and experts via the Internet, manipulate complex dynamic mod-
els and simulations, work cooperatively in small groups with portable
technology, use multimedia tools to present what they have learned, and
collaborate on projects with students around the world. Technology can
accelerate changes in teacher roles, such as moving away from a lecture
mode of instruction to one in which teachers coach students in solving
complex, real-world problems.

When a teacher finds herself in a classroom with six computers,
Internet connectivity, a wide array of software, and a mandate to inte-
grate them into her teaching, the reaction may well be confusion,
discomfort, or even fear. It is this very variety, flexibility, and complexity
of technology that make it more difficult for teachers than other topics
of professional development.

There are special challenges associated with learning how to use
information technologies that are not present with other educational
tools. When educational television programming was introduced a few
decades ago, teachers could learn within minutes how to operate the
hardware—turn on the set, change the channel, adjust the picture,
etc.—and view the programming. They could begin right away to focus
on the content. They had no control over software, and it was not inter-
active. Familiar and comfortable instructional techniques could be used
to prepare students for viewing and debriefing them about the content
of the program afterwards.

Special challenges for teacher
professional development
in technology
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With computer-based technology, however, operational aspects
take time to learn and still more time to practice and explore before
the technology becomes familiar enough that teachers can truly attend
to the content of learning. Teachers must learn how to use the technolo-
gy itself at the same time they learn how to integrate it into their teach-
ing. Also, because hardware, software, and applications change so rapid-
ly, even teachers who are adept users of technology must pay constant
attention to the basic operational procedures of new applications.

It is little wonder that many teachers are apprehensive. For all but a
few new teachers, technology was not a routine part of their own prepa-
ration, and many have had limited formal training in or experience with
using it. It is not unusual for students to be more comfortable and com-
petent users of technology than their teachers are, which itself can be a
cause for teacher discomfort. Conversely, it is also possible for teachers
to tap into students’ technology skills, creating an atmosphere that con-
centrates on multiple ways of sharing knowledge.

In a 1998 survey by the U.S. Department of Education, 78 percent
of teachers reported that they had participated in professional develop-
ment about integrating technology into the grade or subject they taught
during the last twelve months. Yet despite this level of participation,
only 20 percent said they felt very well prepared to integrate technology
into classroom instruction, and another 37 percent said they were mod-
erately well prepared. The figures were only slightly higher for teachers
with three years or fewer experience; 24 percent of this group said they
felt very well prepared.

Although need for professional development in technology is
great, investments in high-quality professional development for
technology can begin paying off relatively quickly. Several Road Ahead

projects reported that teachers started integrating technology skills
into their teaching almost immediately after professional development
experiences.

Familiarity and facility of use

In 1998, 20–24 percent of teachers felt
“well prepared” to integrate technology
into the classroom
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Characteristics of High-Quality Professional
Development

Whether technology will produce the deep, long-term, and systemic
changes hoped for will depend greatly on the quality of the professional
growth experiences in which teachers engage. Many people still think
of professional development as one time “events,” like workshops, that
take place on designated days. But as research over the past decade
has shown, short-term activities that focus on building discrete skills
do little to promote lasting improvement if they are not linked to more
sustained and collegial opportunities for professional learning. This is
especially true where technology is concerned.

Professional development has been a primary focus of NFIE through-
out its thirty-year existence, and the foundation has learned a great deal
from developing and analyzing its various programs of grants to educa-
tors. Based on this experience, NFIE has identified ten characteristics
associated with high-quality professional development that apply to
technology as well as any skill or content area.

These characteristics, which are explained fully in the report Teachers

Take Charge of Their Learning (NFIE 1996), are similar to those identified
by other groups with a longstanding interest in teacher professional
development, including the U.S. Department of Education.

Below is an abridged list of key characteristics that mark high-quality
professional development, adapted from the NFIE list and other
sources. They are discussed in relation to their particular implications
for technology, with concrete examples of their successful application
from specific Road Ahead sites.

Effective professional development efforts are

• focused on student learning;

• designed and directed by teachers themselves, incorporating
teacher needs.

In addition, they

• are rigorous and sustained over time;

• are realistic and visionary;

• build collegial professional culture.

Effective professional development
is linked to sustained collegial
teacher learning

Key characteristics of high-quality
professional development
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A Focus on Student Learning

High-quality professional development has at its heart the goal of
improving student learning. Certainly, helping students become profi-
cient users of technology can be one goal of technology-related teaching
and learning, but as the primary goal, it falls far short of its ultimate
best applications.

Educators must be able to use technology to further student learning
in subject matter, such as science, mathematics, language arts, and other
areas addressed in state and local content standards. In addition, educa-
tors must help students to extend their information technology
strengths to nurture the habits of mind that support critical thinking.

The challenge, then, is to design professional development experi-
ences that encourage teachers to incorporate technology into rigorous
curricula and instruction.

Teachers are more likely to care about hardware and software when
they can connect it with what goes on in their classrooms. Rather than
centering professional development on hardware and software, educa-
tors should begin by looking at what students should learn. Then they
can better determine the ways in which technology can support that
learning and make it more effective (SEIR-TEC 1999).

Another approach is for teachers to look at how students can learn.
Such an approach begins with a particular instructional strategy that will
improve student performance. For example, in the Franklin, Tennessee,
Road Ahead site, the goal was to use a project-based approach to teach
science. After the strategy was defined, the teachers explored ways that
technology could serve the educational objectives.

Professional development that is truly focused on student learning
and employs technology as an educational tool must be attentive to
the needs of students with diverse learning styles. Moreover, it consid-
ers effective methods of teaching students from a variety of cultural,
linguistic, and socioeconomic backgrounds.

Technology to further student learning
in specific subject matter addressed
in state and local content standards
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When technology is viewed as a servant to increasing knowledge, the
integration of technology into the curriculum can open new opportuni-
ties for effectively teaching diverse learners. For example, the ability to
manipulate visual representations of scientific or mathematical data on a
computer can help visual learners to grasp concepts they find difficult to
understand when those concepts are explained on the written page.

In addition, when students must present a report that will be posted
on the Internet, they are often more motivated to organize their work,
attend to its accuracy, and provide a clear description. They can also be
more creative when using presentation software to produce results that
can be viewed by a worldwide audience.

A specific example of technology tailored to adapt to various learning
styles may be seen in the Road Ahead project at Rice Creek Elementary
School in Columbia, South Carolina. As a part of its professional devel-
opment, the staff examined the learning styles of students in its school
and wrote goals for a new curriculum. The results helped to create a
three-year plan to revise and integrate technology into a curriculum
based on multiple learning styles. The process of working together in
groups to conduct research was rich professional development that led
to actual changes in classroom instruction.

Technology can also expand learning opportunities for students
from many ethnic and socioeconomic backgrounds. Many Road Ahead

sites had ethnically and racially diverse school populations, and their
projects were focused on improving the achievement of particular
groups that were not performing up to expectations. At Alvarado
Elementary School in Union City, California, the ultimate goal of
professional development was to improve students’ science learning,
especially among girls and African-American and Latino students.
The project in South Mountain High School in Phoenix, Arizona,
sought to boost the achievement of Latino and African-American stu-
dents, many of whom came from low-income families. Professional
development in this school focused on helping teachers to incorporate
technology into its Academic Decathlon competition and to use the
Internet to expand the horizons of students who had seldom traveled
outside their community.

Increase of student motivation

Expanding learning for diverse
student populations
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Designed and Directed by Teachers, Incorporating Teacher Needs

One of the major findings from research and practice over the past
decade is that professional development is more effective when it is
designed and directed by teachers, rather than developed and delivered
by central administration. Teachers know what they need in order to
do their jobs better, and they are more likely to make a personal
commitment to their own professional growth when they are involved
in conceiving professional development and carrying it out.

The process of taking charge of one’s own learning can be very
empowering. It begins when teachers realize that they have knowledge
worth sharing. It continues as they develop their knowledge and intel-
lectual skills. It is augmented when they share their knowledge and
skills with colleagues. It is amplified when they help one another pro-
fessionally. It is sustained by the climate of collegial professional
support that is the result.

Through such participation, teachers build their own leadership
skills and empower themselves to take charge of their learning. In
doing so, teachers also model the principles, the practice, and the effec-
tiveness of self-directed learning, which is the behavior that they ulti-
mately hope to nurture in their own students—to become self-directed,
life-long learners.

Teacher-directed professional development was a fundamental
principle of The Road Ahead program. In this type of professional devel-
opment, teachers have a strong say in the issues to be addressed, the
target group, the format, and the intensity. At Phoenix’s South Mountain
High School, for example, topics for professional development were
derived from a school-wide survey of what teachers wanted to learn.
The technology coaches of South Mountain were familiar with learning
needs of the district’s students. They understood the idiosyncrasies of
the district’s network and were aware of other specifics of the work
environment. Thus, they were able to bring practical examples and
contextual richness to the school’s professional development and
through that contribution, to establish credibility that no outside
trainer could ever approach.

Teacher-directed
professional development
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Teachers teaching teachers is a common model for teacher-directed
professional development and was the dominant strategy used in The

Road Ahead program. This model of developing cadres of skilled teach-
ers is sometimes misunderstood. Schools may send a few teachers to a
conference or workshop, then expect them to come back and immedi-
ately train a sizable group of colleagues in whatever new skills and
knowledge they acquired. This approach seldom works, especially for
technology, for many reasons: the content is too complex to master in
a short time, no follow-up is provided, and the would-be trainers may
not be experienced in organizing professional development for their
colleagues (SEIR-TEC 1999).

High-quality professional development programs build in time
and incentives for teachers to reach a level of mastery and develop lead-
ership competencies. The initial professional development made avail-
able to The Road Ahead team at Alvarado Elementary in Union City,
California, had a ripple effect, thanks to an extended block of time once
a week for technology-related professional development (Moursund
et al. 1997-98). By the end of the third project year, more than twenty
teachers had become coaches in technology for other teachers.

Rice Creek Elementary in Columbia, South Carolina, took a different
route with its project by arranging for a University of South Carolina
professor to teach a semester-long, three-hour graduate course in the
school’s computer lab. Because so many teachers participated in this
class, they began working together to solve problems right away. The
team soon realized there was no reason to designate a special cadre of
teacher trainers.

Rigorous and Sustained over Time

High-quality professional development is rigorous. It aims to sharpen
teachers’ intellectual skills, deepen their subject-matter knowledge,
and improve their understanding of learning. To accomplish this, partici-
pants must be able to concentrate, reflect, and study—behaviors that
are difficult to apply in the middle of a busy classroom.

Teacher-determined issues, target
groups, formats, and intensity

Teachers teaching teachers:
successful models
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It takes time for teachers to master new technologies and still
more time to consider, try out, and integrate new approaches into
their practice. In the past, much of the technology training teachers
received was informal, such as advice from technologically adept teach-
ers who found themselves filling the role of technology guru. Formal
activities usually consisted of a workshop on a self-contained skill,
such as using a certain software package. Increasingly, however, educa-
tors and researchers have come to see the need for professional develop-
ment that is structured, sustained, and meaningfully intense.

According to a U.S. Department of Education survey, 38 percent
of teachers who participated in more than eight hours of professional
development in technology during the last twelve months said it
improved their teaching “a lot.” In contrast, only 12 percent of teachers
reported similar improvement with eight or fewer hours.

Both the school reform literature and the practical experience of
Road Ahead grantees strongly indicate that it takes three to five years to
implement changes in practice built around new technologies. Often
with technology, one of the principal goals is to change teachers’ funda-
mental beliefs and attitudes. To attain that goal, teachers need adequate
time to discuss the implications of new beliefs, reflect on their practice,
formulate new visions for where they are heading, find new methods of
assessing progress, and develop new working relationships with peers,
mentors, and others (Parsons 1998b).

It follows logically, then, that professional development for technolo-
gy integration may need to be sustained for a period of years. Such
professional development will require continuing support as teachers
implement new ideas in their classrooms. In addition, it will require
repeated cycles of shared professional development to help teachers
keep pace with advances in technology and new research. As challeng-
ing as this path may seem, it is attainable, and by the best information
available, it is also the most efficient and effective means to achieve
technologically proficient teaching and learning.

In the Learning Tomorrow program, an NFIE technology grant
program targeted to students at risk of school failure, the more success-
ful projects followed up professional development activities with contin-
uing consultation with teachers in their classrooms (Hawkins, Baker,
and Justin 1998).

Professional development:
sustained and meaningfully intense

Three to five years for
implementing changes in practice

Continuing support required for
teacher-led professional development
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Several Road Ahead sites set aside significant blocks of time over a
period of months or even the entire school year for regular, sustained
professional development. (How they managed to find the time is
discussed later in this report.)

At Bijou Community School in South Lake Tahoe, California, for
example, teachers participated in two hours of professional development
one day a week.

In the Phoenix Road Ahead project, the team devoted the entire first
year to intensive professional development on technology integration.
In the second year, two teachers were given release time for the whole
school year to lead eight-week, one-hour classes for their colleagues on
a variety of technology-related issues. The sessions were often well
attended, and after a year of professional development, 60 percent of
participants rated themselves as competent or proficient users of com-
puters. The school also reserved one of its computer labs for teacher
development for one whole day each week so those teachers could visit
it during planning periods. Teachers also had remote access from home
(Moursund et al. 1997-98). The school now has a grant to expand its
professional development model to other schools in the district.

It also takes a critical mass of teachers to bring about fundamental
change. Many Road Ahead sites made professional development avail-
able to the entire teaching staff and sometimes to support staff, student
teachers, and community members as well. The project at Lakeside
Elementary in Manistique, Minnesota, for example, provided technolo-
gy-related professional development to all the teachers in the school.
This created a sizable group of teachers proficient with technology and
helped to diminish resentments that can arise when special programs
are available only to a select group of teachers.

Realistic and Visionary

Rather than presenting abstract concepts, high-quality professional
development addresses the real issues that teachers face in using tech-
nology in their classrooms. Many effective programs set teachers to work
on solving authentic problems that are relevant to their subject matter or
grade level. Relevant professional development also means that teachers
use the same tools their students will use. Teachers utilize technology
applications in much the same ways as they expect their students to do.

Positive results
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Being based in reality need not mean a loss of vision. Technology-
related professional development is most effective when it is not singled
out as an end in itself. The best results are achieved when it is an aspect
of a clearly articulated vision for school reform, and also when it is close-
ly tied to district or school improvement goals. In both the Learning

Tomorrow and The Road Ahead programs, the most successful projects
prepared teachers to use technology in ways that were practical and
immediate but were also linked to broader reforms.

In the Learning Tomorrow program, the most extensive changes
occurred in sites that helped teachers adapt technology to local reforms,
rather than just teaching them the raw applications of various software
(Hawkins, Baker, and Justin 1998). All of The Road Ahead projects had
specific improvement goals for their schools—from improving reading
comprehension to finding better ways to teach science. Some, however,
were more closely linked than others to the district’s vision for compre-
hensive school reform.

Building a Collegial Professional Culture

Many effective strategies for professional development have a com-
mon goal of building a collegial and collaborative culture of teaching
professionals. Collegial communities share certain characteristics: all the
professional staff work toward common goals; they participate together
in high-quality professional development; they share ideas and knowl-
edge; they publicly recognize good ideas and accomplishments; and
they provide constructive criticism and encouragement to their peers.

The members of such learning communities share values and facili-
tate continuous learning. The goal is to create a climate where systemic
improvement can take hold, even as individuals are improving their
own skills and knowledge. Becker and Riel (1999) found that the more
teachers were engaged in collaborative work within and beyond their
schools, the more likely they were to report using instructional practices
that emphasized deep thinking and project-based learning.

This type of culture takes time to build. People need to reach a
point where they trust each other, recognize the specific strengths that
each team member can contribute, and become accustomed to peer
assistance and constructive criticism. Just as in other workplaces, teach-
ers have different levels of comfort with and expertise in technology.
They must learn to work with colleagues of different skill levels.

Linking technology to practical
and immediate goals and to
broader reforms

Working together to learn technology
and to teach other colleagues
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Many effective professional development efforts extend their
models of collaborative communities to include people other than
teachers, such as school administrators, support staff, representatives of
after-school programs, and representatives of community-based organi-
zations. They also bring outside expertise from universities, museums,
and other cultural resource institutions into the mix as appropriate.
Effective collegial teams are composed of people who share mutual
benefit from the collaboration.

Some projects also experimented successfully with the idea of having
students learn alongside teachers. In The Road Ahead project in Renton,
Washington, for example, teachers were asked to bring along a student
to their learning sessions. Often students were more technologically
adept than teachers and could give teachers valuable input about using
new software. This helped teachers get used to the idea that it was all
right to learn from their students. The students, for their part, received
positive reinforcement of their knowledge and were exposed to a model
of lifelong learning. After the learning sessions, students served as class-
room assistants for information technologies.

Everyone may have brought different strengths and knowledge, but
everyone gained valuable knowledge from this mutually beneficial
model of professional development. Renton’s approach to professional
development had the additional benefit of preparing students for the
modern workplace, where people of diverse ages, skills, and back-
grounds must work together in collaborative teams.

Professional Development Strategies for Improving
Technology Skills and Knowledge

Professional development can take many different forms and use
a variety of strategies. The short-term and long-term goals of the
teachers and the school determine the specific professional develop-
ment strategy.

For example, if the short-term goal is to acquaint teachers with the
Internet—what it is and how to access it—then a workshop may be an
appropriate starting point. If the long-term goal is to help them use the
Internet to change their teaching practices, then a combination of more
intensive strategies will be required.

Students and teachers
learning together
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Described below are some of the most common forms of professional
development that have been effective in developing knowledge and
skills related to technology.

Conferences, Institutes, Workshops

Although the field is moving far beyond the idea of one-shot work-
shops, shorter-term conferences or workshops can still have a place in
professional development. They are often useful to introduce a topic
or provide information on specific skills that can be linked to more
sustained forms of professional development at the school site.

The annual summer conferences of the Road Ahead program provided
an opportunity for project teams to learn in a structured way from others
with expertise. It also provided a venue for them to meet with their
electronic mentors face-to-face, to interact with people from other sites,
and to meet with project evaluators. The conferences were designed to
expose the teams to ideas that could inform more sustained professional
development efforts back in their districts.

Courses and Classes

Formal courses and classes are another traditional approach that
continues to have a place in technology-related professional develop-
ment. In the Columbia, South Carolina, Road Ahead project, a graduate
class at the school site had a major impact. Teachers began implement-
ing what they were learning while the class was still underway, and
they continued their collaboration and professional development after
it was over. As an extension of the initiative, the university chose the
school to become a professional development school for its teacher
preparation program.

Action Research and Study Groups

Action research is a process that encourages teachers to systematically
study what they do as a way of improving their practice. As described by
Susan Loucks-Horsley and her colleagues (1998), teachers examine their
own teaching and their students’ learning by writing descriptive reports
about classroom processes, by engaging in meaningful conversations, by
reflecting critically about their own practice, and by sharing their find-
ings with their colleagues.

The underlying message communicated through these reports is that
teachers are intelligent, inquiring professionals with valuable practical
experiences and problem-solving skills. They can advance professional
knowledge just as much as scholars do through empirical studies.

Effective use of traditional models

Additional effective approaches
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In action research, groups of teachers define—or play a meaningful
role in defining—a key research question that would help them improve
practice, such as whether they treat boys differently than girls in access
to classroom computers. After reading up on the research on this issue,
teachers might develop their own research design. The design may
include such data-gathering elements as keeping logs of which students
used the computers and for which tasks, audio taping their classes to see
how they respond to students’ requests for computer time, and observ-
ing each others’ teaching. Together, these teachers might then review
the data, analyze their findings, come up with a strategy to address any
problems, and share their recommendations with other faculty.

Study groups bring together teachers to study a substantive issue
they care about—for example, how to assess students’ understanding
of key concepts in a project-based science curriculum. Groups meet
regularly to discuss, share, analyze, reflect on, and ask questions about
various approaches they are using or would like to use (Loucks-Horsley
et al. 1998). Individual group members may assume responsibility for
collecting information and keeping abreast of research on one or two
aspects of the issue chosen, so that each person develops a particular
expertise that can be shared. Teachers who become well versed in those
particular aspects then have a responsibility to help colleagues improve
their capabilities.

Both action research and study groups motivate teachers to examine
their basic beliefs, often motivating them to modify or replace those
beliefs with others that are grounded in research and good practice.
These forms of professional development can enhance a teacher’s sense
of professionalism and can also create a climate where people are com-
fortable with openly discussing their practices.

Mentoring

Mentoring pairs teachers who have experience in a particular skill or
area with one or more teachers who can benefit from their expertise.
It was a key professional development strategy in The Road Ahead pro-
gram. For mentoring to be effective, the creation of mentoring teams
requires careful matching; the teams should be designated rather than
created by informal pairing.

Action research: teachers may develop
their own research designs

Study groups: together, teachers
examine a substantive issue
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Mentors can provide advice, reassurance, encouragement, and techni-
cal assistance. They can serve as a sounding board for new ideas and
give objective critiques of plans or ideas. Some of The Road Ahead men-
tors also gave workshops at project sites or arranged for other kinds of
professional development, and a few even intervened on behalf of their
site team to solve problems within the district (Moursund et al. 1997).

It is important to choose mentors who will be a good fit for the indi-
vidual or group of protegés in terms of interests, goals, and skills and
who have knowledge and time they can and will devote to the relation-
ship. For the relationship to work, the people being mentored must be
willing to accept outside help. Furthermore, mentors cannot be expect-
ed to take on these responsibilities without incentives—recognition,
some type of compensation, professional development for the mentoring
role, and (a critically important component) time.

The mentoring relationship brings benefits both to those being
mentored and to the mentors themselves. According to a 1998 U.S.
Department of Education survey, 70 percent of teachers who were
mentored at least once a week said it improved their teaching “a lot”
(U.S. Department of Education 1999). Mentors grow professionally,
too, by reflecting on what they know, distilling it into an accessible
form, and carrying out new leadership roles.

Mentors can be located at the site or connected by technology.
The Road Ahead project used long-distance mentors who communicated
with their teams by email and telephone (which is preferable for sensi-
tive discussions). The mentors also met face-to-face with their teams at
the summer conferences, and several made site visits to schools. When
mentoring relationships depend upon long-distance communications
such as email and written correspondence, occasional high-quality, face-
to-face meetings are vital to the success of the mentoring experience.
These meetings create a feeling of trust and facilitate the critiquing of
project plans. Such activities are better accomplished around a table
and give validation to both the mentor and the project
(Moursund et al. 1997).

Characteristics of effective mentoring

Benefits of mentoring
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Although the mentors in The Road Ahead kept in fairly frequent
contact with their sites, especially during the first year, the quality of
contact appeared to be more important than the frequency. Some
mentors felt underused and wanted clarification of their purpose. In
response NFIE asked project mentors to play a greater role in planning
the 1997 summer conference, which turned out to be the most highly
rated of all the conferences. The mentors did much of the planning
online with selected team members. They also facilitated most sessions
and handled many of the logistics.

This model, which entrusted mentors with elements of program
leadership and engaged them as teachers as well as advisers, had much
to recommend it. It took better advantage of highly skilled people and
allowed more people to benefit from the collective skills of all the men-
tors, rather than just from a single mentor assigned to a specific team
(Moursund et al. 1997).

Teacher Networks and Online Communities

Networks of teachers who come together for learning, sharing,
and support can be either local or electronic. Each has its advantages.
Electronic networks can break down barriers of position and status
that might inhibit face-to-face interactions. They also give teachers an
opportunity to model the kinds of online networking they expect their
students to do.

Successful online communities for professional development are
ones that communicate regularly, use the medium to solve problems
and advance their work, and persist after the initial reason for coming
together is over. A review of electronic networking among Road Ahead

project teams found that some of the sites were very active users, and
others were very infrequent users. The most active individuals were
the team leaders and mentors. Often the communications were about
the projects or the mentoring process, but just as often they were infor-
mal and not related to the projects. The Road Ahead experience suggests
organizing electronic forums topically rather than by site, creating tem-
porary strands around topics of interest, and appointing a moderator or
facilitator for online projects (Underwood and Bielefeldt 1996).

The development of online communities will continue to benefit
from increases in bandwidth and improvements in networking software.
Technical difficulties, concerns about privacy, and a confusing or over-
whelming interface can discourage participation by all but the most
intrepid.

Models of mentoring

Characteristics of successful
online mentoring
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Participation in online networks must come to be seen as a valuable
collegial work activity, not an extra or add-on. To achieve this status the
networks must be able to show links between their activity and tangible
learning results for participants and their students. Researchers can help
by conducting more studies of electronic communities to determine the
most effective structure, support, and content. Administrators can
demonstrably support the value of online learning environments by
making time for teachers to participate in them.

Professional Development Embedded in Other Responsibilities

Teachers are learning and expanding their skills as educators even
as they go about parts of their job not overtly labeled as professional
development. Assessing students is one example. When assessment
results show that students need to improve in a particular area, it
causes teachers to examine their practice and consider ways to make
it more effective. In The Road Ahead, the national evaluation of the
program (ISTE 1998) became a form of professional development
for teachers by providing formative information that helped the sites
improve their programs.

Strategic planning is another example. When teachers are involved
in developing a technology plan, they must learn more about various

options for hardware and software and think about how they would use
them. They must also weigh their own needs against those of a broader
set of schools and place their priorities for technology integration within
the wider context of school improvement planning.

Support, Access, and Structures for
Technology-Related Professional Development

The effectiveness of professional development is shaped by many
factors in the larger context. Having in place certain kinds of structures
and services can make it easier to expand successful professional devel-
opment efforts to a larger scale and can help to sustain them over time.
Research from NFIE and others (NFIE 1996; Parsons 1998a; Parsons
1998b; Loucks-Horsley et al. 1998) has identified some of the most
important supports, which are described below.

Professional development occurring
through other activities
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Time

As noted already, it takes time for teachers to learn how to integrate
technology. Lack of time and scheduling problems were frequently
mentioned as impediments by The Road Ahead sites (ISTE 1998).
Nevertheless, some teachers and administrators figured out innovative
ways to create more time for professional development.

In Union City, California, the district obtained a waiver from the state
that allowed it to delay the students’ starting time every Wednesday to
give teachers an extended block of time for professional development.
Many teachers felt that what the students gained from being taught by
better prepared teachers more than offset the loss of instructional time.
Bijou Community School in South Lake Tahoe also delayed its starting
time one day a week, but this school did so by extending the school day
by 15 minutes for the four other days and by pooling contractual prepa-
ration time. Lakeside Elementary, in Manistique, Minnesota, reserved a
half-day for technology-related professional development every three
weeks; this school used substitutes to cover for teachers.

These are just some of the options available for creating more blocks
of time for teacher growth. Among the others are pooling of early release
time, team teaching, eliminating unnecessary meetings and administra-
tive tasks, reorganizing teachers’ individual preparation time to allow
more common time together, and extending the school day (Loucks-
Horsley et al. 1998).

Access to Equipment and Technical Support

Although access to sufficient hardware and software seems like an
obvious prerequisite for technology-related professional development,
access remains a problem in many schools and districts. In some cases,
there is not enough equipment. A teacher with one computer in the
classroom and no Internet access or projection equipment cannot imple-
ment some of the more exciting possibilities for technology-based
instruction. Almost half of The Road Ahead sites were hindered by prob-
lems relating to access to technology, such as insufficient computers,
computers tied up for administrative tasks, problems with donated
equipment, lack of connectivity, and unreliable network access.

Adequate time and flexible scheduling
enhance professional development

Ready access to technology equipment
by well-trained teachers is necessary
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In some instances, the technology is there, but may be distributed
in an inefficient and inconvenient way. For example, all technology
may be concentrated in a technology lab and not in the classrooms.
Such restricted access limits serendipitous learning, where teachers and
students can capitalize on loosely structured opportunities that arise and
could be enhanced by the use of the Internet.

A related issue is the degree of synchronicity between technology
acquisition and professional development. A general rule of thumb is
that teachers should do their professional development on the hardware
and software that is actually installed in the school as soon as it is
installed, with repeated sessions for new staff or as new hardware and
software are added.

Access to on-demand, onsite technical assistance is another necessary
support. Some schools rely on the district to provide this support, while
others provide their own. The Road Ahead project in Union City,
California, gave release time to a media specialist to help teachers with
technology integration—a level of coordination that was made easier
because the district had in a place a technology plan.

Strategic Planning

Professional development tends to be more effective, substantive,
and long-lived when it is aligned with or built into a school’s or district’s
strategic plan. This plan should be created with meaningful involve-
ment of teachers. It should also give teachers a continued role in deci-
sion-making. Some of the most effective Road Ahead projects had in
place district-wide technology plans that included professional develop-
ment as a critical element.

Working on a strategic plan can itself be a valuable form of profes-
sional learning for teachers. Strategic planning can help participants to
remain focused on the school’s or district’s broad goals for educational
reform. Technology can sometimes command undue attention, causing
teachers to lose sight of their role in facilitating subject matter learning
and student learning goals. Participating in strategic planning can help
teachers put learning, not technology, first.

Professional development best
when built into strategic planning
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An Openness to New Teacher Roles

High-quality professional development often encourages teachers
to assume new roles—as mentors or coaches, as teacher leaders or
teacher trainers, as technology coordinators—but teachers will be less
effective in these roles without certain kinds of support from the school
or district.

An openness to new forms of teacher leadership is one such support.
In districts with an authoritative or centralized approach to leadership,
some of the types of collaborative or decentralized leadership encour-
aged by professional development could be viewed as a threat and could
fail to thrive unless care is taken (Parsons 1998a).

Incentives for teachers to learn and teach new skills and assume
new roles are another form of support. Teachers cannot indefinitely
keep up the levels of energy that several put forth to make a special
program like The Road Ahead work. Examples of effective rewards
include not only cash stipends but also release time and formal
recognition of achievement.

Leadership

Supportive leadership from the district level is another critical factor
for technology-related professional development. A district’s formal
commitment to technology can create a climate where professional
development will flourish. A superintendent or other influential leader
with a vision for technology-based systemic change can take such vital
steps as reallocating staff time, improving access to technology, revamp-
ing schedules, or encouraging coordination. The Road Ahead projects
tried to instill support among school leaders by including administrators
on local project teams.

Superintendents and principals are not the only ones who can exer-
cise leadership for professional development. Professional teacher asso-
ciations can provide leadership and encouragement and can put in place
conditions that will help to ensure that supportive structures live on
when district leadership changes. Teacher associations can help estab-
lish these conditions and structures by negotiating with local districts,
influencing state policy, engaging the community, and establishing
teacher centers (Parsons 1998a). External groups like NFIE can help
sites enhance the quality of their professional development and can
make suggestions for designing programs and influencing policies.

Organizational and
administrative support
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State and Local Policies

State and local policies are a powerful force that can support or
impede professional development. Particularly salient are state policies
regarding curriculum and content standards, assessment, school finance,
professional development, strategic planning, teacher preparation, licen-
sure, certification, and evaluation (Parsons 1998a). Also relevant are such
local policies as professional development priorities, teacher time and
roles, and site-based decision-making. Supportive policies can initiate a
philosophical shift that results in change.

Even if these policies are not in place, the situation is not hopeless.
Sometimes the policies follow after local actions prove to be successful.

Teachers are feeling a major impact from the state policies to adopt
content and performance standards for student learning, along with
high-stakes accountability measures based on those standards. Standards
can affect the priorities for professional development by delineating
what students need to learn and teachers need to teach.

Pressure to improve student achievement rapidly on standards-based
assessments can drive the curriculum in ways that may or may not
appear to be consistent with the goals of technology-based teaching and
learning. Integration of technology that puts content learning objectives
first and lets curriculum drive the use of hardware and software is most
likely to be compatible with standards-based learning.

Community and Parent Support

Support for professional development can come from community
agencies and organizations, museums, libraries, businesses, higher
education institutions, and other local partners. It helps to have formal
policies to lay the foundation for collaboration.

Supportive policies can
result in high-quality
professional development

Emphasizing content learning
objectives is compatible
with standards-based learning
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The Road Ahead projects required community representation on
project teams. Among the partners selected were museums, community
agencies, laboratories, and universities. These partners provided sites
and resources for professional development and also participated in it.
Several community members greatly appreciated these professional
development opportunities, which are far more rare in the community-
based sector than in schools. These forms of collaboration also helped
to generate a community buy-in for the changes occurring. At Page
Middle School in Franklin, Tennessee, teachers and other team mem-
bers said that the collaborative strategy had created “circles of support”
for technology comprised of teachers, parents, and community members
(Moursund et al. 1997-98).

It is critical that parents, as well as the larger public, understand the
necessity of high-quality professional development. Parents and the
public should be informed about issues such as why teachers need to
spend time outside the classroom on professional development, why
technology implementation requires an extensive level of professional
development, and what high-quality professional development looks
like (Parsons 1998a).

A lack of understanding about these issues can be a real impediment.
Educators must take the time to explain the dimensions and benefits of
professional development in terms that make sense to parents and other
citizens. School-business partnerships can help the public to understand
the changing nature of knowledge workers’ jobs. School-business part-
nerships can also educate parents and the public about how the job of
today’s teacher has significantly changed over the past several decades,
thus widening recognition of the need for continuous and well-support-
ed teacher learning.

Adequate Funding

High-quality, sustained professional development costs money.
Often schools or districts rely on special funding sources, such as state,
federal, or foundation grant programs, rather than district sources; how-
ever, this strategy runs the risk of having the reforms disappear with the
external funding. It is important to institutionalize professional develop-
ment with local contributions, which may include in-kind support.

In general, it makes sense to reserve a significant portion of general
technology acquisition funding for professional development. Existing
professional development funds may need to be refocused on the most
effective strategies.

Parents and public
informed about value of
professional development
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Assessing the Effectiveness of
Professional Development

How do teachers know whether professional development is working?
Are they teaching in new ways that improve the learning experience for
students? One way to evaluate the effectiveness of professional develop-
ment is to measure changes in what teachers do in the classroom.

Many assessments rely on the teachers themselves to report the
extent to which programs have changed their practice. This is one use-
ful source of information, but it can be augmented by external assess-
ments, such as classroom observations, interviews, analyses of lesson
plans and other products, performance tasks, and focus groups. Projects
do not necessarily have to create their own evaluation instruments from
scratch, but can use or adapt those produced by groups experienced in
evaluating professional development (Loucks-Horsley et al. 1998).

A second measure, and a more elusive one, is a change in student
achievement. Because achievement is affected by many factors, it is
more difficult to attribute improvements specifically to professional
development. Nevertheless, there is some research indicating that
high-quality professional development has a positive impact on
student achievement.

Cohen and Hill (1998) found that certain kinds of teacher profession-
al development affected teacher practice, which in turn made a positive
difference in students’ mathematics achievements. The critical ele-
ments were that the professional development was grounded in the
specific curriculum the students were studying, that it was aligned with
assessment and other elements of instruction, and that it was extended
in time.

In fourth-grade classrooms where teachers reported classroom
practices more oriented to the curricular framework, students had
higher achievement scores. No such relationship was found in schools
where teachers used conventional practices or where professional
development focused on special topics. These findings emphasize the
importance of aligning professional development with what students are
expected to know.

Gauging the effectiveness
of professional development
in technology applications
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A third type of measure relates to systemic changes in the school
environment. Examples include changes in the amount and types of
collaboration, in leadership and decision-making authority, in policy,
and in planning (Parsons 1998b).

The Promise of Technology for Improving
Professional Development

As the above discussion illustrates, technology can change the
process of professional development as well as the content. Information
technologies open up new ways of conducting and participating in pro-
fessional development.

For example, teachers can learn new skills by video taping classrooms
in action. They can acquire new information by connecting with online
experts and databases. In addition, technology can link teachers with
distant learning opportunities and create professional learning communi-
ties not bound by location. Technology also allows teachers to work
either individually or collaboratively.

Technology can help to embed professional learning opportunities
into teachers’ everyday responsibilities. Many technology-supported
learning resources are available at any time and can be called up
when needed.

Finally, projects that start by focusing on technology can end up
leveraging greater support for professional development in general
(Parsons 1998b). Successful models of technology-based professional
development can be applied to teaching and learning in other areas.

It is an exhilarating time for technology in schools, in large part
because technology can stimulate opportunities for life-long, job-
embedded professional development that significantly increases how
well we prepare students to meet the world of the twenty-first century.

“Professional Development and Information Technologies” is one of several
papers included in Connecting the Bits, A reference for using technology in
teaching and learning in K–12 schools, issued by the National Foundation for
the Improvement of Education in 2000, and available at www.nfie.org.

Technology uses in
professional development
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ines work environments in which educators teach. It discusses how
teacher quality has been defined and studied, preservice learning and
teaching assignment, continued learning, supportive work environments,
and teachers’ feelings of preparedness.

Loucks-Horsley, S., P. W. Hewson, N. Love, and K. E. Stiles. 1998. Designing
professional development for teachers of science and mathematics. Thousand
Oaks, Calif.: Corwin Press.

This comprehensive guide discusses how to design staff develop-
ment in science and math. It is tailored specifically to the needs of indi-
vidual schools or departments. The book provides fifteen strategies for
professional development and describes each one with its underlying
assumptions and implementation requirements. Vignettes from real
schools illustrate concepts within the book.

Moursund, D. and T. Bielefeldt. 1998. Computer technology and professional
development: Suggestions for schools. Paper prepared for The Road Ahead
program. Eugene, Ore.: ISTE.

This report examines the professional development challenge in
information technology. After listing a number of professional develop-
ment challenges, it discusses three approaches of staff development that
can help meet the challenges. The report provides an outline of an effec-
tive model for staff development for technology in education.

Moursund, D., T. Bielefeldt, S. Underwood, and D. Underwood. 1997-98. Site
reports on individual projects funded through The Road Ahead. Prepared
for the National Foundation for the Improvement of Education. Eugene,
Ore.: ISTE.

These documents provide project summaries and evaluations for the
twenty-two Road Ahead sites. Included in each site report are an overview,
goals, outcomes, and the project’s future plans. The site reports are avail-
able on NFIE’s web site, www.nfie.org. Also located on the web site are
links to each site’s project and team, site evaluation, and web sites created
by the students participating in the program.



The National Foundation for the Improvement of Education 125

Professional Development and Information Technologies

———. 1997. Mentoring on The Road Ahead. Paper prepared for the National
Foundation for the Improvement of Education. Eugene, Ore.: ISTE.

This report discusses the role of team mentors in The Road Ahead
program. The mentors helped teams revise proposals and develop work-
able plans that met the requirements for the grant and provided ongoing
technical assistance to the teams as needed. The report presents findings
from surveys and interviews of mentors focusing on how the mentors
assisted their teams, what the mentors got out of the experience, and the
effectiveness of mentoring at a distance.

National Commission on Teaching and America’s Future. 1996. What matters
most: Teaching and America’s future. New York: NCTAF.

The premises of this two-year study are: (1) what teachers know and
can do is the most important influence on what students learn; (2) recruit-
ing, preparing, and retaining good teachers is the central strategy for
improving our schools; and (3) school reform cannot succeed unless it
focuses on creating conditions in which teachers can teach and teach well.
This report focuses on perceived barriers to achieving these goals and
offers five major recommendations: get serious about standards for both
students and teachers; reinvent teacher preparation and professional
development; fix teacher recruitment and put qualified teachers in every
classroom; encourage and reward teacher knowledge and skill; and create
schools that are organized for student and teacher success.

National Foundation for the Improvement of Education. 1999. Creating a teacher
mentoring program. Washington, D.C.: NFIE.

This issue brief provides guiding principles for structuring a mentor-
ing program based on tested findings in schools and school districts
throughout the country. Topics include ensuring time for mentoring,
maintaining confidentiality, selecting and training mentors, measuring
results, and establishing partnerships among educational organizations and
associations. Available on NFIE’s web site, www.nfie.org. A list of
resources and key questions is included.

———. 1996. Teachers take charge of their learning: Transforming professional devel-
opment for student success. Washington, D.C.: NFIE.

This report explores the conditions and policies needed to incorpo-
rate teachers’ learning into their daily work in the schools. It identifies the
incentives, processes, policies, and structures that support wise, shared
decisions about teachers’ own learning and that of their colleagues so that
they will be better able to serve their students. Findings from this study
indicate that providing for effective professional development requires:
(1) flexible scheduling, (2) extended school year for teachers, (3) school-
based professional development, (4) standards and accountability, (5) bal-
ancing individual teachers’ and school needs for learning, (6) peer assis-
tance and review, (7) expanded role for teachers, and (8) induction of
teachers.
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Parsons, B. A. et al. 1998a. Historical patterns and trends impacting professional
development: Case studies of four districts in A Change of Course. Paper
prepared for the National Foundation for the Improvement of Education.
Ft. Collins, Colo.: InSites.

Through four in-depth case studies, this report looks at how histori-
cal trends and patterns impact the process of change as school systems
seek to achieve sustained high-quality professional development for all
teachers. Using a theory of change, the report analyzes the patterns of fac-
tors influencing professional development in each site. The report con-
cludes by addressing consideration for the sites and how external organi-
zations can support the education system at local, state, and national lev-
els to achieve the goal of sustained, high-quality professional develop-
ment for all teachers.

———. 1998b. Progress and promise: Second annual evaluation report for A
Change of Course. Prepared for the National Foundation for the
Improvement of Education. Ft. Collins, Colo.: InSites.

This evaluation of the A Change of Course initiative focuses on
whether grantees have put in place the long-term support structures that
will lead to high-quality professional development. Specifically, there are
descriptions of grantee strategies to support professional development, a
discussion of crosscutting themes that impact professional development, a
refinement of a theory of change, and a discussion on the roles that the
National Foundation for the Improvement of Education plays to support
the sites.

Southeast and Islands Regional Technology in Education Consortium (SEIR-
TEC). 1999. Factors influencing the effective use of technology for teaching and
learning. Greensboro, N.C.: SEIR-TEC.

Underwood, D., S. Underwood, and T. Bielefeldt. 1996. Online communities in
The Road Ahead. A presentation at the Fifth International Conference on
Telecommunications/Multimedia in Education, December 7, 1996.

U.S. Department of Education. 1999. Teacher quality: A report on the preparation
and qualifications of public school teachers. Washington, D.C.: U.S. Dept. of
Educ., http://nces.ed.gov/spider/webspider/1999080.shtml.

The results of this national profile of teacher quality, the first in a
series of biennial reports, includes information on teachers’ education,
certification, teaching assignments, professional development, collabora-
tion, and supportive work environment. The report provides a context for
understanding teachers’ reports of preparedness to meet the challenges
they face in their classrooms.
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Change comes about in part because effective use of technology
for teaching dissolves many barriers and alters traditional methods
and attitudes. New strategies are created. Successful technology integra-
tion involves complex sets of factors including, at a minimum, commit-
ment to changing curriculum, high-quality professional development,
flexible scheduling and instructional management, and a shift from rote
learning to project-based learning.

Change means new attitudes and new roles for teachers and students.
It means a shift from learning aimed at raising scores on high-stakes
tests to learning that emphasizes intellectual achievement through
problem solving and teamwork. Change puts students at the center of
their own learning.

At-Risk Students: Technology’s Particular Promise

Introduction

Since the introduction of chip-based technology into classrooms in the early 1980s, educators have sought

to learn how this extraordinary resource could benefit students at risk for school failure. Many teachers and

some researchers feared that attempting to use technology in teaching might place these children, who face

many challenges to the mastery of academic skills, further behind.

More than a decade of research, development, and implementation make it clear that the reverse is true—

integrating technology into the curriculum properly can produce dramatic change and improved prospects for

at-risk students. The change can also be measured in classrooms transformed from places that many students

wish to avoid to places where students are eager to work. The change can be measured in students who have

altered their life course to become enthusiastic learners moving toward positive academic and career goals.

This paper discusses

• a new learning environment;

• technology-based teaching
and project-based learning

• family and community
involvement;

• assessment through
technology-based
learning;

• an annotated bibliography

Connecting the Bits
A reference for using technology in
teaching and learning in K-12 schools

www.nfie.org
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In these transformed schools, technology acts as a powerful change
agent, not simply as one more resource. A school that is able to hold the
course can transform itself and reshape the lives of students with tech-
nology. Conversely, a school that is unable to change will waste even a
substantial investment in modern hardware and software.

Technology is not a panacea for any student. At-risk students under-
achieve in literacy and numeracy skills from the early grades, have not
been exposed to the same cultural opportunities out of school as their
affluent peers, and are often bored or indifferent to education. These
problems are not overcome easily or quickly.

In addition, many schools serving these populations are themselves
burdened. They are often characterized by teachers with little control
over curriculum content or class scheduling, uncertified personnel or
teachers with class assignments out of field, inadequate materials and
supplies, excessive paperwork demands, and inadequate leadership at
the building or district level. Thus, the school itself becomes one more
obstacle for students most in need of help.

In 1994 the National Foundation for the Improvement of Education
(NFIE) launched a three-year national initiative, the Learning Tomorrow

program, with financial assistance provided by Sega Foundation of
America and AT&T Foundation. This program supported teams of
teachers and administrators at ten schools as they designed, developed,
and implemented efforts to integrate technology into the curriculum
and meet the unique learning needs of their students. The lessons of
Learning Tomorrow reinforce findings of researchers examining the inter-
action of technology in school environments.

This paper discusses technology’s contributions to improved learning
with at-risk students, including characteristics of successful programs.
Examples from Learning Tomorrow sites and other programs describe
how teams constructed and implemented their approaches.

Challenges with at-risk students

Holding the course
can transform schools
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A New Learning Environment

Several factors must be in alignment for the power of technology to
be realized with at-risk students. These factors include leadership;
teachers working as an effective team; high expectations for students
complemented by the necessary academic support to meet challenging
goals; well-designed and continuing professional development; and
parental involvement and community support. All these elements con-
tribute directly to new attitudes and new outcomes.

At the heart of the effort must be a shared vision of good education, a
vision that is constructed by leaders, teachers, parents, and students
together over time. Once this vision is firmly in place, a school or school
district can achieve a turn-around. Lacking this component, placing
technology into classrooms will likely have a useful but limited effect.

What are characteristics of a powerful vision of good education?

• It defines all students as able to learn and achieve.

• It has strong academic goals for all students.

• It contains social goals for students that support academic achieve-

ment.

• It provides the scaffolding necessary for all students to reach high

expectations.

• It strives to use educational technology in ways that cannot be repli-

cated by traditional means.

• It is constructed by the people who will implement it—the administra-

tors, teachers, students, and community.

• It includes for all faculty the job-embedded quest to identify and

implement high quality teaching and school leadership.

• It is based on an underlying theory of education.

• It requires open and frequent communication with parents and other

stakeholders and their involvement in issues of student learning.

• It includes high-quality professional development.

• It demonstrates how every job in the school contributes to student

learning goals.
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• It requires the use of results and experience to constantly adjust and

improve the effort.

• It includes effective incentives and a system of individual and collec-

tive accountability for outcomes.

• It provides the opportunity for teachers to have the authority and

power to make teaching and learning decisions.

• It requires that goals for student achievement drive the development of

policies and practices, including scheduling, deployment of technology

infrastructure, etc.

• It provides a method for renewing the shared vision.

An example of such a vision is the following goal of the Learning

Tomorrow site at the Area Learning Center in St. Cloud, Minnesota:

To create a technology-infused learning environment where

at-risk students become motivated, self-directed learners who

can work collaboratively through various technologies as evi-

denced by attendance and completion of meaningful academic

performance and multimedia tasks that reflect higher-level

thinking processes

The Learning Tomorrow experience underscores that success is direct-
ly linked to a school district leadership whose established goals and pur-
poses for the use of technology go well beyond simple acquisition of
hardware. A critical mass of people in the district must have a coherent
and shared view of good education, and skilled teachers and building
administrators must have the responsibility and authority to implement
the vision. Shared vision is also a prerequisite for giving a new approach
enough time to be tested, implemented, fine-tuned, and improved.
Three to five years is considered a realistic period for this level of
change.

The second component of effective change is leadership by a power-
ful school team. These educators have the intellectual, emotional, and
physical stamina for long-term work with at-risk students, and for them
this work is a priority and a pleasure. They create team approaches to
provide support and reinforcement for each other and for students. This
in turn increases the range of options for learning and supports many
styles of learning. It also models teamwork—a capability their students
need to acquire.

Established goals

School team
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Good teams have complementary skills and backgrounds and include
administrators and staff as well as teachers. Some Learning Tomorrow

teams deliberately chose to divide their areas of technical mastery so
that they all needed each other to organize and implement their courses
and projects. This approach ensures that skills are complementary and
there is no “star” teacher who is the most equal among partners.

As is always the case when substantial change takes place in schools,
the level of effort and the amount of time the teams gave were extraor-
dinary. It was not unusual for these teams to double the number of
hours of the paid workweek. Several Learning Tomorrow teams were
encouraged by NFIE to reduce the number of hours. Their commit-
ment was total, but their risk of burnout was high. These teams made
possible the development of engaging, stimulating, and productive
instructional strategies. These programs went well beyond the basics,
and they showed strong results in positive student performance and
achievement.

Such promising results were achieved at Wilson Area Learning

Center in St. Cloud, Minnesota. The pilot project at the Wilson

Area Learning Center was designed to provide high-quality

education for at-risk students in the St. Cloud school system.

The Learning Center is an alternative school located in a build-

ing with two other alternative programs.

In contrast to the other programs, which aimed to return stu-

dents to mainstream classrooms as soon as possible, the pilot

project had a different objective. The team and the school princi-

pal wanted the pilot project to provide a permanent home by

meeting all the academic and counseling needs of students.

The theory was that returning students to regular classrooms

was returning them to an environment of failure.

The team developed a thematic, technology-based framework

for connecting students’ learning through real-life experiences,

collaboration, and critical thinking. Working in triads, students

designed and completed projects using computers, video, CD-

ROMs and other interactive technologies. The projects were

also designed to prepare students for the workplace and

involved research on careers, interviews with professionals,

and presentation of information.

Adequate time
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As the year progressed, teachers moved from units that were

highly teacher-directed to student-driven units. Much of their

material was biographical and focused on their personal and

educational experiences. Students traveled to other alternative

schools to train students and teachers in using technology.

To give the students total acceptance and support, the teaching

team devoted tremendous time and energy to their work. They

met three times a week: once to talk about every student,

once to plan new themes, and once to prepare reports on each

student. A mathematics teacher from another school joined

the project to be able to teach mathematics thematically,

an approach she had been told was impossible in mainstream

schools.

The team members became frequent trainers of teachers in

other schools. The principal gave total support to the pilot

project. He helped resolve conflicts with other faculty and some

members of the school board who were critical, at least in part

because resources were being devoted to students who did not

show promise in traditional ways.

Assessment was a major part of the pilot project. Diagnostic

instruments such as the Meyers Briggs Personality Assessment

and the Gregoric Learning Styles Inventory were used to create

a baseline, and portfolio archives of student presentations and

performance served as a major assessment tool in the four core

subjects of language arts, employment skills, social studies,

and mathematics.

At the completion of the pilot project, the principal and the

team reorganized the school building, sending other programs

to different sites, and developed a middle school and high

school version of the Learning Tomorrow effort.
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The success of Wilson Area Learning Center’s pilot project is largely
attributable to a shared vision. When the vision is clear, an atmosphere
is created that offsets a factor that often destabilizes technology-based
reform efforts—staff turnover. If a project is built upon one or two
people, not only is the effect reduced, but if a key person leaves, the
entire project usually falters. This experience occurred in more than
one Learning Tomorrow site, and has been documented elsewhere.

Principals and lead teachers change schools or positions periodically,
and a new principal or superintendent may not wish to inherit someone
else’s program or may have different ideas about teamwork and collabo-
rative learning. When the entire system means business, however, a
new person will join the team one way or another. This occurred at
Willow Bend Elementary School in Rolling Meadows, Illinois, when
a new superintendent tried to impose a set of top-down directives.
The school team rallied support to convert the superintendent into a
project advocate.

Willow Bend’s success with its Learning Tomorrow program

attests to the strengths of dedicated teamwork backed by

district support. Willow Bend entered the Learning Tomorrow

program as a traditional school. It was known as the lowest-

performing elementary school in the district with the highest

transient student rate and the largest bilingual population.

Thirty percent of the students lived in poverty and fourteen

languages were spoken.

Willow Bend was the last building to be renovated in the

district and was able to choose a new pedagogical design.

The school superintendent, who was largely responsible for the

opportunity to create a vision, also enlisted a new, dynamic

principal. The faculty and principal decided to make a commit-

ment to technology as a change agent for their school. All

teachers were given the choice of leaving the school as change

began, and some did. The remaining, more cohesive team

decided that each teacher would be a leader in his or her own

right, and all would share skills. They knew the principal and

the district would support them.

Dedicated teamwork and
district support
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Through Learning Tomorrow, Willow Bend implemented distance

learning projects. Classes used the Internet to link up with sister

classes around the world. Partnerships with different cultures

were designed to increase self-esteem and cultural pride. The

team aggressively used technology, with special emphasis on

language learning. Team members were also sensitive to the

needs of parents and to their learning levels.

The team developed a new curriculum with multi-age grouping

and a thematic approach. Computers, laser discs, CD-ROMs,

multimedia presentations, videos, and the Internet were used

daily by staff and students. Learning Tomorrow initially focused

on K–2, but it was quickly expanded, and the techniques were

shared throughout the school. The school district budgeted a

half-million dollars to transform Willow Bend to a successful

school. Willow Bend chose to allocate those funds to technolo-

gy, providing each classroom with about a dozen computers and

the school with a well-equiped video studio.

The hard-working team developed their own academic materials

and adjusted lesson plans to support their goals. They also

developed Civic Beliefs, a project to find and reward good

behavior. Students who were discovered doing good deeds were

videotaped and shown on the in-house newscast.

In two years, Willow Bend rose to the upper one-third of the

district in reading and math scores and had a 95 percent atten-

dance rate. Team members became technology leaders and train-

ers throughout the district. Willow Bend has now become the

district site for professional development for technology integra-

tion.

The development of strong teams is not simple or easy. Teams
beginning new technology programs may experience isolation based
on professional jealousy, simple envy of their status, or their access to
resources, especially when the shared vision is not sufficiently broad.
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When a whole school shifts to a technology-integrated approach, it is
important to make the use of technology voluntary at first and provide
many opportunities for high-quality professional development. Teacher
resistance sometimes reflects the way the new approach was presented
and the way in which opportunities were given to the faculty to become
part of the experiment.

The empowerment that technology provides to learners requires
changes in pedagogy that some teachers resist. For example, they must
work with students in a collegial manner. When teachers are reluctant
to change, patience and peer-to-peer support is especially helpful.

To strengthen the team, high-quality professional development is
essential. The strongest Learning Tomorrow sites allocated about 36
percent of funding for professional development, including costs of
substitute staff. NFIE provided an additional nineteen hours of training.

The best results came when teams, including administrators, learned
and worked together. This meant intensive training with the technolo-
gies the team selected, followed by excellent ongoing peer coaching and
support in the classroom and continuing access to new tools, guidance,
and advice.

All the techniques of professional development were available in
these projects: mentoring, specific training defined by the team,
technical assistance, administrative and technical support from NFIE
staff, collegial study based on examination of student work, classroom
visitations to master teachers, strategies for documentation and assess-
ment, electronic networking, and access to online courses and
materials. All the techniques were needed.

First step: voluntary use of technology

Learning and working together
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Technology-Based Teaching and Project-Based Learning

Teachers are intensely aware that motivation and learning are not the
same thing. For many at-risk students, however, recapturing their inter-
est in school at all is a prerequisite to improving their learning. A repeat
of the old experience will only reinforce old attitudes and responses.

Technology can change schools in several ways that immediately ben-
efit these students. First, students are given access to modern products
that are part of today’s world of work and education. Second, the tech-
nology requires active involvement by the students. Working in teams
on technology that includes interactive media and online research calls
for the students to put an active curiosity and intelligence to work.

Technology is patient. Even the most dedicated and understanding
teacher sometimes conveys disappointment or anger toward a student;
the technology never does. It also allows for learning that is both private
and anonymous. This means that a student can take as much time as
needed, at whatever speed is appropriate, to cover a lesson or a concept.
No matter how long it takes, the student is not publicly labeled slow.
Additionally, with good quality software, a student can explore new
approaches to learning and is not limited to following the patterns
imposed by teachers or peers. This is especially important for students
whose learning styles are non-traditional.

Learning Tomorrow teachers found that increased attendance and a
willingness to “stay with the learning” were among the first results from
a shift to technology-integrated learning. Because the students wanted
to be in school to use the technology, they allowed themselves to
expand their access to learning materials.

Project-based learning and
authentic, real-world applications
increased student motivation
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Part of the transformation from passive to active learning depends
upon the availability of rich sources of materials, varied sources of infor-
mation, and flexible time in which to work with the materials. All these
things come as part of the technology package. When used strategically,
the Internet and World Wide Web provide depth, variety, and access to
distant resources. They also provide flexible access to rich data fields.
Graphics and publishing software put powerful presentational tools in
the hands of students and teachers. The results for at-risk students are
enhanced engagement and productivity on increasingly complex tasks,
with the scaffolding to enable them to be successful.

As classroom emphasis shifts from the memorization of facts to
include inquiry, research, analysis, and synthesis of data culminating in
development of a presentation, the opportunities for student success
increase. As teachers become coaches and advisers rather than lecturers
and drill monitors, the students begin to experience the collegial “give
and take” that is characteristic of advanced learning. When the projects
are authentic, students invest in the quality of their work because it
matters. Typically, Learning Tomorrow projects moved over time from
teacher-directed activities to project-based learning, and student
achievement began to take off as these changes occurred.

In project-based learning, results are complex. Thus, many styles
of learning and approaches are useful, even necessary, to the final
product. This type of work develops individual strengths of learning
as well as collaborative skills. Using network access, students begin
to take responsibility for organizing research, work in groups to
critique and synthesize information, and develop strategies for present-
ing results. They internalize an approach to learning that is open-ended,
and they grasp the possibility and importance of continuing revision
and improvement. In addition, they see information and data as critical
tools for drawing conclusions rather than as bits of isolated material to
be memorized.
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As project-based learning develops, the time constraints of the struc-
tured school day can become a barrier. Often at this point, faculty and
students begin to alter rigid patterns of segmented teaching and move
toward more flexible scheduling. Another outcome is that students,
teachers, and parents begin to think about new ways to recognize, evalu-
ate, and reward this type of learning.

The extraordinary capability of the technology to bring resources into
the classroom becomes more apparent as project-based learning grows.
A school without funds for microscopes, field trips, visiting experts, and
extended learning communities can acquire resources that provide rich
learning experiences through software and online access. Teachers who
have worked for years without up-to-date textbooks or materials can
direct students to primary sources and download excellent lesson plans
and activities. Authoring software and other tools give teachers new
ways to customize teaching. The world comes to the classroom.

The resources that technology brings to the classroom increase con-
stantly. This is in part because the initial costs of technology continue to
drop, the capacity of technology continues to increase, and several fed-
eral, state, and local programs are now available to help schools acquire
technology and connect with the Internet. In addition, ever more
sophisticated software makes it possible to share expensive resources. It
is now common for students to participate in scientific data gathering
and analysis using software; the school does not have to purchase and
operate the delicate instruments that are required.

This type of classroom not only increases the educational achieve-
ment of students, but it also prepares students for the modern, team-
driven world of work. Exchanging information and solving problems
with people of different backgrounds and ages is excellent training for
the twenty-first century workplace. In many schools, teachers and stu-
dents learn together. Shaping a new learning sequence, devising new
presentations for others and new initiatives for the classroom—all these
activities are better done with contributions from everyone.

Team-driven learning

Open-ended learning approach
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Family and Community Involvement

Educators have always understood that the school is only one of the
formative factors in a child’s education. Attitudes and opportunities
within the family make the most difference, and resources in the com-
munity can also be enlisted to support educational achievement.
Although less well documented than some other elements of at-risk
programs, technology initiatives with families and communities present
new avenues and tools.

Some projects have used technology well to achieve these goals. For
example, Phantom Lake, in Bellevue, Washington, sent AlphaSmarts,
portable word processing appliances, home with children whose first
language was Spanish, so that parents could use the technology as well.
This project eventually led to establishing a Mexican Club at school,
which involved parents and celebrated their culture.

Technology can provide information to families about educational
objectives and student progress. Technology can be used to find social
and health resources to meet family needs. It can also be used directly
by the family for their own educational and communications purposes.
Well-designed efforts to send technology home with children or to open
school facilities to families after school have succeeded.

In addition to providing access to services and materials, technology
builds community between school and family in new ways. As access
to the Internet expands, many schools have recruited community
partners for special activities at schools, using email and online opportu-
nities to bring resources to the school and export resources back to
the community.

An NFIE project in Eau Claire,

Wisconsin, linked elementary

school children with a senior citi-

zens center. Many of the children

were of Hmong background and

had a difficult time with English

and with the culture of their new

home. Many of the senior citi-

zens had memories about the

history of Eau Claire and the

region that they wanted to

share. Over time, via email and

visits, a strong bond was estab-

lished between the two groups,

and the children became highly

proficient at describing and

demonstrating local history

through hypermedia.

Technology may strengthen ties in
school, family, and community



The National Foundation for the Improvement of Education140

At-Risk Students: Technology’s Particular Promise

One area that has helped open schools to this approach is the
installation, upgrading, and maintenance of the technology itself.
Students are often better suited to these tasks than teachers and more
available than technical support staff. Certification for students as tech-
nical assistance staff and technology instructors has become common.
As this occurs, the relationship between the “teacher” and the “learner”
inevitably shifts, and the students can become teachers for adults in
the community as well as helpers for their peers in school. Everyone is
a teacher and everyone is a learner. All gifts and talents are valuable in a
true learning community.

Finally, winning the support of parents and community groups
requires being able to explain the purpose, goals, and nature of technol-
ogy integration in terms that are recognizable and clear. A phrase coined
by Dennie Palmer Wolf articulates this point well: teachers and adminis-
trators must have “control of the narrative.” The story of change needs
to be coherent and clear. In the most successful Learning Tomorrow

programs, school, community, and family partners constructed the
narrative collaboratively. The shared control made for a stronger narra-
tive than any of the parties could have developed individually.

At Augusta High School in the

small, rural community of

Augusta, Wisconsin, the Learning

Tomorrow team created a

method to link the technology-

enhanced work of students to

people and needs in the

town. A school-to-work project

for students, many of whom

were facing financial difficulty,

stressed business and communi-

cations skills, including multi-

media applications. Business and

community leaders served as

mentors and often employed

these students as interns. The

students created brochures,

video presentations, pamphlets,

and slide presentations for com-

munity service organizations.

Thus, they became proficient

technology users, experienced

workers, and responsible adults.

In a learning community,
teacher/pupil lines blur
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Assessment through Technology-Based Learning

While assessment is always important, extra emphasis on assessment
for at-risk students is warranted in order to understand past performance
patterns and to generate a better basis for advising and mentoring these
students. Teachers realize that scores on high-stakes tests are a fixed
aspect of today’s school environment, but they continue to search for
assessment tools keyed to instruction so they can track what and how
students are learning and what kind of help students need to gain
knowledge and master concepts.

Technology integration can provide several useful tools for assess-
ment. Powerful databases and documentation tools are part of most
technology systems. Making these archival records available for review
and reflection by teachers, administrators, parents, researchers, and the
students themselves is both possible and advisable.

Video records of student work, electronic portfolios, and searchable
databases all work in the service of assessment—and they have the
advantage of being sharable, immediate, and stable. Instructors and
administrators have learned that involving the students in the assess-
ment process is a sure way to engage them in improving their perform-
ance and giving them new analytical and process skills. For many at-
risk youngsters who have not been recognized or taken seriously in
the past, preparing presentations of their assessment documents for
parents, school boards and community members is the highlight of their
school careers.

Evaluation work at Learning Tomorrow sites suggested that while
teachers were often accumulating valuable assessment material, they
did not always realize this, or were uncomfortable taking advantage of
the material. Samples of student work over time constituted a record.
Work on websites or presentation materials was a snapshot of a student’s
developing grasp of content and technique. Although portfolios were
developed and used with students and parents, teachers seldom were
able to translate the documentation into clear assessment information.
This may be an area in which focused professional development could
lead to strong skills and tools to embed assessment into everyday class-
room work, informing students, teachers, and parents.

Diverse products and outcomes
from student technology applications
can build an assessment record

Multimedia presentations by at-risk
students can be an academic highlight
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The thoughtful development of assessment instruments and
techniques centered in technology is needed throughout the U.S.
educational system, not only for at-risk students. A great many of the
results of technology-infused education—project-based learning, ability
to discriminate and synthesize, effective communications techniques in
various media—are beyond the range of standard assessment tools. All
students need better evaluation on these skills, and these skills need
to be more fully valued and measured. It may be that work with at-risk
students will be seen as the leading edge of more valid assessment
techniques for all students.

Conclusion

Shared vision and commitment to change, based in and supported
by technology, can make a school a very different place. The differences
are both subtle and obvious. Programs that work have the respect of
administrators and other teaching staff. This respect is won through
the demonstration of teaching skill and dedication of staff and through
the improved performance and achievement of the students. These
programs represent high goals, not just getting by. They offer mastery,
not remediation. They mobilize all resources to make the shared
vision a reality.

Both educators and students are proud to be part of these programs.
They are not hidden away, as alternative or optional programs for at-risk
populations so often are. In fact, they are in the spotlight. Many stu-
dents in Learning Tomorrow projects became skilled presenters at school
and community meetings. Some of them had experienced painful fail-
ure in public speaking in the past. Their success in making effective
presentations with the help of sophisticated software and graphics was
especially rewarding.

Investing in technology is a proven strategy to improve student learn-
ing, but it is clear from NFIE’s Learning Tomorrow programs and other
research that the investment must reach well beyond hardware and soft-
ware. To transform schools and students, technology integration must
reflect shared commitment to create a positive, productive school cul-
ture focused on teaching and learning in new ways. Learning goals for
students, not technology goals, must come first. In addition, successful
integration of technology for at-risk students depends on the teachers
who are knowledgeable, have opportunities for continuous collegial
learning, and who challenge their students academically while providing
the support to ensure their success.

More work needed in
assessment models

Technology investment can result in
improved student performance
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“At-Risk Students: Technology’s Particular Promise” is one of several papers
included in Connecting the Bits, A reference for using technology in teaching
and learning in K–12 schools, issued by the National Foundation for the
Improvement of Education in 2000, and available at www.nfie.org.
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The community also influences the education of children. The con-
cept of community includes many groups such as neighbors, friends, rel-
atives, and organizations such as religious institutions, local businesses,
recreational and service organizations, and civic groups. Through tech-
nology the concept of community now also extends to the global com-
munity, made possible by instantaneous access to people and organiza-
tions throughout the world. The community contributes to children’s
education by shaping their values, offering a wide range of social experi-
ences and occasions for interaction with different kinds of people and
providing resources, knowledge, and opportunities for learning inside
and outside of school. Once young people graduate from school, the
community continues to be a place where they can apply their knowl-
edge and learn throughout their lives.

Information technologies are expanding and strengthening the rela-
tionships among school, home, and community, creating new possibili-
ties for children to learn in diverse settings and different modes.
Recognizing the value of these relationships, The Road Ahead program
made school-home-community partnerships one of its primary goals.
Each of the twenty-two sites was required to establish or promote a
partnership with another entity in the community. The projects forged
partnerships with a wide range of institutions, including police depart-
ments, museums, libraries, senior centers, child care programs, nature
centers, colleges and universities, and businesses.
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This paper discusses

• how information technologies
are transforming the education-
al roles of school, home, and
community;

• how technology-enhanced part-
nerships can help children to
learn more;

• what elements of technology
partnerships characterize suc-
cessful programs;

• an annotated bibliography

School-Home-Community Learning Connections:
Roles of Information Technologies

Introduction

The home, the school, and the community are the most important influences on a child’s education

(U.S. Department of Education 1986; Microsoft Corporation 1996). Parents are their children’s first teachers,

responsible for overseeing their cognitive, social, and emotional development and ensuring they start school

ready to learn. Continued parental involvement throughout a child’s years of schooling has a strong positive

impact on learning.

Connecting the Bits
A reference for using technology in
teaching and learning in K-12 schools

www.nfie.org
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School, Home, and Community:
How Information Technologies Are Transforming Their
Educational Roles

As underscored by findings from cognitive science, the social context
is very important in helping children to construct meaning and build
knowledge. During the Industrial Age, learning became separated from
the daily life of the community, compartmentalized within the confines
of schools designed to accommodate an assembly line workplace (Abbot
1995). In response to changing societal needs, many schools and com-
munities are working to create dynamic learning environments, in which
individuals learn through collaborative interactions and take responsibil-
ity for their own learning. As they become increasingly common in
schools, homes, and community settings, informational technologies can
help to accomplish this goal.

The communication avenues opened through digital networks, video,
email, the World Wide Web, and other technologies link students and
teachers with learning opportunities not bound by location or physical
structure. Technology-enhanced school-home-community partnerships
are dissolving the walls that have traditionally defined “school” as a dis-
tinct place in the community where children go to learn during certain
times of the day. Instead the learning environment is extended to
include the home, other community sites, and the virtual world and is
accessible any time of day. People who might not normally participate in
school-based activities are drawn into the learning process by the lure of
new modes of interaction. Students’ interests are piqued by the appeal
of going, at least virtually, outside their classroom walls.

Technology extends learning
beyond school walls
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The following examples from The Road Ahead sites illustrate some of
the potential:

In Phoenix, Arizona, students at an inner-city high school learned

about Chinese culture through a technology partnership with a

“sister cities” organization. Students from Chengdu, China, came

to Arizona for a “winter camp” where they learned to use com-

puters, while the local students learned about Chinese culture

and developed presentations about the United States to share

with their visitors. Later on, two of the American students went

to China as part of a sister cities delegation, where they visited

a Chinese school.

In Anchorage, Alaska, a technology-enhanced partnership with a

senior citizens’ home spurred junior high students to interview

seniors about local history and create a video “virtual museum”

of Alaska’s past. The students also taught computer skills to the

residents and aides at the home.

Information technologies are also changing the roles of students, par-
ents, educators, and community members within the learning process.
Students, who often have more technology expertise than parents and
community members, may become teachers as well as learners in a tech-
nology-enhanced partnership, educating adults about how to use new
technologies. In the Anchorage project the students had to learn how to
tailor their computer instruction to many adults who were unfamiliar
with computers or keyboarding.

The role of the teacher also shifts, from a deliverer of instruction
to a facilitator of learning who helps students access knowledge and
resources from many sources. At the same time, the teachers learn more
about how to craft effective partnerships. Parents and community mem-
bers become lay educators who share their knowledge and experience
while they, too, learn new skills.

Technology changes roles in
learning process
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Consider these examples from The Road Ahead sites:

In Eau Claire, Wisconsin, The Road Ahead project connected

elementary school students with a senior citizens center and a

museum. Students posted an email “question of the week”

about local history, which senior citizens answered. In addition

to learning about local and state history, the children learned

how to use digital scanners and digital cameras and to make

multimedia presentations and hyperstacks. Among the students’

products were a CD-ROM with a historical walking tour and a

bilingual counting book in Hmong, the language of many

immigrants in the community.

In South Burlington, Vermont, a partnership between a school

and a recreation department brought together high school stu-

dents, parents, children in after-school programs, and other

community members. The high school students helped the

adults learn computer skills and advanced presentation skills.

Technology-Enhanced Partnerships:
How New Connections Help Children Learn More

Educators around the country have recognized the potential of new
school-home-community connections to improve student learning and
have organized partnership programs with technology at their center.

These partnerships have a variety of purposes, but among the most
common are those that aim to

• increase parents’ involvement in their children’s education;

• connect students with learning resources in the wider community;

• create community hubs for learning and social services;

• forge collaborations with businesses, government, and community-

based organizations to improve technology planning and education.
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Increasing Parental Involvement

As reported by NFIE (1996), “The top issue on teacher’s minds when
they think about education is parents. Teachers’ highest priority for pro-
fessional development is learning how to reach out to involve parents
more effectively in their children’s learning.”

Information technologies can make it easier for parents and educators
to communicate regularly. They can encourage parents to play a greater
role in supporting their children’s schoolwork and participate in family
learning activities. Information technologies can also be a catalyst for
reaching parents who have traditionally felt disconnected from schools.
For example, communicating by email may be less intimidating for
some than coming to the school building and talking to a teacher.
Talking about computers can be an icebreaker that leads to deeper
conversations about learning. Parents can also use these technologies
to improve their own literacy and parenting skills.

Through telecommunications technologies, parents gain access to
a world of information that can help them support their children’s
learning—anything from a science website to a parent chat room to
a G.E.D. course. Parents and children can engage in family learning
activities together on the computer or via the Internet. Working
together on the computer can be a catalyst for parents and children to
spend more quality time together.

Many homes, however, do not have access to information technolo-
gies, and many parents do not have basic computer skills. Some
programs around the country have used the strategy of providing stu-
dents with computers to use at home and at school and providing par-
ents with training and at-home learning activities. Establishing online
connections between home and school is a critical component of these
projects. In many rural and inner-city areas, community technology
centers are attempting to bridge the divide between those with and
without home access. These centers often collaborate with schools in
their communities.
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The goal is to make email communications between home and school
a regular part of the educational process. Parents and teachers can have
structured conversations about students’ work and academic progress.
Teachers can send home reports and assignments via email, inform par-
ents about upcoming events, request permission slips, or take care of
other routine communications. Parents can ask questions about home-
work and curriculum, express concerns, provide information they might
be less inclined to talk about face to face.

One such effort is Indiana’s Buddy System project, which since 1987
has supplied every student and teacher in selected schools with comput-
ers, modems, printers, and software, both at home and school. This proj-
ect has afforded access to computers and telecommunications to parents
and families who would not otherwise have had them.

Through the project, parents have received training in basic comput-
er skills. As one activity, teachers assigned writing projects as homework
and asked parents to comment on them. In addition, teachers have
asked parents or family members to write something themselves. The
telecommunications aspect of the project has been particularly useful;
teachers have used it to communicate daily with families in a non-
threatening way (Rockman 1995).

As reported in the Rockman study, the Buddy System program has had
several positive impacts on the education of participating students. It
has significantly improved students’ writing achievement, increased
their engagement in academic tasks, and improved teacher skills by
providing effective professional development. Rockman also notes an
increase in students’ interest in and attention to mathematics, although
it has not been reflected in higher test scores. In a 1994 study, Miller
and McInerney reported a similar finding.

An example of parental involvement

Technology increasing
parental involvement
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The Rockman study also found positive outcomes for families,
including greater parental involvement and improved family climate.
The Buddy System has enhanced the level of communication between
family members and teachers and increased parents’ monitoring of their
children’s schoolwork. Families have reported working, learning, and
playing together. In addition, parents have used the computer for their
own goals, such as preparing papers for classes, studying for a G.E.D., or
filling out job applications.

To improve the project, Rockman recommended increased integra-
tion of home and school activities, more professional development,
expanded use of telecommunications to connect home and school, and
use of Buddy System graduates as resources in the community.

Another program, the Apple Classrooms of Tomorrow, began providing
home and school computers to selected sites in 1986. Studies of this
effort found that it increased student engagement, improved achieve-
ment in some subjects, and encouraged teachers to use more student-
centered instructional approaches (Apple Computer 1995).

Connecting Students with Community Learning Resources

Every community has a wealth of individuals with knowledge, skills,
experience, enthusiasm, and other resources to contribute to children’s
learning. In a global online community, these resources are almost limit-
less. Technology can help schools identify and tap these resources.

One project to link schools with outside experts in a range of disci-
plines is the Electronic Emissary project based at the University of Texas
at Austin (Harris, O’Bryan, and Rotenberg 1996). Since 1993 the
Electronic Emissary has connected classroom teachers and their students
with professional experts who serve as advisors to classroom projects.
For example, middle-school students conducting a biology project in a
rural California school received guidance from a researcher at Michigan
State University; a Texas elementary school class gained insights for a
study of early colonial history from an historian in Virginia; and a New
England high school genetics class discussed scientific theory and ethics
with a geneticist in Minnesota.

Linking to outside experts

Parental involvement resulted in
positive outcomes
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The Knowledge Society model developed by Scardamalia and
Bereiter (1996) sought to overcome the one-way flow of knowledge that
characterized earlier “ask the expert” approaches. This model enables
school children, university students, museum staff, businesses, and
other network participants to share and modify common databases. For
example, museum staff working on an electricity exhibit and elementary
students studying electricity may use one another’s databases as
resources. “By visiting the students’ databases, the curators will gain an
understanding of students’ conceptions (and misconceptions) of electric-
ity, and the students will have input to the design of the exhibit.”

Other projects are more local in their focus. Reissman (1995)
described her experiences using computer, video, and audio technology
to connect students to adults in the community. She assigned seventh-
grade students of diverse ethnic backgrounds a conventional task of
reading and critiquing current news articles.

Reissman, however, added a novel requirement. The students inter-
viewed an adult, recorded their correspondent’s comments on the arti-
cle, and prepared multimedia presentations on the topic. Reissman
reported that the students explored issues over a period of time,
encountered unexpected cultural perspectives, and spontaneously
sought other points of view beyond the minimum requirement.
“Interestingly,” she wrote, “the ongoing partnerships were often valued
by the adults . . . as well. Many unrelated retirees wrote to tell me and
their student co-commentators how they really enjoyed talking about
the news and hearing how ‘young people felt.’”

Linking to adults in community
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Some projects have sought to pair successful adults in minority
communities with minority students, with the goals of helping students
improve their self-esteem and increase their appreciation of their own or
other minority communities (Moll and Gonzalez 1994; Paratore et al.
1994; Swick 1995).

Whether global or local, these types of interactions can improve
students’ understanding of subject-matter content. Students get a
better sense of what a practicing botanist does, for example, and how
the study of biology in school relates to people’s lives in the real world.
Students can also gain maturity and confidence by corresponding with
experts, adding information to multisite research studies, or designing
products that will be seen and used by others. Students who connect
with a global community can learn about other cultures at the same
time they learn about the particular topic they are studying. In addition,
their motivation is often greater with such learning experiences than
with traditional methods of instruction.

These kinds of projects can benefit schools and communities as
well as students. Schools, for example, may develop a constituency of
community people who will advocate for and become involved in other
school ventures. In the Buddy System program ties formed through the
project helped to facilitate other school reform efforts. Projects may cre-
ate new bonds between people from different segments of the commu-
nity who have all too few opportunities to interact in their daily lives,
such as those from different generations or from diverse ethnic and cul-
tural backgrounds.

Community groups may also strengthen their technology skills and
infrastructure. In South Burlington, Vermont, for example, the whole
community began using technology more as a result of The Road Ahead

project. Students may gain new understanding of citizenship and
become more involved in improving their community. In this respect,
technology can help to rebuild a sense of community that has dwindled
in today’s mobile and segmented society.

Positive outcomes from
community links
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Creating Community Hubs for Learning and Social Services

Technology-enhanced collaborations have strengthened the role of
the school as an educational hub for the whole community. In several
Road Ahead sites, adults, family members, and other community mem-
bers have come to the school to learn new skills or participate in school
activities, but this does not mean that the school is the only locus for
learning. Partnerships have also strengthened educational opportunities
for children and adults in other sites within the community, such as
museums and recreation centers.

Establishing educational programs outside of school can have special
advantages. For example, programs in community-based organizations
may offer a less structured environment with more freedom for students
to do hands-on projects. Collaborative projects with businesses can help
students better understand the relationship between school and the
world of work and can expose them to technological applications not
available elsewhere.

Many schools have begun to play a major role in building and
maintaining links that enable community agencies to meet the social
services needs of disadvantaged students (Burnett 1994). Technology
comes into play in these partnerships as service agencies take advantage
of shared, networked databases to identify needs and assess results
(Council of Chief State School Officers 1995). Capper (1994) reported
on an inner-city service consortium based in a housing project and noted
that community members felt that the services were more accessible
than when they were housed in another (sometimes intimidating) public
institution. On the other hand, Ascher (1990) maintained that the school
is often the logical community center and can provide the most efficient
delivery of services.

Creating new venues for learning
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Forging Collaborations to Improve Technology Planning and Education

The excitement of planning and implementing a technology-based
partnership often provides a stimulating new reason for groups to come
together that normally would have little interaction with the schools or
with each other. Once they get together, however, they realize they
have mutual interests. They realize they can accomplish more by devel-
oping reciprocal roles and sharing resources than any one group could
alone. The joint planning, decision-making, and budgeting that occurs
through these technology collaborations sometimes carries over to non-
technology-based aspects of curriculum or community life.

Many school districts or schools have found it valuable to involve
the community in their long-range technology planning processes. Some
have established technology planning subcommittees or advisory coun-
cils, consisting of teachers, administrators, parents, business leaders, and
other community members. Such groups can help the community “buy
into” the technology plan and can be a source of ongoing advice once
the plan is implemented.

They can also serve as a base of committed people for other school-
community partnerships that involve technology. For example, in
Canandaigua, New York, a large-scale committee, including representa-
tives from private industry, planned a comprehensive technology effort
for the school district. The end result was a system of networks, labs,
multimedia workstations, and a TV studio. Any student with a
Windows-based computer, a modem, and the proper software could link
to the district’s extensive CD-ROM collection. Parents and other family
members could also use this resource (Braun and Bielefeldt 1995).

Business—public involvement in
technology education increases
broad support
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Within The Road Ahead program—itself a business-education partner-
ship between Bill Gates of Microsoft Corporation and the National
Foundation for the Improvement of Education—a number of sites
pursued school-business collaborations.

A Vermont high school’s digital imaging lab cooperated with the
local computer animation industry. A South Carolina elementary school
augmented its computer facilities with donations from a software firm,
which sees itself as investing in the technical education of its future
employees. In Greece, New York, a civil engineering consulting firm
formed a partnership with a middle school to design and construct a
fitness trail for community use.

Several sites in The Road Ahead discovered that assumptions about
schedules and learning needs were different for schools and their part-
ner organizations (which also include, at different sites, senior care
facilities, libraries, museums, nature centers, police departments, and
youth programs). Some partnerships found that they had to make
changes in meeting times, work schedules, and the content of activities
to meet participants’ needs (ISTE 1996).
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Elements of Successful Partnerships

Studies of successful community partnerships in general (Grobe 1993;
Imel 1991) and technology partnerships in particular (ISTE 1998;
Thompson 1995; Apple Computer 1995) have identified certain condi-
tions that tend to be present in most successful programs.

They include the following elements:

• top-level leadership

Partnerships are usually instigated by a school or community
leader (or both) with a vision. Who these leaders are depends on
the partners and their relationships, but often they are “spark
plug” individuals with the authority and persuasiveness to ener-
gize others and convince them to stay the course. (For a school or
district-wide effort, it also makes a real difference to have support
from the principal or the blessing of the superintendent, even if
they are not directly involved with the specific project.)

Leadership means promoting the project, getting others interest-
ed and involved, providing necessary resources, and holding staff
accountable for results. In The Road Ahead projects, vision came
from key individuals, such as technology coordinators, teachers,
directors of community-based agencies or organizations, and busi-
ness people.

• grounding in community needs

A needs assessment is an effective tool for building consensus and
creating shared ownership. Data about such issues as a lack of
technology access or inadequate student performance can moti-
vate people to take steps to fill the gaps.

This process should also look at needs within the larger communi-
ty that could be addressed through a technology-based partner-
ship—anything from providing employers with students who are
well prepared for local jobs to ending social isolation of residents
in a nursing home. It is also crucial for the partners to understand
local social and economic needs and the local political climate.
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• attention to infrastructure

To take root and thrive, technology-based partnerships require not
only the hardware and software but also other kinds of infrastruc-
ture, such as adequate staff, professional development, and tech-
nical support.

Educators must recognize that community-based organizations
generally have a more fragile infrastructure than schools, charac-
terized by higher turnover among organizational staff, lower avail-
ability of professional development, and a lack of hardware and
software. This point was brought home to several projects in The
Road Ahead program when they encountered continually changing
personnel or other frustrating delays.

• effective public relations and community outreach

Partnerships need to build and maintain support for their efforts.
Partners need to be kept apprised of activities and accomplish-
ments. Often, it is desirable that a partnership be thoroughly
reported by the press and media. The project must have strategies
for outreach that will involve all elements of the community,
including diverse ethnic, racial, and economic groups. Inclusion of
all such constituencies is a critical component.

• strategic planning and delineation of responsibilities

It is important to agree on a mission statement and put it in writ-
ing; to set goals and measurable outcomes; to develop a formal
implementation plan that details activities, responsible persons,
and timelines; and to develop a process for monitoring and evalu-
ating progress. Articulating and agreeing upon roles and responsi-
bilities (who will do what and when and where) is an essential
step of this process, one that should be done early on.

• shared decision making and interagency ownership

To achieve a true partnership, schools must work with parents and
community organizations on an equal footing, rather than one
group calling the shots. Partners must be prepared to share deci-
sion making and responsibility.
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Relationships based on trust, open communication, and shared
credit and recognition are critical. Part of this process requires
understanding that organizational partners may have different cul-
tures, different bureaucratic structures, and diverse ways of doing
things. A sense of ownership among all local partners is especially
critical to the survival of collaborations developed as a result of
outside grants. All the partners must feel they are benefiting from
the arrangement.

• appropriate resources and technical assistance

Obtaining the needed resources—not just funding but human
and in-kind support—is one of the most vexing problems con-
fronting partnerships. While businesses may donate equipment
and parent-teacher groups may raise money, there are likely to be
other funding needs that will be met only by persistently recruit-
ing other donors.

Human resources may be the most critical element in some
programs. Apple Computer (1995) found that partnerships created
to affect teaching and learning require extra time for teachers
and intensive professional development. Funding for ongoing
technical assistance is an especially important need, and a
budget for this purpose should be built into the plan developed
by the partners.

• patience, vigilance, and flexibility

Change takes time. Several of The Road Ahead projects had slow
starts due to such obstacles as hardware and software installation
problems, difficulty in recruiting community participants, or
bureaucratic barriers. These partnerships sucessfully overcame
initial obstacles because each of the partners had a sense of own-
ership as well as a long-term commitment to the attainment of
their shared goals.

Above all, these partnerships were flexible enough to adapt their
strategies to changing circumstances—a point emphasized over
and over again among project sites. Leaders were also willing to
assign time, money, and human resources to maintain the partner-
ship. Ongoing community outreach is essential, along with
expanding involvement and activities. Partnerships that are not
growing are very likely dying.
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Conclusion

Building partnerships among schools, families, and other community
groups can strengthen technology-enhanced learning. When these con-
nections are well established, families are more involved and supportive
of the educational process, communities are more committed to their
schools, and schools have a better understanding of both the needs and
the resources in the community.

Educators and researchers are increasingly working to turn this vision
of partnership into a reality, but change takes a great deal of time, plan-
ning, training, commitment, and patience. Information technologies can
facilitate this kind of change by offering new modes of communication
among schools, homes, and communities. They can provide a fresh and
exciting motive for parents and citizens to become involved in children’s
learning or to learn new skills themselves.

For technology-enhanced partnerships to work, however, all partici-
pants must be motivated by mutual concerns and treated with respect.
Goals, roles, and objectives must be clearly delineated. Finally, excel-
lent communication skills, with a focus on listening, are a prime requi-
site to success at every step of the way.

“School-Home-Community learning Connections: Roles of Information
Technologies” is one of several papers included in Connecting the Bits, A ref-
erence for using technology in teaching and learning in K–12 schools, issued
by the National Foundation for the Improvement of Education in 2000, and
available at www.nfie.org.

Technology in education can create
new models of communication
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