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Introduction

T eachers have often been blamed for failing to take full advantage
of powerful technologies that would improve teaching and learn-
ing in unprecedented ways. More recently, the focus and, indeed, the
blame have shifted to include teacher preparation programs, lack of
technical support, inadequate professional development, and insufficient
time for training (Cuban, 2001; Cuban, 1999; Groves, Jarnigan, & Eller,
1998; Kent & McNergney, 1999; Ravitz, 1998). Perhaps this gradual shift
is an acknowledgment that we are finally beginning to understand the
complexity of applying technology in education. Successfully integrating
technology does not result from isolating and focusing solely on technol-
ogy issues but rather from infusing technology into the overall school
culture.

Chris Dede (1998) suggests that effective integration of new and
emerging technologies requires simultaneous innovations in pedagogy,
curriculum, assessment, and school organization, not just more wires and
boxes. These competing demands compound the difficulties of effec-
tively integrating technology into daily practice. Ritchie (1996) has
described these needs in the form of eight variables that impact technol-
ogy adoption and implementation in classrooms. Of these, a lack of
administrative support is identified as the most critical. Without adminis-
trative support other variables, such as inadequate professional develop-
ment or lack of funds, are more likely to impede the effective use of
technology in schools. It seems reasonable, therefore, to organize and
present this review from the perspective of the school leader. We believe
the school leader is in the best position to balance these competing
demands and to ensure technology’s integration into teaching, learning,
and school management. Topics presented in this review include:
vision, planning, community relationships, tools and media, integration,
professional development, access, support, accountability, and ethical
and legal issues. All contribute significantly to the effective use of
technology to support teaching, learning, and school management.

e b
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Vision

S chool leaders must understand how educational technology im-
pacts students, staff, and external stakeholders. They must be able
to create and communicate a vision that synthesizes the needs of diverse
groups while fostering continued excellence in teaching, learning, and
school management. The “wires and boxes” often mentioned refer to the
limited perception of technology with which most school leaders tackle
the complicated issues of effective technology integration. Effective
integration requires more than buying some computers and connecting
them to the Internet. Defining and articulating a clear vision is the first
step in effectively integrating technology to support teaching and learning
in the school community.

The Global Community

Information technologies have changed the ways we learn, work,
and live, transforming the way teachers teach and students learn. Ever
more new and evolving digital tools support teaching, learning, and
school management. Schools must help both students and staff develop
and hone information literacy skills. Many schools are tackling skill
development beyond the school in the community at large.

Information technologies have had such a tremendous impact on all
facets of society that schools must increasingly pay attention. An Internet
connection and a Web browser are the only tools needed to enter the
new global market, where information is abundant, competition is fierce,
and success is often fleeting. The dynamics of information technologies
have changed the ways we work, learn, and live (Dede, 1998; U.S.
Department of Commerce, 1998a; Jones et al., 1995; Khirallah, 2001;
Kozma & Schank, 1998; Lewis, 1999; Panel on Educational Technology,
1997; Rockman, 1998; The Classrooms of the Future, 2001; Thornburg,
1998, 2000).

David Thornburg, Director of the Thornburg Center and Senior
Fellow of the Congressional Institute for the Future, suggests that the
familiar “Three R’s” of education be supplemented by a new set of “Three
C's.” Thornburg (1998) writes that the skills of communication, collabora-
tion, and creative problem solving are all critical in this new information
age. But even these Three C's are not enough, for Thornburg says other
equally important skills include technological fluency and the ability to
locate and process information.
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Many business and education professionals agree that today’s work
places greater emphasis on higher-level skills, such as critical thinking
and problem solving. In addition, workers in the information age must
have the ability to function in collaborative teams where they may be
required to develop plans, broker consensus, seek and accept criticism,
give credit to others, and solicit help. These skills are important in the
classroom as well. Students, teachers, and staff are called upon to de-
velop and utilize these same skills in learning, teaching, and school
management. Many educators have long emphasized these skills in their
schools and classrooms; however, today educators find support for
developing these skills through a variety of technologies.

The new workforce demands new literacy skills. Changes in
the way business is transacted in the information economy directly
impact our schools. As barriers to trade fall, the emerging global network -
demands a workforce prepared to compete in an integrated world
economy (Panel on Educational Technology, 1997). New workforce
requirements demand new skill sets from the product of our schools—
students. .

The U.S. Bureau of Labor Statistics (as quoted in Thornburg, 1998)
lists 54 jobs with the highest growth potential between now and 2005. Of
those, only eight do not require technological fluency. None of the eight
currently pays more than twice the minimum wage. It is estimated that
60 percent of the jobs available at the beginning of this new century
require skills currently held by only 20 percent of the workforce. In
addition, the demand for workers to fill higher-skilled information tech-
nology jobs is likely to grow from 874,000 to 1.8 million in the 10 years
spanning 1996 to 2006 (U.S. Department of Commerce, 1998a).

The rapid explosion of information also requires students and
teachers to develop skills for managing all of this information
(Thornburg, 1998). Necessary literacy skills include abilities to search and
sort, analyze, evaluate, and synthesize information relevant to a particular
task or need. This information must then be applied to generate new
data, information, or products (Kozma & Schank, 1998). The shift to
electronic commerce requires not only different skills, but often a more
rigorous education in mathematics and science along with other higher-
level cognitive reasoning abilities (Dede, 1998; U.S. Department of
Commerce, 1998a).

Effective communication skills have also become key attributes for
an information-based economy (Lewis, 1999; Lowe & Vespestad, 1999;
Rockman, 1998; Stokes, 2000), as we must create, store, and distribute
information through a variety of media and across countless venues.
Lewis (1999) comments that as we become familiar with fast and direct
feedback we can increasingly use two or more media simultaneously.
Information is becoming fragmented, multichanneled, and simultaneous.
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Technology not only generates a need for these information literacy
skills, it also supports them. Technology can help students develop basic
information skills by simulating today’s work with real-life examples and
reality-based experiences, and by motivating them to learn (Rockman,
1998). The CEO Forum on Education and Technology lists the skills
employers most often want in students entering the current workforce:
(1) students must be technologically fluent, (2) they must know how to
learn, and (3) they must be able to use technology to communicate,
collaborate, and support critical thinking and creative problem solving
(CEQ Forum, 1999). The demand for new or heightened skills in the
workforce has direct implications for schools.

Systemic Reform

A new way of thinking, a new way of teaching. Papert (1993)
describes an imaginary journey by two groups of time travelers: surgeons
and teachers. If these travelers were to come forward in time from an
earlier century, Papert surmises the surgeons would be bewildered by the
changes in procedures and equipment. Not so for the teachers, who
would have little trouble adjusting to a current classroom, for little has
changed in approaches to teaching and learning. Peck and Dorricott
(1994) put a different twist on this scenario when they consider the
impact of removing all computers from schools and businesses. While
many schools would feel little impact, most businesses today would find
it nearly impossible to function.

The new demands on schools require rethinking the processes of
teaching, learning, and school management. The U.S. Department of
Education’s Office of Educational Technology is doing just that. In its
2000 report e-Learning. Putting a World-Class Education at the Fingertips
of All Children, the department set the specific goal of information
literacy for all students. This report also notes that new skills do not
supplant efforts to set or raise current academic standards, rather that
skills necessary for becoming or remaining literate change as society
changes.

The call for the systemic reform of education to meet the needs of
the changing workforce has produced a wealth of discussion and debate
(Dede, 1998; Honey, Culp, & Carigg, 1999; Jones et. al, 1995; Kozma &
Schank, 1998; McClintock, 1995; Miller & Olson, 1995; Thornburg, 2000).
In the Report of the Forum on Technology in Education, Levin and
Darden (1999) describe camps in the school reform debate as the “re-
formists” and “incrementalists.” The purposes, impacts, and uses of
educational technology are viewed differently by these camps, and by
others who seek a more middle-ground, hybrid approach.

School leaders must understand how educational technology
impacts stakeholders, whether local or more global in nature. They must
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be able to create and communicate a vision that synthesizes the needs of
diverse groups while fostering continued excellence in teaching and
learning within local schools and districts.

Dede (1998) writes that many visions of educational technology
place too much emphasis on instructional activities centered on presenta-
tion and motivation. He describes this model as “kids continuously
working on machines with teachers wandering around coaching the
confused” (p. 203). This emphasis on presentation and motivation is not
limited to classrooms with technology—it continues an antiquated model
of instruction. Technology impacts what students learn and how they
learn it. Using technology merely as a motivation for learning or to
replicate more traditional lecture-based teaching methods grossly under-
estimates the impact technology can have on transforming both teaching
and learning.

New roles. Systemic reform that promotes innovations requires
school leaders, teachers, and students to adopt new roles. Shifts in
teaching and learning prompted by the integration of information tech-
nologies may cause us to rethink our core beliefs about our roles as
educators.

Student learning should be at the center of any educational model
and the focus of any change efforts. In classrooms that have fully inte-
grated technology into teaching and learning, digital tools and skills do
not merely replicate traditional activities. Rather, they truly expand
learning skills and pose new challenges. With technology, students can
perform work that is close in scope and quality to that of more advanced
scholars, such as conducting sophisticated analyses, syntheses, and
simulations.

Obviously, the teacher is critical to effective integration of technol-
ogy in the classroom (Ariza, Knee, & Ridge, 2000; Hannafin, 1999, Lewis,
1999). Hannafin describes the reformed role of the teacher in an open-
ended learning environment as that of “knowledgeable other” and
“scaffold-builder.” Lanier (1997) states that teachers must go beyond
being masters of subject matter to counsel students as they mature and
inspire in them a love of learning. Mirroring the requirements of the new
workforce, new roles for teachers de-emphasize the presentation of facts
and instead ask teachers to help children learn how to think critically,
solve problems, and make informed decisions (Kozma & Schank, 1998;
Lanier, 1997).

Teacher professional development holds the key to successful
technology efforts and should address more than the acquisition of basic
technology skills. Teachers also need to learn effective integration strate-
gies, for the potential benefits of technology use go beyond replication of
existing activities and strategies, and may require teachers to rethink their
underlying philosophies about teaching and their roles. It is important to
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emphasize that teachers also need time to reflect and adjust their teach-
ing practices. The International Society for Technology in Education
(ISTE) has taken a leadership role in developing standards for the effec-
tive use of information technology in education. ISTE has developed
technology standards for students, teachers, and administrators. These
standards have direct impact on schools, as many states have either
adopted or adapted these standards for their use.

In institutions that have embraced technology, studies show that the
teacher’s importance has not lessened but that systematic use of technol-
ogy actually upgrades and enhances the teacher’s role (Lewis, 1999).
Technology supports teamwork, curriculum development, adaptation and
development of materials, action research and evaluation, and more
creative management of learning environments. It can also change the
nature of relationships with students by providing closer contact with
individuals and small groups.

This abbreviated list from The Panel on Educational Technology
(1997) suggests ways teachers may use computers and computer net-
works to support teaching and learning.

» Teachers can monitor, guide, and assess the progress of their
students.

» Teachers can maintain portfolios of student work and prepare
materials for their classrooms.

* Teachers can use computer-mediated communication tools to
exchange ideas, experiences, and curricular materials; consult with
experts in a variety of fields; and facilitate dialogue with students,
parents, and administrators.

» Teachers may further their own knowledge and professional capa-
bilities and can use the Internet to access remote databases and
acquire educational software.

Administrators, too, play an important role in technology integra-
tion. Unfortunately, training for handling the ever-growing complexities
of technology integration is often weak or nonexistent. To help classroom
teachers interface between students and educational technology, adminis-
trators need ongoing training and support in understanding technology
management issues, impacts of technology on educational change, and
administrative uses of technology (Schoeny, Heaton, & Washington,
1999).

As the curriculum leaders, administrators provide valuable support
to teachers (Coley, Cradler, & Engel, 1997; Ritchie, 1996). Ritchie lists
eight variables that impact technology adoption and implementation in
classrooms. Of these, administrative support is identified as the most
critical, for without it one or more of the other variables, such as profes-
sional development or funding, is more likely to become a roadblock to
effective integration.

Ln. sy
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The importance of school leaders in the success of technology
integration cannot be overstated. Superintendents and principals must be
involved in and support technology initiatives. Research has consistently
found that, when school leaders are informed about and comfortable
with technology, they become key players in leading and supporting
technology integration activities (Coley, Cradler & Engel, 1997). Leaders
should model the use of technology (Costello, 1997). In order to do so,
leaders must become technology users and be involved in planning and
implementing technology in their own school buildings. Serving as a
technology leader may be a difficult position, especially for administrators
who have little expertise and much apprehension. However, because
technology initiatives depend on human dynamics, school leaders may
find support by listening and responding to their teachers’ concerns
about technology (Fisher & Dove, 1999). The need for shared decision
making and ownership echoes the findings of the seminal Appte Class-
rooms of Tomorrow™ longitudinal studies (Dwyer, Ringstaff, &
Sandholtz, 1991.)

The Future

These many factors will influence the vision of school leaders for
the integration of technology in a school or district. Gathering and
synthesizing data from stakeholders will help to define and articutate that
vision to drive decision making around planning, professional develop-
ment, support, and assessment of and with technology. Understanding
the impacts of technology and the diverse expectations of the school,
community, and business audiences are key to realizing this vision.

Having technology is not enough. Using technology to meet the
many needs of stakeholders makes it valuable. As Thornburg (2000)
writes, “How you use technology in education is more important than if
you use it at all.”

Toward an Effective Use of Technology in Education * A Summary of Research
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W ith schools increasingly being held accountable for student
achievement (Winter, 1998), parents, educators, and policy-

makers want to know if investments in technology are producing results.
A school or district technology plan gives a voice to the vision of school
leaders and the stakeholders they represent. Planning for technology has
become more important now that many states and funding agents tie
appropriations to the existence of a well-developed technology plan
(Brush, 1998).

The Technology Planning Cycle

In a comparison of technology planning in five southeastern states,
more than 90 percent of the respondents indicated their districts had
written technology plans. This survey also demonstrated the importance
of technology leadership. Georgia and Tennessee reported that 99
percent and 100 percent of districts, respectively, had technology leaders.
The lowest percentage of districts with designated technology leaders
reported in this five-state survey was 69 percent (Brush, 1998).

The technology plan document is the result of a technology plan-
ning cycle. Technology planning must become an integral part of annual
budgeting, training, data gathering, and assessment of school perfor-
mance (Cartwright, 1996; U.S. Department of Commerce, 1996; AEL,
2000). Results from implementation strategies spelled out in the plan
create data that then feed the next round of planning and resource
allocation. Although contrary to traditional budgeting practices in many
school districts, a technology plan should span more than one year and
have enough flexibility to accommodate new and emerging technologies,
teaching strategies, and data from evaluations.

The business world, where multiyear budgeting and planning is
more common, looks upon technology as a tool to increase productivity.
Business models can calculate an approximate “total cost of ownership”
for technology initiatives through formulas that incorporate not only
expenditures on hardware and software but on increases in productivity
and efficiency. These business models are difficult to adapt to school
settings, however, for uses and outcomes are quite different.

A study by the International Data Corp. in 1997 (as reported in
Consortium for School Networking, 1999) calculated the total cost of

:3? E4
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ownership for a school with 75 computers at $2,251 per year per com-
puter, while costs for a comparably sized business were $4,517. Differ-
ences were attributed to less expensive hardware and software and less
support personnel for schools, and a projected life span of five years for
schools compared to three years for business. The factors that influence a
district's cost calculations include support personnel, age and number of
computers, number of platforms and software applications, as well as the
type of network. No one formula will work for all schools.

Planning can be made less daunting by gathering proper re-
sources—both human and otherwise—and working toward well-estab-
lished goals that focus on improved teaching and learning. Keeping the
learning process in mind will guide discussions, help set benchmarks,
and define desired outcomes. Technology planning is more than buying
“wires and boxes.” Mojkowski (1999) reports that flawed planning, which
focuses on installing equipment and networks and gives little attention to
teaching and learning, results in problems with evaluation. This can lead
to decreasing support from stakeholders.

Whether embarking upon the initial stages of planning or revising
an existing plan, the technology planning cycle can be broken down into
four distinct phases with unique steps, players, and outcomes. This
process is described in the Principal Connections CD-ROM (AEL, 2000)
and consists of building the technology plan, obtaining resources, imple-
menting the plan, and evaluating the plan.

Building the Technology Plan

In the Guidebook for Developing an Effective Instructional Technol-
ogy Plan, Dr. Larry Anderson (1996) and his students at Mississippi State
University distinguish a difference between the word “plan” as a noun
and “plan” as a verb. The plan is a document that describes a plan to be
put into action. This document will be the road map that guides imple-
mentation of a school's or district's vision of educational technology.

Begin by gathering all key stakeholders in the planning process
(Anderson, 1996; Costello, 1997; U.S. Department of Commerce, 1996).
Stakeholders at the school level include teachers, administrators, repre-
sentatives of the professional staff, and students. Community and busi-
ness leaders should also be included, for the success of the school system
affects the economic viability of the community.

When appointing faculty members to a technology committee,
remember this caveat from Geoghegan (as cited in Gilbert & Geoghegan,
1995). He notes that often these committees are made up of “early
adopters”—people who are ahead of the crowd in terms of skills—and
this can result in overlooking the needs and concerns of mainstream
users.

Toward an Effective Use of Technology in Education « A Summary of Research
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benefits. These partners may leverage financial support, become power-
ful advocates for school projects (U.S. Department of Commerce, 1996),
and communicate with the community at large (Mojkowski, 1999).
Business leaders have insights into the world of work that can help shape
the vision and guide outcomes expected of the district's graduates
(Costello, 1997). Community and business leaders may also offer techni-
cal support and help translate the sometimes overwhelming technology

" jargon into educational goals.

At early meetings, create a mission statement that incorporates data
from known infrastructure and technology use and sets goals toward the
unified vision of the committee (Anderson, 1996; Costello, 1997; AEL,
2000). This statement should clearly state goals and objectives for the
plan (U.S. Department of Commerce, 1996). A realistic timeline should
designate personnel, desired actions, and projected outcomes (Anderson,
1996, U.S. Department of Commerce, 1996).

Again, the focus of the technology plan should be teaching and
learning. Rogers (1999) describes three types of goals for technology use.
Technology can be used as a tool to assist learning—specifically to meet
curricular requirements and content standards. Technology can also
address new goals that could not be met any other way, such as creating
simulations or supporting collaboration across temporal or geographic
separation. These new goals may also include new learning environ-
ments and pedagogy. Technology can also assist teachers in various
aspects of classroom management.

The technology plan document must also address the costs of
purchasing equipment and software; developing a network infrastructure;
constructing and/or retrofitting facilities; professional development
sessions, materials, and substitute teachers; maintenance, technical
support; and replacement of old, broken, or obsolete equipment and
software (Anderson, 1996; Coley, Cradler & Engel, 1997; Consortium for
School Networking, 1999; Costello, 1997; Fitzgerald, 1999; Zeisler, 1997,
1999). Networking and hardware costs will be greatest at the beginning
of an initiative (Coley, Cradler, & Engel, 1997); however, costs will shift
over time (Zeisler, 1997, 1999).

Many plans neglect hidden costs when planning for technology.
Rooms may require retrofitting to accept network infrastructure, or they
may become hotter with many computers running, which can impact
HVAC (heating, ventilation, and air conditioning) costs. New technology
may require new classroom fixtures such as ergonomically adjusted desks
and chairs, additional outlets, and storage for portable equipment. To
avoid the safety hazard of cables on floors, raising flooring or purchasing
wireless hardware may be necessary (Zeisler, 1997, 1999).

After the initial investments in hardware, software, and networking,
expenses shift toward personnel and include professional development to
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address both basic skills and effective integration strategies, as well as
maintenance and support staff (Consortium for School Networking, 1999),
which can be the largest ongoing financial burden (Coley, Cradler, &
Engel, 1997). These shifts, combined with the need to collect impact data
and revise the technology plan, require more than a one-time budget
expenditure and should be incorporated into the annual budget. While a
major technology effort may develop out of a one-time bond issue or
major grant, the technology plan should address sustainability from the
beginning (Costello, 1997; U.S. Department of Commerce, 1996; Panel on
Educational Technology, 1997; Zeisler, 1999).

Obtaining Resources

The planning document outlines required resources in terms of
equipment, funding, and personnel. It may also visualize a new approach
to teaching and learning within the school community and require
educating or informing key personnel about the expected benefits of the
technology plan.

School board members must understand that technology is not a
one-time expenditure but requires a line item in each year's budget (AEL,
2000). Board members must report back to the community at large and,
as Mojkowski (1999) points out, stakeholders outside the school expect
education technology to significantly—and quickly—impact student test
scores. A well-crafted technology plan should use information gathered
during the needs assessment phase to outline expected returns and
describe alternative indicators of success.

A strong technology plan addresses purchasing and sustainability
costs, how matching money will be sought, how the finances will be
managed, and ways to address shortfalls and obsolescence (Anderson,
1996). If needs exceed budget allotments, federal agencies and private
foundations may be a source for funding.

Volunteers from the local community and businesses can be impor-
tant to bringing a plan to fruition. Besides helping to develop the tech-
nology plan, local people may offer expertise as well as financial sup-
port. Local support at the beginning of an initiative can grow into long-
term funding if the project serves community and business members, in
such ways as providing space for distance learning or technology training
or offering access to infrastructure or digital reference services. Some
schools involved in the Telecommunications and Information Infrastruc-
ture Assistance Program (TIIAP), now called the Technology Opportuni-
ties Program (TOP), turned potential partners into sustaining partners by
offering essential resources (U.S. Department of Commerce, 1996). Many
of the TIIAP schools also found that attention generated by the projects
brought in new partners, building greater sustainability.
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Implementing the Plan

A key aspect to every technology plan is professional development
(Anderson, 1996; Consortium for School Networking, 1999; Meyer,
Steuck, Miller, Pesthy, & Redmon, 1999). Ineffective or nonexistent
technology training reduces the possibility of benefits from the program
and can also result in a loss of investment due to equipment sitting idle.
Technology instruction should encompass basic technology skills and
address strategies for integration (Consortium for School Netwdrking,
1999; Meyer, Steuck, Miller, Pesthy, & Redmon, 1999; Wolinsky, 1999).

Even though the bulk of first-year technology costs relate to build-
ing and equipment, some funds should be set aside for professional
development so that new equipment may be utilized right away. After
year one, professional development and technical support will take larger
portions of the budget pie (Zeisler in AEL, 2000). The U.S. Department of
Education (1996) recommends that school districts allot 30 percent of
their technology budgets to professional development; however, observa-
tions of school districts indicate 10 percent is more common (Zeisler in
AEL, 2000) and many schools do not include this essential budget item at
all (Panel on Educational Technology, 1997).

The infrastructure is perhaps most often conceived as the greatest
need, for it involves making decisions about equipment and network
access—the “wires and boxes.” Again, the vision described in the plan-
ning document that has been crafted to meet the needs of the curriculum
should guide network and equipment choices.

Decisions about room or building use should be made before
purchasing equipment. Room configuration is based on the intended
purpose, whether it is to be used as a lab, classroom, lecture hall, or
even distance-delivery facility. This purpose guides networking options,
variations in flooring, wall color, furniture, placement and type of equip-
ment, as well as lighting and HVAC systems (Carter, 1997). As few as two
or three computers in a classroom can have a significant impact on
spatial needs (North Carolina State Department of Public Instruction,
1995).

Networking decisions may be difficult for schools to make alone,
but are an essential part of technology plans. Equipment vendors and
technical consultants can be helpful, but working with these outside
sources will be more productive if there is a plan that clearly defines
educational outcomes, a realistic budget, and expectations regarding
timelines. Do the research. Know services needed and understand some
equipment options to make these relationships more positive (Anderson,
1996; U.S. Department of Commerce, 1996).

The technology plan should encompass networking within buildings
as well as connections across the district and beyond. While most districts
are aware of the push for Internet connectivity, especially through
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programs such as the Universal Service Program for Schools and Librar-
ies, commonly called the E-Rate program, connectivity may also include
phone, television, and satellite services. Wireless options, too, may be an
option for network connections within a school or to the World Wide
Web.

Retrofitting existing facilities is a cost that many school districts face
but often fail to budget for. Retrofitting costs include wiring, asbestos
and/or lead removal, new lighting, and modifications to meet the require-
ments of the Americans with Disabilities Act {Consortium for School
Networking, 1999). Zeisler (1997, 1999) adds that many schools neglect
ergonomic considerations necessary for the proper use of equipment,
such as keyboard trays and appropriate seating. They may also forget the
need (and the cost) for additional outlets and storage space for peripher-
als, notebook computers, carts, and even student backpacks that may not
fit under computer desks (Fisher & Dove, 1999; Zeisler 1997). Security
concerns, both on-site and on the network, increase as technology is
integrated into the program.

Despite perceived needs, make software decisions only after review-
ing curricular goals and matching software appropriately. Software
selection should drive hardware choice (Anderson, 1996; Meyer et al.,
1999; AEL, 2000). Bouie (1998) lists software options for teachers and
other instructional staff that include communications tools, network
management, information management, curriculum management, class-
room administration, and productivity tools.

In a review of studies on school technology expenditures, the
Consortium for School Networking reported that software costs con-
sumed 4 to 10 percent of technology budgets, with 8 percent being
average across schools. Suggestions for reducing software expenditures
include limiting the diversity of titles across a district to reduce support
and training costs, upgrading software packages across the district at the
same time, controlling the installation and upgrading of software over a
central network, and encouraging staff to use the same software at home
as they do at school (Consortium for School Networking, 1999).

Evaluating the Plan

Remember that the planning cycle is continuous and each stage
feeds and progresses into the next. Although evaluations come fourth in
the cycle, they must be planned from the very beginning and take place
periodically throughout (Anderson, 1996; Baker, 1999; U.S. Department of
Commerce, 1996; Mojkowski, 1999; AEL, 2000). In truth, the needs
assessment completed during the initial building of the technology plan is
an evaluative step. In successive iterations of the planning cycle, gather
data that will serve a similar purpose when the plan must be revised.
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What information is important? While schools are often judged by
results on standardized tests (Mojkowski, 1999), the impact of technology
may not be measured so easily. The evaluation plan should be oriented
to the goals and objectives developed in the planning process and should
provide means to determine whether and how well these goals and
objectives are being met (Anderson, 1996; Baker, 1999; U.S. Department
of Commerce, 1996; Mojkowski, 1999). Measurements can include the
cost of providing a service, its frequency of use, attitudes or satisfaction
levels, and measures of impact such as grades and attendance records
(U.S. Department of Commerce, 1996). Baker (1999) emphasizes that
evaluations are planning tools that first and foremost should focus on
student learning.

Most schools involved in the TIIAP program (now the TOP pro-
gram) utilized two or more of the following methods to gather data:
interviews, focus groups, telephone surveys, brainstorming sessions, a
review of research data about the community from census records and
other sources, a review of relevant state or community planning docu-
ments, or an inventory of existing technology and technological resources
(U.S. Department of Commerce, 1996).

Not only should the evaluation plan outline who is responsible for
completing evaluative measures throughout the cycle (Baker, 1999), it
should provide for feedback to all stakeholders (Anderson, 1996;
Mojkowski, 1999). Community members and business leaders may be
looking for a return on their technology investment. Mojkowski (1999)
suggests that rich descriptions of what is happening in classrooms and
with learning opportunities are needed and can combat the call for rapid
improvement on student test scores. Information about the complexity of
measuring the impact of technology and descriptions of expected out-
comes—besides test scores—might be necessary to help stakeholders see
and understand results.

A well-designed technology plan can provide a high return on
investment. The process is time-consuming and involves many players,
but a strong document that begins with a vision that impacts student
learning, outlines clearly stated goals, dictates roles for key players,
describes funding needs and sources, and weaves evaluation into the
cycle will contribute to effective integration and improved teaching and
learning. Too, a successful plan serves as a model for future iterations
that can incorporate new and emerging technologies and build upon a
strong foundation.

)
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Community Relationships

school exists within several larger communities. It is geographi-
cally centered in a community with its own goals and governing

practices, but that community exists within an ever-widening circle of
communities that in turn impact the policies and practices of both the
school and its immediate community. A school exists within education
communities that include other schools, institutions of higher education,
libraries, museums, and research facilities. Stakeholders come to the
school as members of one or more of these communities and collabora-
tion is essential to allow members of each community to reach their goals
(Epstein, Coates, Salinas, Sanders, & Simon, 1997). A successful school
system invigorates a community and both can benefit. Successful school
leaders build and develop relationships within their communities—
relationships that are crucial for the success of every technology initiative.

Building Community through Partnerships

In a true partnership, everyone becomes stronger. All partners bring
strengths and expertise and each should also expect some benefit in
return. In a school with strong community ties, teachers feel supported in
their work and community members view the school as a valuable asset
in terms of community development. Community members actively
support teaching and learning and may volunteer time, money, or goods,
or otherwise share their expertise, perhaps by serving on planning
committees.

Unfortunately, the relationship between school and community is
not always strong, and, as Dede (1998) notes, it seldom feels like a
partnership. The school staff, working a difficult job with often inad-
equate resources, may feel isolated. Community members, looking for
return on their investment, may appear to micromanage school opera-
tions. A community may demonstrate lack of trust when parents choose
to send their children to private schools or educate them at home, or
when taxpayers fail to approve school bond issues (Haynes & Comer,
1997).

What can happen when school and community build a strong
partnership? Kozma and Schank (1998) describe a vision of the future
that implements constructivist teaching and learning strategies supported
by networked technologies. This vision extends the learning community
beyond the school and encourages researchers and members of the
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community to participate in the education of children. This vision re-
quires that education be a central focus of the community.

Many grant initiatives emphasize the formation of partnerships with
other education institutions, business, and communities. Partnerships
have always been key for schools involved in the Telecommunications
and Information Infrastructure Assistance Program (TIIAP), now called
the Technology Opportunities Program (TOP), (U.S. Department of
Commerce, 1996). They have also been an integral part of the Technol-
ogy Innovation Challenge Grants (U.S. Department of Education, 2001).
Partners can provide expertise and advice on program implementation,
help to develop support throughout the community, and offer financial
and political support (Harris, 2000). One large district (Ingwerson, 1996)
established a community awareness team of community, business, and
education volunteers. This team was charged with creating an ongoing
public awareness program to inform and build support for the district’s
major technology initiative.

There are many approaches to forming partnerships and the roles
partners play can be as diverse as the community itself. Benefits, too, can
be numerous and varied and can be shared by all partners. Schools
seeking to develop partnerships should think through the projected
relationships and be prepared to suggest returns the community might
expect. The 21st Century Community Learning Centers (www.ed.gov/
21stccle/) and Community Technology Centers (www.ed.gov/offices/
OVAE/CTC/) are two federally funded grant programs that support the
creation of school and community partnerships— although for different
outcomes. The 21st Century Community Learning Centers are extended-
day programs that provide safe and supervised environments for children
who might otherwise be left alone. The Community Technology Centers
provide access to educational technology for students and the larger
community. Both programs report benefits to students, teachers, and the
community.

Benefits documented by these programs include

* Children are better prepared to succeed both in school and later in
life.

* School programs better serve the unique education needs of their
communities (such as improving English language skills, technology
training, job skills, and employment awareness).

* School climate and attendance improve.
* Violence or criminal acts inflicted by or upon children decrease.

* Families connect with others in the schools and communities and
may improve parenting skills and leadership.

* Teachers receive help in their work and support for their work
outside of the classroom.

Toward an Effective Use of Technology in Education « A Summary of Research

&6




Partners often come in during the planning of technology initiatives.
Community partners can offer'insights into community needs and can
help align school goals with community economic development goals
{Rockman, 1998). Partners from business can share information about
how the world of work is changing and can help align school goals with
needed skills (Costello, 1997). Established partnerships can support long-
term technology initiatives by developing ways to sustain these efforts
after initial funding has been spent. :

One successful school project began by involving the greater
community in a multiyear technology planning cycle (Palestis, 1997).
Community members were valuable because they brought expertise that
complemented staff skills. Not only was the community involved, but it
became a direct beneficiary of the planning effort, which resulted in a
school-based facility to provide technology training to students and
community members. The community gained an appreciation for the
academic goals of the school as well as the costs of supporting those
goals.

A significant factor for the success of any technology program is
communication, and establishing strong external relationships can facili-
tate communication. Community members who participate in school-
based planning and management teams have a better understanding of
how our schools work and can reciprocate by providing insight into
community needs (Haynes & Comer, 1997). Remember that community
members may need to be informed about changes in education and how
technology can help their children learn new skills necessary for work
{Anderson, 1996).

The changes in education dictate changes in assessment. We need
to help parents and other community members expand their knowledge
of assessment. Periodic communication helps everyone understand that
standardized test scores are not the only measure of academic achieve-
ment and that we need new ways to demonstrate student learning
(Rockman, 1998). Key community and business leaders who support
alternative evaluations of technology’s effectiveness can be powerful
banner carriers for school leaders.

Dede (1998) notes that research documents at least four improve-
ments in educational outcomes from new, technology-based teaching and
learning strategies. These include increased learner motivation, mastery
of advanced topics, expert behavior by students, and better outcomes on
standardized tests. Regardless of outcome, he suggests that the most
effective means of convincing the community at large of the effectiveness
of technology-based programs is to involve them in their students’
education.

Using Technology to Extend the Learning Community

Information technologies can support greater school-to-home and
school-to-community connections (Haynes & Comer, 1997; Kozma &
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Schank, 1997; Rockman, 1998). As Internet access increases, communica-
tion barriers between schools and communities are lessened. More and
more people are turning to the Internet for shopping, planning travel,
finding information on hobbies and interests, and nurturing friendships
through electronic communications. It is only natural that schools capital-
ize on this resource to provide opportunities for community involvement.

How do information technologies support greater connection
between school and home? Students can do schoolwork at home. Sup-
ported by digital resources from the school and beyond, they can col-
laborate with peers and communicate with teachers. Parents can become
more involved in their children’s education and more knowledgeable
about the needs of the school. Connections between the school and the
rest of the community can coordinate learning goals with community
goals and help to integrate education into daily life (Kozma & Schank,
1998). The Benton Foundation (1998) suggests that information technolo-
gies can help our communities work together to solve social problems
relating to poverty, housing, crime, and health concerns. ’

Teachers are beginning to use the Internet to communicate with
parents. In a 1999 survey of public school teachers, Rowand (2001) found
that 25 percent of the teachers surveyed reported using a school com-
puter to communicate with parents, while 19 percent reported using a
home computer for this type of contact. Teachers report communicating
with colleagues at a much higher rate, with 50 percent using school
computers and 48 percent communicating from home.

Haynes and Comer (1997) add that networked technologies have
encouraged schools to broaden their mission and begin providing ser-
vices for the entire community. Some schools develop Technology Nights
that encourage parents, community members, and business people to
witness the results of technology programs first hand (Anderson, 1996).
America Links Up (www.getnetwise.org/americalinksup/) is sponsored by
a coalition of educators, nonprofit organizations, and corporations and
seeks to provide children with a safe and rewarding online experience
through a campaign of public awareness.

Many schools go beyond demonstration to provide technology
instruction and access to members of the community through school-
based facilities (Bouie, 1998; Palestis, 1997). School staff or technology-
savvy students present lessons and offer technical support. Such Commu-
nity Access Centers (CACs) are used most by people who lack access at
home or work (U.S. Department of Commerce, 1999). CACs help commu-
nity members build basic technology skills while getting a glimpse into
the necessity of technology-based instruction for their children. Educating
parents and other community members through CACs also opens lines of
communication and helps schools develop a broader base of support.
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Tools and Media

S chool leaders face tremendous challenges of stretching budgets
and reformulating plans as they try to best utilize the advances in
technology. At the same time, they must evaluate tools, media, and
processes. The time needed to effectively employ new tools and media
in pursuit of valid learning experiences is often interrupted by changes in
hardware and software, incompatible systems, upgrades, and newer
models. In a survey of U.S. states, 31 state-level technology directors
revealed that technology funding during the 2001-2002 academic year is
equal to or greater than funding in 2000-2001, teachers are integrating the
Internet into instruction, and most responding states have technology
accountability plans in place (Roberts, 2001). In this climate of increased
spending, intensified accountability, and rapid technological growth,
school leaders need to be aware of issues surrounding new tools and
media and their potential value to schools.

Large percentages of technology budgets continue to be allocated
for hardware purchases. In fact, Market Data Retrieval (2001) reports that
66.7 percent of schools’ technology spending goes to purchase hardware.
Schools find many more types of hardware and services available.

Recent developments include alternative Internet access devices, wireless
Internet and Web, broadband, handheld digital devices, and e-book
readers, to name a few (Bishop, 2000).

Teachers often begin computer integration by using software
applications that approximate familiar, well-structured classroom activities
(Sheingold & Hadley, 1990). Different categories of software are associ-
ated with the different levels of adoption identified by the Apple Class-
rooms of Tomorrow (ACOT) research (Dwyer et al., 1991) and the
Concerns-Based Adoption Model (Hord, Rutherford, Huling-Austin, &
Hall, 1987). Productivity tools are best suited to replicate seat-based work
and complete traditional student activities, namely research papers and
reports. Word processing applications are the most familiar productivity
tools; others include spreadsheet and database applications. Productivity
tools and drill-and-practice software—similar to traditional flashcards—
are the most commonly used applications in the earliest stages of soft-
ware integration (Baker, Gearhart, & Herman, 1993; Dwyer et al., 1991;
Sheingold & Hadley, 1990).
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Greater experience with technology enables teachers to incorporate
a wider variety of software applications and approaches, thereby enrich-
ing learning opportunities for a larger population of students. These
approaches move beyond the typical classroom activities of lecture-based
presentation and seatwork and shift toward learner-centered rather than
content-centered lessons. These new activities, supported by curriculum-
based software and research tools, allow for greater individualized,
creative, and interdisciplinary project-based activities.

Studies show that various software types produce vastly different
educational outcomes. Developmental software has been shown to
provide significant benefits to young children. Haugland (1997) describes
developmental software as open ended, providing learners with more
control. Flexibility in learner control can actually determine the scope
and sequence of an application. Benefits of developmental software
include increasing users’ intelligence, verbal and nonverbal skills, long-
term memory, manual dexterity, and problem-solving and conceptual
skills.

When used properly, computers may be important tools for improv-
ing student proficiency in mathematics (Welinsky, 1998). Proper use
includes the selection and application of appropriate software. In a study
of the relationship between uses of educational technology and educa-
tional outcomes, Welinsky found that using computers for drill and
practice negatively impacted the academic achievement of eighth-grade
students. Furthermore, he found that using computers for learning games
(academic games) was positively related to the academic achievement of
fourth-grade students. Clearly, software type is a factor when considering
the effectiveness of computers as learning tools.

Internet use was not common in earlier technology adoption
studies, such as the reports on the ACOT program. Increased expendi-
tures, easier access to the Internet, and the explosion of the World Wide
Web have allowed teachers to expand beyond packaged software to
include this resource as an instructional tool. How do teachers approach
integrating Internet use in their classrooms? How does this differ from
previous findings? Ravitz (1998) recently investigated instructional Inter-
net uses by teachers experienced with this newer networked technology.
In terms of use, 75 percent of the participants reported that all students
used the Internet in their classes; 70 percent reported spending at least
an hour each week developing their own Internet skills or participating
in Internet searches for instructional materials—clearly delineating an
experienced sample. Technology use once again reflected technology
experience.

Participants who scored higher on use were more likely to report
that improved Internet access in their classrooms would help “a lot.”
Ravitz suggests that more frequent users might take greater advantage of
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improved access, opening them up to a possibly wider variety of instruc-
tional Internet uses. Of the teachers polled, 86.4 percent indicated their
students benefited from using the Internet; 56.7 percent indicated their
students greatly benefited from this use.

Cattagni and Westat (2001) concluded that by the fall of 2000, 98
percent of all schools were connected to the Internet, a finding that
suggests Internet-based media will have a prominent place in classrooms
for the foreseeable future, though how this may look in practice is
unknown. The dot-com crash of the past year had a considerable impact
on the educational software market, which has shrunk by more than 22
percent in one year to only $454.6 million. Of this, the K-12 portion of
the market is considerably less (Molenda and Sullivan, in press). In the
current business climate it seems likely that many companies offering
Web-based solutions for schools will merge, form alliances, or in some
cases cease to exist, creating a difficult challenge for decision makers
(Levinson & Grohe, 2001).

Lack of appropriate software. The lack or limited availability of
software—especially that designed to support the curricula teachers must
cover—makes it difficult to justify putting even a reasonably affordable
computer on every desk (Graham, 1997; Rogers, 1999). The importance
of quality educational software cannot be understated. Dublin, Pressman,
and Woldman claim that “diversity among students (racial, socioeco-
nomic, cultural, learning styles, academic achievement, gender, disabili-
ties) is uniquely accommodated by top-notch software” (as cited in
Eastman & Hollingsworth, 1998, p. 272). It is unlikely, however, that
software publishers will keep pace with the demand for quality educa-
tional software. For example, more than 184,000 copies of the popular
game Diablo II were sold on a single day in July 2000 (National Public
Radio, 2000b). Unlike software games, where popular titles can top $100
million in sales, educational software is far less profitable, resulting in
limited availability of appropriate titles (Teacher's Pet, 1994). Software
selection, then, becomes an increasingly important skill for teachers to
learn. Teachers must know their system requirements, instructional goals,
and software expectations to make informed decisions (Rader, 1997).

A great deal of information is available regarding the disparity
between the increased volume of recent technology purchases in our
nation’s schools and the apparent lack of use for instruction of these new
purchases. In summarizing changes in education hardware and software
purchases over the past decade, Sivin-Kachala and Bialo (1999) conclude
hardware expenditures in schools increased 99,900 percent between 1991
and 1998 ($2.1 million to $2.1 billion). In this same period, software
expenditures increased only 37 percent ($598 million to $822 million).
Schools have invested in hardware, but the software that provides func-
tionality to these materials has not been purchased. It is also widely
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noted that teachers do not use technology for instruction despite recent
expenditures (Cuban, 1999; Ely, 1999; Kent & McNergney, 1999).

Software use at school does not necessarily reflect a teacher’s entire
exposure to technology. Computer use is definitely growing. A recent
poll indicated that 81 percent of respondents under age 60 have used a
computer either at home or at work (National Public Radio, 2000a). The
rise in ownership of home computers has increased student and teacher
access to technology (Robertson, Calder, Fung, Jones, & O'Shea, 1997). A
1997 survey of educators, computer coordinators, and school librarians
by Educational Market Research (as cited in Charp, 1997) indicated that
72.2 percent of the respondents used the Internet at school and/or home.
In a recent survey (Benson, Peltier, & Matranga, 1999), 80.6 percent of
the respondents reported using word processing at least weekly, and 78
percent indicated owning a computer at home. Susan Eastman and Helen
Hollingsworth (1998) suggest that

those teachers who have most successfully utilized computers

in the classroom usually have equivalent technology in their

homes. But even if they have the hardware, many teachers

lack the software for their curricula as well as the time to

develop original presentations for their classes (p. 259).

There are more than 8.6 million instructional computers in class-
rooms across the nation (Anderson & Ronnkvist, 1999). This enormous
financial investment in educational technology, along with the national
movement toward greater accountability in public education, exerts
tremendous pressure on educators to produce results. As the accountabil-
ity momentum builds and technology expenditures increase, educators
will be expected to demonstrate more frequently how they use technol-
ogy to improve student achievement. Linking software use to student
achievement demands effective technology integration, which, in turn,
requires highly confident teachers who are skilled in effective pedagogy,
hardware and software use and support, classroom management, and
content knowledge. As Shade (1999) suggests, “The most critical decision
a teacher can make is that of software selection. After all, a computer is
little more than plastic and electronic circuitry until software is loaded”
(p. 276).




Integration

A s the ratio of students to instructional computers drops and access
to the Internet increases in the nation's classrooms (Smerdon,
Cronen, Lanahan, Anderson, lannotti, & Angeles, 2000), it is unlikely that
either teachers or students will be able to continue to work and learn
without integrating technology to some degree into their daily activities.
Unfortunately, when computer technologies are adopted, the learning
about technologies often supplants learning content with the help of
technology (Goldman, Cole, & Syer, 1999). Integration is not simply
buying a computer or connecting to the Internet—supplying the “wires
and boxes.” Integration demands the incorporation of technology as an
integral tool in the learning environment that seamlessly supports teach-
ing and learning (Cuban, 1998; Schwab & Foa, 2001).

Learning with Technology

In its report to the President, the Panel on Educational Technology
(1997) made two high-level strategic recommendations that it believed to
be of utmost importance. The first is that the nation’s schools focus on
learning with technology, not about technology. This recommendation
enforces the concept of technology as an important tool and that simply
acquiring technology-related knowledge and skills is not enough. The
second recommendation is that schools emphasize content and peda-
gogy, not just hardware. This may require some schools to rethink the
role and use of technology in their schools and focus attention on the
potential of technology to help achieve goals pertaining to education
reform efforts. New teaching and learning strategies may be necessary to
promote the development of higher-order reasoning and problem-solving
skills (Panel on Educational Technology, 1997; Schmidt, Sasser, Linduska,
Murphy, & Grether, 1999).

Dockstader (1999) described the many facets of technology integra-
tion when writing about the teachers of the twenty-first century. She
notes that integration can include learning about technology but that
students should do this by applying computer skills in meaningful ways.
Software should allow students to use computers flexibly, purposefully,
and creatively. Integration also requires having the curriculum drive
technology use, not vice versa. She summarizes integration by stating that
it is organizing the goals of the curriculum and technology use into a
“coordinated, harmonious whole.” . .
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Further emphasis on the learning environment finds support from
Lewis (1999), who writes that considering the needs of the learner is one
way of addressing the role of technology. Some of these learner needs
include explicit information, recognition of achievement, flexible access
to resources and support, opportunities to practice skills and apply
knowledge, feedback on performance, and choices in their learning.

School leaders play a prominent role in promoting the effective
integration of technology in their schools. While some leaders come to
accept that some of their teachers may have greater technology expertise,
they can continue to learn and use these teachers as resources (Caverly,
Peterson, & Mandeville, 1997). School building administrators are faced
with many other issues beyond technology integration, however, and find
themselves ever more accountable to taxpayers, boards of trustees,
central office administration, and parents; and there is a great need to
increase the efficiency and productivity of these administrators (Benson
et al., 1999). Understanding how technology can impact teaching and
learning is an important step for school leaders faced with such issues of
productivity and accountability.

The Impact of Technology

Technology is changing the ways teachers teach and students learn.
Technology can open up the classroom and provide opportunities for
students and teachers to share, discuss, and exchange ideas with larger
communities of learners. Technologies can open up the more traditional
classroom and provide the opportunity for students and teachers to
share, discuss, and exchange ideas with larger communities of learners
(Honey & Hawkins, 1999). Technology can enhance and invigorate
education and make schools more exciting and richer learning environ-
ments (CEO Forum, 2000). How does this expanded opportunity translate
into improved student achievement? The answers may not be as concrete
as a score on a multiple-choice test, but evidence does exist to indicate
that technology positively impacts teaching and learning.

Research documents that effective technology-enhanced pedagogi-
cal strategies can result in at least four kinds of improvements in educa-
tion outcomes: increased learner motivation, mastery of advanced topics,
students acting as experts do, and better results on standardized tests
(Dede, 1998). While student scores may rise on conventional achieve-
ment tests, these results do not occur immediately, and both teachers and
students must move beyond learning about technology to effectively
integrating technology into the learning environment. Also, conventional
achievement tests do not measure the full impact of technology (Dede,
1998).

In reviewing benefits culled from the Apple Classroom of Tomorrow
studies, Kosakowski (1998) reports that students explored and repre-
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sented information dynamically and in many forms--communicating
effectively about complex processes. Students were more confident and
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became more socially aware. They worked well together but were also
independent learners and self-starters. Students involved in this long-
term, technology-intensive program used technology routinely and
appropriately. These students also demonstrated increased writing skills,
a better understanding and broader view of math, the ability to teach
others, and greater problem-solving and critical-thinking skills.

Peck and Dorricott (1994) give a “top 10" list of reasons to use
technology. A few examples from this list include that students learn and
develop at different rates, and technology can address some of these
differences. Technology can foster an increase in the quantity and quality
of students’ thinking and writing skills, and it can create opportunities for
students to do meaningful work. It can also nurture artistic expression.

Technology can help teachers and students explore content in
greater depth—moving beyond knowledge and comprehension to
application and analysis of information. Finding, synthesizing, and
creating information are important skills for the current information-rich
world. Technology skills, too, are important and the development of
these skills should not take place in isolation, but applied throughout the
learning process (Dockstader, 1999).

Teachers who have faced the integration hurdle may have to
reconsider some of their underlying philosophies about teaching. These
changes could manifest themselves outwardly in the form of new teach-
ing strategies, activities, and forms of assessment, but this may take some
time (Bruce, B., 1999). In their efforts to help teachers enrich classrooms
through the incorporation of multimedia, Wise and Groom (1996) found
that teachers felt multimedia had the biggest impact on the teachers
themselves. They found the material visually stimulating, that it could
present more detail about subjects, and that it actually simulated bringing
the real subject into the classroom.

Mann and Shafer (1997) found that the success of technology is
strongly related to teacher enthusiasm, initiative, and sense of improve-
ment. Teacher interest in technology was highest when they had access
to enough hardware, used applications teachers cared about, and re-
ceived relevant training. These researchers found that high school teach-
ers were often the most positive about technology’s ability to contribute
to both school reform and their own work, but that some of the strongest
supporters of technology were teachers involved in special education,
career education, and adult education.

It is important to stress that the mere presence of wires and boxes is
not enough to obtain the potential rewards of technology. Bouie (1998) lists
several factors that must be present before technology can have a positive
impact. These include providing students with significant access to technol-
ogy and resources on a regular basis, providing teachers with professional
development activities that include effective integration and communication
training, and having education leaders who propagate an environment that
integrates technology as a valued component of learning.
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Stages of Integration

Teachers follow similar stages of technology adoption as they first
learn about the technology and then begin to incorporate it into their
teaching and learning. Early activities tend to mirror current teaching
activities with which the teachers feel comfortable (Sheingold & Hadley,
1990). As comfort and proficiency improve, teachers may begin to use
technology for instruction in novel ways or create activities that better
capitalize on the capabilities of the technology.

The pivotal, longitudinal project, the Apple Classrooms of Tomor-
row (ACOT) began in 1985 and has provided a wealth of information
regarding teacher attitudes, practices, and integration behaviors when
using technology. Early reports from this project identified a five-stage
continuum of technology integration that evolved at all of the project’s
sites (Dwyer et al., 1991). This evolutionary process consists of five
stages: entry, adoption, adaptation, appropriation, and invention.
Whether or not broken into distinct stages, a similar evolution of teaching
and learning with technology is found in several sources, such as
Sheingold and Hadley's (1990) finding that teachers begin with technol-
ogy that replicates familiar activities. Similar findings are reported in a
later evaluation of the ACOT project (Baker et al., 1993) in which teach-
ers immersed in technology chose resources and based pedagogical
decisions upon subject area rather than the technological resources that
were available.

Word processing, problem-solving, and drill-and-practice applica-
tions are often a first step in incorporating software into the instructional
process because these applications replicate common seat-based class-
room activities, reinforce material already being taught, or provide special
opportunities for particular groups of students. However, the lower-order
thinking skills addressed by these software applications have garnished
negative connotations for instruction, with drill-and-practice software
specifically demonstrating little (Haugland, 1997) or even a negative
relationship to academic achievement (Wenglinsky, 1998). As technology
experiences grow, teachers are able to incorporate a wider variety of
software applications and approaches that provide richer learning oppor-
tunities for the larger population of students. These new approaches
often shift toward learner-centered rather than content-centered lessons,
which replace the traditional classroom activities of lecture-based presen-
tation and seatwork with more project-based and collaborative activities.
The more familiar types of activities, which may be addressed by simple
word-processing and drill-and-practice applications, give way to the need
for curriculum-based software and research tools, which often allow for
greater individualized, creative, and ihterdisciplinary activities.

Technology integration takes time. Consequently, teachers must be
given the time to learn and time to practice using their new skills. The
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National Information Infrastructure Advisory Council, a former inter-

agency advisory council to the federal government, prepared an analysis

of time it takes teachers to reach the various ACOT skill levels

(Mehlinger, 1997).

! Sheingold and Hadley (1990) summarize that teachers appear to

| master many practices and approaches within five to six years of teaching

| with computers. Dwyer, Ringstaff, and Sandholtz (1991) noted that some
of the teachers in the ACOT project moved into the fourth phase of
appropriation—incorporating student-centered, project-based instruc-
tion—in their second year. While no fixed schedule of development may
be applicable to every instructional setting, there is strong research base
to support an evolutionary process of teaching and learning with instruc-

‘ tional technology. This evolution of practices carries with it the adoption

' of software types.

Supporting Change
The Concerns-Based Adoption Model (CBAM) (Hord et al., 1987)
was developed at the University of Texas at Austin and has been success-
l fully utilized to implement change in settings across the world. The
CBAM is based on the premise that the single most important factor in
any change process is the people involved and affected by the change.

SKILL STAGE DESCRIPTION TIME REQUIRED

| Entry Teachers typically learn the fundamental aspects of None
using new technology, including the basics of configur-
ing hardware and software.

Adoption Teachers concern themselves with ways to use the 30 hours
technology to support traditional instruction.

| Adaptation Teachers integrate technology into existing classroom 45+ hours training, 3 months
activities. The emphasis is productivity. Students use experience, just-in-time
word processors, databases, and some graphics support

} programs to create familiar products of instruction.

Appropriation Teachers begin to develop new approaches to 60+ hours training, 2 years
teaching and learning that make the most of the experience, just-in-time
technology available to them. Ateacher’s mastery and  support
skill level have developed to enable the creation of
new learning activities not possible without the

technology.
Invention Teachers no longer try to adapt instruction to technol- 80+ hours training, 4-5 years
ogy but adjust their fundamental perceptions of experience, just-in-time
j instruction. Teachers who reach this stage reflect on support

the actual craft of teaching, and their classroom
strategies may become quite different.
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Evaluations of an innovation that do not consider whether the change
was implemented correctly or to what degree the change has taken place
can lead to distorted results. From their years of research and experience
with implementing the CBAM, the developers note the following about
change: ’

+ Change is a process, not an event. Change occurs over time, often
several years, and cannot be “handed off” or implemented like
turning a key or a switch.

» Change is accomplished by individuals. Change is often conceived
and presented in ambiguous, impersonal terms. In reality, change
affects people and the way they act, think, and believe. Successful
innovations must consider the role of individuals.

* Change is a highly personal experience. People will react to change
differently and their actions will not all be the same.

» Change involves developmental growth. People express their
reactions to change in terms of their own feelings and skills.

» Change is best understood in operational terms. People will relate
to change in terms of what it means to them.

*» Change facilitators should address questions in concrete, practical
terms. The focus of facilitation should be on individuals, innova-
tions, and the context. Change will only occur when people alter
their behavior. Notions about the rate of change, strategies and
procedures, and even what success means may alter as behaviors
change.

The CBAM is not prescriptive but provides a framework for facilitat-
ing change. The model was originally conceived and tested in numerous

~ schools and can be adapted to any type of innovation, such as integrating

technology. The model notes that successful change management re-
quires that a skilled facilitator be designated and ready to support the
change effort. Training is required to fully implement all facets of the
CBAM as a “change facilitator.”

Similarities Between ACOT and CBAM. While the CBAM is not
technology-specific, it can certainly be applied to schools’ efforts to
integrate technology into their curricula. There are several elements
common to both the CBAM and the ACOT studies that are of particular
importance to those undertaking an innovation. These similarities are
listed below for review.

* Individual focus. Both ACOT studies and CBAM emphasize the
importance of the individual in the success of any innovation. While
many innovations are described in impersonal, global terms, the
change that is required is individual. Without the growth of indi-
viduals no innovation will succeed.
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+ Developmental stages. Both describe a series of stages in which
the user first applies an innovation by replicating known methods
and materials. Successful progression through the innovation arrives
at a stage in which participants have thoroughly incorporated
aspects of the innovation to the point that a new synthesis of ideas,
methods, and materials becomes the starting point for a new gen-
eration of innovation. This is the innovation stage in the ACOT
studies.

¢ Ownership. Both emphasize the importance of the participants’
sense of ownership in the integration of the innovation. Participants
will be challenged to grow and may be forced to rethink beliefs and
philosophies. Without buy-in from the participants, the innovation
will not be implemented as desired.

» Time. Innovation takes time. Schools and districts that yield to
pressures to implement innovation and expect results for their
stakeholders within a year will be disappointed. Both the ACOT
studies and CBAM note that innovations take years to show impact.
The average time for teachers in the ACOT studies to reach the
appropriation stage is two years, while teachers who reach the
invention stage may take at least five years to progress this far.

* Focus for evaluation. To truly demonstrate the impact of an
innovation the evaluation must first consider the stage of adoption
of the individual participants and the innovation as a whole. Evalua-
tions that do not consider how the innovation is being used will
yield to misleading results.

Overcoming Barriers to Integration

Schools may face many barriers prohibiting the effective integration
of technology. Fortunately, whether these barriers are physical, such as
lack of hardware and software, or less tangible, such as attitudes and
perceptions, many schools and districts have already faced some of these
problems, and their experiences can suggest strategies for overcoming
these barriers. Following are five major barriers many schools have faced
and some strategies that may help overcome them.

Purpose. One of the most significant barriers to effective integra-
tion of technology is the perception that in many schools technology is
still seen as an “add on” rather than an integral part of the curriculum
(Charp, 1997; Rockman, 1998). Some teachers may use computer work as
a reward for students who have finished other work or for good behav-
ior. Others may view time in the computer lab as release time or neglect
to coordinate technology skill development with curricular goals.

The purpose of technology use should be clearly defined in the
school or district’s technology plan (Anderson, 1996; U.S. Department of
Commerce, 1996; Kozma & Schank, 1998). A well-developed plan will
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outline concrete, time-based goals and outline strategies for achieving
these goals, including funding, training, and benchmarks for ascertaining
whether the goals were achieved. Overcoming the view of technology as
a frill can be achieved through clear communication of the vision pre-
sented in the plan by key school leaders. School leaders should demon-
strate the value of technology in their own daily work and ascertain the
needs of their staff through a variety of data-gathering methods, including
but not limited to classroom observation.

Dockstader (1999) describes how teachers in the Jerome School
District successfully approached technology integration through a seven-
step process. Teachers began with a single core area, then decided what
technology skills were most appropriate for this area. Teachers selected a
single lesson or unit that could be enhanced by technology, often choos-
ing easier projects at the beginning. Teachers developed that lesson or
unit using a software package or other appliance until they were comfort-
able with it, then taught the lesson. Teachers evaluated the lesson,
focusing on what went well and what went wrong, and then refined the
lesson for the next time they taught it or applied those skills to a new
lesson or unit. A similar method of piloting lessons and developing
prototypes of best practices has been successful elsewhere (Lowe &
Vespestad, 1999).

Training. Lack of professional development is often cited as the
most common barrier to effective technology integration (Charp, 1997).
Training that develops basic technology skills may be important but is
not enough. Teachers must also receive training focused on effective
integration techniques that support the goals of their curriculum (Charp,
1997; Kozma & Schank, 1998). This need for training is not limited to in-
service teachers, as many pre-service teacher candidates teave teacher
training programs with insufficient technology skills (Schmidt et al, 1999).
Additional factors that impact training decisions inctude finding release
time and substitutes, both of which also carry a cost burden. Another
barrier is the lack of training geared to the unique demands of school
leaders.

Reflecting 20 years worth of lessons learned in professional devel-
opment, the National Staff Development Center (NSDC) developed
guidelines that relate to the appropriate application and integration of
educational technology. These guidelines propose a constructivist ap-
proach to professional development and suggest that teachers and
administrators collaborate in such activities as action research, conversa-
tions with peers about the basic nature of instruction, keeping journals,
and projects that involve family and community members in student
learning (as cited in Coley et al., 1997). Improving opportunities for
training of administrators is addressed by the Apple Classroom of Tomor-
row Teacher Development Center Project. Administrators are encouraged
to attend the program with a teacher team, and they must commit to
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providing release time and daily planning time for teachers as well as
time for teachers to reflect on their work. Administrators also increase
staff awareness through public acknowledgment of their teachers’ efforts
(as cited in Coley et al., 1997).

Support. Many teachers are still at the early stages of the integra-
tion continuum. These stages require support in terms of both pedagogi-
cal and mechanical help. Many teachers rely on more advanced or
experienced peers—early adopters who have worked through some
common problems. Easy-to-read, print documentation is another need
(Charp, 1997) that may be harder to come by as software and hardware
publishers continue the trend of online help. Novice users may prefer
more traditional print to the new industry preference for online help. As
schools continue to develop Web-based components for teachers, stu-
dents, and the greater education community, the need for round-the-
clock support becomes greater. Cartwright (1996) notes that while many
thought the problems associated with technology would dissipate as
more teachers became fluent users, these problems have not gone away.
Schools must pay attention to continuous training and support for faculty,
staff, and students.

A variety of support strategies are presented by Coley, Cradler, and
Engel (1997). The advanced or experienced teachers mentioned earlier
may actually serve as a valuable resource for other teachers. These
master teachers could be trained specifically for the purpose of acting as
resources or mentors to colleagues. One school (Lowe & Vespestad,
1999) found the structure of teams to be a successful peer resource
model. Expert personnel from libraries or volunteers from business,
parent, and student groups may also be available to support teachers.
Teacher resource centers can provide both pedagogical and technical
help and, as teachers become more familiar with logging on to the
Internet, they can reap the benefits of online tutorials and telementoring.
One school district (Hurst, 1994) found that dedicating one room to
continuous inservice helped boost teacher confidence and positively
impacted integration. This quiet room was loaded with equipment,
software, and manuals and afforded teachers the opportunity to experi-
ment in a private setting.

Time. Time places finite barriers on technology integration because
teachers may already feel their time has been maximized without trying
to learn new teaching strategies or new software. Time cannot be created
and, when having to juggle schedules, teachers may resort to tried and
tested methods and materials. Training takes time and if training is going
to be supported beyond a few one-day sessions, release time may be
required. Time can also be wasted by inefficient technology use—either
by teachers or students. New adopters may also need additional planning
time not only to build and practice technology skills but to develop
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effective strategies to incorporate their new skills (Fisher & Dove, 1999).
Inexperienced teachers often underestimate the time and complexity of
integrating technology. Novice users may be excited to try new technol-
ogy-supported lessons, but early efforts usually result in an emphasis on
the technology and little on content learning. Many teachers already feel
the pressure of too little time to cover the required curriculum. This is
what Goldman, Cole, and Syer (1999) refer to as the “technology/content
dilemma.”

From their experiences helping and observing teachers integrate
technology, these researchers found structuring the technology-supported
activities to be key in promoting content over technology. In a technol-
ogy-supported math activity, they helped the teacher structure an activity
that encouraged students to notice, name, and reflect on math concepts
encountered in their lessons. These researchers also helped teachers
structure informal conversations with students during activities by slow-
ing down and spending a few minutes with student groups. Students not
only demonstrated desired content outcomes but felt they did so during
an engaging activity that had real-world applications due to the technol-
ogy use.

Supporting teachers with increased planning time or release time is
encouraged (Coley et al., 1997; Lowe & Vespestad, 1999) but may require
educators and policymakers to reconsider some of the traditional con-
straints of the school structure, such as the bell schedule, the school year,
or the requirements of contact time. While new models may not work in
all settings, the most successful programs are often those that have
developed effective technology plans (Gustaferro in Norman, 1999; Hurst,
1994). Finally, once having reached a certain level of proficiency, tech-
nology can help solve rather than create the time problem by helping
teachers and staff perform their duties more efficiently and by freeing up
time for instruction or professional development (Kosakowski, 1998).

Funding. Insufficient funds affect not only hardware and software
purchases but can impact staffing as well. The shortage of teachers
proficient in technology may make it difficult for some districts to attract
such teachers (Schmidt et al, 1999). The draw for technology workers
may also draw the most qualified teachers away from a school district or
from teaching altogether.

The cost of technology is often attributed to hardware and network-
ing costs, but too often schools do not budget sufficiently for hidden
costs that may compound their problems, such as retrofitting buildings,
replacing obsolete or broken hardware and software, professional devel-
opment, and maintenance and support personnel (Consortium for School
Networking, 1999; Zeisler, 1997; 1999). Computer prices are dropping,
but few schools have yet to reach the recommended ratio of five students
per computer or the optimal ratio of one student per computer (Graham,
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1997). Schools also face many decisions regarding network configuration.
While broadband access requires substantial funding, many schools do
not have the infrastructure to support connections through phone lines.

While there is no one answer to the funding question, the best
strategy is planning (Anderson, 1996; Coley et al., 1997; Consortium for
School Networking, 1999; Costello, 1997; Zeisler, 1997, 1999). A well-
designed planning document created by key stakeholders not only
describes desired learning outcomes but also designates components
(e.g., hardware, software, training, and support needs) and suggests
methods for funding these components. The planning document does not
actually guarantee procurement of funds, but it can suggest steps that
must be taken to guarantee sustained funds throughout the program’s
initiative, whether those steps require a major bond issue or funding
through outside sources.
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@ Professional Development

0 ne of the most crucial elements for increasing the return of
investment on technology expenditures is professional develop-
ment (Bailey & Pownell, 1998; Consortium for School Networking, 1999;
Norman, 1999). While professional development costs can be measured
in terms of trainers, materials, and substitutes necessary for release time,
neglecting this critical step may bear much higher costs. Failing to imple-
ment an effective, ongoing professional development initiative will
severely limit a school or district’s ability to achieve its technology goals
(Consortium for School Networking, 1999; Panel on Educational Technol-
ogy, 1997). The U.S. Department of Education recommends that districts
set aside 30 percent of their technology budgets for professional develop-
ment, but research indicates that expenditures for this vital component
fall closer to 10 percent (Zeisler in AEL, 2000).

The Costs of Professional Development

Without effective professional development paired with adequate
support, teachers may not ever effectively integrate technology into their
teaching and learning activities (Bailey & Pownell, 1998). The amount of
technology training teachers receive directly impacts the way technology
is used in the classroom and therefore directly affects how and what
students learn (Norman, 1999). The desire for effective integration of
technology puts an increased emphasis on the necessity of professional
development and calls for rethinking methods and approaches used in
past training efforts.

Ultimately, professional development should directly impact how
students learn and should positively impact student achievement. This
places the emphasis of the training on people, not technology. In one
national study (National Education Association, 1996), 73 percent of the
teachers surveyed indicated that their primary motivation for participating
in professional development activities is to improve student achievement.

What Is Good Professional Development?

Regardless of the topic or skills addressed, successful professional
development should employ several consistent elements, which are not
unique to technology professional development. Good professional
development decisions fit with goals and objectives that support the

Co
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school's mission. Professional development should meet the specific
needs of the teachers, and activities should emphasize curricular applica-
tion within a framework of skills development and should be supported
through adequate resources—especially time. Teachers need time to
build skills, to become familiar with new content and materials, and to
practice new skills in their content areas and learning activities. Support
for these activities should include adequate practice and follow up as
well as an evaluation component.

Many researchers and practitioners agree that successful profes-
sional development gives participants opportunities to collaborate and
communicate with their peers. Peer coaching is often more effective than
the lecture format and many schools find success in following a train-the-
trainer model that allows individuals to receive training or attend confer-
ences and then return to the home school and share their new knowl-
edge and skills.

Consideration should be given to the characteristics of adult learners
as a whole and to educators specifically. Adult learners have a more
developed set of beliefs than children about what is and is not appropri-
ate. Educators have often developed strategies and methods that they feel
work test for them and may be slow to change (Tally & Grimaldi, 1995).
Bailey and Pownell (1998) also suggest that professional development
programs must meet human needs in order to be effective. Based on
Maslow's Hierarchy of Needs, the authors indicate that successful pro-
grams will meet basic needs of every individual and that equal emphasis
will be placed on both human needs and technological concerns.

Educators weigh new methods, materials, and theories against
personal experiences and their existing knowledge base. They evaluate
the value of the new data in comparison to both their own and their
students’ learning needs. Programs that reflect this understanding offer
educators the opportunity to experiment and reflect in a safe setting, as
well as opportunities to collaborate and discuss ideas with their peers
(Fulton, 1996). Norman (1999) provides eight components of effective
professional development programs as they relate to technology. Notice
that while these components target educational technology programs,
they could just as easily describe effective professional development in
areas that do not involve technology.

* Involve all stakeholders and create a shared vision.
* Set relevant and realistic goals.
* Develop a strategic plan and budget.

* Assess and capitalize on all resources. (Consider people a primary
resource.)

* Link professional development to teacher needs and learning

Toward an Effective Use of Technology in Education « A Summary of Research
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* Model best practices.
 Provide teachers with time, incentives, and ongoing support.

+ Establish a system for periodic review, assessment, and adjustment.

Skeele (1999) offers some practical tips for presenting professional
development for teachers that have relevance to administrators, as well.
She acknowledges that it is important to know the expertise and interest
level of participants. Session topics should address participant needs—
especially daily classroom needs. Examples should present things teach-
ers can use in their classrooms, and the introductory session should
include an opportunity for teachers to put their new knowledge into
practice. Helpful supporting materials include an agenda, a list of helpful
tips, and complete price and product specifications that include hardware
configurations (Skeele, 1999).

Educators have been charged with revising approaches commonly
referred to as “one-size-fits-all” workshops in which teachers are offered
an overview of concepts or skills irregardless of their level of proficiency,
and given little opportunity for practice and follow-up (Fulton, 1996;
Hurst, 1994; Jackson, 1999; Tally & Grimaldi, 1995). One survey reports
that 46 percent of courses designed to help teachers integrate technology
are offered as half-day workshops, and 79 percent of these workshops
focus on specific hardware or software or Internet usage (Panel on
Educational Technology, 1997). These approaches are inefficient and
ineffective—especially in regard to technology integration (Fulton, 1996).

Teachers report that technology professional development has been
positive but too short and infrequent (Hurst, 1994). The U.S. Department
of Education reported that only 20 percent of public school teachers say
they feel very well prepared to integrate educational technology into the
classroom (as cited in Norman, 1999). The one-size-fits-all approach
ignores both adult developmental processes (Tally & Grimaldi, 1995) and
the well-documented stages of technology adoption through which most
teachers progress (Dwyer et al., 1991; Jackson, 1999). Due to the rapid
changes in technology, ongoing professional development must occur.
Caverley, Peterson, and Mandeville (1997) suggest that a more productive
model to combat the rapid evolution of techndlogy is to educate teachers
and administrators in the use of technology so they may later apply their
training with new technology.

There is widespread agreement for the need for this type of focus
on integration rather than basic skills development (CEO Forum, 1999;
Coley et al., 1997; Kozma and Schank, 1998; Tally & Grimaldi, 1995;
Thornburg, 2000). Time is an integral component of development.
Teachers need time to build skills, become familiar with software and
content, and to practice integrating technology into their content presen-
tation and learning activities. Teachers will need the opportunity to
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discuss technology with their peers and may benefit from ongoing
mentoring and consultative support. The commitment to this scope of
professional development should be addressed early—in the school or
district’s technology plan (Panel on Educational Technology, 1997).

In their 1999 report, the CEO Forum makes several recommenda-
tions for professional development. Among these are that: (1) schools of

- education should prepare teacher candidates to effectively integrate

technology, (2) current teachers and administrators should be proficient
in technology integration, and (3) systems should be developed to
reward effective technology integration. These recommendations call for
standards for continuing education to support effective technology
integration, proficiency standards for teachers and administrators sup-
ported by long-term professional development, and matching content
standards to appropriate technology integration components.

Professional Development Models

Rather than describing specific models, the following is a presenta-
tion of trends in professional development models. These trends may be
observed individually in models or may be found in combination. All
may be applied or adapted to help develop successful professional
development programs.

Development centers. Technology training centers are found both
in K-12 settings as well as higher education (Candiotti & Clarke, 1998;
Fons & Wyler, 1995; Hurst, 1994; Shapiro & Cartwright, 1998). They can
be extensive and offer a full spectrum of training opportunities, staff
versed in technology integration and instructional design, and a plethora
of hardware and software to introduce educators to new and emerging
technologies with possible application in their classrooms.

While staff development opportunities supported by such a center
are optimal, not all centers are used for the presentation of structured
sessions. Noting that teachers sometimes felt uncomfortable or intimi-
dated demonstrating their developing technology skills, one school
dedicated a single, small room to continuous technology inservice (Hurst,
1994). This room was filled with all the hardware and software available
throughout the school as well as accompanying peripherals, workbooks,
and manuals to encourage experimentation in a safe, nurturing environ-
ment.

Another school established a -demonstration and training site that
also serves as a lending center for hardware and a preview center for
software (Fons & Wyler, 1995). This center can support a variety of
professional development presentation options, such as vendor-supplied
training, train-the-trainer sessions, collaborative professional develop-
ment, and interdisciplinary unit development.
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Train-the-trainer and collaborative models. The unifying factor
of these models is the reliance on human resources. A variety of strate-
gies may be found in either model to generate continued support and the
range of human capital is sometimes surprising.

Designed with the intent of duplication or modification, one district
(Schmidt et al., 1999) developed a framework for professional develop-
ment where educators work collaboratively to design effective models of
technology use that facilitate meaningful learning in classrooms. Partici-
pants work with preservice and inservice teachers through mentoring
programs, courses, focus groups, and providing support. Approaches
used to optimize training time and effectiveness include group inservice
sessions followed up by demonstration of software by trainers in actual
classrooms, and partnering of preservice candidates with inservice
teachers from two to four hours per week.

Described as a “generational” model, another district (Caverly et al.,
1997) uses strong early adopters to help future generations of teachers
effectively integrate technology. These early, strong adopters attend a
“technology boot camp” for three weeks during the summer focusing on
integration in interdisciplinary, thematic units. Once classes began, these
first-generation integrators met throughout the year to receive additional
training as well as create and share further interdisciplinary units. Peer
support and evaluation helped this group become experts in their own
right. The cycle continued as each first-generation teacher returned to
boot camp, but as a mentor to two new integrators rather than pupil. As
the number of teachers exposed to this training grows, these teachers not
only train other teachers but also become a valuable resource in their
own schools during the school year.

Modeled after the successful projects, such as Generation www.Y,
some schools have also capitalized on one of their largest human re-
sources, their students (Lowe & Vespestad, 1999). Technology often
increases student interest and motivation and some districts have found
that these young adopters can help teachers grappling with building
basic technology skills and applying them to effective integration prac-
tices. Even elementary and middle school students can help with basic
troubleshooting, routine maintenance, and can even support teachers in
their professional development efforts. One school uses students in
collaborative teams and has found success with student-led staff inservice
efforts. These same students also help community members build their
technology skills in the evenings (Lowe & Vespestad, 1999).

Using technology to support professional development. Much
like other leadership principles, technology itself may be utilized to
support successful professional development activities. Telecommunica-
tions applications allow teachers to interact, take courses, and access
research (Coley et al., 1997).

yoJeasay JO AlBwWNS Y « UOKEINPT Ul ABOJOUYIS] JO 8S SAD8YT UB pJEMO]

-
&

)

TERIC

Aruitoxt provided by Eic:

k‘;:

G




,

Toward an Effective Use of Technology in Education « A Summary of Research

Web-based professional development can also offer greater flexibil-
ity in terms of times of service as well as pacing. Some costs such as
substitutes, travel costs, and problems associated with scheduling may be
avoided. Components that may be offered during Web-based professional
development include online lectures, opportunities for chat and threaded
discussions, tutorials, resources cataloged in searchable databases, and
video components for modeling (Jackson, 1999).

One Web-based model (Rodes, Knapczyk, Chapman, & Haejin,
2000) supplements field-based activities in the participants’ own class-
room with distance-based elements. Technology is introduced slowly.
The program has demonstrated success by beginning with technologies
that teachers readily become accustomed to, such as fax machines and
e-mail. Technology skills build to include Web-based conferencing.

Telecommunications are not the only technical application of
professional development, as some districts utilize technology to support
local efforts. Electronic portfolios are a popular application of technology
that helps demonstrate skill acquisition while allowing for individual
creativity. Portfolios have been described as the most appropriate and
authentic means to chronicle and demonstrate professional improvement
over time (Wiedmer, 1998). As teachers become more familiar with the
possibilities of technology, telecommunications tools, electronic portfo-
lios, and other applications will undoubtedly find a greater foothold in
professional development activities.
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@ Access

T o optimize the return on technology investments, school districts
should make sure all students and teachers have easy, reliable
access to technology that supports learning goals. While some school
districts work to improve access within the traditional school day and
setting, many schools and their surrounding communities have acknowl-
edged the importance of increased technological skill and access for all
community members and are working to expand them beyond these
traditional boundaries. Schools, libraries, and community centers are
quickly becoming the frontline of technology access for all residents
(Bagasao, Macias, Jones, & Pachon, 1999).

Where Do We Want to Go; Where Are We Now?

Rockman (1998) describes four barriers to learning that can be
reduced or removed through increased access to telecommunications and
technology. These include the barriers of geography, economic status,
individual learning styles, and special needs. Thornburg (2000) describes
how increased access to information transforms things we already know
and requires lifelong learning. He comments that “one of the great
promises of educational technology is that it makes available to all what
was once only available to a few (p. 5).”

Jones, Valdez, Nowakowski, and Rasmussen (1995) help us under-
stand access through four indicators. They say a technology-enhanced
program has high access when it has connectivity, ubiquity,
interconnectivity, and is used equitably. These authors define connectiv-
ity as the ability to access rich resources within and beyond the school.
Technology is considered ubiguitous when hardware and software are
readily available to students and teachers for problem solving, communi-
cation, collaboration, and data exchange. Interconnectivity occurs when
students and teachers communicate and collaborate in diverse ways using
technology. Finally, when technology gives everyone access to rich and
challenging learning opportunities, its use is considered equitable.

Access to technology is often discussed as a ratio of students to
computer. In Getting America's Students Ready for the 21" Century, the
U.S. Department of Education (1996) stated that, to make technology a
viable instructional tool, all students—including students with disabili-
ties—must have easy access to modern multimedia computers. The
Department’s goal for the year 2000 was five students for every modern
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multimedia computer in every school. According to Williams (2000}, we
may have realized that goal. In a representative sample of 1,000 public
schools, the national ratio of students to instructional computer was 6:1
in 1999, virtually the same as the previous year.
School access to the Internet continues to increase. The percentage
of schools connected to the Internet has increased from 35 percent in
1994 to 95 percent in 1999. The percentage of instructional classrooms
connected to the Internet increased from 3 percent to 63 percent in the
same five-year period. The ratio of students to instructional computer
connected to the Internet improved from 12:1 in 1998 to 9:1 in 1999,
Demographic characteristics influenced variations with this national
average. Medium-sized and large schools had more students per Internet
-computer (9:1) than small schools (6:1); urban schools had more students
per Internet computer (11:1) than rural schools (7:1); and schools with
the highest concentration of poverty had the greatest number of students
per Internet computer (16:1) compared to schools with the lowest con-
centration of poverty (7:1) (Rowand, 2000).
In the revised National Technology Goals, the U.S. Department of
Education (2000) report no longer discusses student-to-computer ratios
but speaks in terms of universal access: all students and teachers will
have access to effective information technology in their classrooms,
™ schools, communities, and homes (Levin & Darden, 1999). Additional
priorities support the effective use of technology by teachers; students
being technologically literate and responsible; and emphasis on research,
development, and evaluation as the breeding ground for the next genera-
tion of educational technology applications.

The CEO Forum, a group of the nation's top business executives,
emphasize the need for universal access in their 2001 report, Key Build-
ing Blocks for Student Achievement in the 21st Century (p.29). President
George W. Bush'’s (2001) pledge to “Leave no child behind” is evidenced
by his promise to loosen restrictions in the FCC’s E-Rate program and
propose $400 million in new spending over the next five years for the
Education Department to research ways that technology can be used to
boost student achievement. The new national goals call for access be-
yond classrooms and include the greater community.

The goal of universal access incorporates more than students and
teachers. Universal access holds that learning can and should be sup-
ported through the richness of networked technology not only in schools
but wherever learning can take place—libraries, museums, community
centers, and the home.

Universal access. Support for universal access is widespread
(Cartwright, 1996; Jones et al., 1995; Panel on Educational Technology,
1997; Thornburg, 2000). Many believe that universal access will provide
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learning resources. Indeed, some suggest that providing all students and
teachers access to technology resources, perhaps through the use of low-
cost portable computers, can support a paradigm shift in the way com-
puters are used in schools, a shift described as early as 1980 by Seymour
Papert (Robertson et al., 1997).
Included in the concept of universal access is access for learners
with special needs. Planning for special needs students includes those
with disabilities and gifted and talented students (Anderson, 1996;
Benshoff & Lewis, 1992; Howard 1999). Students with disabilities receive
> learning support from a variety of adaptive technologies. Such hardware
> and software tools may include speech synthesizers, larger monitors,
touch screens, scanners with scan-reading software, voice recognition
systems, speech output devices, keyboard of various sizes, trackballs,
joysticks, and Morse Code sip and puff switches (Anderson, 1996). The
Center for Applied Special Technology (CAST) (www.cast.org/) promotes
the concept of universal design, which endorses the creation of learning
environments that provide alternatives for students, teachers, and parents
with different backgrounds, learning styles, abilities, and disabilities.

} Universal design does not suggest that one solution will work for every-
one, but that the learning environment must remain flexible to include as
wide an audience as possible.

l Dede (1998) reminds us that focusing on access and literacy alone
won't take us to educational equity. He suggests the real issue in equity

| is empowerment. Information technology can empower dispossessed

l groups to achieve their goals. Dede also notes that, from a historical
perspective, innovative information technologies often widen inequities

| when first introduced. The resulting segregation by commodity is re-

i duced only after the technologies mature, drop in price, and are widely
adopted. This segregation of the technology-rich and the technology-

| poor is often called the “digital divide.”

The digital divide. This term most often refers to access to the

‘ Internet; however, the concept is much broader and its origin is often

:' attributed to the cost of technologies (Revenaugh, 2001). While many
communities are familiar with home computers, mobile phones, and
Internet access, many low-income neighborhoods have had little expo-
sure to devices now considered “low-tech,” such as laser scanners at
supermarkets and automatic teller machines (Benton Foundation, 1998).

l The divide can be deepest in low-income neighborhoods that do not

have an adequate telecommunications infrastructure. The lack of Internet

access and basic phone service leads to the greater problem of making

t an area less attractive for businesses that demand a robust telecommuni-
cations infrastructure (Benton Foundation, 1998).

i The U.S. Department of Commerce (1995, 1998b, 1999) has been
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tracking and reporting on the digital divide for several years. Its most
recent (1999) report announced that access to computers and the Internet
has increased dramatically in all demographic groups and geographic
locations. At the end of 1998, more than 40 percent of all American
households had a computer and 25 percent had access to the Internet.
Phone penetration has increased, as well, especially among those who
were less likely to have phones previously—young and minority house-
holds in rural areas.

Whites are more likely to have access to the Internet from home
than are Blacks and Hispanics from any location—home, school, or
community centers. Blacks and Hispanics are also less likely to have
Internet access at home than are Americans of Asian/Pacific Islander
descent.

Income and education levels also affect access. Regardless of
income, rural Americans are less likely to have Internet access than urban
dwellers. In households with incomes of $75,000 or more, the divide
between Whites and Blacks actually decreased considerably between
1997 and 1998. If this continues to hold and the price of access de-
creases, the disparity between race and access to the Internet may lessen
even more (U.S. Department of Commerce, 1999).

A recent survey by National Public Radio (NPR, 2000a) provides
similar findings concerning computer use and ownership. Income and
education affect computer use. Americans under age 60 with annual
incomes under $30,000 or with a high school education or less are least
likely to use a computer at either home or work. There exists a 17
percent gap in home-computer ownership between low-income Blacks
and low-income Whites; however, these differences virtually disappear in
high-income households, much like the Internet access findings previ-
ously mentioned.

This poll also found some good news. Computer ownership is up
among groups previously identified as less likely to be computer owners.
First-time computer owners in the past two years under age 60 are more
likely than long-term owners to be low income and to have a high school
education or less (NPR, 2000a).

Schools are an important ingredient for improving access and
reducing the digital divide for school-age children. Despite the disparity
of access to computers at home, this survey found that 55. percent of
White children, 60 percent of Black children, 56 percent of students from
high-income households, and 39 percent of students from low-income
households now use computers at school (NPR, 2000a). This success in
providing access to technology has prompted leaders to encourage
schools, libraries, community organizations, and agencies to work to-
gether to ensure that entire families have access to technology.

Toward an Effective Use of Technology in Education « A Summary of Research
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gains importance. The Children’s Partnership (2000) has expressed
concerns that much Internet content has little value to many of the low-
income and underserved populations that have recently gained access.
Current barriers to use of content include lack of information about their
communities, literacy barriers that are shared by 44 million American
adults who do not have adequate reading and writing skills, language
barriers to the 87 percent of the documents on the Internet that are in
English, and a lack of support for content and interaction in culturally
diverse venues (Lazarus & Mora, 2000).

Reducing the divide. Communities may choose from several
strategies for reducing the digital divide. Schools, libraries, and commu-
nity centers can serve as important community access points to comput-
ers and the Internet (Bagasao et al., 1999; U.S. Department of Commerce,
1999). Rockman (1998) further notes that some communities have after-
school programs that provide instruction and support as well as access,
and some schools provide children from disadvantaged families the
opportunity to have a computer at home through loan, subsidized
purchases, or low-cost computers that have been reconditioned.

To help address inequities of Internet content, the Children's Part-
nership (2000) suggests communities start to address their information
concerns by exploring their own community values and developing their
own content and community resources. More global strategies include
supporting communities as they develop more effective online content
through finding resources, marketing the content, and carrying out
research and development.

Finally, technology itself may be used to address factors that have
promoted the disparity of access. As part of an effort to address the
problems of chronic poverty, technology may be used to facilitate the
exchange of ideas vital to building community. Technology can help
social service agencies reach a broader audience and can empower
individuals and groups by supporting new venues of public discourse.
New and emerging technologies could support communities in their
endeavors to combat problems related to housing, crime, and health
concerns, among others (Benton Foundation, 1998).

The school infrastructure. The school network can be a powerful
agent in support of education reform (Carlitz & Hastings, 1995). A net-
work that provides easy access to finding, creating, and storing informa-
tion resources will allow students and teachers to produce materials,
collaborate, and share resources. A network can help end the isolation of
remote students and teachers and can promote equity of access to online
resources. The success of such a network will depend upon ease of
access, flexibility, and affordability (Carlitz & Hastings, 1995).

The school network should integrate data, voice, and video compo-
nents and should extend to every school and library in the district
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(Anderson, 1996). Such a network may also provide distance learning
opportunities for students as well as professional development opportuni-
ties for staff. After all, professional development will be required to
achieve maximum benefit from the network investment (Honey et al.,
1999).

Kozma and Schank (1998) suggest installing the highest speed
Internet connection that can be afforded and investigating the possibility
of a wireless network—at least a wireless local area network, which can
integrate support services for handheld, laptop, desktop, and even
wearable technologies. Satellite and wireless broadband services (fast
Internet connection) have potential for rural areas, as the distance has no
affect on cost (National Telecommunications and Information Administra-
tion, 2000).

Connectivity to and between schools, libraries, and other education
centers means little if there is no useful content. Unlike print resources,
resources stored in digital archives offer opportunities for students and
teachers to mold and even create content and to express understanding
of content in multiple formats. Honey and Hawkins (1995) describe the
potential of digital archives to achieve four goals: provide information
anytime in anyplace, provide multimedia information in a variety of
visual and aural formats, allow students and teachers to personalize or
customize how they access and represent information, and radically
enhance collaborative activities by reducing the barriers of geography,
organizational hierarchy, and time.

Honey and Hawkins (1995) further describe three key design
considerations for digital archives. They suggest that the publishing
industry is dominated by a mindset that discourages inventiveness in
students and teachers and makes products that are “teacher proof.”
Digital content, however, allows experimentation in selection, format,
and presentation. Teachers can use these resources in ways that make
sense to them. This concept of teacher ownership is the first important
design principle proposed by the authors.

In order to increase student engagement, the second design prin-
ciple, designers of digital archives must consider the cognitive, social,
and emotional stages of development of the potential users. The authors
suggest that the students and teachers themselves are the best sources for
assessing these developmental levels. Finally, to make the best use of
digital resources, teachers and students need to be able to build their
own approaches to searching and organizing archived materials. Indexing
schemes that work well for a scientist or researcher may not be useful in
a classroom (Honey & Hawkins, 1995).

Choosing the most appropriate network connection may be difficult,
and the options all bear different price tags. Kozma and Schank (1998)
suggest installing the highest speed Internet connection that is affordable,
but some options aren't available everywhere. Lower bandwidth connec-
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tions cost less than faster, more powerful broadband options, but the
lower bandwidth involves a tradeoff in terms of time required to access
materials and the complexity of information that may be transmitted
(Consortium for School Networking, 1999).

Rural areas lag behind urban areas in broadband availability. How-
ever, rural towns are more likely to have broadband connections than
residents outside of towns. These “last mile” households pose a difficult
problem for broadband deployment. Urban areas enjoy such broadband
options as digital subscriber line (DSL) and cable modems, with cable
modems the most widely deployed service. As mentioned, satellite and
wireless access may be options for some rural areas (National Telecom-
munications and Information Administration, 2000).

The solution to the access puzzle is unique to each district. The
well-defined technology plan will describe desired learning goals that
will help each district make decisions concerning options and funding to
bring its vision to reality.
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@ Support

1 I need help.” We've all said it when we started using a new piece
of hardware or software. And, while we joke about not being able
to program a home VCR, schools and districts that are integrating com-
puter networks and the dizzying array of related software and hardware
can't laugh away technical problems. They need help, and the issue of
support goes beyond keeping the “wires and boxes” up and running.

What Is Support?

Support-related issues fall into two categories: technical support and
pedagogical support. Technical support keeps eqdipment and the net-
work up and running, and provides sufficient software and supplies so
that hardware can be used as intended to support teaching and learning.
But every dollar spent on purchasing and maintaining infrastructure is in
jeopardy if teachers do not receive adequate pedagogical support to
build technology skills and craft technology-supported learning environ-
ments and experiences. These new activities and the student outcomes
they produce may look different than those of traditional learning activi-
ties and will need a supportive environment in which to evolve.

Lack of support presents many barriers to adopting emerging
technologies into education (Rogers, 1999). These may include the
scarcity of technical support in the form of user services and staff neces-
sary to maintain components of the technology infrastructure. Something
as minor as the lack of toner cartridges for printers can have major
impact on teachers who have planned activities dependent upon them. A
lack of institutional supports such as administrative encouragement and
funding can also inhibit technology adoption. Attitudes toward technol-
ogy and its uses also help determine what technologies and strategies are
employed (Rogers, 1999). To be successful, school leaders must also
provide pedagogical support to teachers faced with integrating technol-
ogy into their classrooms.

Do not assume that there will be few technology problems just
because equipment is new (Fisher & Dove, 1999). Cartwright (1996)
observes that early adopters of computers in schools expected training
and support to be short-term problems that would go away as computers
became widespread. Computers and their peripherals are much more
sophisticated than their educational technology predecessors, such as

Uo1easay Jo Aewwng v - uoiesnp3 ur ABojouysa] JO 8sM SAIOBYT UR PIEMOL

)
S

ERIC

<L B
N




record players and televisions, and teachers should not be expected to
solve complicated equipment malfunctions or maintenance problems.
Schools and/or districts must provide maintenance, either in-house or
through outside contracts (Fisher & Dove, 1999). Equipment downtime
can result in frustration, leading some teachers to avoid technology use
(Consortium for School Networking, 1999).

Knowing that they have support can encourage teachers to continue
with integration despite their inability to solve technology troubles
(Wolinsky, 1999). A good start is to incorporate support issues in plan-
ning. Anderson (1996) lists the following points to consider:

* Financial support to purchase hardware and software
* Financial support for the infrastructure

*» Training for faculty and staff members

* Incentives for participation in training programs

+ Elimination of teachers’ routine tasks to make time to help peers
and students

* Technical support to maximize the use of the hardware and soft-
ware

» Consultation and advice on safety and related legal issues

Costs. Support and professional development will be the largest
ongoing costs (Coley et al., 1997). These two components can reasonably
be considered the most critical components in the effective infusion of
technology, but often receive less attention than hardware, software, and
network connectivity (Bailey & Pownell, 1998). The difficulty of anticipat-
ing the need for consumable technology supplies—such as toner car-
tridges, paper, storage materials, and software upgrades—makes it hard
to project these costs at the beginning of new technology initiatives.
Remember that as new technologies are adopted, the quantity and variety
of these supplies increases (Fisher & Dove, 1999).

Many schools and districts struggle with funding technology support
personnel (Bushweller, 1996; Sturgeon, 1999; Zsiray, McRae, Liechty &
Gibbons, 2001). Finding and retaining such personnel can also be diffi-
cult. Teachers note that many support personnel are paid salaries much
greater than instructional personnel. Some schools report difficulty
finding support personnel who have the interpersonal skills to work in a
school environment. The increasing demand for technology support
personnel means there is also high turnover (Fisher & Dove, 1999). While
these difficulties must be considered, once technology support personnel
are found, they will be assets (Candiotti & Clarke, 1998).

Maintenance and replacement. Given the investment required to

Toward an Effective Use of Technology in Education + A Summary of Research
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unfortunate that their useful life is only three to five years (Consortium
for School Networking, 1999). Total-cost-of-ownership models for busi-
nesses are usually calculated on replacing computers on a three-year
cycle, but schools may be able to stretch this to five years. Some schools
may be expected to extend the life of computers beyond five years, but
this may actually negate an attempt at savings as older machines often
require greater maintenance and support costs.

Inadequate long-range planning can seriously compromise future
equipment use (AEL, 2000). While a purchasing and replacement cycle of
five years is recommended, schools traditionally use one-year funding
cycles, not long-range budgets, and funding cycles of a single year are
typical. Because schools or districts may not be able to make long-term
budget commitments, many experts recommend that schools purchase
computers with the most memory and processing power they can afford
(Consortium for School Networking, 1999).

Older equipment may be designated for less intensive work. For
example, computers that can still run word processing software are useful
for text-based projects. Older computers can also be used as “dumb”
terminals for proprietary software (such as inventory and cataloging
software used in libraries and media centers) or can be designated as
single-use machines for individual software titles (AEL, 2000). Older
computers may actually need more support as they become less reliable.
Fees might also be charged to dispose of computers (Consortium for
School Networking, 1999).

Anderson (1996) lists planning considerations that may reduce
maintenance costs in the long run. Routine monitoring of equipment and
basic preventative maintenance can reduce many major equipment
failures. When buying equipment, purchase common replacement parts
at the same time. Maintenance contracts may give a false sense of secu-
rity. Read contracts and warranties closely and know what is and is not
covered. Make sure equipment is accessible in case repairs are necessary,
and keep maintenance logs for all equipment. These logs can provide
assessment data when further purchasing decisions are required. Some
vendors lease computers with maintenance support and replacement
built into the contract. Include basic maintenance in training sessions—
for both staff and students—and find outside volunteers as a resource for
free or low-cost service (Anderson, 1996).

Pedagogical support. Teachers who integrate technology face
several new challenges. They must be able to select appropriate software,
develop strategies to integrate the technology into their activities, and
assess students in new ways (Fulton, 1996; Panel on Educational Tech-
nology, 1997). Collaborative work supported by groupware, telecommu-
nications software, and multimedia applications demands both new
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teaching and new assessment skills. Teachers need sustained pedagogical
support in order to integrate them successfully.

Teachers may explore several avenues to find this support—observ-
ing peers who are successful with new technology, consulting with
experienced mentor teachers, and establishing a dialogue with other
teachers facing the same challenges. Estimates say that the typical teacher
will take three to six years to fully integrate educational technology into
teaching and learning; ongoing changes and advancements in technology
may ensure that this process is never fully complete (Panel on Educa-
tional Technology, 1997).

One distance education program incorporated pedagogical support
by pairing instructional designers with teachers to help them match
required course objectives and skills to appropriate software and teaching
methods (Shaeffer & Farr, 1993). The instructional designers also moni-
tored the course electronically and responded to teacher concerns as they
arose. This coaching of teachers has made significant impact on retention
and return rates for both instructors and students. Teachers appreciate the
support and report changes in their teaching. For many, this was their
first opportunity to discuss pedagogy with a colleague.

Support strategies. The most-often recommended support strategy
is the designation of full-time support personnel (Bete, 1998). The
number varies widely however, with schools reporting a ratio of support
personnel to other staff as high as 1:500. This compares to reports from
business of a 1:50 ratio (Consortium for School Networking, 1999). The
number of support staff will depend on the actual number of worksta-
tions, as well as the variety of platforms, operating systems, and software
applications.

Observations from the Telecommunications and Information Infra-
structure Assistance Program (TIIAP), now called the Technology Oppor-
tunities Program (TOP), indicate that clear definitions of staff roles will
help in making the best match between the requirements of the school or
district and the qualifications of candidates (U.S. Department of Com-
merce, 1996). These programs teach us that support staff should be able
to interact and communicate comfortably with all staff and be able to
explain technical skills in plain English for staff members at the early
adoption stages. As mentioned, support staff turnover should be ex-
pected but the effects of turnover can be countered by training staff in
several jobs so the school can continue to function without serious
interruption. One school district suggests categories to address during
interviews of potential support personnel. These relate to technical
expertise, understanding of technology in an instructional environment,
professional development, and Internet knowledge and experience
(Smith, 1997).

When a designated support person cannot be hired, many districts
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rely on teachers with technology experience (Consortium for School
Networking, 1999; Panel on Educational Technology, 1997; Smith, 1997).
Unfortunately, this can create problems if the teachers are not given time
and supplies to complete both their teaching and support duties. Without
training, these individuals may also have limited impact. This solution has
been called by some teachers the “unenviable position of providing
troubleshooting and stopgap maintenance” (Fisher & Dove, 1999, p. 5).

Some schools capitalize on the interest and motivation of students
or outside volunteers. In one example (Lowe & Vespestad, 1999), student
interest at a middle school supported the formation of a computer club
despite the limited technological proficiency of sponsoring teachers.
Building on student interest in basic programming, gaming, and trouble-
shooting, the program has blossomed, and members provide classroom
technical support as well as some technology training of teachers during
the day and community members in the evening. Generation www.Y
(207.225.234.197/genwwwy/) was originally a recipient of a Technology
Innovation Challenge Grant from the U.S. Department of Education and
has become a model program for partnering students with teachers to
provide technology support. Begun in Olympia, Washington, Generation
www.Y now has partner schools all over the nation.

As with many challenges of technology integration, technology itself
can offer some solutions to the support dilemma (Fulton, 1996; Panel on
Educational Technology, 1997). Computer-mediated communication tools
allow teachers to create, share, and evaluate materials online. Teachers
can serve as mentors or simply share stories throughout a school, district,
or across geographic boundaries. Videotapes and broadcast video op-
tions, such as teleconferencing and streaming video, allow teachers to
observe successful peers who have faced integration challenges. One
such Web-based program, classrooms@work/tools@hand, gives teachers a
way to hear, see, and gain from others’ experiences (www.netc. org/
classrooms@work). Robust online environments can support professional
development opportunities in basic maintenance and troubleshooting
skills as well as advanced pedagogical strategies—often with flexible
scheduling and in the convenience of teachers’ homes.
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@ Accountability

W hile many business leaders, community members, and
policymakers support educational technology initiatives, these
same stakeholders increasingly demand evidence of technology’s impact
on teaching and learning (Kozma & Quellmaiz, 1995). Investors and
supporters want to know what kind of return they are receiving on their
investments. However, technology integration can foster learning envi-
ronments and activities that help students attain skills not easily measured
by traditional methods of assessment.

Assessment and evaluation are related concepts in the realm of
accountability. In this instance, assessment is defined as the measure of
student skills and knowledge using technology. The interest in using
technology for student assessment, whether for demonstrating efficacy of
day-to-day classroom instruction or for large-scale, high-stakes testing
online, will have direct impact on most schools. Evaluation refers to
measuring the impact of technology on schools—the degree to which it
is effectively integrated into the curriculum. Evaluation questions focus
primarily on the program level and weigh the costs of staff time and
capital outlay against the projected benefits in student achievement. Most
schools demonstrate accountability through measures of student achieve-
ment.

The Need to Evaluate Technology

The need for new models. “Evaluating the impact of technology
must be based on an understanding of its role in the teaching and
learning process” (Rockman, 1998, p. 3). Kozma and Quellmaiz (1995)
agree that traditional forms of assessment often fall short when evaluating
the impact of educational technologies. These researchers call for new
criteria, measures, and methods of collecting data when the use of
different technologies and pedagogies complicates assessment. Projects
that attempt to address variables other than student learning, such as
improving teacher knowledge and skills or including new classes of
participants in the education process, tax traditional assessments even
more. Consequently, no single evaluation design can be used in all
situations.

While few educators are professional evaluators, they must still
make decisions about technology use and methods. Bertram Bruce (1999)
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presents several factors that require new evaluation methods, which
include:

* Users adopt technology at different rates. Early adopters tend to be
more adventuresome and knowledgeable about technology, but
evaluations must reflect the whole community of users.

* New technologies are often not isolated entities and must be evalu-
ated as components of larger, more complex systems.

* Technologies change rapidly, and standards and strategies for use
may become outdated even as evaluation methods are being
developed.

Additional factors include new roles teachers and students assume
when using educational technology, scale effects, technical characteris-
tics, and the limitations of access (Bruce, B., 1999).

In a review of district technology plans, Mojkowski (1999) noted
that many plans propose evaluation indicators that are based on measur-
ing student test results, while others are linked to the technology infra-
structure, such as counting the number of computers and Internet con-
nections. He suggests that more valuable indicators are changes in
student learning opportunities, engagement in learning activities, and
attention to higher order or complex thinking. He contends that districts
should focus on developing a deeper understanding of the impact
technology has on students’ experiences.

Further reasons for new evaluation models include the need for
administrators to use data-driven decision making to build support for
their programs (Benson et al., 1999), to evaluate how teachers are guid-
ing student interactions in technology-based activities (Caverly et al.,
1997), to combat high attrition rates in distance education settings
(Dominguez & Ridley, 1999), and to evaluate potential problems early
and guide further evaluation efforts (Quifiones & Kirshstein, 1998).

The National Forum on Assessment has developed seven principles
for student assessment systems. The primary purpose of assessment is to
improve student learning, and assessment for other purposes should
support student learning. Assessments should be fair to all students.
Communications about assessment should be regular and clear, and
assessment systems should be reviewed and improved regularly (National
Forum on Assessment, 1995).

Demonstrated outcomes. Some stakeholders still hold schools to
traditional measurements, such as standardized test scores, as indicators
of impact. Many argue that such measures are not reliable indicators of
the impact of technology (Coley et al., 1997; Ellett, 1998; Heinecke, Blasi,
Milman, & Washington, 1999; Kosakowski, 1998; Kozma & Quellmaiz,
1995; Lanier, 1997; Mojkowski, 1999; Rockman, 1998; Wiggins, 1997). If
faced with providing evidence that technology can impact student
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Coley, Cradler, and Engel {1997) summarize findings from numerous
studies on the impact of technology. Drill-and-practice and computer-
assisted instruction (CAI) have demonstrated positive gains in student
achievement, and there is evidence that a variety of specific applications
lead to improvements in student performance, student motivation, and
teacher satisfaction. At least a dozen meta-analyses involving over 500
studies have demonstrated positive impact of computer-based instruction.

Students in all subject areas and at all levels also usually learn more
and at a more rapid pace using CAI (Kosakowski, 1998). CAI can be
more cost effective in achieving equivalent gains from strategies such as
tutoring, reduced class size, or increased instruction time. Kosakowski
also reports that students using CAI feel greater self-esteem and feel more
successful, motivated to learn, and self-confident.

Mann and Shafer (1997) conducted one of the largest studies on the
effects of educational technology. The preponderance of their data—
quantitative, qualitative, longitudinal, and anecdotal—suggests that
increased access to technology “supports, facilitates, and encourages
student achievement” (p. 22). When they studied five counties in New
York, they found that the percentage of high school students passing the
math state Regents exam increased by an average of 7.5 percent, and
those passing the English state Regents exam increased by an average of
8.8 percent. They also found that 42 percent of the variation in math
scores and 12 percent of the variation in English scores could be ex-
plained by the addition of technology in the schools.

Some researchers (Heinecke et al., 1999) suggest that analyses of
the relationship between technology and student learning depend upon
how both student learning and technology are defined. These researchers
accept studies revealing a positive relationship between certain types of
technology and increased student learning—if student learning is defined
as the retention of basic skills and content information as demonstrated
through standardized tests. However, if student learning goes beyond the
simple relationship between a student, a computer, and a test to include
engaging in critical and higher-order thinking and problem-based inquiry,
then research has been less successful in demonstrating that technology
supports these more advanced behaviors. Performance-based assessments
supported by technology must be developed to measure the greater
impact on student learning (Heinecke et al., 1999).

Grades and test scores are not the only measures of success. Im-
provement can take many forms and include the performance of teach-
ers, administrators, and other staff; delivery of programs and services to
students, parents, and the community; and ability of the school commu-
nity to accomplish its mission (Stronge, 1997).

Teachers trained in the use of multimedia noted additional out-
comes not necessarily tied to grades, such as increased student interest
and greater student attention. While some students became excited by
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the multimedia, others were merely entertained. All were more alert and
attentive, however. One surprising positive outcome was reported.
Teachers often encountered difficulties or frustrations during their daily
use of technology, having to solve minor technical difficulties or resort to
alternate plans. Observing their teachers facing and overcoming these
difficulties, students learned lessons about problem solving and decision
making and also learned that setbacks in technology are common (Wise
& Groom, 1996).

Honey, Culp, and Carrigg (1999) believe that the impact of technol-
ogy on teaching and learning must be understood in context. These

. researchers present several lessons learned, including the roles that

specific technologies can play in the education process and technology's
powerful ability to connect schools with the greater community. They
suggest that research strategies and questions must be defined in terms of
challenges in education rather than the capabilities of technologies. Most
importantly, they note that research focused on change cannot be done
at a distance, and that change must be understood within the context of
each school community.

Evaluating Technology

Variables. The unique influences of technology upon teaching and
learning suggest that diverse variables for study are needed. The U.S.
Department of Education has developed a useful guide for educators
faced with evaluating technology in their schools. An Educator'’s Guide to
Evaluating the Use of Technology in Schools and Classrooms is available
online (www.ed.gov/pubs/EdTechGuide/).

One important variable to consider is the stage of implementation of
the technology initiative. Schools often go through stages of technology
implementation that may limit the scope of effects to be found. Schools
need time to purchase and install hardware and software, train teachers
on technology-related skills, and help them integrate technology into the
curriculum. Effects may not be apparent in six months or a year; evalua-
tions over several years might better demonstrate impact (Candiotti &
Clarke, 1998; Heinecke et al., 1999). Evaluation designs should be longi-
tudinal and account for these stages.

Several researchers suggest observable variables such as changes in
disciplinary referrals, homework assignment completion, college atten-
dance rates, and increases in job offers (Heinecke et al., 1999). Similar
variables related to networked technologies include the number and roles
of people who become involved in the school system and changes in
times and places of instructional activities (Kozma & Quellmaiz, 1995).
Other variables may be less tangible.

Ellett (1998) suggests a shift in focus from test scores to the active
process of student learning. This process involves interactions among

-
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students, and between students and teachers. Learning is a social process

’ and, as such, requires looking at technology use in this context. Technol-
ogy use can be influenced by the variables of classroom organization, the
sociocultural setting of the school, and pedagogical methods employed

[ by teachers (Honey, Culp & Carrigg, 1999).

Sophisticated measures must be located or developed to evaluate
such outcomes as changes in higher-order thinking, communication,

! research, and social skills. Additional outcomes may include perceptions
from teachers and students about the implementation and quality of a
program as well as effects of the program on community and family

l participation (Heinecke et al., 1999).

Kozma and Quellmaiz (1995) suggest that new distributed and

' distance-based educational settings will require teachers and students to
demonstrate new skills and competencies that may be measured and

studied. Due to the growing amount of information available, teachers

| may be assessed in terms of how well they help students find and

[ evaluate this information and their facility with integrating technology
into their teaching. Teachers must also be able to develop, monitor, and
assess collaborative efforts among their students, as well as collaborate

i with colleagues. Student outcomes in network-based projects include in-
depth knowledge of subject matter, demonstration of higher-order

[ thinking skills, progress in self-monitoring strategies, and collaborative
skills.

Strategies. Developing new assessment measures is a daunting task

h for school leaders already faced with many commitments. Evaluation
models exist that may be applied or adapted in most schools. Wiggins
(1997) describes his vision of a school in which assessment is indistin-

' guishable from the teaching and learning process. Common activities
such as note taking and dialogues between teachers and students be-
come opportunities for assessment, as do such alternate assessments as

[ digital portfolios (Penta, 1998) and simulations. Knowledge about these
alternate forms of assessment can help develop a truer picture of the

Honey, Culp, and Carrigg (1999) suggest that technology should not
be viewed as a solution in isolation but rather as an integral part of
t curricular initiatives. Research with this systemic focus should be process-

l impact of technology in a school.

oriented and focused on change rather than just doing better within an
older framework. Teachers must be partners in the process and must be
able to exhibit a sense of ownership in both the innovation and the

} research process.

Kozma and Quellmaiz (1995) describe cluster evaluation as a

method to help researchers assess diverse network-based programs.

} Cluster evaluation groups projects with similar features in an effort to
economize the use of instruments and measures. Significant characteris-
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tics that can be used to cluster projects are primary goals, major educational
approaches, audience, contexts of use, technology used, and resources with
which the project was developed.

Several other projects describe strategies to evaluate innovative tech-
nology programs. These include feedback in the form of daily class surveys
or small group sessions (Shaeffer & Farr, 1993). a technology-based class-
room observation instrument (Gearhart, Herman, Baker, Novak & Whittaker,
1990), and an instrument designed to measure pedagogical activities com-
pared to available technology resources (Moersch, 1996-97).

Using technology for assessment. Technology itself can create,
store, analyze, and support assessment. Bahr and Bahr (1997) present a
long list of procedures and equipment that can facilitate educational assess-
ment. These technologies can be used for student assessment and they also
create artifacts that in turn represent measures of impact. Procedures in-
clude

* assessment for instructional planning, in which the level of achieve-
ment students perform supports the planning of instruction and the
development of interventions;

* dynamic assessment, in which a student’s potential for learning is
determined,;

* progress monitoring, which addresses the rate of student learning as
well as level of student achievement;

* curriculum-based measurement, in which a group of procedures
assesses basic skills by using the student’s actual curriculum for the
development of items; and

* electronic portfolios.

Hardware and software that can be used for assessment include video-
conferencing equipmerit, which can help with conducting screening inter-
views; computer-based scoring, which not only accelerates the scoring
process but reduces errors often associated with hand-scoring; expert
diagnostic systems; and test development software (Bahr & Bahr, 1997).

Sophisticated applications that adapt to user responses can reflect not
only current goals and achievement but also data from past performances,
which may be used as benchmarks for comparison. Student achievement
can be compared against performance standards and benchmarks rather
than the performance of others. Databases that track artifacts of student
contact and achievement provide a trail of data to help school leaders make
informed decisions not only about individual students but about global
variables related to school programs as a whole (Wiggins, 1997).

Realizing the potential. Kozma and Quellmaiz (1995) perhaps best
describe the potential for networked technologies. These technologies
automatically gather and store data. They can be used to analyze this data
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by monitoring access, types of use, and user reactions, both to assess
final impact and support formative changes in the program’s design to
better achieve desired goals.

Interactions between staff, professional development activities, and
elements of the curriculum all leave artifacts on a digital network. Interac-
tions can be analyzed by the number of participants, frequency of
interactions, composition of groups, and focus of discussion. Curriculum
can be judged for quality, alignment with standards, and compared to
student achievement data. Teachers can further benefit from networked
technologies by utilizing templates for notebooks, journals, and lesson
plans—all of which can be captured in a standard form for ease of
analysis by evaluators. Students, too, will leave artifacts on a digital
network for possible analysis. Data can include frequency data on which
resources students access and how often they are accessed. Logs of how
students interact with each other, their teachers, and outside experts can
be stored, and analyses of these interactions may provide insights into
the depth of student reasoning, understanding of course content, and
how well students collaborate with others (Kozma & Quellmaiz, 1995).

The assessment puzzle is a convoluted one. As schools become
better versed in the capabilities and practices supported by educational
technologies, the technologies themselves can support school leaders as
they evaluate the impact of technology, make better-informed decisions,
and communicate this impact to stakeholders.
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Ethical and Legal Issues

Technology is weaving its way into all aspects of schooling. We use
it to collect, store, and access student records. Teachers, students,
and their families share information via Web pages, listservs, and e-mail.
Students and teachers use and create digital and Web-based resources.
Schools have long dealt with a variety of ethical and legal issues concern-
ing teaching and learning, but the reliance on information technologies
presents some new concerns for educators. The ease with which data can
be created and shared also poses problems. It is not only easier to obtain
and reuse materials found on the Internet or in digital resources; it is also
easier to misuse them and to find inappropriate or even harmful material.

World Wide Worries

A recent survey (NPR, 2000a) indicated that many Americans have
concerns over use of the Internet. Eighty-five percent of respondents
worry about the possibility of dangerous strangers contacting children,
and 84 percent have concerns about the availability of pornography on
the Internet. This last fear may be justified, as the survey reports that 24
percent of children between the ages of 10 and 17 say they have seen a
pornographic Web site.

These are not the only ethical and legal issues facing educators in a
digital age, however. Educators must be mindful of security and privacy
to prevent unauthorized individuals from obtaining student data (Olivia,
1999; Owens & Cohen, 1998). Administrators and teachers must be aware
of how students are using the school's technology and must monitor
what students publish (Burke, 2000). Schools must also respond to
policies and legislation that dictate requirements to maintain accreditation
(Anderson, 1996); provide access to all students by following require-
ments of the Americans with Disabilities Act (Consortium for School
Networking, 1999); and uphold copyright and intellectual property rights
of content creators, which are outlined in the Copyright Act of 1976 and
the Digital Millennium Copyright Act of 1998.

Fortunately, the technologies that make it hard to create policy also
provide easy access to information about legislation. Governments
themselves, as well as watch-dog groups, often post proposed legislation,
revisions, and final versions on the Internet. Some legislatures also
broadcast committee hearings over television and the Internet. Two
helpful Web sites for tracking legislation include the Consortium for
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School Networking (www.cosn.org) and Thomas, Legislative Information
on the Internet (thomas.loc.gov) sponsored by the Library of Congress.

The following provides an overview of a few key issues, such as
acceptable use of digital materials, copyright and fair use issues, as well
as concerns for distance education. Legal requirements for schools shift
often and are impacted by local and state policy. Consult with district and
state technology leaders to stay current with policy and regulations.

What Is Security?

School records such as grades, attendance, discipline, lesson pléns,
and professional development records can all be generated, stored, and
accessed through a variety of digital tools. Gradebook programs were
tools that many teachers used as their first steps toward integrating
computers into their practice. Later generations of these tools can be
shared over a network and can combine other common management
activities, such as designing lesson plans, reporting attendance records,
aligning curriculum activities with required content standards, and
incorporating data from large-scale student assessments.

The ease with which records may be created, stored, and distributed
makes security a pressing concern for schools as they incorporate digital
record keeping and communications. Student information is confidential
and must be secure regardless of the format. The issue of security pre-
sents greater challenges when an electronic network includes student
data and also supports communication between the school and—liter-
ally—the rest of the world.

Ranalli (2000) notes that security is a general term and it may imply
that there is a general solution, such as a checklist or piece of software,
that can be applied to solve the problem. Instead, he suggests that
security should be a deliberately cultivated mindset, one that requires a
continual awareness of any issues that may compromise the integrity of a
system.

Security is complex and difficult to achieve. The large number of
people associated with most systems creates a large number of opportu-
nities for the system to fail. Security holes and breaches are hard to detect
and, once detected, it is almost impossible to find out how they occurred.
The most common failure points are

¢ administration errors that occur when adding and removing users
from the system

* bugs in the system

* configuration errors

¢ lack of auditing the system

* lack of adequate resources spent to develop and maintain the
system

Toward an Effective Use of Technology in Education * A Summary of Research
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Tracking Legislation

Children’s Internet Protection Act. The success of the E-Rate
program, also referred to as universal service, has helped to connect most
of the nation's schools to the Internet. Recent legislation impacts this
support, which is offered as discounted rates for Internet connectivity.
The Children’s Internet Protection Act (CIPA) amends the earlier Commu-
nications Act of 1934 and will require schools and libraries receiving E-
Rate funds to incorporate technology-based solutions to block access to
material defined as obscene, pornographic, or harmful to minors (Con-
sortium for School Networking, 2001). The act is sometimes called the
“Filtering Mandate.”

Initially, this act requires schools and libraries that receive funding
under the fourth round of E-Rate allocations to certify to the Federal
Communications Commission that they have complied with CIPA by
installing a technology-based solution to block material as outlined in the
act. The first certification deadline was October 28, 2001. Educators
should follow the actions of the Federal Communications Commission,
the U.S. Department of Education, and the Institute for Museum and
Library Services for interpretive guidance for entities that have received E-
Rate allocations during the first three rounds or that renew their E-Rate
funding allocations.

Children’s Online Privacy Protection Act. Use of the Internet by
children is a divisive issue. While many parents and schools would like
to allow children to access the wealth of material mounted by reputable
services and institutions, there is a concern for the safety of individuals
using Web sites. Web users can be anonymous and children must be
careful about the information they divulge on Web pages and in discus-
sion areas, such as chat rooms.

The Children’s Online Privacy Protection Act (COPPA) was passed
to help safeguard children as they use the Web (Center for Media Educa-
tion, 2001). Central to this legislation is the information that may be
collected from children as they use the Internet. Web sites that target
children under age 13 must follow guidelines regarding the collecting of
personal information. These Web sites must limit the detail of information
they collect from children and must post notice about the information
they collect and how that information is used.

Electronic Cornmunications Privacy Act. The Electronic Commu-
nications Privacy Act addresses security and confidentiality issues of
electronically disseminated communications (Legal Information Institute,
2001). Many schools provide guidance to students, staff, and parents
through an Acceptable Use Policy. These AUPs may be part of school
handbooks or policy manuals and many include “hold harmless” lan-
guage for abuses of the school’s technology. The Acceptable Use Policy
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is signed by students and parents and kept on file. Some schools take a
further step and notify all parents annually of the school district’'s policy
on using educational technology and the risks this may entail. This way,
students who fail to sign an Acceptable Use Policy may have access to
these important tools.

E-mail should never be considered private or confidential. Messages
can inadvertently—and sometimes intentionally—be intercepted. Schools
or districts that provide e-mail services must emphasize this point with
everyone who uses the system, including students, parents, and staff
members. Some schools only provide e-mail for teachers or activity-based
e-mail class accounts for a limited duration, such as a grading period or
the length of a school-based project. Schools that use outside service
providers should carefully negotiate the extent to which school officials
will be able to review and distribute e-mail messages.

Family Educational Rights and Privacy Act. As districts and
entire states move to large-scale networked services for record keeping,
building administrators may become less involved with selecting the
hardware and software that will keep these records secure. However,
issues concerning student data will arise and must be handled at every
level, including how teachers and staff access information from their
classrooms or office. .

Schools that utilize electronic media for record keeping must still
follow guidelines for the storage and disclosure of student information set
forth by the Family Educational Rights and Privacy Act (Family Compli-
ance Office, 2001). Schools must notify parents annually that records can
be reviewed and must be able to comply with this request within 45
days. Network-based data management records should support these
requests. Also, schools are still required to obtain written permission from
a parent or legal guardian to release student records. There are some
records, usually those that fall under the label of “directory” information,
that can be distributed under some conditions—even on a Web page.

. Faculty and staff should fully understand policies concerning access
to student data and must take great care in accessing and retrieving data.
Schools should consider the levels of access that will be provided to
faculty and staff members and should enforce policies for sharing this
data.

Copyright legislation. Copyright law is complex and changes with
each session of Congress. The current law is the Copyright Act of 1976
with-amendments and is available online at www.loc.gov/copyright/
titte17/. Recent legislation such as the Digital Millennium Copyright Act of
1998 begins to address the complications of digital material. Copyright
legislation will continue to evolve in an attempt to keep abreast of
technological changes. Consult district and state legal services on specific
questions and visit the Web site for the U.S. Copyright Office at the
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Library of Congress for more information (lcweb.loc.gov/copyright).
Copyright grants the holder the five rights:

+ to reproduce the copyrighted work in copies or
phonorecords;

+ to prepare derivative works based upon the copyrighted
work;

+ to distribute copies or phonorecords of the copyrighted work
to the public by sale or other transfer of ownership, or by
rental, lease, or lending; '

+ in the case of literary, musical, dramatic, and choreographic
works, pantomimes, and motion pictures and other audiovi-
sual works, to perform the copyrighted work publicly;

+ in the case of literary, musical, dramatic, and choreographic
works, pantomimes, and pictorial, graphic, or sculptural
works, including the individual images of a motion picture or
other audiovisual work, to display the copyrighted work
publicly (Copyright Law of 1976).

Material does not have to be registered or display a copyright
statement, but it must be original and be in a fixed, tangible medium. E-
mail, listserv messages, threaded discussions, and Web pages meet these
two important criteria and they should be considered copyrighted mate-
rial (Baird & Hallett, 1999; Rothman, 1995). Warn teachers and students
against the illegal practice of copying and using digital material without
permission from the copyright holder, whether this material is text,
pictures, graphics, or other multimedia elements.

Software is copyrighted and is usually licensed. Pay strict attention
to licensing agreements for software. Use cloning software on a lab or
network server to periodically check the network for appropriate soft-
ware and remove non-licensed software (AEL, 2000). Many digital materi-
als are now protected by technological protective measures (TPMs), and
the DMCA assigns stiff penalties to anyone found guilty of bypassing
TPMs to obtain copyrighted material (Lutzker, 1999).

Fair use. Fair use guidelines establish criteria for the use of copy-
righted materials in educational settings (Harper, 2000). Many educators
falsely assume that copyrighted material may be used for instruction with
little or no restriction. Copyright infringement may still occur even if a
work does not display copyright notice or if only a small portion of the
material is used (Salomon, 1999). The following four criteria have
evolved to help the courts determine whether material falls within fair
use:

* the purpose and character of the use, including whether

such use is of a commercial nature or is for nonprofit educa-
tional purposes;

* the nature of the copyrighted work;

* the amount and substantiality of the portion used in relation
to the copyrighted work as a whole; and
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. t-he effect of the use upon the potential market for or value
of the copyrighted work (U.S. Copyright Office, n.d., p. 6).

Educators may incorporate multimedia for classroom instruction or
projects under the Fair Use Guidelines for Nonprint Works if the portion
used does not exceed 10 percent of the original copyrighted work. It can
be used for up to two years and no more than three copies can be made;
two for class use and one for preservation (Baird & Hallet, 1999).

Distance learning and intellectual property. The growth of
distributed and distance-based learning courses has further complicated
the issues of fair use and intellectual property. While distance-based
courses may cover curricula identical to traditional face-to-face counter-
parts, copyright restrictions are more stringent for distributed delivery.

Distance educators should not only seek rights to use materials in a
course but to transmit materials over a network. Works that may be
transmitted over a network are limited to nondramatic literary or musical
works, which exclude motion pictures, videos, or any audiovisual format.
This means that while a videotape may be shown in a face-to-face
classroom, a distance-based instructor must have permission to transmit
the same videotape over a network every time the videotape is shown
(Baird & Hallett, 1999).

Many educators think the current laws are to0 restrictive and call for
expanding the fair use policies enjoyed by face-to-face instructors to
include distributed and distance-based learning environments. Lutzker
(1999) points out the more stringent policies for distance learning, such
as the near impossible tasks of identifying copyright holders on items
such as photographs and obtaining clearances for spontaneous use of
copyrighted works. Licensing copyrighted materials for each access in
distributed and distance-based learning courses can be prohibitively time-
consuming and expensive.

Distance-based learning environments have forced many instructors
to assume the role of course developer. Ownership of the course itself
and of digital course materials—such as Web pages, graphics, and Java
applets—is hotly debated. In the world of higher education, a scholarly
work created on condition of employment, such as lecture notes or a
course syllabus, is owned by the employing institution, but most institu-
tions will confer ownership to the faculty member. Patents created by
faculty, staff, and students traditionally remain the property of the institu-
tion. Policies differ, but many institutions are opting to treat digital
material created for distributed and distance-based courses as they do
patents and are retaining ownership (Salomon, 1999). As more opportuni-
ties for distributed and distance-based learning develop in the K-12
setting, school districts will face the same copyright and intellectual
property issues.
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Using the Internet

Many proponents of Internet use in the classroom view the seem-
ingly unlimited amount of information and the ease of communicating
with people all over the world as benefits. These same characteristics
may dissuade some educators from including Internet-based instruction
due to the possibility of contact between students and undesirable Web
sites or individuals. Make decisions about Internet use based on district
experiences and policies with existing instructional tools and on research
about strategies and tools that increase the Internet’s potential to support
teaching and learning.

Internet use decisions must reflect local policy and community
needs, but completely ignoring the Internet inhibits the school'’s ability to
prepare students to work and live in a knowledge age. Many schools
have harnessed the Internet to support instruction and help their students
practice acceptable and responsible use; any school can do the same. A
variety of strategies, policies, and tools can support responsible Internet
use. The most popular include teaching and monitoring strategies,
Acceptable Use Policies (AUPs), and filtering software (Burke, 2000;
Mason, 1997; Pownell & Bailey, 1999).

Responsibilities of online service providers. Schools and
libraries often serve as Community Access Centers and even Online
Service Providers (OSPs). Districts that serve as OSPs must be aware of
the Digital Millennium Copyright Act (DMCA) (Lutzker, 1999; Samuelson,
1999). The DMCA considers educational institutions that offer Internet
service to students, staff, and faculty to be OSPs, much like America
Online (AOL) and other major service providers (Salomon, 1999).

The DMCA outlines compliance practices and actions that must
occur when users of the system participate in activities that infringe on
the rights of copyright holders. The DMCA provides exemptions for OSPs
if they act in accordance with the law, such as terminating service to
repeat offenders and removing material from the system upon receiving
notice of copyright infringement (Digital Millennium Copyright Act,
1998). The DMCA is available online at lcweb.loc.gov/copyright/legisla-
tion/hr2281.pdf.

Strategies to educate and inform. Educators and parents should
help students develop responsible and appropriate Internet use habits.
Burke (2000) provides several methods teachers can use to supervise
student use of the Internet. Place computers where they are easily visible
by teachers, librarians, or aides. Limit online time to encourage students
to stick closely to learning goals. Group students at the computer to
discourage inappropriate use. Teachers must also help students learn
how to validate the accuracy and evaluate the usefulness of Internet
sources.

Before beginning an Internet-based project, teachers should demon-
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strate successful search strategies and review responsible use practices.
Students should be familiar with citation strategies for both digital and
print materials to avoid plagiarism and copyright infringement. Students
should know the consequences of illegal use of digital materials (Burke,
2000).

Additional tips for responsible, proactive use of the Internet include:

* Be sure the curriculum objectives and goals for Internet use

are clearly delineated.

* Get to know students’ online haunts and ‘friends.’

* Never allow unsupervised surfing of the Internet.

* Teach students Internet safety.

» Teach youngsters that there are laws against harassment,
and if they feel seriously threatened, they should report this
to an adult immediately (Truett, Scherlen, Tashner & Lowe,
1997, p. 52-53).

Acceptable Use Policies. An acceptable use policy (AUP) is a set
of guidelines governing use of the Internet for school activities (Ander-
son, 1996; Rockman, 1998; Truett et al., 1997). AUPs are often district
initiatives and may require students and their parents or guardians to sign
letters of agreement. Internet AUPs vary greatly, but most districts agree
the primary purpose of the policy is to support research and instruction.
Most policies stem from existing policies regarding codes of behavior and
use of traditional resources, such as books, magazines, television, and
radio (AEL, 2000).

The following list provides a variety of acceptable uses that may be
addressed in an AUP:

* being polite and using appropriate language

* enforcing appropriate use and reporting misuse or security
issues

* using the Internet ethically and legally

* respecting copyright and license agreements and citing
material

* deleting unwanted messages or old data from computers
* using online time efficiently

* running virus software on downloaded files or inserted
. disks

* acknowledging the receipt of documents or files

* signing correspondence

* abiding by the policies and procedures of other networks
that are accessed (AEL, 2000)

The following list provides a variety of unacceptable uses that may
be addressed in an AUP;

 giving out private information, such as addresses, phone
numbers, or passwords

* o



+ assuming the identity or using the passwords or material of
another

* transmitting material that violates any U.S. or state regulation,
such as copyrighted, threatening, or obscene material, or
material protected by trade secret

* downloading text, graphics, or software, or engaging in
behavior that may be considered obscene, abusive, libelous,
indecent, vulgar, profane, or lewd

+ altering software by deleting files, downloading programs, or
copying or installing commercial programs

+ plagiarizing someone else’s work

+ harassing an individual using the Internet

* vandalizing equipment or electronic material
+ conducting commercial activities

* advertising products or services

* taking part in political lobbying

+ disrupting the Internet use of others

* spreading computer viruses willfully

* gaining access to any pay-for-view site (AEL, 2000)

Technology to support acceptable Internet use. A variety of
tools support acceptable Internet use. These include using approved
digital resources and services, providing access to materials on an
intranet or through a proxy server, and several filtering-type software
applications. Of these, filtering software promotes the most heated
discussion. Opponents may feel that filtering software is a form of
censorship, while proponents may feel that it allows students to safely
search the Internet, avoiding contact with undesirable Web sites or
individuals.

Teacher concerns about the potential for inappropriate use has
greatly reduced classroom use of the Internet in many instances
(Schofield & Davidson, 1997). However, officials in Tennessee note that
Internet use has increased since filtering software was installed on the
statewide network, ConnecTEN, in November 1998 (Burke, 2000).

People who believe that information can change the way a person
thinks and believes often support the use of filtering software (Pownell &
Bailey, 1999). The increasing amount of information available on the
Internet and the unlimited topics it covers also lead proponents to
encourage the use of filtering software. The growth rate of information is
so quick that filtering software offers one solution to providing a support-
ive environment for teaching and learning. Filtering software is also less
expensive than evaluating or previewing individual sites (Bruce, D,
1999).

Unfortunately, filtering software is not always effective (Pownell &
Bailey, 1999). The rapid growth that may encourage filtering software use
also limits its effectiveness. Filters can block desirable sites and they must
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be updated often to keep pace with the growth of material on the
Internet. Filtering software does not take into account the varying ages,
levels of maturity, and individual needs of users. Keywords used to ban
sites are often derived subjectively and most filtering services do not
pubtish their tists (Bruce, D., 1999). Schools that use filtering software
without knowing what sites are being blocked and why may unintention-
ally censor materials that are constitutionally protected. Schools or
filtering software developers that claim they prevent students from
viewing objectionable material may also open themselves up to litigation
if the software is not completely effective (Pownell & Bailey, 1999).

No one strategy can solve all unacceptable use problems and no
one should rely solely on a technological tool. Training for parents,
teachers, and students will help reduce the number and severity of
problems one might encounter (Burke, 2000).
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@ Conclusion

he research cited here demonstrates technology’s far-reaching

impact on all facets of education. The resulting changes have

increased pressure on school leaders, both to integrate new tech-
nologies into their own work and to assume new roles for which they
may be unprepared. For technology to have a positive impact on student
achievement, school leaders must envision, direct, and support the
successful integration of technology into teaching, learning, and school
management. This requires them to observe and evaluate emerging
trends in technology and select promising strategies and tools. They must
be able to successfully assess the instructional needs of their schools and
negotiate technology solutions that support their goals and objectives.
They must also deal with the human side of the equation by providing
appropriate training and support. FEthical and legal concerns shift con-
stantly, and school leaders must actively monitor these changes. Fortu-
nately, many innovative practitioners have led the way toward the
successful integration of technology and offer many lessons for those
who follow, and follow they must as technology continues to change the
way we live, learn, and work.

Summary of Key Findings

Vision
» Necessary literacy skills include abilities to search and sort, analyze,
evaluate, and synthesize information relevant to a particular task or
need. This information must then be applied to generate new data,
information, or products.

» Technology can help students develop basic information skills by
simulating today's work with real-life examples and reality-based
experiences, and by motivating them to learn.

* New skills do not supplant efforts to set or raise current academic
standards. Skills necessary for becoming or remaining literate
change as society changes.

* School leaders must be able to create and communicate a vision
that synthesizes the needs of diverse groups while fostering contin-
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ued excellence in teaching and learning within local schools and
districts.

Mirroring the requirements of the new workforce, new roles for
teachers de-emphasize the presentation of facts and instead ask
teachers to help children learn how to think critically, solve prob-
lems, and make informed decisions.

In institutions that have embraced technology, studies show that the
teacher’s importance has not lessened but that systematic use of
technology actually upgrades and enhances the teacher’s role.

Technology is more effectively integrated in schools when school
leaders are informed about and comfortable using technology.

Planning

Technology planning should become an integral part of annual
budgeting, training, data gathering, and assessment of school
performance. '

A technology plan should span more than one year and have
enough flexibility to accommodate new and emerging technologies,
teaching strategies, and data from evaluations.

Including community and business leaders in planning offers many
benefits, for these partners may leverage financial support, become
powerful advocates for school projects, and communicate with the
community at large.

The technology plan should address the costs of purchasing equip-
ment and software; developing a network infrastructure; construct-
ing and/or retrofitting facilities; professional development, materials,
and substitute teachers; equipment maintenance and technical
support; and replacement of old, broken, or obsolete equipment
and software.

A well-crafted technology plan should use information gathered
during the needs assessment phase to outline expected returns and
describe alternative indicators of success.

A strong technology plan addresses how matching money will be
sought and how the finances will be managed.

Software decisions should be made only after reviewing curricular
goals and matching software appropriately. Software selection
should drive hardware choice.

The evaluation plan should be oriented to the goals and objectives
developed in the planning process and should provide means to
determine whether and how well these goals and objectives are
being met. Evaluations should be planned from the very beginning
and take place periodically throughout.




Community Relationships

Established partnerships can support long-term technology initia-
tives by developing ways to sustain these efforts after initial funding
has been spent.

Communication is necessary for the success of any technology
program, and establishing strong external relationships can facilitate
communication.

An effective means of convincing the community at large of the
effectiveness of technology-based programs is to involve them in
their children’s education.

Information technologies can support greater school-to-home and
school-to-community connections.

Tools and Media

Productivity tools are best suited to replicate seat-based work and
complete traditional student activities, namely research papers and
reports. Word processing applications are the most familiar produc-
tivity tools; others include spreadsheet and database applications.
Productivity tools and drill-and-practice software—similar to tradi-
tional flashcards—are the most commonly used applications in the
earliest stages of software integration.

Benefits of developmental software include increasing users’ intelli-
gence, verbal and nonverbal skills, long-term memory, manual
dexterity, and problem-solving and conceptual skills.

Software type is a factor when considering the effectiveness of
computers as learning tools.

Technology use reflects technology experience.

Software selection becomes an increasingly important skill for
teachers to learn. Teachers should know their system requirements,
instructional goals, and software expectations to make informed
decisions.

Schools have invested in hardware, but the software that provides
functionality to these materials has not been purchased.

Linking software use to student achievement demands effective
technology integration, which, in turn, requires highly confident
teachers who are skilled in effective pedagogy, hardware and
software use and support, classroom management, and content
knowledge.

Integration

Integration can include learning about technology; students should
do this in meaningful ways. Software should enable students to use
computers flexibly, purposefully, and creatively.

ERIC

Aruitoxt provided by Eic:

yoiessay Jo Aewwng v . uonesnp3 ui ABojouyds) JO 8SM SANDSYT UB pIeMOL

©)




* Learner needs include explicit information, recognition of achieve-
ment, flexible access to resources and support, opportunities to
practice skills and apply knowledge, and feedback on performance.

* Effective technology-enhanced pedagogical strategies can result in
at teast four kinds of improvements in education outcomes: in-
creased learner motivation, mastery of advanced topics, students
acting as experts do, and better results on standardized tests.

* Technology integration often resuits in teachers rethinking their
underlying beliefs about teaching. These changes could manifest
themselves outwardly in the form of new teaching strategies,
activities, and forms of assessment, but this may take some time.

* Success of technology is strongly related to teacher enthusiasm,
initiative, and sense of improvement. Teacher interest in technology
is highest when they have access to enough hardware, use applica-
tions they care about, and receive relevant training.

» Teachers progress through five stages as they effectively integrate
technology into their daily practice: entry, adoption, adaptation,
appropriation, and invention.

* Teachers should be given the time to learn and the time to practice
using their new skills.

* There are several elements of particular importance to undertaking
= an innovation, including innovations in technology integration:
3 + Individual focus: Without the growth of individuals no
& innovation will succeed.

g. + Developmental stages: Successful progression through the
g innovation arrives at a stage in which participants have

E thoroughly incorporated the innovation so that synthesis
7] : . .

< of ideas, methods, and materials becomes the starting

é point for a new generation of innovation.

g + Ownership: Without buy-in from the participants, the

3 innovation will not be implemented as desired.

[

% + Focus for evaluation: Evaluation must first consider the

L stage of adoption of individual participants and the

£ innovation as a whole.

4]

% * A well-developed integration plan outlines concrete, time-based
2 goals and strategies for achieving these goals, including funding,
3 training, and benchmarks for ascertaining whether goals are

g achieved.

(]

= : :

w * The most technologically advanced teachers are often recruited by
& industry.

B
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Professional Development

One of the most crucial elements for increasing the return of invest-
ment on technology expenditures is professional development.

Failing to implement an effective, ongoing professional develop-
ment initiative will severely limit a school's or district’'s ability to
achieve its technology goals.

Teachers need time to build skills, become familiar with software
and content, and to practice integrating technology into their
content presentation and learning activities. They also need incen-
tives and ongoing support.

Teachers need the opportunity to discuss technology with their
peers and may benefit from ongoing mentoring and consultative
support.

Access

To optimize return on technology investments, school districts
should make sure all students and teachers have easy, reliable
access to technology that supports learning goals.

Common barriers to technology access include geography, eco-
nomic status, individual learning styles, and special needs.

Indicators of access include connectivity, ubiquity, interconnectivity,
and equitable use.

All but five percent of the nation’s schools are connected to the
Internet, and the percentage of classrooms connected to the Internet
has risen substantially.

Information technology can empower dispossessed groups to
achieve their goals.

Support

Lack of support presents many barriers to adopting emerging
technologies into education. These may include the scarcity of
technical support and adequate staff to maintain the technology
infrastructure.

To be successful, school leaders should provide pedagogical sup-
port to teachers faced with integrating technology into their class-
rooms.

Support and professional development are often the largest ongoing
costs and are considered the most critical components in the effec-
tive integration of technology, but often receive less attention than
hardware, software, and network connectivity.

Estimates say that the typical teacher will take three to six years to
fully integrate educational technology into teaching and learning;

O
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ongoing changes and advances in technology may mean this
process is never fully complete. -

* The number of support staff needed may depend on the actual
number of workstations, as well as the variety of platforms, operat-
ing systems, and software applications.

* When a designated support person cannot be hired, many districts
rely on teachers with technology experience.

* Robust online environments can support professional development
opportunities in basic maintenance and troubleshooting skills as
well as advanced pedagogical strategies—often with flexible sched-
uling and in the convenience of teachers’ homes.

Accountability

* Traditional forms of assessment often fall short when evaluating the
impact of educational technologies.

* Dirill-and-practice and computer-assisted instruction (CAI) have
demonstrated positive gains in student achievement, and there is
evidence that a variety of specific applications lead to improvements
in student performance, student motivation, and teacher satisfaction.

* Increased access to technology positively impacts student achieve-
ment.

* Grades and test scores are not the only measures of success. Im-
provement can take many forms and may include the performance
of teachers, administrators, and other staff; delivery of programs and
services to students, parents, and the community; and ability of the
school community to accomplish its mission.

* Multimedia use often results in increased student interest and
greater student attention.

* Observing their teachers facing and overcoming technical difficul-
ties, students learn lessons about problem solving and decision
making and also that setbacks in technology are common.

The impact of technology on teaching and learning should be
understood in context.

* Evaluation designs should be longitudinal and account for stages of
implementation.

* Networked technologies automatically gather and store data; thus,
they can be used to analyze this data by monitoring access, types of
use, and user reactions, both to assess final impact and support
formative changes in the program’s design to better achieve desired
goals.

Toward an Effective Use of Technology in Education « A Summary of Research
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Ethical and Legal Issues
» A majority of people expressed concerns about the dangers of the

Internet.

The ease with which records may be created, stored, and distributed
makes security a pressing concern for schools as they incorporate
digital record keeping and communications.

Fair use guidelines establish criteria for the use of copyrighted
materials in educational settings. Many educators falsely assume that
copyrighted material may be used for instruction with little or no
restriction.

Distance educators should not only seek rights to use materials in a
course but to transmit materials over a network.

Strategies, policies, and tools that support responsible Internet use
include teaching and monitoring strategies, Acceptable Use Policies
(AUPs), and filtering software.

80

“ERIC

Aruitoxt provided by Eic:

yoleasay J0 Auewwng v « uoneanp3 ul ABOJoUYD8] JO SN BAIDSYT UB PIEMO

e




References

21* Century Community Learning Centers. (2001). Washington, DC: U.S. Depart-
ment of Education, Office of Elementary and Secondary Education. Available:
www.ed.gov/21stccle/

AEL, Inc. (2000). Principal connections: A guide to technology leadership. [Com-
puter Software]. Charleston, WV: Author.

America Links Up. Available: www.getnetwise.org/americalinksup/

Anderson, L. (1996). Guidebook for developing an effective instructional technol-
ogy plan, version 2.0. Mississippi State, MS: Mississippi State University.

Anderson, R. E. & Ronnkvist, A. (1999, June). The presence of computers in

America’s schools. Teaching, learning and computing. Report No. 2. Irvine, CA:

University of California, Center for Research on Information Technology and
Organization.

Ariza, E., Knee, R., & Ridge, M. (2000). Uniting teachers to embrace 21st Century
technology. T.H.E. Journal 27(10), 23-30. Available: www.thejournal.com/
magazine/vault/A2832.cfm

Bagasao, P., Macias, E., Jones, S., & Pachon, H. (1999). Challenges to bridging the
digital divide: Building better on ramps to the information highway.
Claremont, CA: The Tomads Rivera Policy Institute. Available: www.trpi.org/
dss/policybrief.html

Bahr, M. & Bahr, C. (1997). Educational assessment in the next millennium:
Contributions of technology. Preventing School Failure, 41(2), 90.

Bailey, G. & Pownell, D. (1998). Technology staff-development and support
programs: Applying Abraham Maslow's Hierarchy of Needs. Learning &
Leading With Technology, 26(3). 47-51, 64.

Baird, D. & Hallett, K. (1999). Copyright in the academic environment: An
introduction. In Proceedings of the Mid-South Instructional Technology
Conference (Murfreesboro, TN, March 28-30, 1999). (ERIC Document Repro-
duction Service No. ED 436 120)

Baker, E. (1999). Technology: How do we know it works? Washington, DC: U.S.
Department of Education. Available: www.ed.gov/Technology/TechConf/
1999/whitepapers/paper5.html

Baker, E., Gearhart, M., & Herman, ]. (1993). The Apple Classrooms of Tomorrow:
The UCLA evaluation studies. Los Angeles, CA: National Center for Research
on Evaluation, Standards, and Student Testing. (ERIC Document Reproduction
Service No. ED 378 219)

Benshoff, J. & Lewis, H. (1992). Nontraditional college students. (ERIC Digest).
Ann Arbor, MI: School of Education, University of Michigan. (ERIC Document
Reproduction Service No. ED 347 483)

Benson, P., Peltier, G., & Matranga, M. (1999). Moving school administrators into
the computer age. Education, 120(2), 326.

Benton Foundation. (1998). Losing ground bit by bit: Low-income communities in
the information age. Washington, DC: Author.

Bete, T. (1998, April). Who is the technology director? School Planning and
Management. Available: www.spmmag.com/articles/misc/techdir.html

Bishop, A. (2000). Technology trends and their potential for bilingual education.
Washington, DC: The George Washington University Center for the Study of
Languages and Education, National Clearinghouse for Bilingual Education.

Aruitoxt provided by Eic:

yoleasay jo Aiewwns y « uoneonp3 ul ABojouyoa] Jo s 8Alj08HT UE pIemo]

®

ERIC

81




Toward an Effective Use of Technology in Education « A Summary of Research

ww

Aruton p

H
4
o
L]

Bouie, E. (1998). Creating an information rich environment. T.H.E. journal, 26(2),
78-79.

Bransford, J., Brown, A., & Cockling, R. (Eds.). (1999). How people learn: Brain,
mind, experience, and school. Washington, DC: National Academy of Sciences.
Available: www:nap.edu/html/howpeoplel/

Bruce, B. (1999). Challenges for the evaluation of new information and commu-
nication technologies. Journal of Adolescent & Adult Literacy, 42(6), 450-455.

Bruce, D. (1999). Filtering the Internet for young people: Products and problems.
Teacher Librarian, 26(5), 13.

Brush, T. (1998). Technology planning and implementation in public schools: A
five-state comparison. Paper presented at the annual meeting of the American
Educational Research Association, San Diego, CA, April 13-17, 1998. (ERIC
Document Reproduction Service No. ED 419 528)

Burke, . (2000). Rights, risks and responsibilities. Students and the Internet.
Atlanta, GA: Southern Regional Education Board.

Bush, G. (2001). No child left behind. Washington, DC: The White House.

Bushweller, K. (1996, January). How mighty is your wizard? Electronic School
Online. Available: www.electronic-school.com/0196f1.html

Candiotti, A. & Clarke, N. (1998). Combining universal access with faculty develop-
ment and academic facilities. Communications of the ACM, 41(1), 36-41.

Carlitz, R. & Hastings, E. (1995). Building the information driveway: How to
make school networking universally available. In The Future of Networking
Technology for Learning. Washington, DC: U.S. Department of Education.
Available: www.ed.gov/Technology/Futures/carlitz.htm

Carter, A. (1997). Facilities planning for interactive distance education. Interna-
tional Journal of Instructional Media, 24(1), 31-36.

Cartwright, P. (1996). Planning for academic computing: Important trends and
issues. Change, 28(4), 57-59. Available: http://contract.kent.edu/change/
articles/julaug96.html

Cattagni, A. and Westat, E. F. (2001). Internet access in U.S. public schools and
classrooms: 1994-2000. NCES 2001-071. Washington DC: U.S. Department
of Education, National Center for Education Statistics.

Caverly, D., Peterson, C., & Mandeville, T. (1997). A generational model for
professional development: Training teachers to use computers. Educational
Leadership, 55(3), 56-59.

Center for Media Education. (2001). A parent’s guide to children’s privacy online.
Washington, DC: Author. Available:www.kidsprivacy.org

CEO Forum. (1999). Professional development: A link to better learning. Wash-
ington, DC: Author. Available: www.ceoforum.org/reports.cfm?RID=2

CEO Forum. (2000). School technology and readiness. Washington, DC: Author.
Available: www.ceoforum.org/downloads/report3.pdf

CEO Forum. (2001). Key building blocks for student achievement in the 21¥
century. Washington, DC: Author. Available: www.ceoforum.org/
reports.cfm?RID=6

Charp, S. (1997). Changing teaching strategies through technology. T.H.E.
Journal, 24(10), 6.

Children’s Partnership. (2000). Online content for low-income and underserved
Americans: The digital divide'’s new frontier. Santa Monica, CA: Author.
Available: www.childrenspartnership.org/

[.>|

g

N

SO




Coley, R., Cradler, ]., & Engel, P. (1997). Computers and classrooms: The status of
technology in U.S. schools. Princeton, NJ: Educational Testing Service. Avail-
able: www.ets.org/research/pic/compclass.html

Community Technology Centers. (2001). Washington, DC: U.S. Department of
Education, Office of Vocational & Adult Education. Available: www.ed.gov/
offices/OVAE/CTC/

Consortium for School Networking. (1999). Taking TCO to the classroom. A school
administrator’s guide to planning for the total cost of new technology. Wash-
ington, DC: Author. Available: www.cosn.org/tco/

Consortium for School Networking. (2001). Compliance with CIPA, Version 2.1:
The E-Rate Internet filtering mandate. Washington, DC: Author. Available:
www.iaete.org/agtl/members/modules/ethical/CIPA_compliance. pdf

Copyright Law of 1976, 17 U.S.C. § 106.

Costello, R. (1997). The leadership role in making the technology connection.
T.HE. Journal 25(4), 58-61.

Cuban, L. & Kirkpatrick, H. (1998). Computers make kids smarter—right?
TECHNOS, 7(2), 26-31.

Cuban, L. (1999, August 4). The technology puzzle. Fducation Week on the Web.
www.edweek.org/ew/1999/43cuban.h18 (14 October 1999).

Cuban, L. (2001). Oversold and underused: Computers in the classroom. Cam-
bridge, MA: Harvard University Press.

Dede, C. (1998) The scaling-up process for technology-based educational
innovations. In C. Dede (Ed.), Learning with technology. 1998 ASCD yearbook
(pp. 199-215). Alexandria, VA: Association for Supervision and Curriculum
Development. (ERIC Document Reproduction Service No. ED 416 857)

Dockstader, ]. (1999). Teachers of the 21% century know the what, why, and how
of technology integration. T.H.E. Journal, 26(6), 73.

Digital Millennium Copyright Act. (1998). Washington, DC: Library of Congress.
Available:http://lcweb.loc.gov/copyright/legislation/hr2281.pdf

Dominguez, P. & Ridley, D. (1999) Reassessing the assessment of distance
education courses. T.H.E. Journal, 27(2), 70.

Dwyer, D., Ringstaff, C., & Sandholtz, ]. (1991). Changes in teachers’ beliefs and
practices in technology-rich classrooms. Educational Leadership, 48(8), 45-52.

Eastman, S. & Hollingsworth, H. (1998). Implications of home technology for
school decision-making. Journal of Educational Technology Systems, 26 (3),
255-280.

Ellett, C. (1998). Classroom-based assessments of teaching and learning. In J.
Stronge (Ed.), Evaluating teaching: A guide to current thinking and best
practice. Thousand Oaks, CA: Corwin Press. (ERIC Document Reproduction
Service No. ED 411 215)

Ely, D. P. (1999). New perspectives on the implementation of educational technol-
ogy innovations. Syracuse, NY: Syracuse University. (ERIC Document Repro-
duction Service No. ED 427 775)

Epstein, J., Coates, L., Salinas, K., Sanders, M., & Simon, B. (1997). School,
family, and community partnerships. Thousand Oaks, CA: Corwin Press, Inc.

E-wire. Remade computers are useful to schools. (1996, January). Electronic
School Online. Available: www .electronic-school.com/0196ew.html

Family Compliance Office. (2001). Family Educational Rights & Privacy Act
(FERPA). Washington, DC: U.S. Department of Education. Available:
www.ed.gov/offices/OM/ferpa.html

yoJeasay Jo JUBWIWNG Y « UOEINPT Ul ABOIOUYDa] JO S BAI0YT UB PIEMOL

®




Toward an Effective Use of Technology in Education « A Summary of Research

Aruitoxt provided by Eic:

Fisher, S. & Dove, M. (1999). Muffled voices: Teachers’ concerns regarding
technological change. In SITE 99: Society for Information Techniology &
Teacher Education International Conference, San Antonio, TX, February 28-
March 4, 1999. (ERIC Document Reproduction Service No. ED 432 281)

Fitzgerald, S. (1999, September). Technology's real costs. Protect your investment
with total cost of ownership. Electronic School Online. Available:
www.electronic-school.com/199909/0999sbot.html

Fons, R. & Wyler, K. (1995). How schools organize technology training. Media &
Methods. 31(10), 46.

Fulton, K. (1996). Moving from boxes and wires to 21* century teaching. T.H.E.
Journal, 24(4), 76-79.

Gearhart, M., Herman, J., Baker, E., Novak, ]. & Whittaker, A. (1990). 4 new
mirror for the classroom: A technology-based tool for documenting the impact
of technology on instruction. Paper based on presentations for the Open
House, Apple Classrooms of Tomorrow, Cupertino, CA, June 1990 and the
Technology Assessment Conference, Los Angeles, CA, September 1990. (ERIC
Document Reproduction Service No. ED 343 932)

Generation www.Y (1996). Olympia, WA: Olympia School District. Available:
www.genyes.org/genwwwy/

Gilbert, S. & Geoghegan, W. (1995). An “online” experience: Discussion group
debates why faculty use or resist technology. Change, 27(2), 28-43.

Goldman, S., Cole, K., & Syer, C. (1999). The technology/content dilemma.
Secretary’s Conference on Educational Technology-1999. Available:
www.ed.gov/Technology/TechConf/ 1999/whitepapers/

Graham, D. (1997, Spring). The classroom computer revolution that hasn't
happened—yet! Some reflections on computers. Education Canada, 37(1), 10-
14 & 52.

Groves, M., Jarnigan, M., & Eller, K. (1998). "But how do we use it?" Discovering
hidden barriers and unexpected successes in integrating computers in a
preschool curriculum. Proceedings of the Families, Technology, and Educa-
tion Conference, 57-61. (ERIC Document Reproduction Service No. ED 424
998)

Hannafin, R. (1999). Can teacher attitudes about learning be changed? Journal of
Computing in Teacher Education, 15(2), 7-13.

Harper, G. (2000). Fair use of copyrighted materials. Austin, TX: University of
Texas. Available: www.utsystem.edu/ogc/intellectualproperty/copypol2.htm

Harris, L. (2000). Patterns of promise. Charleston, WV: AEL, Inc.

Haugland, S. (1997). How teachers use computers in early childhood classrooms.
Journal of Computing in Childhood Education, 8(1), 3-14.

Haynes, N. & Comer, ]. (1997). The home-school team. In P. Burness (Ed.) Learn
& Live. Nicasio, CA: The George Lucas Educational Foundation.

Heinecke, W., Blasi, L., Milman, N., & Washington, L. (1999). New directions in
the evaluation of the effectiveness of educational technology. The Secretary’s
Conference on Educational Technology-1999. Washington, DC: U.S. Depart-
ment of Education. Available: www.ed.gov/Technology/TechConf/1999/
whitepapers/paper8.html

Honey, M., Culp, K., & Carrigg, F. (1999). Perspectives on technology and educa-
tion research: Lessons from the past and present. The Secretary’s Conference
on Educational Technology-1999. Washington, DC: U.S. Department of
Education. Available: www.ed.gov/Technology/TechConf/1999/whitepapers/
paperl.html

‘ BT




Honey, M. & Hawkins, J. (1995). Digital archives: Creating effective designs for
elementary and secondary educators. Washington, DC: U.S. Department of
Education. Available: www.ed.gov/Technology/Futures/honey.html

Hord, S., Rutherford, W., Huling-Austin, L., & Hall, G. (1987). Taking charge of
change. Alexandria, VA: Association for Supervision and Curriculum Develop-
ment.

Howard, M. (1999). A guide for starting and improving gifted and talented high
school programs. Boise, 1D: Idaho State Department of Education, Bureau of
Special Education. Available: www.sde state.id.us/GiftedTalented/Manuals/
ShowOne.asplild=7

Hurst, D. (1994). Teaching technology to teachers. Educational Leadership, 51(7).
Available: www.ascd.org/readingroom/edlead/9404/hurst.html

Ingwerson, D. (1996). A model for technology training: The Los Angeles County
Office of Education’s Technology for Learning Initiative. T.H.E. Journal, 24(4),
84-87.

International Society for Technology in Education. (n.d.). Available: www.iste.org/

Jackson, R. (1999). Just in time: Web delivered professional development. T.H.E.
Journal, 26(8), 26.

Jones, B., Valdez, G., Nowakowski, J., & Rasmussen, C. (1995). Plugging in:
Choosing and using educational technology. Oak Brook, IL: North Central
Regional Educational Laboratory. Available: www.ncrtec.org/capacity/plug/
plug.htm

Kent, T. W., & McNergney, R. F. (1999). Will technology really change education?
From blackboard to web. Thousand Oaks, CA: Corwin Press. (ERIC Document
Reproduction Service No. ED 426 051)

Khirallah, D. (2001, March 26). Companies are doing their part to get technol-
ogy into the hands of young people. And for good reason: The IT workforce
of tomorrow depends on it. InformationWeek, (n.v.), 38.

Kosakowski, ]. (1998). The benefits of information technology. (ERIC Digest).
Syracuse, NY: Center for Science and Technology. (ERIC Document Reproduc-
tion Service No. ED 420 302)

Kozma, R. & Quellmaiz, E. (1995). Issues and needs in evaluating the educational
impact of the national information infrastructure. The Future of Networking
Technologies for Learning. Washington, DC: U.S. Department of Education.
Available: www.ed.gov/Technology/Futures/kozma.html

Kozma, R. & Schank, P. (1998). Connecting with the 21% century: Technology in
support of educational reform. In C. Dede (Ed.), Learning with technology
1998 ASCD yearbook. Alexandria, VA: Association for Supervision and Curricu-
lum Development. (ERIC Document Reproduction Service No. ED 416 857)

Lanier, ]. (1997). Redefining the role of the teacher. In P. Burness (Ed.), Learn &
Live. Nicasio, CA: The George Lucas Educational Foundation.

Lazarus, W. & Mora, F. (2000). Online content for low-income and underserved
Americans: The digital divide's new frontier. Santa Monica, CA: The Children’s
Partnership. Available: www.childrenspartnership.org/pub/low_income/
executivesummary.html

Legal Information Institute. (2001). Chapter 119: Wire and electronic communi-
cations interception and interception of oral communications. Ithaca, NY:
Cornell Law School. Available: wwwd4.law.cornell.edu/uscode/18/ch119.html

— O

Aruitoxt provided by Eic:

yoseasay 4O Alewwng v « uoneonp3 ul ABojouyds) Jo s AIDSYT UB pIEMOL

Ks

ERIC



Toward an Effective Use of Technology in Education + A Summary of Research

)

ww

A ruiToxt provided by ER

Levin, D. & Darden, C. (1999). Forum on technology in education: Envisioning
the future. Proceedings of the Forum on Technology in Education. Washing-
ton, DC: U.S. Department of Education. Available: www.air.org/forum/
wpapers.htm

Levinson, E., & Grohe, B. (2001, May). The times they are a-changin’. Converge
4(5), 54-56.

Lewis, R. (1999). The role of technology in learning: Managing to achieve a
vision. British Journal of Educational Techriology, 30(2), 141-150.

Lowe, M., & Vespestad, K. (1999). Using technology as a tool to enhance teach-
ing and learning. NASSP Bulletin, 83(607), 30-37.

Lutzker, A. (1999) In the curl of the wave: What the Digital Millennium Copyright
Act and Term Extension Act mean for the library and education community.
Washington, DC: Association of Research Libraries. Available: www.arl.org/
newsltr/203/curl.html

Mann, D., & Shafer, E. (1997). Technology and achievement. American School
Board Journal 184(7), 22-23.

Market Data Retrieval. (2001). Techniology in Education 2001. Shelton, CT:
Author. Available: www.schooldata.com/publications3.html#spending.

Mason, M. (1997). Sex, kids, and the public library. American Libraries, 28(6).
104-105.

McClintock, R. (1995). Renewing the progressive contract with posterity: On the
social construction of digital learning communities. Available: www.ed.gov/
Technology/Futures/robbie.html

Mehlinger, H. (1997). The next step. Electronic School Online, (June). Available:
www.electronic-school.com/0697f2.html

Meyer, T., Steuck, K., Miller, T., Pesthy, C., & Redmon, D. (1999). Lessons learned
from the trenches: Implementing technology in public schools. In SITE 99:
Society for Information Technology & Teacher Education International
Conference, San Antonio, TX, February 28-March 4, 1999. (ERIC Document
Reproduction Service No. ED 432 252)

Miller, L., & Olson, J. (1995). How computers live in schools. Educational
Leadership, 53(2), 74-77.

Moersch, C. (1996-1997). Computer efficiency. Measuring the instructional use of
technology. Learning & Leading with Technology, 24(4), 52-56.

Mojkowski, C. (1999). District information technology plans and planning:
Monitoring implementation and assessing impact. Paper presented at the
annual meeting of the American Educational Research Association, Montreal,
Canada, April 21, 1999. (ERIC Document Reproduction Service No. ED 431
031)

Molenda, M., & Sullivan, M. (in press). In R. M. Branch & M. A. Fitzgerald (Eds.),
Educational media and technology yearbook 2002: Volume 27. Englewood,
CO: Libraries Unlimited.

National Forum on Assessment. (1995). Principles and indicators for student
assessment systems. Cambridge, MA: FairTest. Available: http://fairtest.org/
princind.htm

National Public Radio. (2000a). Survey shows widespread enthusiasm for high
technology. Washington, DC: Author. Available: www.npr.org/programs/
specials/poll/technology

National Public Radio. (2000b). Diablo II. [Real Audio] http://search.npr.org/cf/
cmn/cmnpd01fm.cfm?PrgDate=10/11/2000&PrgID=3 (October 11, 2000).

o

o o}

- 0

%L/@




National Telecommunications and Information Administration. (2000). Advanced
telecommunications in rural America: The challenge of bringing broadband
service to all Americans. Washington, DC: Author. Available: www.ntia.doc.
gov/reports/ruralbb42600.pdf

Norman, M. (1999). Beyond hardware. The American School Board Journal,
186(7), 17-20.

North Carolina State Department of Public Instruction. (1995). Impact of technol-
ogy on school facility design. Raleigh, NC: Author. (ERIC Document Reproduc-
tion Service No. ED 427 502)

Northwest Educational Technology Consortium. (1999). classrooms@work/
tools@hand. Portland, OR: Author. Available: www.netc.org/classrooms@work/

Olivia, M. (1999). Developing an open system for the assessment of technology
in education: The data gathering agent. Calico Journal. 16(4), 497-508.

Owens, T. & Cohen, C. (1998). Technology for learning: The present and future
in the United States. Paper presented at the annual meeting of [T@EDU98, Ho
Chi Minh City, Vietnam, January 15-16, 1998. (ERIC Document Reproduction
Service No. ED 417 702)

Palestis, E. (1997). Meeting the challenge. Technology Connection, 4(3), 14-15.

Panel on Educational Technology. (1997, March). Report to the President on the
use of technology to strengthen K-12 education in the United States. Washing-
ton, DC: Author. Available: www.ostp.gov/PCAST/k-12ed.html

Papert, S. (1993). The children’s machine: Rethinking school in the age of the
computer. New York: Basic Books.

Peck, K. & Dorricott, D. (1994). Why use technology? Educational Leadership,
51(7). Available: www.ascd.org/readingroom/edlead/9404/peck.html

Penta, M. (1998). Is it time to circle the wagons? Lessons learned in pioneering
electronic portfolios. Paper presented at the annual meeting of the American
Educational Research Association, San Diego, CA, April 13-17, 1998. (ERIC
Document Reproduction Service No. ED 434 911)

Pownell, D. & Bailey, G. (1999). Electronic fences or free-range students: Should
schools use Internet filtering software? Learning & Leading with Technology,
27(1), 50-57.

Quinones, S. & Kirshstein, R. (1998). An educator's guide to evaluating the use of
technology in schools and classrooms. Washington, DC: U.S. Department of
Education. Available: www.ed.gov/pubs/EdTechGuide/

Rader, ]. (1997). Preparing teachers for educational software purchases. Kappa
Delta Pi Record, 34(1), 20-21.

Ranalli, H. (2000). Fundamentals of network security. Presentation for the
National On-line Assessment Conference. Washington, DC: AEL and the U.S.
Department of Education.

| Ravitz, ]. (1998). Conditions that facilitate teachers’ Internet use in schools with

| high Internet connectivity: Preliminary findings. Proceedings of Selected
Research and Development Presentations at the National Convention of the
Association for Educational Communications and Technology, 319-335. (ERIC
Document Reproduction Service No. ED 424 998)

Renyi, J. (1996). Teachers take charge of their learning: Transforming profes-
sional development for student success. Washington, DC: NEA Foundation for
the Improvement of Education. Available: www.nfie.org/publications/
takecharge_full.htm

Y

yoJessay Jo Alewwng v « uoyeonp3 ul ABojouyda] JO 8SM 8AN08YT UE PJemo]

x
©

—_ O

et
=

ERIC

Aruitoxt provided by Eic:




Revenaugh, M. (2001, May). Haves...and have mores. Curriculum Administra-
tor, 37(5), 31.

Ritchie, D. (1996). The administrative role in the integration of technology. NASSP
Bulletin, 80(582), 42-52.

Robbins, N. & Gordon, B. (2000). Successful alternatives to how technologists
work with schools. T.H.E. Journal, 27(11). Available: www thejournal.com/
magazine/vault/A2884.cfm

Roberts, J. (2001). State-of-the-states survey. T.H.E. Journal, 28(10), 40.

Robertson, S., Calder, J., Fung, P, Jones, A., & Q’Shea, T. (1997). The use and
effectiveness of palmtop computers in education. British Journal of Educa-
tional Technology, 28(3), 177-89.

Rockman, S. (1998). Leader’s guide to education technology. Washington, DC:
Edvancenet. Available: www.edvancenet.org/ax/metacontent_fs.html?
res*guide

Rodes, P, Knapczyk, D., Chapman, C., & Haejin, C. (2000). Involving teachers in
Web-based professional development. TH.E. Journal, 27(10), 94. Available:
www.thejournal.com/magazine/vault/A2868.cfm

Rogers, P. (1999). Barriers to adopting emerging technologies in education.
Richmond, VA: Virginia Commonwealth University. (ERIC Document Repro-
duction Service No. ED 429 556)

Rothman, D. (1995). Copyright and k-12: Who pays in the network era? The
Future of Networking Technologies for Learning. Washington, DC: U.S.
Department of Education. Available: www.ed.gov/Technology/Futures/
rothman.html

Rowand, C. (2000). Teacher use of computers and the Internet in public schools.
(NCES 2000-090). Washington, DC: National Center for Education Statistics.

Salomon, K. (1999). Copyright considerations in distance education and technol-
ogy-mediated instruction. Washington, DC: American Association of Commu-
nity Colleges. (ERIC Document Reproduction Service No. ED 436 199)

Samuelson, P. (1999). Good news and bad news on the intellectual property
front. Communications of the ACM. 42(3), 19-24.

Schmidt, D., Sasser, S., Linduska, S., Murphy, V., & Grether, C. (1999). Collabora-
tive research partners: Technology integration model that supports learning
communities. Paper presented at the annual meeting of the Society for
Information Technology & Teacher Education International Conference, San
Antonio, TX, February 28-March 4, 1999. (ERIC Document Reproduction
Service No. ED 432 291)

Schoeny, Z., Heaton, L., & Washington, L. (1999). Perceptions and educational
technology needs of school administrators. Paper presented at the annual
meeting of the Society for Information Technology & Teacher Education
International Conference, San Antonio, TX, February 28-March 4, 1999. (ERIC
Document Reproduction Service No. ED 432 224)

Schofield, J. & Davidson, A. (1997). The Internet in school: The shaping of use by
organizational, structural, and cultural factors. Pittsburgh, PA: University of
Pittsburgh. (ERIC Document Reproduction Service No. ED 429 545)

Schwab, R. & Foa, L. (2001). Integrating technologies throughout our schools.
Phi Delta Kappan, 82(8), 620.

Shade, D. (1999). Software evaluation. Information Technology in Childhood
Fducation, 51 (6), 276-280.

Toward an Effective Use of Technology in Education « A Summary of Research

@
=)
)

05

L G

_L

@)

E

Aruitoxt provided by Eic:




Shaeffer, J. & Farr, C. (1993). Evaluation: A key piece in the distance education
puzzle. Ways of evaluating the use of distance learning technologies. TH.E.
Journal, 20(9), 79-82.

Shapiro, W. & Cartwright, G. (1998). New ways to link technology and faculty
development. Change, 30(5), 50-52.

Sheingold, K. & Hadley, M. (1990). Accomplished teachers: Integrating computers
into classroom practice. Washington, DC:-U.S. Department of Education,
Office of Educational Research and Improvement. (ERIC Document Reproduc-
tion Service No. ED 322 900) :

Sherry, L., Billig, S., Tavalin, F., & Gibson, D. (2000). New insights on technology
adoption in schools. TH.E. Journal, 27(7), 46. Available: www.thejournal.
com/magazine/vault/A2640.cfm

Sivin-Kachala, ]., & Bialo, E. R. (1999). Research report on the effectiveness of
technology in schools (6th ed.). Washington, DC: Software and Information
Industry Association.

Skeele, L. (1999). Professional development that they will cheer for. Book Report,
17(4), 20-23.

Smerdon, B., Cronen, S., Lanahan, L., Anderson, ], [annotti, N., & Angeles, ].
(2000). Teachers' tools for the 21st century: A report on teacher's use of technol-
ogy. (NCES 2000-102). Washington, DC: National Center for Education Statis-
tics. Available: http://nces.ed.gov/pubs2001/quarterly/winter/elementary/
e_section5.html

Smith, R. (1997) Find the perfect technology coordinator: Interviewing to the
fullest. Learning and Leading with Technology, 24(6), 56-58.

Stokes, P. (2000). E-Learning: Education businesses transform schooling. The
Forum on Technology in Education. Washington, DC: U.S. Department of
Education. Available: www.air.org/forum/pdf/E-Learning_Stokes.pdf

Stronge, J. (1997). Improving schools through teacher education. In ]. Stronge
(Ed.), Evaluating teaching: A guide to current thinking and best practice.
Thousand Oaks, CA: Corwin Press, Inc. (ERIC Document Reproduction Service
No. ED 411 215)

Sturgeon, J. (1999, June). Need tech help? Call on the kids. School Planning and
Management. Available: www.spmmag.com/articles/1999_06/207.html

Tally, W. & and Grimaldi, C. (1995, May/June). Developmental training: Under-
standing the ways teachers learn. Electronic Learning, 14, 14-15.

Teacher's pet. (1994, December 10). The Economist, p. 67.

The classrooms of the future: Newsweek asked leading teachers, inventors and
entrepreneurs for their vision of what schools will be like in the year 2025—
and how learning will change. (2001, October 22). Newsweek, (n.v.), 60.

Thomas. (1995). Washington, DC: Library of Congress. Available: http://
thomas.loc.gov/

Thornburg, D. (1998, June). Reading the future. Electronic School Online.
Available: www.electronic-school.com/0698f1.html

Thornburg, D. (2000). Technology in K-12 education: Envisioning a new future.
Washington, DC: U.S. Department of Education. Available: www.air.org/
forum/Thornburg. pdf

Truett, C., Scherlen, A., Tashner, ]., & Lowe K. (1997). Responsible Internet use.
Learning & Leading with Technology, 24(6), 52-55.

UoJeasay Jo Alewiung vy « uoneonp3 ul ABojouyosy Jo asn e/\uoéyg ue pJemo]

©
-

FRjcT BESTCOPYAVAILABLE 69 .

Aruitoxt provided by Eic:




Toward an Effective Use of Technology in Education » A Summary of Research

2

()

U.S. Copyright Office. (n.d.). Reproduction of copyrighted works by educators and
librarians. Circular 21. Washington, DC: U.S. Copyright Office. Available:
www.loc.gov/copyright/circs/circ21 .pdf

U.S. Department of Commerce. (1995). Falling through the net: A survey of the
“have nots” in rural and urban America. Washington, DC: Author. Available:
www.ntia.doc.gov/ntiahome/fallingthru.html

U.S. Department of Commerce. (1996). Lessons learned from the Telecommunica-
tions and Information Infrastructure Assistance Program. Washington, DC:
Author. Available: www.ntia.doc.gov/otiahome/top/publicationmedia/lessons/
lessons.htm

U.S. Department of Commerce. (1998a). The emnerging digital economy. Washing-
ton, DC: Author. Available: www.ecommerce.gov/emerging.htm

U.S. Department of Commerce. (1998b). Falling through the net: New data on the
digital divide. Washington, DC: Author. Available: www.ntia.doc.gov/
ntiahome/net2/falling. html

U.S. Department of Commerce. (1999). Falling through the net: Defining the
digital divide. Washington, DC: Author. Available: www.ntia.doc.gov/
ntiahome/digitaldivide/

U.S. Department of Education. (1996). Getting America’s students ready for the
21* century: Meeting the technology literacy challenge. Washington, DC:
Author. Available: www.ed.gov/Technology/Plan/NatTechPlan

U.S. Department of Education. (2000). E-Learning. Putting a world-class educa-
tion at the fingertips of all children. Washington, DC: Author. Available:
www.ed.gov/Technology/elearning/

U.S. Department of Education. (2001). About TICG: What is the Technology
Innovation Challenge Grant Program? Washington, DC: Author. Available:
www.ed.gov/Technology/challenge/about.html

Wenglinsky, H. (1998). “Does it compute?” The relationship between educational
technology and student achievernent in mathematics. Princeton, NJ: Educa-
tional Testing Service. (ERIC Document Reproduction Service No. ED 425 191)

Wiedmer, T. (1998). Portfolios: A means for documenting professional develop-
ment. Journal of Staff, Program & Organizational Development, 16(1), 21-37.

Wiggins, G. (1997). Show what you know as you go. In P. Burness (Ed.), Learn &
Live. Nicasio, CA: The George Lucas Educational Foundation.

Williams, C. (2000). Internet access in U.S. public schools and classrooms: 1994-
1999 (NCES 2000-86). Washington, DC: U.S. Department of Education,
National Center for Education Statistics.

Winter, R. (1998). Don't know much about technology planning. The High School
Magazine, 6(1). Available: www.nassp.org/publications/hsmag/planning.htm

Wise, M. & Groom, F. (1996). The effects of enriching classroom learning with
the systematic employment of multimedia. Education. 117(1), 61-69.

Wolinsky, A. (1999). What works in staff development. MultiMedia Schools, 6(2).
Available: www.infotoday.com/MMSchools/MMStocs/mar99toc. htm

Zeisler, A. (1997). Are your classrooms computer literate? School Planning &
Management, 36(1), 15-17.

Zeisler, A. (1999). Your technology plan: More than wires and boxes. Technology
Planning & Management, 38(11), 6-9.

Zsiray, S., McRae, K., Liechty, M., & Gibbons, A. (2001, March). Wanted IT staff.
Electronic School Online. Available: www.electronic-school.com/2001/03/

0301f6.html
90

O

ERIC

Aruitoxt provided by Eic:

BEST COPY AVAILABLE




U.S. Department of Education
Office of Educatonal Research and Improx’em‘én't (aERI)
National Library of Education (NLE)
Educational Resources Information Center (ERIC}

REPRODUCTION RELEASE Edueioa| Bsttees e Cete
(Specific Document)

NOTICE

This document is covered by a signed “Reproduction Release
(Blanket) form (on file within the ERIC system), encompassing all
or classes of documents from its source organization and, therefore,
does not require a “Specific Document” Release form.

% This document is Federally-funded, or carries its own permission to
reproduce, or is otherwise in the public domain and, therefore, may
be réproduced by ERIC without a signed Reproduction Release form

(either “Specific Document” or. “Blanket”).

EFF-089 (9/97)




