Summary
and
Policy
Options

SUMMARY OF KEY FINDINGS

= Projections suggest that by spring 1995, schools in the United
States will have 5.8 million computers for use in instruction—
about one for every nine students. Almost every school in the
country has at least one television and videocassette recorder,
and 41 percent of teachers have a TV in their classrooms. Only
one teacher in eight has a telephone in class and less than 1 per-
cent have access to voice mail. Classroom access to newer
technologies like CD-ROM and networking capabilities are
also limited. While 75 percent of public schools have access
to some kind of computer network, and 35 percent of public
schools have access to the Internet, only 3 percent of instruc-
tional rooms (classrooms, labs, and media centers) are con-
nected to the Internet.

= Despite technologies available in schools, a substantial num-
ber of teachers report little or no use of computers for instruc-
tion. Their use of other technologies also varies considerably.

= While technology is not a panacea for all educational ills,
today’s technologies are essential tools of the teaching trade.
To use these tools well, teachers need visions of the tech-
nologies’ potential, opportunities to apply them, training and
just-in-time support, and time to experiment. Only then can
teachers be informed and fearless in their use of new
technologies.

= Using technology can change the way teachers teach. Some
teachers use technology in traditional “teacher-centered”
ways, such as drill and practice for mastery of basic skills, or
to supplement teacher-controlled activities. On the other hand,
some teachers use technology to support more student-cen-
tered approaches to instruction, so that students can conduct
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Helping teachers become “fearless"with technology could be
the best way to assure that they use these tools effectively in
their classrooms.

their own scientific inquiries and engage in col-
laborative activities while the teacher assumes’
the role of facilitator or coach. Teachers who
fall into the latter group are among the most en-
thusiastic technology users, because technolo-
gy is particularly suited to support this kind of
instruction.

. Increased communications is one of the biggest

changes technology offers classroom teachers.
Telecommunications, from simple telephones*
to advanced networks, can transcend the walls
of isolation that shape the teaching profession
and allow teachers to converse and share expe-
riences with colleagues, school administrators,

parents, and experts in the field.

=« Helping teachers use technology effectively

may be the most important step to assuring that
current and future investments in technology™
are realized.

. Most teachers have not had adequate training to

prepare them to use technology effectively in
teaching. Currently, most funds for technology
are spent on hardware and software, but experi-
enced technology-using sites advocate larger
allocations for training and support. On aver-
age, districts devote no more than 15 percent of
technology budgets to teacher training. Some

states have suggested this figure should be
more like 30 percent.

= A majority of teachers report feeling inade-
quately trained to use technology resources,
particularly computer-based technologies. Al-
though many teachers see the valustadents
learning about computers and other technolo-
gies, some are not aware of the resources
technology can offer them as professionals in
carrying out the many aspects of their jobs.
Although schools have made significant prog-
ress in helping teachers to use basic techno-
logical tools such as word processing and
databases, they still struggle with integrating
technology into the curriculum. Curriculum in-
tegration is central if technology is to become
a truly effective educational resource, yet in-
tegration is a difficult, time-consuming, and re-
source-intensive endeavor.

Technology can be a valuable resource for imp-
roving teacher education overall. It can bring
models of the best teaching live from the class-
room into the colleges of education, or provide
video case studies of teaching styles and ap-
proaches. It can forge stronger connections
among student teachers, mentor teachers in the
field, and university faculty.

Despite the importance of technology in teach-
er education, it is not central to the teacher
preparation experience in most colleges of
education in the United States today. Most new
teachers graduate from teacher preparation
institutions with limited knowledge of the
ways technology can be used in their profes-
sional practice.

The federal government has played a limited
role in technology-related teacher development
compared with states, universities, and school
districts. Even so, past federal programs have
piloted innovative educational applications of
technology for teachers by providing signifi-
cant support for professional development,
specifically among mathematics, science, and
special education teachers, and by providing
funding for technology-related professional
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Technology is a fact of life in today's society and students wil need to be facile with these powerful tools. This young student
makes sure his thinking cap is on as he ponders a computer screen in the classroom.

development in school districts that could not for state and local technology initiatives. Fo-
have supported it on their own. cusing attention, as well as funding, on how
The federal government has tended to focus technologies can support professional develop-
more on inservice than preservice education, ment, and on how teachers are essential to the
channeling more support to K-12 schools than implementation of technologies, can send im-
to colleges of education—an approach that may portant signals to schools around the country.
address current needs but does not greatly in-

fluence teacher preparation or quality over the|\NTRODUCTION

long term. . .

Theg federal government has a unique opportu- teaCher: aﬁehc.ts.e:lem'ty' he can never tell
nity to encourage greater links between tech- where his influence stops.

nology and professional development, through Henry Adams, from The Education of
recent legislation such as Goals 2000 and the HenryAdams
Improving American’s Schools Act. The way Technology is a fact of American life. Computers,
the laws are currently written, however, fund- video, television, telephones, radio, and telecom-
ing for technology and teacher training, andmunications networks exert an incalculable in-
support for effective use, may not be high prior-fluence on how we live, work, and play—an
ities. National leadership for educationalinfluence likely to expand as hardware and soft-
technology can create enthusiasm and supporvare become more powerful, affordable, and per-
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vasivel New technologies are already essentiahology to students, and in the context of limited
tools for doing business and are quickly becomingesources, teacher issues have been shortchanged.
a primary means for people to acquire informa\When teacher needs are discussed, the emphasis is
tion. For example, in 1993 an estimated 12 mil-often on providing short-term training to familiar-
lion-plus Americans regularly used electronicize teachers with a specific application or encour-
mail and related online information serviéeBy age general computer literacy. Seldom have
October 1994, the number of e-mail users was egolicy discussions or initiatives centered on the
timated to be more than 27 millién. relationship between technology and the teacher’s
For students, the ability to use technology hasole. Seldom have they articulated a vision of how
come to be recognized as an indispensable skiltechnology can empower teachers to carry out all
The Secretary’s Commission on Achieving Nec-parts of their jobs.
essary Skills (SCANS) stated this in the starkest Inresponse tothese concerns, noted asissuesin
terms, “Those unable to use . . . [technology] facearlier OTA reportd, OTA was asked to do this
a lifetime of menial work# study by congressional committees and members
Recognizing their responsibility to prepare stu-of Congress with interests in the application of
dents to work and live in a technological societyemerging technologies to education (see box 1-1).
states and school districts have adopted standardsin addition to the usual OTA process of conven-
for teaching students with and about technofogy.ing an advisory panel, conducting extensive staff
For example, in a 1994 survey conducted for thevork, and obtaining broad peer review of drafts,
Office of Technology Assessment (OTA), all but OTA used a variety of methods to conduct this as-
seven states reported that they require or reconsessment (see box 1-2). The technologies OTA fo-
mend integrating computers or informationcused on and their current availability in the
technology into the curriculum, and 19 states renation’s elementary and secondary schools are de-
quire seniors to demonstrate computer competerscribed in box 1-3.
cy before graduatingThe question now is, how  OTA finds the lack of attention to teachers and
can schools use technology more effectively? technologies ironic, for at the center of effective
Most policy discussions and technology ini-use of instructional technologies are those who
tiatives have tended to focus on hardware andversee the daily activities of the classroom—the
software acquisition, and student access to techeachersTo use new technologies well, teachers
nology. However, in the enthusiasm to get tech-

1see, e.g., U.S. Congress, Office of Technology AssessHieatronic Enterprises: Looking to the Futu@TA-TCT-600 (Washington,
DC: U.S. Government Printing Office, May 1994).

2. Eckhouse, “Internet: Millions of Users Plug in to Hug Computer Netw8eky'Francisco Chroniclelune 1, 1993, pp. C-1, C-7.

3 Matrix Information and Directory Services, Austin, TX, October 1994.

4What Work Requires of Schools: A SCANS Report for America8@@tary’s Commission on Achieving Necessary Skills (Washington
DC: U.S. Department of Labor, June 1991), p. 15.

5For this study, when the tetachnologys used, it refers to all forms of computers and their peripherals including hard disk drives, printers,
CD-ROM, projection devices, and networks offering telecommunications linkages. It also refers to a range of other new or more traditional
technologies: telephones, video cameras, televisions and VCRs, fax machines, videodiscs, cable and other one- or two-way links, small devices
like electronic calculators, personal digital assistants or other hand-held devices, or combinations of these and other new technologies.

6 Ronald E. Anderson, “State Technology Activities Related to Teachers,” contractor report prepared for the Office of Technology Assess-
ment, U.S. Congress, Washington, DC, Nov. 15, 1994.

7U.S. Congress, Office of Technology Assessnteatyer On! New Tools for Teaching and Learni@FA-SET-379 (Washington, DC:
U.S. Government Printing Office, September 1988) Lanking for Learning: A New Course for Educati@TA-SET-430 (Washington, DC:
U.S. Government Printing Office, November 1989).
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BOX 1-1: Why This Study?

In 1986, Congress asked the Office of Technology Assessment to study the use of computers in
schools, In 1988, OTA reported its findings in Power On! New Tools for Teaching and Learning, *which
described the promise of and barriers to using technology in K-12 education. At that time, there were
about two million personal computers in American schools, a ratio of roughly one computer for every 30
students. Most educational software was limited to drill-and-practice applications. A handful of small, spe-
cial-purpose educational software publishers were scrambling to create a market for their products.
Schools were focusing attention on teaching students “computer literacy” skills. Teacher training consisted
of general computer awareness courses, and a few adventurous souls were learning to program in BASIC
or LOGO, so they could design their own software applications. At that time, most teachers did not use
computers as a significant part of their teaching-only half the K-12 teaching force reported using comput-
ers in instruction. Few teachers had computers of their own at school or at home. Not surprisingly, many
teachers were less than impressed with this new wave of educational euphoria.

Similarly, in 1989 when OTA released Linking for Learning: A New Course for Education,’a followup
report assessing how schools were using distance-learning technologies to link students and teachers with
resources, activity was limited. At that time, states were beginning to invest in broadcast, microwave, satel-
lite, cable, and computer-based systems, and the federal Star School Project had just funded its first round
of projects. In subsequent work assessing technologies for testing‘and adult literacy,”OTA reported on
emerging opportunities presented by technology.

In each of these reports to Congress OTA noted the critical role of teachers. To learn more about how
schools and teachers use computers and other technologies and what this means for future policies, in the
summer of 1993 Congress requested OTA to revisit the issue of teachers and technology in K-12 schools in
depth.

Requesters, and their affiliations during the 103d Congress are as follows:

U.S. Senate U.S. House of Representatives
Committee on Labor and Human Resources Committee on Education and Labor’
Edward M. Kennedy, Chairman’ Williarn D. Ford, Chairman®
Committee on Appropriations William F. Goodling, Ranking Minority Member®
Thad Cochran, Member Subcommittee on Elementary, Secondary, and

Vocational Education®
Dale E. Kildee, Chairman®

'U.S. Congress, Office of Technology Assessment, Power On! New Tools for Teaching and Learning,0TA-SET-379 (Washington,
DC: U.S. Government Printing Office, September 1988).

*The main focus of that report was the personal computer, whether as a stand-alone unit, connected to a local area network or as
part of a more comprehensive integrated learning system.

*Linking for Learning: A New Course for Education, OTA-SET-430 Washington, DC: U.S. Government printing Off Ice, November
1989).

‘Testing in American Schools Asking the Right Questions,OTA-SET-519 (Washington, DC: U.S. Government Printing Office, Feb-
ruary 1992),

°Adult Literature and New Technologies: Tools for A LifetimeDTA-SET-550 (Washington, DC: U.S. Government Printing Office, July
1993),

*Now Ranking Minority Member.

"Now the House Committee on Economic and Educational Opportunities.

*Now retired,

’Now Chairman, House Committee on Economic and Educational Opportunities.
Now the House Subcommittee on Early Childhood, Youth, and Farnilies.
“*Now Ranking Minority Member.

(continued)
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BOX 1-1 (cont'd.): Why This Study?

The requesters asked OTA to look at several issues, Do teachers use technology in their teaching?
Why? What happens when they do? Why don't more teachers use technology? How do teachers learn
about technology? Are prospective teachers being prepared to use technology before entering the class-
room? Which factors influence implementation of technology across schools and districts? What roles do
schools, districts, states, and the federal government play in helping teachers adjust to the challenges and
opportunities presented by new technologies? This report describes the results of OTA’s research into all of
these  questions.

The issue of teachers and technology is of continuing relevance to the 104th Congress. Two major
pieces of legislation passed in the 103d Congress have provided authorization for a number of initiatives
related to technology. The decisions made by the 104th Congress will shape the direction of these initia-
tives. The Goals 2000: Educate America Act encourages states to undertake ambitious school reform ef-
forts and funds statewide plans for using technology to achieve these reforms. The Improving America’s
Schools Act, in a revised Title Ill of the Elementary and Secondary Education Act (ESEA), contains the
most comprehensive legislation for educational technology ever passed by Congress and places a greater
emphasis on teacher professional development in several other federal programs. These two laws have the
potential to bring more coherent and consistent leadership to the federal role in technology and teacher
development, but whether this occurs will depend on how the programs are funded and implemented. This
report contains discussion of issues and policy options relevant to implementation.

In addition to funding decisions about current education programs, the 104th Congress faces other is-
sues affecting education technology, most notably legislation to update the Communications Act of 1934.
The availability and affordability of telecommunications technologies for schools are two of the most impor-
tant issues affecting the future of educational technology.

not only need access to them, but they also need
opportunities to discover what the technolo-

gies can do, learn how to operate them, and ex-

periment with ways to apply themFor teachers
to make informed choices and wise uses of
technology, they must be literate and comfortable
with a range of educationa technologies.

However, the use of technology in teaching,
like any other change to the status quo, should be
considered in light of the unique characteristics of
the teaching profession. Indeed, teaching has been
caled many things. an art, a science, a calling, a
way of life. Throughout history, teachers have tak-
en up the tools at hand to help them teach—wheth-
er marking on clay with a stylus, or writing on a
blackboard with chalk. As new technologies have
emerged—photography, filmstrips, radio, televi-
sion—teachers have used them to extend the range
of what they could teach, illustrate ideas in differ-
ent ways, bring new materials to students, and mo-
tivate learners.

The process of adopting new technologies has
never been quick or effortless, however. Like all
professionals, teachers have instructionad meth-
ods, teaching styles, and working procedures that
have served well in the past and that often reflect
how they themselves were prepared. And like
other large ingtitutions, schools have organiza-
tional characteristics that make change difficult.
Moreover, the unique culture of schools and
changing public expectations for them create
conditions substantially different from those of
other workplaces.

Although teachers want to enlist all available
tools to help their students learn, as new technolo-
gies have become more sophisticated, the transi-
tion has become even harder, requiring more
training before teachers can use them effectively.
Teachers, like many in society, can find them-
selves bewildered by the changing landscape of
computer, video, and telecommunications tech-
nologies. Many are made skeptical by predictions
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BOX 1-2: How This Study Was Cond

Although considerable research has been conducted since 1988 on student uses of technology, far less
has been done on teacher uses, and consequently data on teacher issues are limited. As a starting point
for this study, OTA reviewed research on teachers and technology, including national surveys and studies,
evaluations of federal technology-related programs, and research on state, district, and school technology
efforts.

During the course of this study, OTA staff made site visits to schools of all grade levels across the coun-
try (see appendix E), and had hundreds of conversations with teachers, researchers, and administrators—
in classrooms, at meetings and conferences, and over the telephone and electronic mail. OTA also con-
vened two focus groups of teachers and held a workshop about lessons from research projects on
technology in schools.

OTA also drew upon a range of other sources. Much of the background information for the study came
from research contracted by OTA (see appendix F), including a series of in-depth interviews with average
teachers regarding their experiences with technology,’a survey of faculty and recent graduates of col-
leges of education regarding technology use in preservice teacher education,’a research review of tele-
communications networks,’and a review of past and current federal programs and support for teacher
development and technology.'A series of OTA-contracted case studies looked at exemplary approaches
to training teachers about technology use at the preservice and inservice level.”OTA contracted for two
other research reviews: an analysis of trend data from several surveys about school acquisition and use of
new technologies,’and a review of state policies related to technology in K-12 education.’

Some of these research strategies yielded statistical data. Others produced information that was mostly
descriptive or anecdotal on such issues as teachers’ perceptions of the role of technology in their teaching
and the factors that encourage or inhibit their technology use. By combining quantitative and qualitative
information, OTA has tried to present a multifaceted picture of teacher experiences with technology.

As with all OTA reports, the project was guided by an advisory panel made up of experts and stake-
holders in the field: teachers, principals, and district, state, and school board personnel; college of educa-
tion faculty; representatives of teacher unions and professional organizations; hardware, software, and
business representatives; and telecommunications and media experts. The advisory panel met twice, at
the beginning of and near the end of the research phase of the project, and helped define the research
questions and interpret the information. In addition, dozens of individuals reviewed drafts of and contrib-
uted to this study (see appendix D). Although every panel member and reviewer may not agree with all the
findings or policy options in this report, the panel's and other reviewers' guidance and direction were criti-
cal in shaping its final form.

*Melinda Griffith, “Technology in Schools: Hearing from the Teachers, ” Office of Technology Assessment, contractor report, Octo-
ber 1993.

*Jery Willis et al., “Information Technologies in Teacher Education Survey of the Current Status, " Office of Technology Assess-
ment, contractor report, March 1994.

*TERC, “Review of Research on Teachers and Telecommunications, ” Office of Technology Assessment, contractor report, May
1994,

“Nancy Kober, “Teachers and Technology: The Federal Role, ” Office of Technology Assessment, contractor report, May 25,1994.

*John R. Mergendoller et al., “Case Studies of Exemplary Approaches to Training Teachers to use Technology, ” Office Of Technol-
ogy Assessment, contractor report, May 1994.

°*Henry J. Becker, “Analysis and Trends of School Use of New Technologies,” Office of Technology Assessment, contractor report,
March 1994

"Ronald E. Anderson, “State Technology Activities Related to Teachers, ” Office of Technology Assessment, contractor report,
Nov. 15, 1994.
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promising that new technologies will reform discover ways that technology can strengthen
education and change schools as we know themniheir teaching, help them carry out administrative

Making the connection between technology tasks, and enrich their professional growth,
and teachers—helping the 2.8 million teachers technology starts to make sense to them. Itcanbe a
in public and private kindergarten-through-  resource for improving the preparation of new
twelfth-grade (K-12) schools effectively incor- teachers as well. However, there are also many
porate technology into the teaching and teacherswho have notseen this potential, teachers
learning process—is one of the most important whose use of technology is marginal, limited, and
steps the nation can take to make the most of unenthusiastic. The stories and experiences of
past and continuing investments in education- both these groups suggest lessons for policymak-
altechnology.Itis central to the ultimate goal fos- ers. Table 1-1 summarizes the potential that
tered by these investments: not just helpingechnology offers to schools and teachers.
students become competent users of technology,

but helping them become more accomplishech Improving Teaching with Technology
learners overall.

This report seeks to underscore the connectioff TA has found many examples throughout the na-
between teachers and effective implementation dion of how technology can help teachers with all

technology in schools. parts of their jobs. First and foremost, teachers
want to ensure that their students are learning. If
TEACHING AND TECHNOLOGY: technology can be a resource to enhance student
' achievement and interest in learning, teachers are
THE POTENTIAL '

more likely to invest the time and energy to learn
“You wouldnt want a doctor to remove your 1 yse it in their teaching. However, the relation-
gall bl_adder without the latest technology and ship between technology and student learning is
the skill to use that technology, would you? ItS 1 often framed as a seemingly simple question:
the same with teaching. [Teachers need t00IS, s teaching with computers and other technologies
skills]. . .it's a profession. better than teaching without them? Clearly, com-
Rusty Sweeny, algebra teacher, Piscataquis ~ puters “cannot change leaden instruction into
Community High School, Guilford, ME  go|d "8 and there remain numerous questions
OTA has seen the promise of technology com@bout how, when, and how well alternative
to light in school districts throughout the country,technologies contribute to student learning and
where many teachers are using technology t@chievement. Issues related to measuring the im-
teach their students. Some have found it to be pact of various approaches to teaching, including
catalyst to support school reform, stimulate newthe use of new technologies on student learning
teaching methods, and even redefine the role agire complicated and beyond the scope of this
teachers. But it is not only in the realm of directstudy (see box 1-4). This report’s analysis of the
student contact that technology has benefitegotential of technologies for improving teaching
these teachers. Many other aspects of a teachessd learning focuses on two aspects of the teach-
job—preparing materials, developing lessons, ashg-learning continuum: teachers’ perceptions of
sessing student progress, enlisting parent partickow new technologies help them improve their
pation, keeping up with advances in pedagogy anthstruction and how they see their classrooms
content, and participating in the professional comehanging as a result.
munity—can be accomplished with technology, Many technology-using teachers find that
often more easily and efficiently. When teachergechnology can help them improve student learn-

8 James Bosco, Western Michigan University, personal communication, August 1993.
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BOX 1-3: Technologies in U.S. Schools: Definitions and Availability

What are the technologies available in U.S. schools today and how are they used? Following is a brief
outline of some technologies found in schools and the potential impact of those technologies on teachers
and students.

Computers

A computer is a programmable, electronic machine that can store, retrieve, and process data. Desktop
computers are sometimes called microcomputers because they have a single integrated circuit known as a
microprocessor.

During the last three years, the total number of computers in schools has risen by about 18 percent
annually and, based on those projections, there will be an estimated 5.8 million computers in U.S. schools
by spring 1995. That translates to approximately one computer for every nine students. There is enormous
variability in student-computer ratios (computer density) from school to school and across states. The
greatest disparities are found between small schools (enroliments of 300 or less) and large schools (enroll-
ments of 1,000 or more); schools with fewer students tend to have more computers per student.

Still, sheer numbers of computers do not indicate real access or use. For example, although 35 percent
of all U.S. public schools have access to the Internet, only 3 percent of instructional rooms (classrooms,
labs, and media centers) are connected. Many factors dictate technology use, but the age and power of
the technology seems to be a prevalent influence in K-12 schools. As of 1992, one-half of the computers
used for K-1 2 instruction in the United States were older, less-powerful Apple Il models, yet most software
and applications currently being developed today cannot run on these machines.

Two-Way Communications

Two-way communications that allow teachers and students to share and receive ideas with others out-
side their immediate classroom are an important aspect of telecommunications networking. For basic two-
way communications, telephones and modems are staple equipment. Currently, though, only one teacher
in eight has a telephone in the classroom that can be used for outside calls. In addition, less than 1 percent
of teachers with telephones have access to voice mail, which is a useful tool to leave or retrieve messages
when parents, administrators, or other teachers are hard to reach during the school day.

A modem is a device that allows computers to communicate electronically across telephone lines by con-
verting digital computer signals into analog format for transmission. In recent years, schools have begun
installing more modems for teacher use: in 1989 one-fourth of U.S. schools had a modem that could be used
by teachers or students, and by 1992 the figure had grown to 38 percent of all schools, although more high
schools (60 percent) had modems than middle schools (35 percent) or elementary schools (33 percent).

Telecommunications Networking

Telecommunications networking includes the Internet and other means of accessing shared commu-
nications systems that support digital communications among connected computers.

Local area networks (LAN) link computers and peripherals (e.g. printers) within a limited area, often a
classroom or building. Wide area networks (WANS) connect computers over greater distances, such as
building to building, city to city, and so on. Overall, 75 percent of public schools have computers with
some networking capabilities-either LAN or WAN access—and of those schools, 40 percent report that
machines with these capabilities are located in classrooms;"71 percent say they are located in administra-

1 Many schools responding to the survey reported access in more than one location. U.S. Department of Education, Advanced
Telecommunications in U.S. Public Schools, K-12 (Washington, DC, U S Department of Education, OERI, February 1995), NCES
95-731,

(continued)
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BOX 1-3 (cont'd.): Technologies in U.S. Schools: Definitions and Availability

tive offices; 62 percent, in library/media centers; and only 15 percent in teacher workrooms. Electronic
mail (e-mail) is the most common use of telecommunications reported by teachers who are accom-
plished  telecommunications  users.’

The Internet

The Internet is an international collection of interconnected electronic networks and a set of protocols for
communication between computers on these networks. The protocols also include a large and growing list
of services that can be provided or accessed over the Internet.

Of the schools reporting networking capabilities, 49 percent have WANS; 35 percent of those have ac-
cess to the Internet, and 14 percent have access to other types of wide area networks, such as America
Online, CompuServe, or Prodigy. Of those with Internet access, on average, only 3 percent of schools have
access in instructional rooms (classrooms, library/media centers, computer labs). This means students
and teachers typically do not have access to Internet services.

Television/Video

Nearly every school in the country has at least one television set for instructional use. Video is the most
common technology used for instruction in schools, from sources such as direct broadcast and cable tele-
vision and satellite (distance learning). As of 1991, the typical school had seven television sets and six
videocassette recorders, which teachers typically use to record and show students commercially broad-
cast educational programs. While the use of more interactive video resources, such as camcorders, video-
discs, and CD-ROM is growing, these are not used with as much frequency in schools.

Broadcast television (national networks, such as NBC, CBS, ABC) is received by 70 percent of all pub-
lic schools (61 percent of schools receive PBS). Eighty-three percent of those schools report that broad-
cast access is available in classrooms, and 84 percent report access in the library/media center.

Cable television (subscription television, such as CNN, the Discovery Channel, The Learning Channel)
is available in 74 percent of all public schools, and 70 percent of those schools say access is available in
classrooms, while 85 percent report access in library/media centers.

Closed-circuit  television  (neither broadcast nor cable, but in-house transmission on noncommercial
lines) is only available in 25 percent of schools, but 94 percent of those schools say classrooms have ac-
cess, and 89 percent report access to closed circuit TV in library/media centers.

‘Margaret Honey and Andres Henriquez, Telecommunications and K-12 Educators, Findings From A National Survey (New ‘fork:
Center for Technology in Education, Bank Street College of Education, 1993).

SOURCE: Office of Technology Assessment, 1995, based on Henry J. Becker, “Analysis and Trends in School Use of New Technolo-
gies, " Office of Technology contractor report, March 1994; also, Advanced Telecommunications in U.S. Public Schools, K-72, National
Center for Education Statistics NCES95-731 (Washington, DC:. US. Department of Education, OERI, February 1995), see also chap-
ter 3 of this report.

ing and motivation, address students with differ-  n Students engaged in a group problem-solving

ent learning styles or special needs, expose project based on a software or video simulation
students to a wider world of information and ex- are learning to work as a team, develop exper-
perts, and implement new teaching techniques. tise in specific areas, become more confident
There are many examples of how technology has learners, and weigh the merits of several pos-

enhanced teaching: sible solutions.
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m Teachers involved in an international telecoms.

munications project find their students acquir-["-"-

ing a new interest in geography, and bondin pot-

with students across the globe or in the differe g«

world that exists even on the other side of town m _

m With graphing software, students appear to de L |

velop a deeper understanding of mathematic L_

concepts for which they had learned the formu ' 'y

las but had not applied consistently. ' 3

m Special education students, mainstreamed int

regular classrooms, work on a more equal basi

with their classmates when a computer spea

for them, gives them big print, or adjusts t

their difficulties.

m Students who were on the verge of dropping ou R ﬁ

take anew interest in school when, as part of %

class project, they interview other student IR

with camcorders and create dally NEWS SNOWSgeachers find that using technology can encourage students

n Using CD-ROM, students research a mumme_ to take 'more responsiQiliQ/ for .[heir /garning, .t(.) learn  to .work

d_ig term %ape:j_evalu(z}ting [eSOUrCeS fTom Printyy sars - momatns - e o+

video, and audio media.

After the teacher downloads satellite pictures

of daily weather patterns, students use a netpanels have encouraged as essential for all high

work to compare their weather data with weath-school graduates-problem-solving skills; broad-

er data reported by students around the countryer scientific literacy and mathematical under-

analyzing trends and predicting likely condi- standing; strong communication skills; personal

tions. responsibility, integrity, and initiative; and skills

A scientist working on cancer research carand competencies for the workplace. These work-

come online and advise a student setting up @lace competencies include working with re-

science project on molecular biology. sources, acquiring and evaluating information,

These kinds of experiences, while far from theworking with others in groups or teams, under-
norm in schools today, can and do occur in classstanding complex relationships and systems, and
rooms with access to technology and a teachetising a range of changing technolodiab.
who can skillfully guide its use. In most of the though these skills can be developed without
above examples, teachers find that their studenttechnology, technological tools can help teachers
are doing more than learning generic technologystructure, organize, or enhance the activities that
skills or subject-specific technology applications. facilitate the development of these skills.
Rather, they see them developing the kinds of Accomplished technology-using teachers indi-
skills and competencies that numerous reformcate that using computers has changed their teach-

‘See, e.g. Secretary's Commission on Achieving Necessary Skills, op. cit. footnote 4; Anthony Patrick Carhmeslea and the New

Economy (Washington, DC: American Society for Training and Development, 1991); and William B. Johnston and Arnold H. Racker,
force 2000 (Indianapolis, IN: Hudson Institute, June 1987).
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TABLE 1-1

Changing teaching and learning .

Enhancing professional development .
1 .
’I\

Preparing new teachers .

(| )

: Teaching and Technology: The Potential

Resources for teaching abstract concepts, complex systems, problem
solving—and basic skills

Resources for group work and collaborative inquiry

Adaptable to various student learning styles and special needs
Teachers report they:

—Expect more of students

—Are more comfortable with students working independently
—Present more complex materials

—Tailor instruction more to individual needs

—Adopt new roles, more ‘(guide on the side” than “sage on the stage”
—Spend less time lecturing, so classrooms are more student-centered

Preparing lesson plans

Online databases, CD-ROMs, videodiscs, and other electronic sources
help teachers create, customize, and update lessons.

Tracking student progress

Gradebook programs and databases to update student profiles and
maintain records.

Communicating

Telephone, voice mail, e-mail to contact parents, other teachers, or
administrators to plan meetings, discuss student and administrative
concerns.

“Just-in-time” training and support

Satellite, video, cable, or computer access to new ideas, master teachers,
and other experts for training and followup.

Formal courses and advanced degrees

Distance learning technologies for courses not available locally.

Informal educational opportunities

Online contact with teacher colleagues and other experts.

Models of effective teaching

Video can take prospective teachers into classrooms to watch effective
teachers in action.

Computer and video simulations and case studies

Give prospective teachers practice solving teaching challenges in a non-
threatening environment.

Electronic networks

Minimize violation during field experiences, provide support and interac-
tion with college faculty or mentors.

SOURCE: Office of Technology Assessment, 1995
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ing.19 Among the changes teachers reported were With electronic gradebook software, teachers
that they expected more of students, became more can keep and more easily update running grad-
comfortable with students working independent- ing histories and profiles for every student and
ly, presented more complex material, tailored counsel them about problems as soon as they
instruction more to individual needs, and spent occur.

less time lecturing and more time overseeings Teachers can videotape student presentations to
small groups or working one-on-one with stu- evaluate and maintain records of student per-
dents (see chapter 2, box 2-1). Some teachers sug-formance as a part of assessment activities.
gest that using technology has meant they are By accessing an electronic database, a teacher
transforming the educational process—their cur- can quickly locate a host of current materials
riculum and classroom organization. These teach- relevant to next week’s science lesson.

ers report that, ultimately, they see a change im A teacher can retrieve a voice mail message, at
their roles as they become more like coaches, en- a convenient time, about a change in the time
couraging, guiding, and facilitating student learn-  of a parent conference.

ing, and students assume more initiative and Teachers can plan meetings with other teachers
responsibility for their own learning. While notall  online and save time in coordinating multiple
teachers want to make this transition from “sage schedules.

on the stage to guide on the side,” many find itex-  OTA has observed that, as teachers develop ex-
hilarating. pertise in these administrative applications, confi-
dence grows, encouraging them to try additional

[ Assisting with Daily Tasks of Teaching applications to meet instructional and profession-

Teachers perform a wide variety of duties in addi—al development goals.

tion to being instructional leaders, including pre- . .

paring lesson plans and instructional materialsl] Enhancing Professional Development
keeping and transmitting records of student prog- for Today’s Teachers

ress, attending school meetings, meeting with paffeachers are learners too. They take courses,
ents, and staying abreast of the profession. Yatorkshops, and other forms of training to fulfill
schools rarely consider the role of technology irrecertification requirements, learn new instruc-
assisting teachers with the many parts of the jobonal methods, or keep up with changes in their
that go on when the students are not present. Argpecialties. However, the current approach—typi-
few schools have contemplated how teachersally a shortinservice course on a specific topic in
could use their time differently or how teachingwhich a large group of teachers are gathered in one
personnel could be assigned more flexibly (e.g.place for an “injection” of training—is limited and
teachers working with small groups of studentoften disliked by teachers, administrators, and
for some parts of the day, large groups at othgparents alike. For example, a school district may
points) if teachers were freed from mundane taskgather elementary school teachers from across the

that technology could handié. district to spend a morning learning about a new
Technology can assist teachers with daily actistrategy for teaching reading. This “one-size-fits-
vities in many ways: all” model of training is rarely used in other pro-

10Karen Sheingold and Martha Hadlggcomplished Teachers: Integrating Computers into Classroom Préisiive York, NY: Center
for Technology in Education, Bank Street College of Education, September 1990).

11see, e.g., Margaret Riel, “The Future of Teaching,” contractor report prepared for the Office of Technology Assessment, U.S. Congress,
Washington, DC, Jan. 12, 1994.
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BOX 1-4: What Difference Does Educational Technology Make?

When a technology is introduced in education, many people want to compare its effectiveness with that
of existing methods of instruction. In the 1960s and 1970s, a number of studies compared learning via
radio and television with learning via classroom lectures or textbooks. More recently, many studies have
been conducted comparing computer-assisted instruction with more traditional methods of instruction.
These studies have consistently demonstrated that computer-assisted instruction technologies are either
equivalent or superior to conventional instruction." Meta-analyses, which examine the results of many stud-
ies and aggregate their combined effects, show effects that range from .26 to .66 standard deviations,
which represent a sizable improvement on many achievement measures as well as positive attitudinal ef-
fects.?Small, but growing, numbers of studies have begun to examine effects of newer technologies such
as videodisc or telecommunications networks.

Several factors belie simplistic approaches to the important but complex question of effectiveness.
These issues include:

. Conceptual factors—are researchers, parents, teachers, and policymakers asking the right
questions and interpreting available research correctly?

- Methodological factors— is the research designed well enough to answer questions of effective-
ness? and

. Timeliness factors— with rapid advances in technology, including rapid obsolescence of yester-
day’s “new” technologies, do the research results tell interested parties what they need to know
today to plan tomorrow’s classroom uses of technologies?

Conceptual Issues. In general, many available studies of the effectiveness of educational technologies
can be thought of as “horse race” studies because, when interpreted too simplistically, they are expected
to provide evidence that one technology can “beat” another by showing that students “learn more” when it
is used.’This approach can be misleading.'Whenever a new educational treatment is tried its effects are
not just attributable to the technology (e.g., computer, video, books) but also to the particular content (e.g.,
subject matter, targeted skills) and pedagogical approach (e.g., software, teaching materials, teachers, and
classroom environment). The type of learner (e.g., age, previous achievement, special needs) also in-
fluences the effects of these other variables on learning. In other words, it is not the effects of the technolo-
gy by itself that are analyzed in these studies, but the aggregated effects of how the technology is being
used in the classroom context. Available and future research should be interpreted with an eye to these
factors, which can attenuate or enhance the effects of particular technologies.

‘See, e g., C. Kulik and J.A. Kulik, “Effectiveness of Computer-Based Instruction’ An Updated Analysis, ” Computers in Human
Behavior, vol. 7, pp. 75-94; John Pisapia and Stephen M. Perlman, “Learning Technologies in the Classroom A Study of Results”
(Richmond, VA: Metropolitan Educational Research Consortium, Dec. 1992); Alice Ryan, “Meta-analysis of Achievement Effects of
Microcomputer Applications in Elementary Schools,” Educational Administration Quarterly, vol. 27, No. 2, May 1991, pp. 161 -184;
Interactive Educational Systems Design, Inc., Report on the Effectiveness of Technology in Schools, 1990-1994 (Washington, DC:
Software Publishers Association, n.d.).

*Mark W. Lipsey and David B. Wilson, “The Efficacy of Psychological, Educational, and Behavioral Treatment. Confirmation from
Meta-analysis,” American Psychologist, December 1993; Effect size (ES) is a measure of the difference between a control group that
did not use the technology and the treatment group that did. ES is expressed in standard deviation units. “An ES of 17 is quite small
and unimportant, whereas an ES of 33 is modest but important To interpret the numbers more easily, they can be converted to per-
centiles. For example, an effect size of .33 means that the treatment group would be at the 63rd percentile compared with the control
group at the 50th percentile.” (J. Johnston, Electronic Learning, 1987, p 50)

°Barbara Means et al , Using Technology to Support Education Reform (Washington, DC: U.S. Government Printing Office, Sep-
tember 1993), p. 73.

‘Means et al., op. cit., footnote 3, Anmp. Thompson, Michael R Simonson, and Constance P. Hargrave,Educational Technology: A

Review of the Research (Washington, DC. Association for Educational Communications and Technology, 1992).
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BOX 1-4 (cont'd.): What Difference Does Educational Technology Make?

Methodological Issues. Itis important to note that there are several basic factors frustrating research-
ers, teachers, and policy makers looking for simple yes or no answers about technology’s effectiveness.
One is the overall context of real world educational research. As one researcher noted, “Schools are messy
and noisy environments for research, far from the pristine, controlled setting available in the research labo-
ratory, the model on which most quantitative evaluation studies are based. ™Comparable comparison
groups are scarce; interventions with technology are usually a part of broader interventions that also influ-
ence outcomes; and different treatments for experimental and control groups run counter to a teacher's
impulse to treat all students equitably.

A second major flaw in the existing research is the lack of good outcome measures for assessing the
impact of technology-based innovations. Most of the research to date relies on existing measures of stu-
dent achievement (e.g., standardized achievement tests). Although there are many promising efforts to
broaden the kinds of indicators that can be used to assess student achievement, these are not yet in wide-
spread use.’New achievement measures would assess areas that many believe can be particularly af-
fected by using new technologies (e.g., higher-order thinking). Also key, however, is the need to include
outcomes that go beyond student achievement, because student achievement may be affected by stu-
dents’ attitudes about themselves, school, and learning, and by the types of interactions that go on in
schools. For example, some research has documented the positive effects of computer-assisted instruction
on students attitudes about school and learning.”Also promising is recent research that suggests that
technology-based innovations can affect student self-concept as well as interactions between students and
teachers in the classroom environment.” Technological changes are likely to be nonlinear, and technologi-
cal changes may show their impacts not only on student learning, but also on the curricula, the nature of
instruction, “the culture of schools, and the fundamental ways teachers do their jobs.

Timeliness. The rapid pace and the potentially high cost of some technological changes®*create a
dilemma for the typically slower pace of careful research. Policymakers—and taxpayers-faced with de-
ciding whether to invest millions of dollars in an information infrastructure typically want to know whether
their investment will be worth the increased financial burden (assuming technology does not replace exist-
ing methods). For example, they will want to know whether what is on the ‘(information superhighway” will
really help their children achieve, whether putting a telephone on every teacher's desk will really improve
parent-teacher communication, or whether investing in new personnel to provide “just-in-time” support for
technology-using teachers will enhance the instructional capabilities of existing technology investments.
Equally reasonable seem the frustrations of those who have experienced the promise of particular educa-
tional technologies in small experimental programs (e.g., downloading real-time information on weather
data from satellites for science lessons). By the time the external evidence has been compiled, “proving”
that technology integration works and districts are ready to commit to purchases of the appropriate hard-
ware and software, the technology that has been researched may be obsolete and a golden opportunity to
use it for current students will have been lost.

*Joan O. Herman, “Evaluating the Effects of Technology In School Reform, " Technology and Education Reform The Reality Be-
hind the Promise, Barbara Means (cd.) (San Francisco, CA. Jossey-Bass Publishers, 1994), p. 145

°See Testing in American Schools: Asking the Right QuestionsOTA-SET-51 9 (Washington DC: U.S. Government Printing Off Ice,
February 1992),

"Thompson et al., op. cit., footnote 4.

*J. Sivin-Kachala and Ellen R. Bialo,Report on the Effectiveness of Technology in Schools:1990-1994(Washington, DC, Software
Publishers Association, n.d.).

°Jerome Johnston, Electronic Learning: From Audiotape to Videodisc (Hillsdale, NJ: Lawrence Erlbaum, 1987).

“The costs of educational technologies are not known with certainty. What is known is that they will vary considerably depending
on an array of factors. See section on “Costs” later in this chapter

(continued)
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BOX 1-4 (cont'd.): What Difference Does Educational Technology Make?

Directions for the Future. Although there are some promising studies, more research on the broad
variety of educational effects of technology is needed. A more fruitful research approach than merely ask-
ing whether a particular technology works is to ask about the “value added” to instruction when technology
is present in schools; in other words, when, why, and how do technologies improve teaching, professional
development, and, ultimately, learning for children? Increasingly, researchers are concentrating their efforts
on this type of more contextualized research—studying how complex-technology-based innovations “work”
in real classroom settings over time. Such research can help to determine how technology environments
can best be designed to support student learning and what approaches to instruction work best in con-
junction with various types of technologies for what kinds of subject matter. The role of the teacher in imple-
menting and facilitating student learning in such environments is an important focus of such studies. ' *
Additional research models are needed to deepen understanding about which instructional uses of technol-
ogy are most effective and under what circumstances, and how teacher interactions with technology play
into this effectiveness. By taking a more contextualized approach, research can help schools, parents,
teachers, and policymakers understand the necessary steps to diffusing and continuously refining educa-
tional technologies in the schools.

“For examples of this kind of research see A.L. Brown, “Design Experiments Theoretical and Methodological Challenges in
Creating Complex Interventions m  Classroom  Settings, " Journal of the Leaming Sciences, vol. 2, No. 2, pp. 141-178, Cognition and
Technology Group at Vanderbit, ‘The Jasper Experiment An Exploration of Issues in Leamning and Instructional Design, "Educational
Technology Research and Development, Vol 40, pp. 6580, 1992

SOURCE: Office of Technology ~Assessment, 1995,

fessions, and, although it may be efficient for
school districts, many suggest it is not the most ef-
fective way to encourage teachers to learn new
skills or teaching approaches. It appears to be a
particularly ill-chosen method for encouraging
teachers to use technology, where hands-on train-
ing with the hardware and software, curriculum-
specific applications, and followup support are all
necessary.

OTA has found examples of how technology
can provide teachers with “just-in-time training
and support” when and where they need assistance
in many curricular areas. It can transcend the walls
of isolation that separate teachers and extend for-
mal and informal learning opportunities. The fol-
lowing are some examples:

m Without leaving their school buildings, teach-
ers from across the 90 school districts in
sprawling Los Angeles County can participate
in a satellite staff development course on topics

such as how to apply the Cdlifornia history and
social science framework in lessons in their
classrooms.

School counselors from across Wyoming meet
regularly over a compressed video network to
discuss student truancy and behavior problems.
A special education professor at the University
of Northern lowa offers courses to teachers
throughout the state over the lowa Commu-
nication Network. With this fiberoptic net-
work, teachers at each site can see and hear each
other as they develop skills for adding the certi-
fication credits that will enable them to teach
students with moderate, severe, and profound
mental disabilities.

Mathematics teachers use a computer network
to discuss the mathematics teaching techniques
they have observed through video presenta-
tions in the Mathline project sponsored by the
Public Broadcasting System.



= Using cable television, teachers from remoté
locations around the country can take course
leading to a masters in educational technolog
degree from George Washington University in
Washington, DC.

In examples like these, technology can be th
vehicle for providing teachers access to new idea
master teachers and other professionals beyo

their school setting, in both formal and informalfgs

courses and enrichment activities. It can also prd
vide the support teachers need after a course eng
as they apply and refine in the classroom the le
sons and techniques they have learned.

m Preparing New Teachers with
Technology
In colleges of education where technology is a

Chapter 1 Summary and Policy Options i 17

FAATT M Iy

integral part of the teacher education preservic@he use of technology in teacher preparation programs is
program technology has been used not jUSt (H)ited, but it can enhance the overall preservice experience.
train prospective teachers about technology, but

also as a resource to enhance the overall teacherence when dealing with text by working with a

preparation experience. For example, live broad-
casts, tapes, video networks, CD-ROMs or video-
discs can provide teacher education students with
case studies or models of effective teaching. Fur-
thermore, technology-whether computer or vid-
eo networks-can create closer connections
among student teachers, college of education face
ulty, and mentor teachers in K-12 classrooms,
whether in lab schools or professional develop-
ment schools closely allied with colleges of
education, or in more traditional student place-
ment activities. Electronic networks can provide a
safety net for communication, sharing knowl-

software simulation called “The Language
Mangler.” Another simulation serves as a sur-
rogate field observation, enabling prospective
teachers to observe, critique, and discuss ways
teachers handle students with special needs in
a variety of settings.

At the Peabody College of Education at Van-
derbilt University, teacher education students
review CD-ROM discs that contain video cases
of mathematics teachers working with stu-
dents. Teacher education students can each
have copies of the inexpensive CD-ROM discs,
play them on computers supplied with CD-

edge, and experience for student teachers in the ROM drives in dorms and on campus, and re-

field, as well as for new teachers launching their
careers. The loneliness and anxiety common to
teachers’ first teaching experiences can be miti-
gated through contact with professors and peers
via electronic networks. The following are exam-
ples of ways technologies have enriched preser«
vice teacher education:

. Teacher education students at the University of
South Carolina appreciate what students with
language learning disabilities might experi-

view teaching techniques individually or in a
group. They add notes and observations on ac-
companying software that serves as an elec-
tronic notebook, which instructors then collect
electronically for grading and return.

All the schools in which the University of Vir-
ginia’s Curry School of Education preservice
students spend their internships are linked to
Virginia’s Public Education Network, permit-
ting the teaching intern, the supervising teach-



18 | Teachers and Technology: Making the Connection

er, and the faculty at the Curry School to confem As do most users of emerging technologies,
via the electronic network throughout the many teachers encounter technical and logisti-
teaching internship. cal problems they cannot solve themselves and
= At the Price Lab School at the University of often lack the training and support necessary to
Northern lowa, a fiberoptic network linkingthe  resolve the problems.
college and the lab school enables teachers im Many feel the need for more knowledge—not
any of the 48 classrooms at the lab school to just about how to run the machines—but about
ship video to teaching methods classes. Teach- what software to use, how to integrate itinto the
er education students see lessons related to top- curriculum, and how to organize classroom ac-
ics they are discussing in their courses and, tivities using technology.
with two-way video and audio, talk to the ® The current assessment system, if it relies
teacher after they see the lesson and hear the heavily on standardized achievement tests, can
teacher’s on-the-spot analysis of what worked also be a barrier to experimentation with new
and what was problematic in that lesson. Since technologies because teachers are not sure
most lab school faculty use technology in their Whether the results they are seeking will be re-
classes, the teacher education students can sed€cteéd inimproved student test scores.
effective modeling of technology use via In addition, issues created b_y te_chnolt_)gy itself
technology. are also factors tp be dealt_ with, including those
= University of Wyoming students conducting r_elated t(_) copyright and intellectual property
student teaching meet via a compressed video "9Nts, privacy of student records, and control
system with their supervising faculty member, of student access to objectionable materials.
collaborating teacher, and clinical supervisor as
often as necessary to discuss problems andl ACCESS Issues
questions arising out of student teaching expegquipment

riences. One basic prerequisite for effective teacher use of
technology is access. Schools have made substan-

TEACHERS AND TECHNOLOGY: tial investments in hardware and software over the

THE BARRIERS past several years, increasing their technology in-

ventories (see box 1-3). OTA finds that, despite
past investments in technology, many schools still
lack the basic technology infrastructure to support
the most promising applications of educational
technology. About half the computers in U.S.
échools are older, 8-bit machines that cannot sup-
port CD-ROM-sized databases or network inte-
grated systems or run complex software. This
= First, there is the question of access to appropriaging inventory limits the ability of many teachers
ate technologies. The question of access is alsg use some of the most exciting applications of
tied to problems of costs. computers—information gathering from net-
= Although most teachers see the value of stuworked databases or CD-ROM encyclopedias,
dents learning about computers and othedesktop publishing, mathematics instruction us-
technologies, many teachers lack a clear undeing analytic graphing and calculating software,
standing about what resources technology caand collaborating in joint projects over networks.
offerthemas they try to meet their instructional Some schools do not always make the most of
goals. the equipment they already have, and some do not

While promising, the above examples of what
technology can do are far from the reality in
many schools, in colleges of education, or in the
daily teaching experience or professional de-
velopment of the typical teacher.There are a
number of common barriers to more widesprea
use of technology by teachers (see table 1-2):
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TABLE 1-2: Teaching and Technology: Current Barriers

Teacher time Teachers need time to:
« Experiment with new technologies.
.« Share experiences with other teachers.

«Plan and debug lessons using new methods that incor-
porate technologies.

« Attend workshops or training sessions.

Access and costs In addition to limited hardware and software, other factors
affect access:
NCAK 7 DR + Costs are high for purchasing, connecting, and training
BRLAK. GLASS

to use technologies.

N
» Technologies may not be located in or near the class-
room.
AN,

* Hardware in schools today is old (50 percent of com-
puters in schools are 8-bit machines) and cannot han-
dle many newer applications.

* New or additional wiring or phone lines are necessary
for telecommunications networks.

“.

Vision or rationale for
technology use

Schools must have plans, and teachers a clear under-
standing of curricular uses of technology.

It is difficult to keep up with the rapid rate of technology
development and changing messages of best use.
Teachers lack models showing the value of technology
for their own professional use.

Training and support n Overall, districts spend less than 15 percent of their
technology budgets on training, but they spend 55 per-
cent of the budget on hardware and 30 percent on
software.

Technology training today focuses primarily on the me-
chanics of operating equipment, not on integrating
technology into the curriculum or selecting appropriate
software.

= Only 6 percent of elementary and 3 percent of second-
ary schools have a full-time, school-level computer
coordinator for technical support.

Current assessment * Existing standardized measurements of student
practices ! ' achievement may not reflect what has been learned
i with technology.
—
[ / * Teachers are held immediately accountable for changes
A . that take time to show results.

SOURCE: Office of Technology Assessment, 1995.
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FIGURE 1-1: Requirements for Effective
Use of Technology

Technology
suited to education
goals

Vision of
Access to curricular
technology applications

W

. Effective .
Inservice > use of < Preservice
training technology training

Administrative T Technical
support support

SOURCE. Office of Technology Assessment, adapted fom Jane L. Da-
vid, ‘Realizing the Promise of Technology Policy Perspective” in Bar-
bara Means (ed ), Technology and Education Reform (San  Francisco.
Jossey-Bass  Publishers, Inc., 1994), pp. 169-189

always locate technology in the most accessible
places. Most computers are still in labs rather than
in classrooms, and modems may be located on a
central computer in the principa’s office, making
it hard for teachers to use them during the course
of aday. Thus, it is not surprising that computers
are not used very often (about two hours per stu-
dent per week, according to coordinators; less, ac-
cording to the students). They are not used
regularly in the teaching of academic subjects—
only 9 percent of secondary school students re-
ported using computers for English class, 6 to 7
percent for a math class, and 3 percent for a social
studies class. The most common uses of comput-
ers are for basic skill practice at the elementary
level and word processing and other computer-
specific skills in middie and high schools. Other
uses, such as desktop publishing, developing
math or science reasoning with computer simula-
tions, gathering information from databases, or
communicating by electronic mail (e-mail) are

much rarer. And, despite the growing interest in
connecting schools with information resources
like the Internet, most school districts with local
area networks do not always configure them or use
them for the most up-to-date applications.

Furthermore, a mgjority of schools are ill-
-equipped to take advantage of the potential pres-
ented by telecommunications networks. Fewer
than one teacher in eight has a telephone in the
classroom that can be used for outside calls. More-
over, most schools lack the connectivity, adminis-
trative and organizationa support, and technical
expertise needed to integrate networks into teach-
ing and learning.

OTA findsthat it is necessary to consider a
new definition of what constitutes “access’ to
technology by teachers and studentsCounts of
equipment, student-computer ratios, dollars spent
and requirements, while important, alone are not
sufficient to define meaningful access to technolo-
gies. It is appropriate rather to consider infrastruc-
ture in a broader sense: type of technology
(including older but overlooked resources such as
the telephone), age, capacity, connectivity, soft-
ware, and services. Organizationa arrangements
—the placement and flexibility of technology—
also affect the ease of use by teachers and students.
For example, a cart of laptop computers that can
be moved anywhere in a school may be used much
more often than a computer lab far from the class-
room. An additional component of a new defini-
tion of access includes the kinds of support
teachers need to use the infrastructure effectively:
exposure to innovative uses, flexible “just-in-
time” training, and ongoing technical support and
expert advice.

If access to technology is an equity concern,
then the definition should be expanded to encom-
pass access to necessary information. Telecom-
munications and networking technologies, in
particular, may create incomparable opportunities
for teachers and students to gain immediate access
to information. Combined with hardware like CD-
ROM players, the excitement and power of video
can be combined with the information transmis-
sion power of the computer and communication



Chapter 1 Summary and Policy Options |21

capabilities of high speed networks. Connectivit
is likely to become the major technology issue oFf
the next several years. Major investments of tim
and other resources will be required to prepar
‘schools to effectively access the information and

eIect_ronic communities telecommunications ca
provide.

COsts

As new technologies, new opportunities for in-'."
creased levels of connectivity, and educational
applications emerge, those concerned with ex
panding the use of technology in schools and b
teachers have turned their attention to the issue ofe costs of technology are a major hurdle for many schoos.
cost. The cost of any new initiative is always an

issue for elementary and secondary education,

which is funded almost exclusively by a combina-  Table 1-3 estimates installation and operating
tion of state and local taxpayers. Some have sUgcosts of selected telecommunications technolo-
gested, however, that there be greater roles for thgies. The table is based on rough estimates by
federal government, private businesses, or SOM@TA of the costs of installing telephone lines in all
combination to ensure that schools obtain newy s classrooms, and by projections made by two
technologies. These suggestions have stimulatedconomists'based on various configurations for

the Congress to direct the U.S. Department Ofonnecting schools, school districts, and/or class-

Education (ED) to estimate costs on a national bazoyms  Analvsis of the estimates suqaests that at
sis“The ED estimate, to be developed by the ' y 9

Rand Corporation under contract to ED, was no t:cetor;:tmnal levelanddepending on a variety of
available at the time this report was prepared. Pre- _ _ _ _
vious attempts at rough estimates, at the state arid estimated one-time installation costs (includ-
national levels, can be informative in illustrating ~ iNg training) may range from $0.08 billion (for
the range of costs-and the range of uncertainty— One personal computer plus modem per school,
involved. connected to the Internet through a school-dis-
States vary greatly in their installed base of trict-based file server) to $145 billion (to have
technology, their technology plans and goals, and One personal computer per student desktop,
the numbers of students served (see chapter 3, fig- With full, ubiquitous connection to the Internet
ure 3-5). Consequently, states will require varying for a complete suite of text, audio, graphical
levels of funding to meet these goals. For all and video applications); plus
states, however, substantial commitments will be= estimated annual operating costs for the config-
required. urations described above (including annual

“See, e.g., Russell I. Rothstein, "Connecting K-12 Schools to the NII: A Preliminary Assessment of Technology Models and Their
Associated Costs," a working paper (Washington, DC: U.S. Department of Education, Aug. 4, 1994); Robert Cohen, "The Cost of NIl Access to
K-12 Schools: preliminary Assessments,” paper provided by Robert Blau, director, Policy Analysis, Bell South, Washington, DC, 1994.

“See,eg., Public Law 103-382, Title III.

“Rothstein and Cohen, op. cit., footnote 12.



TABLE 1-3: Estimated Installation and Operating Costs of Selected Telecommunications Technologies

Range of Range of
estimated estimated
one-time annual
Examples of technology, training, support, Source of installation and operating
and infrastructure configurations estimate training costs costs Limits on capability
Telephone in each public school classroom. OTA® $123.00 mil. $310.00 mil. Phone line could be used to connect to modem.
(low) - (low)“-
$220.00 roil. $333.00 mil.
(high)* (high)®
One personal computer (PC) plus modem per Rothstein, 1994 $80.00 roil. $160.00 mil. Limited access by teachers and students; allows
school, connected to a school-district-based file (low) - (low) - text-based applications only (e.g., e-mail, telnet,
server, connected to the Internet, with minimal ini- $390.00 roil. $560.00 mil. gopher).
tial teacher training, and $2-$10K per year for (high) (high)
teacher support and $1-$5K per year for teacher
training.
An average of 60-100 PCs, modems, and a local Rothstein, 1994 $2.59 bil. (low)- $1.37 bil. (low)- Supports only a few users at a time because it is

area network (LAN) using copper wire per school;
district-based file server to remote locations, IAN,
router to the Internet; initial teacher training of 5 to
20 staff per school, and annual teacher support
and training.

One PC per classroom with additional dialup lines.
Districts support file server to remote locations,
LAN, and router to the Internet; with initial teacher
training of 10-20 staff per school and annual teach-
er support and training of 1-2 support staff per
district, and $10-20K for training. Includes major
retrofitting costs.

Rothstein, 1994,
Cohen, 1994

$7.75 bil. (high)

$5.38 bil. (low)- $1.30 bil. (low)-
$13.26 bil. $3.84 bil. (high)

(high)

$3.38 bil. (high) limited by the number of phone lines going out of

the school.

No real-time access to video or graphics.

KBt jouyos) pue s1eydes] gz

umoauung ayl bumew



60 PCs per school plus LAN, file server with high-
speed links, and router. District offices have IAN,
file server to remote locations, and router; with ini-
tial teacher training for 40-50 staff per school and
annual teacher support and training of 3 support
staff per district, plus annual training costs of
$15-$35K.

1 PC per desktop, plus school-based IAN, a larg-
er file-server, and router to district office; each dis-
trict has a file server to remote locations, LAN, a
high-speed line to school; and a larger dialup sys-
tem than in previous model; with initial teacher
training for all teachers in all schools, and annual
teacher support and training consisting of 4-5 sup-
port staff per district; plus annual training costs of
$16.5-$38.5K. Includes significant retrofitting
costs.

4 schools per district have PCs, LAN, file server/
router; each district has a file server LAN, a data
line to wide area networks, and dialup lines; as-
sumes initial training costs of $100K and annual
support and training costs of$133K total. Includes
costs of retrofitting school buildings.

Rothstein,

Rothstein,

1994 $11.75 bil.
(low) -
$27.53 bil.
(high)

1994 $65.80 bil.
(low) -
$145.62 bil.
(high)

Cohen, 1994 $35.76 bil.

$1.85 bil.
(low) -
$4.94 bil.
(high)

$4.46 bil. -
$11.28 bil.

$5,49 bil.

Base needed for connecting each public school to
the Internet, allowing use of “limited” video, graph-
ical and text-based network applications.

Full connection to the Internet, supports full suite
of text, audio, graphic and video applications.
Would not support full-motion video.

None: individual schools linked directly to a nation-
al information infrastructure; circuit can accommo-
date very wide array of services including full
motion video.

*Figures do not reflect the fact that one-eighth of classrooms now have phones; thus, these estimates may be too high
"Based on an estimate of 83,389 public schools (Software Publishers Association, 1994), with an average of 20 classrooms per school (Rothstein, 1994).
“Includes additional charges for labor and installation (optional) of $42 upfront charge, plus $16 for 15 minutes (per classroom), for an additional cost of $96,731,240,

‘Calculated for regular (non-centrex) service as follows: $16.77 per line monthly charge + $1.45 per month message unit charge [@20 message units per month] “$18.22 X 10 months in school year X

1,668,000 classrooms = $303,909,600 Figures may not total exactly due to rounding.
“Calculated for centrex service as follows: $18.22 per line monthly charge + $1.45 per month message unit charge [@ 20 message units per month] = $1995 X 10 months in school year X 1,668,000

classrooms = $332,766,000= $291,170,250 Figures may not total due to rounding

SOURCE?" Off Ice of Technology Assessment, 1995, based on Russell I. Rothstein, “Connecting K-12 Schools to the NII: A Preliminary Assessment of Technology Models and Their Associated Costs, " a
working paper (Washington, DC U S Department of Education, Aug. 4, 1994); Robert Cohen, “The Cost of NIl Access to K-12 Schools” Preliminary Assessments, " paper provided by Robert Blau,

director, Policy Analysis, Bell South, Washington, DC, 1994
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- the number of desktops, classrooms, school
buildings, and school districts that are assumed
to obtain access to the system'

+ the amount of retrofitting required of school
buildings (e.g., to install new wiring for tele-
phone and cable lines or to provide additional
electrical power, to deal with ashestos during
required construction); and

- - the amount of support and training required for

3 2 the human resources-the teachers-to make
best use of the new technologies.

Clearly, different assumptions about these fac-
tors-and development of new, perhaps less ex-
pensive, technologies in the futurewdd greatly
affect cost projections. In addition, at the local lev-
el, prices for individual technologies may vary
considerably, meaning that any one school, school
district, or state could experience a considerably
different level of costs than any othér.

m A Vision of Goals and Rationale for

Teachers working together can create a shared vision for TGChﬂOlOgy USG
technology use. Thereis also a gap between having technology
and using it effectively. As described above,
equipment is often placed in locations where it is
.- inconvenient for regular classroom use. Further-
';ralnlng and support for teach_ey s) magnge more, schools and teacher share received conflict-
rom $0.16 billion to $11.28 billion. : .
_ _ _ _ _ing advice over the years about the best ways to
The range in the estimates in table 1-3 is strikyse their technology. As the technology has
ing, and the estimates could easily be far from theayolved, so has the prevailing wisdom on how
mark. Furthermore, these estimates have not coneachers should use technologies in schools-
sidered costs of using additional technologicalfrom teaching programming, to encouraging indi-
configurations that offer potential, such as cellularyjgualized drill and practice, to building computer
telephones and wireless modefhs. literacy, to participating in electronic communit-
_Key factors that appear to account for currenties Conventional thinking also has shifted about
differences in available estimates include: how to organize technology resources, from self-
« the configuration of technologies envisioned contained labs, to one computer per classroom for
for the estimate (from a simple telephone line,teacher demonstrations or single student tutorials,
to technologies that are on the cutting edge); to a few computers per classroom on which stu-

15 See U.S. Congress, Office of Technology Assessment study on wireless telecommunications, forthcoming.

16The policy issues and options section of this chapter provides examples of different state policies (e.g., with respect to group puchas-

ing, with respect to subsidies for telecommunications charges) can affect the costs actually incurred at the local level.



Chapter 1  Summary and Policy Options | 25

dents can work in small groups, to one computer Probably the greatest barrier to technology
per student and on the teacher’s desktop. It igse, however, is simply lack of teacher time-
small wonder that teachers have become cortime to attend training or workshops, to experi-
fused, and administrators frustrated, with manyment with machines and explore software, to talk
educators unclear where they should be headedio others teachers about what works and what
directing technology use. doesn't, and to plan lessons using new materials or
methods. The diverse jobs teachers are asked to do
[ Support and Training anpl_ roles they are asked to play also affect their
. ability to take on another challenge. Teachers are
Other barriers in many schools hamper more €fgiyen very little compensated staff development
fective use of technology by teachers. These inne and there are multiple competing demands
clude lack of time, inconvenient scheduling, o his time. Unless there are significant changes
attitudinal barriers, and barriers of school orgay, yhe rhythm of the school day or changed incen-
nization, curriculum, testing, and other policies. 4 oo for giving teachers more time to learn and ex-

In general, teachers have little in the way Ofyoriment with new technologies, this barrier to

technology support or training available at the'rtechnology use will remain immense.
schools, although many teachers seek training on

their own. Currently schools spend much more o .
hardware (55 percent) and software (30 percen% Other Em?rg_'_”g Issues ) )
than they do on training (15 percent). Less thah'S the p055|b|I|t|e§ for widespread information
half of American schools report that an introduc-networks—and their use by schools, teachers, and

tory computer course is available for teacher§tudents—emerge, other issues are coming to
through the district or a local college. light that may affect the ability of teachers to use

Furthermore, the kind of training, not just technologies for administrative, instructional, and

availability, is important. Much of today’s educa- Professional development purposes. These issues
tional technology training tends to focus on thdNclude copyright and intellectual property issues,
mechanics of operating new machinery, with littlePrvacy of student records, and censorship of ob-

about integrating technology into specific sub-ectionable materials versus protecting students’

jects, how to choose software, and how to oraccess to potentially valuable information.
ganize classes, e.g., to use four computer
workstations or a single computer with a modemCopyright and Intellectual Property Issues
Regular, onsite support for technology use is aCurrently, one of the most widespread and prom-
even more daunting problem. Only 6 percent ofsing uses of telecommunications technology by
elementary and 3 percent of secondary schoolgachers is the retrieval of information from re-
have full-time school-level computer coordina-mote sources, including networked information,
tors; in nearly three-fifths of schools, no one hactollections of books, journals, music, images, da-
any portion of their workweek officially allocated tabases, software, and multimedia works—so-
to coordinating computer activitiesEven in  called digital libraries.’ As students and teachers
schools where someone is designated to spendd@velop multimedia materials or projects, share
least half of his or her time as computer coordinathem with colleagues, and store them in portfolios
tor, very little of this time goes directly to training for student and teacher evaluation, use of copy-
or helping teachers use computers. righted works in the classroom could grow dra-

17 Margaret Honey and Andrés Henriqu&lecommunication and K-12 Educators: Findings from a National SNy York, NY:
Center for Technology in Education, Bank Street College of Education, 1993).
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matically. Some examples of student use of such The nature of digital works also changes how

materials might includés people read or use the woA&which presents

= creating a Quicktime clip from a segment of a"€W challenges to educators for the proper use of

= digitizing a video clip from a“60 Minutes” seg- found that the application of intellectual property
ment law to protect works maintained in digital libraries

= scanning a copyrighted photograph to use in §ontinues to be uncertain; concepts such as “fair
Hyperstudio program use” are not clearly defined as they apply to these

= using music from a compact disc for back-WOrks, and the means to monitor compliance with
ground, and copyright law and to distribute royalties are not

= scanning a copyrighted picture of “Goofy” to Y&t resolved. Resolution of these issues will pro-
use in a project. vide teachers with clearer guidance for using digi-

tal information; meanwhile, school systems must
struggle to remain in compliance with the existing
law.

Teachers’ use of new media and curriculum de
velopment activities using copyright materials
might include such activities as:

= keeping student developed multimedia projectrivacy of Student Records

using materials cited above as examples tQjse of computers by teachers may raise new is-
show others, , ~ sues of privacy for teachers and their students.
= showing multimedia projects at professionalgne area of particular concern is computerization
conferences, _ of student records. Increasingly, educators and po-
= sharing multimedia projects over the schooljcymakers will use data gathered and maintained
district's cable channel, _ _in computers to monitor progress toward educa-
= using an object from a copyrighted authoringsona| achievement standards, determine how well
program in another courseware authoring progyricular content areas are covered, track perfor-
gram for teaching purposes, and mance of all students, and analyze information
= sharing projects on a listserv on the Internet. 5ot special groups, such as disadvantaged and
These applications all raise issues related to falanguage-minority childre#! In some states,
use of copyright material and copyright pro-lawsuits have challenged the right of state educa-
tection. tional agencies to create computerized records by

18 Rosemary Taub, College of Education, Kansas State University, personal communication, August 1994.

19 Digital information differs from information maintained in more traditional forms (e.g., analog) in several ways: 1) digital works are
easily copied, with no loss of quality; 2) they can be transmitted easily to other users or be accessed by multiple users; 3) they can be manipulated
and modified easily and changed beyond recognition; 4) they render text, video, and music to an essentially equivalent series of bits and store
them in the same medium; 5) they are inaccessible to the user without hardware and software tools for retrieval, decoding, and navigation; and 6)
with appropriate software, they create opportunities to experience works in new ways, for example, interactive media.

20y.S. Congress, Office of Technology Assessnféntling A Balance: Computer Software, Intellectual Property, and the Challenge of
Technological Chang&®TA-TCT-527 (Washington, DC: U.S. Government Printing Office, May 1992).

21 National Education Longitudinal Study of 1988, Student Questionnaire, prepared for the U.S. Department of Education, National Center
for Education Statistics.
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collecting individually identifiable data. Typical- pornographic, dangerous, salacious, or otherwise
ly the legality of such data collections is upheld,undesirable material over networks, material that
but not alway#?2 might never be allowed in textbooks, school li-
The Family Education Rights and Privacy Actbraries, or at home. The same information super-
of 1974 (FERPA), commonly called the “Buckley highway that makes it possible for students to talk
Amendment” after former New York Senator to the Archbishop of Canterbury or the state gov-
James Buckley, was enacted in part to safeguagtnor online could also link them to criminals, pe-

parents’ rights and to correct some improprietiegjophiles, or psychopat?8.As one news article
in the collection and maintenance of public reygcently noted:

cords. The legislation establishes the right of par-
ents to inspect school records, limits access to
school records (including test scores) to those who

have legitimate educational needs for the informa- great many worlfs not found on the Shewes of
. . ) most schools. “The School Stopper’'s Text-
tion, and requires written parental consent for the book.” for instance, tells how to short-circuit

release of identifiable data. electrical wiring, set off explosives in school
The growing use of computers to collect and plumbing and “break into your school at night

stqre potgntially sensitive information also re- 5.4 burn it down.” . . .Schools can keep a porno-
quires heightened awareness from computer Users graphic book off the library shelf by not buying
about their responsibility to respect confidential- it put they can’t keep it from entering the build-
ity when accessing data. Itis already evident to Us- ing through cyberspacd.
ers of electronic information technologies that o o4 cators fear that. without proper safe-
functions such as e-mail make the anonymity and uards, concerns like this cc;uld bIocIEthg educa-
ease of manipulating data within electronic comJ ' . L .
munities far more likely tional potential of telecommunications in schools.
' Schools are also worried about the potential for
Censorship and Protecting Student Iiti_gation, since some state_s prohibit “exposing
Access to Information minors to dangerous material or informaticA.”

A particularly challenging issue for K-12 educa- Some schools have addressed this issue by educat-

tion is finding the appropriate balance betweering teachers about the potential “risks” on the In-
encouraging students’ rights of access to informaternet; others have developed network use
tion and protecting students from objectionablepolicies that students and parents must sign. For
materials and potentially harmful contacts overexample, a school districtin Colorado sends home
wide area networks. Bringing the world into thea notice warning parents that potentially “defama-
classroom is a laudable concept, but it can alstory, inaccurate, abusive, obscene, profane, sexu-
have a downside. Educators and parents are coaly oriented, threatening, racially offensive, or
cerned that children will be able to gain access tidlegal material” exists onling?®

The cyberspace battles may prove especially
contentious, because the Internet contains a

22 Aaron M. Pallas, “Statewide Student Record Systems: Current Status and Future Trends,” National Education Goals Panel, Mar. 26, 1992.
Some teachers have also voiced concern that states will use the data for accountability purposes that teachers believe are inappropriate, thereby
jeopardizing local autonomy. While most states do not use their statewide student record systems for accountability purposes, local districts and
state education departments may disagree about the propriety of these purposes.

23 paul Evan Peters, “In Your Face in CyberspaEéficom RevieySeptember/October 1994, pp. 70-73.

24 stephen Bates, “The Next Front in the Book WaF&& New York TimeEducational Life Section, Nov. 6, 1994, p. 22.

25 |bid.

26 |bid.
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Other schools have given accounts and passnarshaled to meet those goals. These approaches
words to teachers only, not allowing students acinclude the following:
cess to telecommunications. However, many,
educators consider this educationally short-

sighted, especially since the possibilities of explo- | 5rious applications of technology can be de-
ration and freedom of inquiry are what many find | e|gped and shared:

so promising about the Interrtincreasingly, . training master teachers, who then serve as re-
schools have put some of the responsibility on the ¢4 \ces for their colleagues:

studen_ts,setting upr_ules fo_rpermissible‘_‘surfing"_ providing expert resource people from other
(browsing through discussion groups orinforma- a4t ich as librarians, computer coordinators,
tion sources) and taking away student passwords or volunteers from business, parent, and stu-
or accounts if they engage in “hacking” (destroy- dent groups;

ing files or other materials on a computer system) giving every teacher a computer, training, and

or“flaming” (using abusive or offensive language e 15 develop personal confidence and exper-
on e-mail). Still others seek technological solu- tise:

tions that block access to certain areas of the Inte(- training administrators so they can serve as

Pet: ?Ie},/(;iort)?em IS u?derway 0[;1 re(\j/erse technology supporters and guide efforts within
Irewalfls” that keep USErs from going beyond pre- i scnools or jurisdiction; and

tscrlbed rare_zr?s Ion the I}?terlnet.n:jJr:tll SEC? pfroto-_ establishing teacher or technology resource
YPES are in place, schools and teachers tace acenters, ideally with ease of teacher access

substantial challenge. through online services.

PROMISING APPROACHES TO Most schools combine several of these ap-

TECHNOLOGY IMPLEMENTATION proaches, and there is no clear evidence that any
one model is more successful than others. OTA

found a number of promising practices, including
the following examples:

developing  technology-rich  classrooms,
schools, or districts, in which local expertise in

The challenge of integrating technology into
schools and classrooms is much more human
than it is technological. What's more, it is not
fundamentally about helping people to operate ™ At Webster Elementary School in St. Augus-
machines. Rather, it is about helping people, pri- tine, Florida, all staff received broad training in
marily teachers, integrate these technologies technology use, but those interested were given
into their teaching as tools of a profession that is more time, more training, and the opportunity
being redefined through the . . proces£® to attend conferences. They became the “local
Some schools and colleges of education are de- experts” that other teachers could draw on for

veloping approaches to technology implementa- assistance or advice.

tion from which others can benefit. The = To ease the burden of setting up alternative ar-
approaches differ, depending upon the existing re- rangements for substitutes, the Monterey
sources (human and technological) at a site, the vi- California Model Technology Schools devel-
sions the sites have developed for how oped the concept of “SuperSubs,” in which
technologies are to be used and what problems teachers on early retirement, armed with
they can address, and the leadership and supporttechnology lessons and resources, substitute

27 “Lifelong Learning and the NII,” unpublished proceedings, Westfields Conference Center, Chantilly, VA., Nov. 18-20, 1994.

28 Barbara Means et alUsing Technology to Support Education Refo@R-93-3231 (Washington, DC: U.S. Department of Education,
Office of Research, September 1993), pp. 83-84.
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for other teachers who are then free to observiechnology-related teacher training, although
still other teachers’ technology lessons and apfederal agencies sometimes choose, in the case of
proaches. discretionary grant programs, to make technolo-

= |n Indiana, four schools were given grants al-gy-related teacher training an absolute priority for
lowing every teacher to receive a computer andne funding cyclé® The programs that provide
printer for use at home or in school, to improvethe most consistent funding for technology-re-
their personal productivity and, ultimately, lated professional development usually combine
instructional efforts. Training, involvement of technology with science and mathematics training
support staff and administrators as well asr include technology-related activities for both
teachers, and broad public commitment helpetkachers and students, as in the Star Schools pro-
to meet the goals of the program. gram.

= |n the Apple Classroom of Tomorrow Teacher In myriad programs, it is up to state, local, or
Development Center Project, principals are enuniversity grantees to decide whether technology-
couraged to attend training with teacher teamselated training is provided at all and in what form.
and commit to providing extra time and re-This is the case with large formula grant pro-
source for teachers to work together, reflect ograms, such as the Title | Chapter 1 (usually re-
what they are learning and doing, and assiderred to as) program for disadvantaged children
their colleagues in technology activities. and the Vocational Education Basic Grant pro-

= Texas supports 20 regional education servicgram, as well as smaller demonstration programs,
centers, with extra funding to support technolo-such as the National Science Foundation (NSF)
gy initiatives, including such areas as technoloTeacher Enhancement program. Even programs
gy preview centers, training first-year teacherswith a primary focus on teacher development sel-
and preservice teachers in technology use, ardbm mandate or recommend that grantees consid-
training personnel on the use of TENET, theer technology as either a topic for training or a
statewide computer network for teachers, withmode for delivery. And with few exceptions, the

connections to the Internet. federal government does not collect data from

These examples suggest a number of importa@fantees in the format or detail necessary to dis-
lessons for implementation (see box 1-5). cern which projects are actually providing

technology-related teacher development, or how

CURRENT FEDERAL SUPPORT FOR much they are spending for it, or what the impact

TEACHER TRAINING AND TECHNOLOGY ~ N@s been.

As in the past (see box 1-6), multiple categorical

programs for different needs and niches continu§EDERAL POLICY ISSUES AND OPTIONS

to comprise the world of federal teacher trainingThe appropriate federal role in education has al-
programs2® Of the 58 programs OTA has identi- ways been debated. The extent to which there
fied that support preparation of teachers to usehould be a federal role in assisting teachers to
educational technology of some sort, most arenake the connection with technology is and will

small (under $10 million)What is striking  continue to be part of this debate.

about most of these programs is the optional There seems to be little question of whether
nature of support for technology-related train-  technologies should be used in the nation’s
ing. Not one program is devoted exclusively toschools for purposes of instruction, administra-

29 The General Accounting Office counted 86 programs supported by the federal government in support of teacher training of all kinds.

“Multiple Teacher Training Programs” (Washington, DC: U.S. General Accounting Office, February 1995).

30 An absolute prioritymeans that only projects that address the priority will be funded in a given year. Priorities change from year to year.
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BOX 1-5: Some Lessons About Technology fmplementation

A number of schools, districts, and states have made the adoption of technology a priority. Important

lessons from these sites include:

Educational rationale should guide technology decisions. Developing a technology plan—
thinking through the goals for technology use at the local site and involving teachers in the plan-
ning process—is key to successful implementation.

Those wishing to invest in technology should plan to invest substantially in human re-
sources. Training, maintenance, technical support and time to learn to use the technology have
proven to be constant and continuing, yet key expenditures. Recently, several states (e.g., Texas
and Florida) have recommended that at least 30 percent of technology funds be spent on training.
Teachers cannot use technology without systemic support. The roles of principals, other ad-
ministrators, and the community are critical in fostering sustained use of technologies. Other
staff, such as media specialists, can provide technical and motivational support for teachers in
their building if time is allocated for them to do so.

When it comes to learning to use technology, “hands-on” training is more than a gimmick
or motivator. Itis a necessity. Teachers must have the chance to make the computer (or camera
or whatever) work, and gain confidence in their own competence, before they try the same thing
with their own class.

Access to equipment is essential. It is extremely frustrating for teachers to learn to use technol-
ogy in a workshop, then return to a classroom where the technology is not readily available.
Many programs are increasing teacher access to technology by letting them take the equipment
home (e.g., laptops, summer loaner programs, etc.) since most teachers put in many hours at
home grading, planning, and preparing. Putting technology in the hands of teachers—allowing
them to see and explore how technology can help them do their jobs—can be an effective way
of motivating teachers to learn about technology.

Although there are a number of models for training teachers and implementing technology,
there is no one best way of using technology or of training teachers to use technology.
Districts are most successful when they have multiple and complementary training and support
strategies.

Followup support and coaching is as essential to effective staff development as is the ini-
tial learning experience. Teachers don't “learn it all’ at a training session—even if it extends
over several weeks. When they return to the classroom the unexpected inevitably happens. At
this point, teachers need to be able to reach out for technical assistance and support.

Many technology-rich sites continue to struggle with how to integrate technology into the
curriculum. Curriculum integration is central if technology is to become a truly effective education-
al resource, yet true integration is a difficult, time-consuming, and resource-intensive endeavor.
When conditions are right—resources, time, and support are high-exciting things happen
in technology-rich environments. Today we are faced with the broader issues of how to move
these lessons to the second stage of dissemination. How can these lessons be translated when
resources aren’'t as rich? When teachers aren’t as enthusiastic or energetic? Issues for policy
consideration include the need to consider the development of products based on research and
experience of experimental sites, seeding of more “real world” projects, and better dissemination
of lessons learned.

SOURCE: Office of Technology Assessment, 1995
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tive efficiency, and teacher professional developthe challenge of school access to the emerging

ment,as appropriate The policy options in this electronic telecommunications infrastructure are

report focus on the question of teachers’ roles irqually critical.

accomplishing this goal, and on the advantages OTA has identified a number of necessary com-

and disadvantages of selected legislative actiorgonents for taking advantage of learning technol-

related to teachers and technology. ogy and optimizing use of technology by teachers.
The array of technology for education is di- These components are summarized in box 1-7 and

verse, changing, and flexible, and these charactediscussed below.

istics enable development of hardware, software,

and learning environments that can suit specia@ Federal Leadership: Legitimizing

needs, allow new approaches to teaching an . .
learning, strengthen teaching, and create excite- Funding, and Targeting Technology

ment in the classroom. The broad and expandin{f it wants to promote the appropriate uses of
range of educational technologies complementtechnology in elementary and secondary schools
the diversity of the American education system. Ir&nd colleges of education, the federal government
the past, federal policy has often floundered on théanmove to fully legitimize the role of technolo-
enormous scale and differences that characteriZy t0 enhance instruction, increase teacher
American schools, compounded by the Strong)roductivity, create new teaching and learning
tradition of state and local control. In thinking Communities, and support educational change.
about policy for technology, decisions can beFederal signals that technology is not only wel-
made to allow for variation, change, experimentacomed but needed in schools will strongly influ-
tion and differing outcomes, and so strength cagnce state and local decisions over the next five
build upon strength. years. Until very recently, with little focus on the
Federal policy over the past decade has togse of technology within the Department of
often focused solely on generating funds for capiEducation, technology was an acceptable expen-
tal investment in hardware. Other policy initia- diture in many programs but was not held up as a
tives have been diffuse and, until recently, therdool for improvement. An important exception to
has been little focus on technology by the leaderthis was the Star Schools Program, initiated by
ship of the U.S. Department of Education. Insuffi-Congress in 1988, which has addressed a number
cient attention has been given to teachepf educational needs for students and, to a lesser
preparation, development and support of learningegree, teachers, through emerging applications
tools and techniques, issues of connectivity, an@f technology.
the constantly growing demands on teachers’ The Goals 2000: Educate America Act (P.L.
time. While costs of hardware will remain an is-103-277) called for creation of an Office of Educa-
sue, it is important to remember that technologyional Technology within the Department of
capacity continues to increase at an astoundingducation. The need for high-level coordination
rate and that hardware costs often drop relevant ©f technology issues had already been recognized
the power one purchases. While direct funding oby the Secretary of Education in the appointment
other financial incentives are, of course, effectiveof a Director of Educational Technology in 1993.
ways to demonstrate leadership and commitmen#n office like this carprovide the much needed
OTA concludes that, if the federal governmentspotlight on technology, coordinate programs,
wants to support the expansion and appropriatend lead in evaluating and disseminating re-
use of technologies in K-12 schools and collegesearch resuls. Continuing to support this office,
of education, federal policy must go beyond fund-and seeing that adequate resources and authority
ing. Leadership; a commitment to research, develre provided, will be critical.
opment, and dissemination; an increased focus on A valuable related step is toake the most of
teachers; and attention focused on issues relatedttoe national long-range technology plan to be
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BOX 1-6: Past Federal Efforts To Support Teacher Development

Although it is in the national interest to have a high-quality teaching force, the federal role in teacher
preparation and professional development has been limited. There are exceptions: spheres where the fed-
eral contribution has been larger and more influential, such as teacher training in mathematics and sci-
ence, and personnel preparation for special education, In general, however, the federal government has
shown caution about becoming too deeply involved in an area traditionally considered a state responsibil-
ity, and until very recently has avoided even the suggestion of minimum federal standards for teacher
education, It is the states that have exercised primary authority for teacher preparation, licensing, and cer-
tification, and more recently, competency testing. Substantial responsibility for preservice education also
rested with universities and for inservice education, with local school districts.

In keeping with this limited role, federal contributions for teacher training have been modest
compared with overall federal spending for education.

Purposes of Federal Involvement in the Past

The federal government became involved in teacher training for a variety of reasons. Often the impetus
was a perceived crisis, such as threats to American competitiveness or widespread teacher shortages, In
other cases involvement was an outgrowth of other federal commitments. The enactment of federal pro-
grams to improve education for the handicapped, for example, created new demands for specially trained
teachers to staff these programs. Similarly, effective implementation of federal drug education programs
required new training for teachers. Other motives for federal action stem from dissatisfaction with the quali-
ty of teacher education or with other aspects of K-12 education.

This diversity of motives resulted in programs that had various purposes, took various forms, and
employed various strategies.

Impacts of Past Programs

Past federal programs had many positive effects on teacher preparation and professional development.
It might be said that the federal government helped give credence to the concept of inservice education
and professional renewal, through such programs as the National Science Foundation teacher institutes
and the National Defense Education Act institutes and Teacher Centers,

developed by the Secretary of Education in ac-
cordance with Goals 2000. This plan could pro-
vide along-overdue strategy for the federal role in
educational technology, not only in ED but across
the government. It is crucia that the Secretary
take maximum advantage of the directive in the
law to join forces with other agencies to produce
coherence and vision at the national level. Using
all national agencies and programs wisely to ex-
pand, evaluate, and build upon knowledge in
educational technology is a policy model that can
also apply to federal programs affecting teacher
preparation and the professional development of
the current teacher force.

The executive branch is involving professional
associations and citizen groups, as well as federa

agencies and researchers, to develop a plan with
foresight and credibility. An important caution,
however, is that the plan must respect and build
upon the extraordinary level of change occurring
in technology capacity and the multitude of devel-
oping applications. The plan should be a frame-
work for an environment of experimentation and
learning, evaluation, and sharing of results. A plan
of this nature could call forth rich results, opportu-
nities to learn from problems as well as successes,
and build respect for state and loca expertise and
decisionmaking.

Goals 2000 contains other provisions that
could set the direction for educational reform for
the next several years and could be used to lever-
age improved technology policy. A key provision
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BOX 1-6 (cont'd.): Past Federal Efforts To Support Teacher Development

Although federal training programs never reached more than a small percentage of the total teaching
force, this should not obscure the fact that many millions of teachers benefited from federally supported
training. In some subject areas and specialties enough teachers were trained through federal programs to
have a significant effect on instructional quality or teacher supply. Mathematics and science is a case in
point. Even if the National Science Foundation institutes reached somewhat fewer teachers than the
agency’'s estimate of half the math and science teachers in the nation, there were still enough trained to
constitute a potent force for improvement within their discipline.

The federal government was also a major force in the growth of certain teaching subspecialties, such as
special education, bilingual education, and instructional media. In a sense there was a chicken-and-egg
relationship between federal funding and the need for specially trained teachers. On one hand, it was the
power of federal mandates that created a demand for some subspecialties in the first place. On the other
hand, federal intervention filled a void because the special needs of some children were not being met
through traditional instruction or teacher preparation.

Federal aid also changed the composition of the teaching force. Scholarships, fellowships, and training
opportunities broadened access to the teaching profession for students from blue-collar or low-income
families and for minority individuals. Federal programs such as Teacher Corps attracted talented and ener-
getic persons into teaching who might have pursued other careers.

Participation in federal training programs produced substantial improvements in the knowledge, atti-
tudes, behavior, and career advancement of many teachers. At the school district level, federal funding
sometimes provided the external stimulus needed to promote change. Federally supported training famil-
iarized many teachers with instructional approaches that were once considered innovative, such as individ-
ualized instruction, interdisciplinary approaches, team teaching, and multicultural education. And, most
significantly for this study, the integration of various technologies into the classroom—including audiovisual
materials, educational television, and computer technologies—was hastened and encouraged by federally
supported training.

SOURCE: Office of Technology Assessment, 1995, based on Nancy Kober, “Teachers and Technology. The Federal Role, ” Office of
Technology Assessment contractor report, May 25, 1994.

authorizes federal grants to states that develop “a
systemic state-wide plan to increase the use of
state-of-the-art technologies that enhance elemen-
tary and secondary student learning and staff de-
velopment.” 31

In addition, states that submit an approved ap-
plication will receive funds under Goals 2000 to
establish state content and performance standards
for student learning. Whether these standards will
instigate the massive reforms desired by advo-
cates will depend on what the standards contain

“Public Law, 103-227, 20 USC 5897.

and how seriously they are taken. The inclusion
of technology issues in these standards, how-
ever, could signal that technology is an ap-
propriate tool for all core subjects, while the
omission Of technology could prove a genuine
setback. Although the federal government does
not have the authority to dictate the substance of
these national and state standards, the law estab-
lished a National Education Standards and Im-
provement Council (NESIC) to review and
“certify” the standards. If NESIC or some variant
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BOX 1-7: Areas for Federal Policy

1. Federal and state Leadership that articulates the value of integrated, technology-based teach-
ing and legitimizes technology as a path to achieve educational goals. This leadership will be mean-
ingful to the extent that it is supported by commitments to fund and encourage technology use, and is
linked to continuing research, development, and dissemination. It can also focus attention on the potential
of technology for providing resources to improve the preparation of new teachers and as a valuable tool for
the ‘“just-in-time training and support” for professional development,

2. Increased focus on teachers, both in training and in the field, including: time and money to
allow teachers to learn to use technology, support for their professional growth, respect for the com-
plex nature of learning and the many demands facing teachers today, and research on how technolo-
gy affects teaching and school change.Congress has taken some steps to promote increased technolog-
y use in schools, and greater support for teachers who use technologies. Technology planners in K-12
schools and in colleges of education can take advantage of such support to further their goals.

3. Provisions to ensure that access to data and information, through services such as the Inter-
net, are available to all teachers and students. The special needs of education are likely to be over-
looked or neglected unless they are built into federal, state, local, and private sector decisions on telecom-
munications regulaton and funding over the next few years, Access to high-quality information and
necessary resources may be today's measure of equity in education.

4. Commitment to research, development, and dissemination that will advance technology use by
and for teachers. The development of powerful curriculum products, tools, and telecommunication re-
sources is often beyond the capability of individual states, districts, or schools. The private sector may be
able to play a greater role in developing new educational technology products than they have in the past,
but some observers note that education may not be a promising enough market unless incentives are
found to aggregate it'Federal support may be needed to infuse the appropriate funding, expertise, and
attention to standardization, evaluation, and dissemination that can facilitate school use of promising
technologies and their applications. Furthermore, research is needed on teachers and technology use if
these applications are to be used most effectively.

"The Software Publishers Association reports that the average elementary school spent $12500 and the average high school
spent $10,400 on software in the 1993-94 school year Sofware Publishers Association, SPA K-72 Education Market Report (Washing-
ton, DC: July 1994), Overall, the annual expenditures made by K-12 schools has been estimated to be approximately $1 hbilion, and
software purchased by K-12 schools has been growing at the rate of about 20 percent per year Ronald E. Anderson, ‘The Technology
Infrastructure of U S Schools,” Communications of the ACM, vol. 36, No 5 May 1993 p 72

SOURCE Off Ice of Technology Assessment, 1995

is supported, its criteria for certifying standards available to support and encourage technolo-
could include a review of whether technology gy-related professional development in current
needs and methods have been considered.” programs, and the Improving America's

Another very critica step that the federal gov- Schools Act (P.L. 103-382), with its amend-
enment can take to provide both leadership and ments to the Elementary and Secondary
dollars is to make the most of the opportunities Education Act of 1965. The Office of Education-

“Legidation has been introduced that would eliminate funding for NESIC (H.R. 977, H.R. 1045, S. 323, and S. 469, dl in the 104th
Congress).
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al Technology will be well suited to lead a reviewconsider integrating technology into the various
of existing and proposed programs to ensure thatrofessional development activities supported un-
they give fair consideration to technology-relatedder this program.
expenditures and to determine whether there are Other federal programs that should be ex-
program regulations, guidelines, and accountingimined include the programs for students with
procedures that either discourage expenditures fgecial needs that are a cornerstone of the federal
technology and professional development or haveyle in education, particularfitle | of ESEA for
untapped potential to encourage them. disadvantaged children (referred to commonly
P.L. 103-382 also included a majorew a5 Chapter 1), the Part B state grant program
Technology for Education Actthat could be the nder the Individuals with Disabilities Educa-
centerpiece of a stronger federal role in providingjgn Act (IDEA) (20 U.S.C. 1400 et. seq.), and
technology-related teacher development, ensufye Bjlingual Education Act (20 U.S.C. 7401 et.
ing greater access and equity in the area afgq ) Together these programs channel almost
technology, a_”‘?' demonstr_atlng and_dls_semmatmglo billion to states and school districts. Educa-
several promising educational applications. o041 technology has become an important tool
The federr_:ll government coutdke several for delivering instruction to the children served by
?J?]Eisnto a%hle_ve dbett;:r use of ;I)rograsz and these and other special needs programs, yet teach-
g aut orized un ercurrent aws. reger- oy professional development has not kept pace.
gl regu_lat_o_ry actions could mclude establish- In Chapter 1, for example, technology contin-
;zghr?(;:gggeisn Ocrorrt:ggtLijtSivepog;?;t rslritggmtg ues.to b_e used primarily for drill and pra_lc_tice of
issuing policy statements highlighting accepi— basic skills rather than for the more promising and
able expenditures for technology and profes- integrated kinds of teaching deS(_:rlbed in this re-
sional development where the law permits, and port. Amendments to Chapter 1 n PL 10.3'38.2’
and discussions about future policy directions in

eliminating unnecessary nonstatutory restric- AR i
tions on the use of funds for technology or DEA, are stressing improved program quality

training purposes. A message from federal lead- and professional_deyglopment in these programs.
ers can send a strong signal of reassurance to st&@" €xample, as justification for changes in Chap-
and local educators that they can acquire and upe’ 1, P.L. 103-382 states that, “Since 1988. . .[the
grade technology and, most important, trainnation has learned that] insufficient attention and
teachers in its use with no regulatory constraintgiesources are directed toward the effective use of
Particular attention should be focused on thdechnology in schools and the role technology can
revisedEisenhower Professional Development Play in professional development and improved
Program, given greater emphasis in P.L.teaching and learning®
103-382, which calls for a larger federal teacher Similarly, the 1994 Bilingual Education Act
professional development effort in several criticalauthorized $215 million in grants for activities in-
subjects. The Secretary of Education could entended to educate limited-English-proficient chil-
courage states, universities, and school districts tdren and youth so that they would be able to “meet

33 public Law 103-382, Title I, 108, Stat. 3520, sec. 1001 (c)(6).



Legislation or Program Level

Program

TABLE 1-4: Major Federal Policy Levers for Enhancing Teachers’ Use of Technology and Teachers’ Professional Development

Goal

Funding®

Improving America’s Schools Act
(P.L. 103-382) (amending and revis-
ing the Elementary and Secondary
Education Act (ESEA) of 1965 and
several other federal education
statutes)

ESEA Title I: Helping Disadvantaged
Children Meet High Standards

ESEA Title 1l: Dwight D. Eisenhower
Professional Development Program

ESEA Title Ill: Technology for Educa-
tion Act

= Star Schools

= Challenge Grants

= National Activities

= Product Development

Major activities supported grants to
states for funding local improvement
programs, family literacy, education
of migratory children, others

Supports professional development
in core academic subjects

Expanding access to and use of
educational technologies, strength-
ening the technology infrastructure,
supporting technical assistance and
professional development

Improve instruction through grants to
telecommunications partnerships for
programming and facilities

Innovative projects, can include
teacher training

Regional technical assistance and
teacher training consortia and other
implementation activities

Develop, produce and distribute
technology enhanced instructional
resources and programming for
instruction or professional devel-
opment

$7,2 hillion

$359 million

$40 million

$30 million

$27 million

$13 million

unfunded
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Individuals with Disabilities

Education Act (20 U. SC. 1400)

O Eligible for reauthorization
in 104th Congress

Goals 2000: Educate America Act
(P.L. 103-227)

Revisions to Communications
Act of 1934

ESEA Title VI: Innovative Education
Program Strategies

ESEA Title VII: Bilingual Education,
Language Enhancement, and Lan-
guage Acquisition

ESEA Title XlI: Education Infrastruc-
ture Act of 1994

Part C Leadership in Educational
Technology, Office of Educational
Technology

Part B National Education Standards
and Improvement Council, Assess-
ment, Development, and Evaluation
Grants

Revisions will be important to pricing
of telecommunications services

In the past, districts have spent
funds on hardware and software
purchases and professional devel-
opment

To educate limited-English-proficient
children and youth to meet the same
rigorous standards for academic
performance expected of all children
and youth

Ensure the health and safety of stu-
dents through repair, renovation and
construction of schools

Educating children with disabilities

Encourage technology as a resource
for providing instruction and profes-
sional development, and teacher
training as part of technology invest-
ments

Grants to states for plans, part of
broader state improvement plans,
to increase use of educational
technologies for learning and staff
development

To be determined

$347 million
$350 million
$100 million
$3.3 hillion
NA

$5 million
(fiscal year
1994)

NA

(continued)
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Legislation or Program Level

Program

TABLE 1-4 (cont'd.): Major Federal Policy Levers for Enhancing Teachers’ Use of Technology and Teachers’ Professional Development

Goal

Other Selected Areas and Activities
Department of Commerce

National Science Foundation

Public Broadcasting Act of 1967
(P.L. 90-1 29)

Advanced Technologies Program -
education activities

Public ~ Telecommunications  Facilities
Program

Telecommunications and Information
Infrastructure ~ Assistance  Program

Teacher  Enhancement  Program

Teacher  Preparation

National Education Infrastructure for
Networking

Applications of Advanced
Technologies

Corporation for Public Broadcasting

Funding®

Develop telecommunications facili-
ties to serve local communities (dis-
tance-learning projects have been
supported in the past)

Planning activities and demon-
stration projects for telecommunica-
tions  networks

Funds teacher training programs in
math, science and technology

Supports projects to improve under-
graduate teacher preparation in
math and science and technology

Demonstrates innovative applica-
tions of networking for education

Funds research and demonstration
in revolutionary technologies for
education

Support for development and activi-

ties in support of education and pro-

fessional development

$29  million

$64  million

$101  million

$18  million

$15  million

$10  million

$285 million
(estimated)

a FY 1995 appropriation unless otherwise indicated
SOURCE  Office of Technology Assessment, 1995,
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the same rigorous standards for academic perfofer a complex set of reasons, and cost is normally
mance expected of all children and youthPed-  one of the smaller issues. Traditional methods of
eral grants were authorized for projects usingonducting school business, reluctance by princi-
educational technologies, “if appropriate,” amongpals to allow teachers more control over their pro-
a range of other permitted activities. Furthermordessional lives, and general fear that teachers will
a subpart of the Bilingual Education Act was de-somehow “misuse” telephones are frequently
voted to professional development and, amongited to researchers as reasons that telephones and
the evaluation components required of recipientsther technology should not enter classrooms.
of bilingual education capacity and demonstratiorCongress may not be able to change such atti-
grants was a demonstration of “appropriateness afides, but it or the executive branch could set
the program’s staff professional development.” the tone by taking steps to encourage the instal-
The recognition of technology and profession-ation of telephones in classroomdAs discussed
al development in these legislative authorizationgarlier in this chapter, costs are likely to be a factor
represents an opportunity to encourage states afghibiting the installation of technologies, wheth-
school districts to use a portion of their programer small or large.
funds for additional professional development in

forming the effective uses of technology for Spe_Research Development. and Dissemination
cial needs children. However, without specific re- ' P '

quirements in legislative language, it will be up toSupport for educational research, development,
grant applicants or the Department of Educatior@nd the dissemination of research results has tradi-
(in regulations or grantee requirements) to ensuréonally been viewed as an area of national con-
that professional development and/or technolog§ern. supported by federal funds. This is also true
are foci. of such activities as they are related to educational
Other programs, such as Star Schools, have #chnologies.
their primary purpose the use of technology to First, more and better information is needed on
meet educational needs. These programs can cofe effectiveness of various technology tools, and
tinue to be leaders in experimentation, helping t@pplications, including whether and how technol-
add to the store of knowledge on how technologygies work for teachers. Are some types of train-
is effectively used. ing or support more effective than others? Are
OTA also finds that while great interest centerghey more effective for some type of teachers (by
on advanced educational technology such as intéield) or by level (elementary versus secondary)?
grated curricula products and multimedia tools Some literature suggests that educational technol-
“small” technology is also needed to bring ogy “takes off” when there is a critical mass of
schools along the learning curveTelephones, teachers committed to using it. Can this be sub-
voice mail, fax machines, calculators, televisionstantiated? Experience has shown that teachers
sets and VCRs, camcorders and editing tools athust be given time to learn and prepare, adequate
have a place in today’s classrooms, but are oftetechnical and content support, and a supportive at-
denied to teachers. In fact, providing a classroortitude from the principal’s office, but surely there
telephone that puts a teacher in direct contact witts more to be learned about teachers and effective-
a parent can facilitate the parent-teacher conress. Although some recent studies are beginning
munication and parent involvement that manyto investigate how the teacher’s work life is
believe is essential to improving student achieveehanged by technologies, there has been little re-
ment. Yet tools as basic as telephones are deniséarch on teachers as members of work groups, or

34 Title VII of the Amendments in Title | of Public Law 103-382.
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Research to date has looked at student achievement,
comparing results of instruction with technology versus other
methods. However, there are other important factors that
make simple comparisons misleading.

sults for use by adopters of new educational
technologies.

Development of advanced integrated curricu-
lum materials, projects and tools could be ap-
propriate investments for the federal government,
continuing along tradition of research and quality
applications. Because the upfront investments are
high, and state and local funds for development
are limited, federal support has been important in
the past. Many of the innovative technology ap-
plications reported on in this study have been sup-
ported by federal research funds, particularly the
National Science Foundatidh.

The work of the Department of Education, the
Department of Energy, the National Technical In-
formation Administration, the Department of De-
fense and its research agencies, and others has also
been invaluable in creating new methods, new
technologies, new materials, and new approaches
with educational technology. Projects of this type
can also enhance the link between teachers and the
research community. Comparatively small
amounts of money in the federal budget have had
substantial impacts on technology use in schools.

Much of the focus and experimentation to date
has been in the areas of math and science; work is
needed in other subject areas. If Congress wishes
to encourage the development of powerful, flex-

on the breadth of activities teachers undertake. Alible learning tools and applications, federal sup-

these are fertile areas for federal research.

port for continuing research and development will

Alternatively, the federal government, states,be necessaryThe development of the next gen-
school districts, and schools could leave the topiceration of integrated curriculum projects can
of effectiveness research to private sector produgtvork hand-in-hand with proposed educational
developers or form research partnerships with lostandards in all curricular areas, and could be
cal university-based, research-oriented collegesindertaken as a national research priority.
of education. One disadvantage of a private sector Congressional concern about timely develop-
approach is that product developers may use rement of new educational technology software was
search as an opportunity for marketing. Publiclyreflected in the 1994 Technology for Education
funded research may be more likely to point outAct’s provisions on product development. Grant
both the positives and negatives of a new technolapplications were encouraged that “promote the
ogy. Clearly, the education community needsacquisition of higher-order thinking skills. ..,
additional exploration of research strategies thatonvert technology resources developed with sup-
will lead to providing both accurate and timely re- port from the Department of Defense and other

“For example, the National Science Foundation's Applications of Advanced Technology program.
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federal agencies for effective use in the classroommands for their time and attention. Mastering
.. .[and] show promise of reducing the costs otechnology use may be only one goal placed be-
providing high-quality instruction.” No funds fore them. Yet using technology with facility is a
were appropriated for this program in FY 1995. daunting challenge for most people; teachers are
The federal government’s seed money for no exception. One of the clearest findings of the
product development can be said to have re- OTA case studies and other research is that even
sulted in a sequential form of public-private  very highly motivated teachers require substantial
partnership. A good example is the Kid Net proj- amounts of time—often over a three to five year
ect initially funded by NSF, further developed by period—before they feel fully versatile with a
TERC (a not-for-profit organization), and eventu-complicated new technology and are able to ex-
ally turned into a marketable product that schoolpand technology tools to fit their particular teach-
can purchase from National Geographic, whiching goals. And finding time in the teaching day
sells Kid Net as part of their profit-making com- and year for training, collaboration, and “messing
pany. around with” technology is a bane of the profes-
Alternatively, Congress could leave develop- sion.
ment of new education technologies entirely to A goal for states and localities that want
the private sector. It is unclear, however, that their schools to function more effectively is to
K-12 schools, with their persistent constraints orfind ways to give teachers time for lesson prep-
resources, represent enough of a market for educaration and learning, and support for continu-
tional technology product developers. For examing work. Exposure to new materials and
ple, the Software Publishers Association (SPA}esources, training in use of actual technologies,
estimates that K-12 schools spent an average ahd development of new classroom patterns take
about $11,000 each on software in the 1993-9¢me. They also require strong organizational sup-
school yea?® In half the school districts surveyed port from principals, administrators, and col-
by SPA, funds for software purchases came prieagues. There is little point in acquiring hardware
marily from discretionary funds held by principals hut making no provision for teacher development
and teachers, from donations or business partnesnd support. Fortunately, technology itself offers
ships, or from school fundraising efforts. Possiblesome inherent solutions, if teachers can have
tradeoffs between public and private sector apequipment to use when they have time, and can be
proaches to new product development would be gswarded for learning. The use of telecommunica-
good subject for further analysis. tions linkages to provide resources and opportuni-
Federal action can improve dissemination ofjes for training is one of the most promising
research results. Experimentation with newaspects of technology, but it cannot be a substitute
technologies is only the beginning; teachers neeghr adequate time. As mentioned earlier, states
to know what works and why. Dissemination of yth a strong commitment to effective technology
research results has not been adequately emphgse are beginning to allot as much as 30 percent of
sized in the past, butittoo can be enhanced and exschnology expenditures for teacher training and

tended through technological means. support. This includes the cost of substitute teach-
ers as well as training resources.

Educating New Teachers, Professional The demographics of the teacher pool and the

Development and Teacher Support school population indicate a substantial increase

People preparing for teaching and teachers in tha the number of teachers required just after the
field face a vast and constantly growing set of deturn of the century. Teacher preparation has al-

36 Software Publishers AssociatidBPA K-12 Education Market Rep@wWashington, DC: Author, July 1994).
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ways been the province of states, colleges and uni- States that are leading technology users have
versities. The federal government has played already adopted this approach. The Texas Educa-
limited role in the general area of teacher profestion Agency recently recommended that districts
sional development, despite the fact that a largellocate 30 percent of their technology funds for
number of federal programs have been aimed dtardware, 30 percent for software, 30 percent to
this issue and some have made animpact in spec#taff development, and 10 percent to maintenance.
ic subjects such as math and science (see box 1-6pr the 1993-94 school year, the Florida legisla-
Prior federal efforts to improve teaching or in-ture allocated $55 million for technology and
crease the teacher pool reflect a scattershot a8.65 million for software, and required that
proach. Preservice programs have includedchools seeking these funds set aside at least 30
fellowships, scholarships, loans, support for certipercent for teacher training.
fication efforts, and some direct training programs The importance of teachers for the effective use
aimed at specific kinds of teachers or curriculaof technology, the need for expanding the popula-
materials. Current teachers have been exposed tion of teachers in the next decade, and the inclu-
summer and academic-year institutes, seminarsjon of teacher professional development in the
workshops, and one-time training sessions. Fediational education goals suggest tit time is
eral funds have provided institutional support toripe to consider whether the nation wishes to
local school districts and schools of education tonake a more direct and coordinated commit-
build their capacity. Strategies to magnify the ef-ment of federal attention and resources for
fect of federal dollars have included targeting keyteacher preparation and professional growth.
teachers who are expected to train their peers @oal 4 of the National Education Goals specifies
promote school change, training teams of teachethat by the year 2000, “the Nation’s teaching force
and administrators from one school, developingvill have access to programs for the continued im-
model training programs and, to a more limitedprovement of their professional skills and the op-
degree, encouraging collaboration betweerportunity to acquire the knowledge and skills
school districts and universities. needed to instruct and prepare all American stu-
A review of many other federal programs (seedents for the next century.” Meeting this goal must
chapter 6) makes clear that in some instancesurely mean competence in working with technol-
technology has been introduced to schools, budgy. Policy decisions to meet this challenge
funding has been limited to the cost of hardware ocould be carried out through the revised Eisen-
software only, with no allocation for the prepara-hower program, through other innovation pro-
tion and support of teachers and other personnejrams such as the Fund for the Improvement
This strategy is a bad investment. of Post-Secondary Education, through broad
Congress could more definitively express itsinitiatives such as the National Teacher Corps,
wishes to see adequate budgets for teacher supporteven through a national-level teacher certifi-
and training in future legislation or report lan- cation. A first step toward making this policy de-
guage. cision would be a review and evaluation of
OTA concludes that an effective policy mecha-existing programs as recommended above, and
nism would be taequire that all applications  consultation with professional societies, educa-
for federal financial help that include technolo-  tors, parents, and others to identify appropriate
gy show adequate budgets for high-quality federal actions.
support and preparation of staff. This approach Colleges of education remain generally low on
would remind anyone preparing an applicationthe totem pole when value is assigned to under-
how important planning is to assure technologygraduate and graduate training. One force work-
will be well used; it will help to assure that teach-ing to improve teacher preparation is a movement
ers will be given support over the long term, notto raise standards for accreditation of teacher col-
just when the technology is brought in the door. leges; state and federal policy decisions that em-
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phasize accreditation (or other outcomebe made in the overall ways these activities are
measures) are likely to encourage improvementonducted.

Awards and honors bestowed by professional

education groups also contribute to higher statu
The fed_eral government can play a role Information Infrastructure
through its grantmaking activities, by encour-

aging and supporting technology applications " the early days of “computer education,” great
when considering funding requests from atténtion was given to the distribution of ma-

schools and colleges of educatiotn particular, chin_es per capita. It is becoming clear that actual
education research centers and major graduafaUity for technology today goes well beyond ma-
educational sites could be strongly encouraged telin€ counts; in fact, machines are a necessary but
adopt teaching with technology, so that new teach?0t sufflcu_ant component of teaching and learning.
ers learn by example. In teaching, as in most othe?tudents in some classes may have access to ma-
professions, the techniques modeled for new erfthines, but nothing available from or through the
trants by their own teachers are extremely powefardware of any real value. Likewise, teachers
ful. If new teachers have not experienced thdeed to be able to locate and retrieve information,
power of learning through technology-basedco”aborate with others electronically, and devel-

tools, they will have less motivation to make theOP @nd share materials at their own pace and for
effort to master these tools themselves. their own needs. In the information age, access to

In addition to relying on the public sector for Necessary information may be the true measure of

support, states, school districts, and schools th&auity. Over the next decade, many individual, lo-
accept offers of hardware or installation from pri-cal, state, federal and business decisions will de-
vate sector Companies (e.g” Computers, Wirinéermine whether this resource is broadly available
schools or providing other hookups to electronicor greatly restricted.
information sources) could request or require that At the present time, computer networks, elec-
the companies also provide meaningful levels otronic communities, software for searches and re-
initial training and continuing support for teach- trieval, and myriad other elements of an emerging
ers. Some companies have provided such Suppdﬂformation infrastructure are coming into use on
on a short term basis (see chapter 4). Compani@shighly idiosyncratic basis. This takes advantage
might be persuaded to agree with requests fo@f technology capacity and caters to individual
more intensive support for technology-usingneeds. It means, however, that teachers, schools,
teachers because technology-friendly teachers af#d students can easily miss the boat.
likely to make more and better use of the technolo- An intense debate is now under way about the
gies provided, and expand companies’ marketgole of education with respect to the emerging na-
Schools may be reluctant to make such demand®nal and global information infrastructure. The
in the belief that the companies will be less likelypolicies that result from this debate may be the
to offer any assistance in the future, but the stratewmost difficult and important decisions of all. All
gy might be worth trying and monitoring, as asectors of the economy are struggling to come to
means of providing more effective private sectogrips with the new opportunities, products, and
support to schools. choices offered through these developing technol-
While it is clear that diffuse, shifting federal ogies and policies. The constantly shifting defini-
teacher training programs that reach only a tingion of the system, changing technologies, entry
fraction of teachers cannot change the professiowf new public and private participants, and the
itis also clear that if a decision were made to intensimple newness of the system mean that it is very
sify the emphasis on use of technology as #&ard to articulate policy choices for the near fu-
resource for preservice and inservice teacher dedre, much less for a decade. Some conclusions
velopment, efficiencies and improvements couldseem clear, however:

Access to the Emerging
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= Having ready electronic access to information Congress is considering a number of ap-
is likely to be necessary for schools. proaches for education and the emerging telecom-

The costs of these services cannot be fully
determined but will include hardware, soft-
ware, connectivity, use of guides and help-
ers to effectively navigate the system, and
fees for line access and use. How the na-
tion’s schools might afford ready electron-
ic access to information, especially in a
time of restricted or even reduced funding
for education, is a major policy concern.
School districts are facing huge costs just
to bring their aging, dilapidated school
buildings to where they meet basic stan-
dards. The General Accounting Office re-
ports that $112 billion is required for the
repairs, renovations, and modernization re-
quired to restore the nation’s 80,000 public
schools to good condition and to comply
with federal mandates related to accessi-
bility and safety regulations, for major
building features such as plumbing and en-
vironmental conditions such as ventilation,

munications complex. Some reflect the desire to
apply the concept of “universal service,” con-
tained in the current legal framework for the
broadcasting system, to schools. There have been
suggestions to set aside portions of the informa-
tion infrastructure for school and other public
uses, and suggestions to provide special sources
of funding for school connections to these sys-
tem38 The education market could possibly be
aggregated into a purchaser that generates sub-
stantial market clout. This model reflects the suc-
cess of some states in centralizing purchasing of
hardware, specifying arrangement for network
connections, and specifying software from com-
petitive vendors. For example, some states have
regulated tariffs and established targeted subsi-
dies for schools. Georgia, for example, through its
state department of telecommunications, procures
telecommunications services for schools at the
same prearranged rate that state agencie¥pay.
In California, the Industry Council for

heating, lighting, or physical security. Technology and Learning worked with the Public
» Intellectual property and privacy issues are imUtility Commission (PUC) in developing a PUC
portant for schools, as they are for other groupsEducationa| Telecommunications Plan for the
= The K-12 education community, and the col-state. When the commissioner, who originally did
lege-of-education communities are not wellnot know that the schools were not connected, met
positioned to negotiate effectively in the openwith the state’s education agency, together they
market or in the regulatory arena for rights andleveloped recommendations that overcharges to
access, and are unlikely to have the funding, lesustomers be channeled to education. This
gal support, and bargaining power to proteceamounted to an estimated $40 million for tele-
themselves, unless there is intervention ocommunications in the schools per year. As a part
guidance from state and national policymaker®f this partnership, Pacific Bell pledged to con-
or the private sector. nect every school in the stdfe Currently, 18

37U.S. Congress, General Accounting Offi§ehool Facilities: Condition of America’s Schofldashington DC: February 1995).

383ee, e.g., National Association of Secondary School Principals, Council of Chief State School Officers, National School Boards Associa-
tion, American Library Association, and National Education Association, press release, Nov. 15, 1994.

39 James Bailey Matthews, vice chancellor, Information Technology for the University System of Georgia, Atlanta, GA, personal com-
unication, Mar. 13, 1995.

40 John Cradler, Far West Education Lab, presentation to National Coordinating Council-Technology in Education and Training, meeting,
Washington, DC, December 1994.
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BOX 1-8: Organization of the Report 1

This first chapter highlights some of the main findings of the study and lays out several policy options
for Congress. It also analyzes several issues related to educational access to the global information infra-
structure, including rough estimates of cost of and possible financing strategies for developing a telecom-
munications infrastructure with various levels of school access. It addresses other issues relevant to
emerging electronic information sources and teachers, such as intellectual property rights, confidentiality
and privacy of records, and limits on student access to potentially obscene or harmful materials.

Each of the next five chapters begins with a summary of key findings from that chapter.

Chapter 2 discusses the potential of technology to support, enhance, and, in some cases, rede-
fine the job of teacher. Based on the actual experiences of teachers as reported in interviews, site visits,
case studies, and published research, the chapter examines why some teachers are using technology and
how it is changing their classrooms and teaching methods. The chapter also describes how technology
can help teachers carry out many of the administrative, productivity, and communications tasks associated
with their jobs. Finally, the chapter considers how technology can be a resource for teachers’ professional
growth, whether through formal professional development courses or informal exchanges with colleagues
and outside experts.

Chapter 3 provides a statistical picture of the presence and use of technology in schools today.
The chapter examines the extent to which schools and teachers have access to various kinds of technolo-
gies, including computers, video resources, telephones, and networking technologies. It also looks at how
schools actually use these technologies: how often, in which kinds of classes, and for which kinds of activi-
ties. Finally, the chapter examines state policies for technology access and use.

Chapter 4 analyzes the factors that influence how effectively teachers implement technology. The
chapter examines multiple barriers limiting teachers use of technology and describes the resources currently
available to support teacher use of technology. Building on case studies of promising practices, the chapter
outlines some approaches that schools and districts are currently using to help teachers learn more about
technology and draws some lessons about technology implementation from these pioneer sites.

Chapter 5 addresses the role of technology in the preparation of new teachers. It examines the
treatment of technology issues in teacher certification requirements and teacher education reform propos-
als. The chapter analyzes the kinds of technology preparation currently provided to teacher candidates.
Drawing on case studies of institutions that have made technology a priority, the chapter also describes
some promising approaches for integrating technology into teacher preparation and highlights ways in
which technology can improve the teacher preparation experience.

Chapter 6 summarizes the federal role in technology-related teacher preparation and professional
development. It outlines current sources of federal support for these activities, the nature and extent of
federal commitment, and new opportunities for federal leadership created by recent legislation. The chap-
ter also examines past federal efforts to improve teacher training and promote technology, analyzing their
impact and their lessons for future federal action.

states are using preferential telecommunications  for interstate service would fall within the author-
rates as sources for expanding the use of technolo- ity of the Communications Act of 1934.

gy."Legislation proposed (and in effect) at ‘he Congress may be left in a quandary as it consid-
state level speaks only to telecommunications ac-  ers how much it should do with respect to expand-
cess rates for intrastate service; any special rates  ing the technological capabilities of elementary

41 Ibid.
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Our children face a future in which technology will touch
every aspect of their lives. Teachers want them to
be ready

and secondary schools and colleges of educatio
Clearly, federal support for aextensiveexpan-
sion of educational technologies, even if it wer
ideologically desirable, could be costlge-

e

cause technologies are advancing so rapidly, ther
may never be an adequate, up-to-the-minute an
swer to the question of whether such investmentg!

are worth their costSome states and local

school districts may be able to take on the burdefd
of investing in new educational technologies,

even without a definitive answer as to the long-

term payoff, but others will not have the resources.

Given the federal budget deficit, and the tax bur-
dens felt by American citizens in all localities, an

level, with whatever sources of funds, the invest-
ments be made thoughtfully. In this case thought-
ful investment will require that infusions of

resources be accompanied by concomitant invest-
ments in the teachers who will be working with

the students and the technologies.

The Department of Education is struggling to
keep attention focused on educational access, as it
works to define what products the education mar-
ket needs and how schools can best participate in
the emerging telecommunications system. Given
the large federal role in interstate telecommunica-
tions issues, if schools are not to be left behind,
Congress will need to pay close attention to this
issue as it debates regulatory and subsidy mea-
sures.

Regardless of decisions made about funding, if
unintended consequences of new technologies are
not to hinder teachers’ access to technology and
telecommunications, policymakers must be vigi-

dant regarding three additional areas pertinent to

education and new information systems. These
areas, discussed earlier in this chapter, are privacy,
particularly with respect to the records of students,
gopyright law, and the tradeoffs between protect-
Ing children from inappropriate materials and
ntoward censorship of emerging networks. Pro-
tection of intellectual property products also re-

uires effective education of the public about
intellectual property rights. This education could
begin in school as students, teachers and admin-
istrators are connected to online information
systems.

extensive federal investment at this time may noCONCLUSION

be possible. The analysis in this report suggest8ringing about change in the diversified U.S.
strongly, however, that whatever investments inschool system is a formidable task. With over 2.8
hardware and software are made, and at whatevenillion teachers in the United States, and 3.3 mil-

42As discussed earlier, the costs of connecting schools, teachers, and studentsto emerging information technologies and sources are highly
uncertain. Available rough estimates suggest the costs on a national basis could be minimal (for minimal interconnectivity) or they could be
astronomical, relative to current spending by elementary sod secondary schools. In the 1992-93 school year, the National Center for Education
Statistics estimates that public and private elementary and secondary schools spent $280 billion (U.S. Department of Education, Office of
Educational Research and Improvement, National Center for EducationStatitiest of Education Statistics, 199@ble 33, October 1993).

43 True costs will likely vary on both a national and local bases depending on what technology plans are developed, the state of current

school infrastructures, technology costs at the time of implementation, and other factors.
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lion estimated to be needed by 2003, any attempt How can policymakers help to realize a vision
to “retool” or provide the entire existing teacherof schools where teachers effectively and careful-
workforce with new skills or knowledge will need ly identify, enlist, and use electronic and commu-
to be done on a very large scale. Most teachersications technology to improve learning?
have many years of teaching experience (the me- OTA concludes that if the federal government
dian is 15 years) and, at a median age of 42, mogtants to maintain or enlarge its involvement in
attended school before computers were used in thkis area, the linchpin of federal policy could be a
classroom. set of initiatives that develop and support technol-
Teachers are an incredibly diverse group. Somegy, and help teachers in their teaching and profes-
already have experience with technology—comsional activities. When technology is effectively
puters at home, for example—while others havénarnessed to goals identified by teachers, schools,
never even been shown how to “boot one up.” Andtates, and national policymakers, it becomes a
some teachers are eager to experiment with newehicle for learning that is powerfully attractive.
ideas even at the risk of failure, while others have One of the principal policy challenges for the
little interest, energy, or time for experimentation.next decade is to lead by example and by commit-
The great majority of teachers probably lie somement. The experience of effective technology use
where in between. in classrooms needs to be widely shared, evalu-
Technology has been viewed by a few as a frillated and used as building blocks. Resources are
by some as a distraction, and by others as an imeeded to develop advanced learning products
triguing but peripheral component of education.(hardware, software, curriculum materials, and
OTA finds, however, that technologies offer thetools focused on educational applications); both
ability to do many traditional things efficiently resources and farsighted regulation will be needed
and quickly, and a way to encourage entirely newwo make electronic communities affordable and
educational opportunities that may be of vital im-well designed for schools. Effective policy and
portance to the next generation of learners. If theseell-organized private sector involvement could
learners are to make the most of the investmentyeate technology options that assure resources
made in educational technologies, support musdre equally available across the country, for all
be given to the teachers who guide and encourageachers, for all students, in all schools.
its use.



