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Preface

As the l990§ dawned, interest in the potential benefits of harnessing powerful
new technologies to the improvement of teaching and learning became intense,
widespread, and bipartisan. Rec.ognizing th?s situation’s potemial,. Congress, in P.L.. 103-
382, The Improving America's Schools Act of 1994, called on the Department of

Education to prepare a plan to promote the use of technology in education.

Early in its tenure, the Clinton Administration announced that promoting the use
of technology to support leaming and developing a national information infrastructure
{NIT) would be major priorities.! Technology for Economic Growth, A New Direction to
. Build Economic Strength, the Clinton Administration’s biueprint for technology pélicy,
called for improved technologies for teaching and learning, the introduction of
telecommunications equipment and computer software into classrooms, improvements in
the productivity of leamning, and the extension of learning into community, home, and

work settings.

In 1995, Speaker Gingrich of the U.S. House of Representatives pointed to
telecommunications’and “cyberspuce” as new American frontiers and speculated about
the desirability of providing every low-income, innercity stadent with his or her own
lap-top computer. In the s;me year, Common Ground, the report of the National

Information Infrastructure Advisory Council, recommended that by the year 2000 all

| Appendix B provides a glossary of technical terms.



weo

community-based institutions servin g the public (including schools and lLibraries} be

connected to the NIL

Finally, both Secretary of Education Richard W, Riley and Deputy Secretary
Madeleine M. Kunin have been committed to ensuring that Amenca’s classrooms obtain
practical, useful zechﬁciogitfs so that teachers can teach better and students can leam more

effectively.

For the past year, 3 Department of Education team has worked fo develop the plan
presented in this document, 2 The team convened a national conference and seven
regional forums on educational technology to hear the views c;f teachers, administrators,
and parents. It organized interactive on-line forums with parents, students, teachers,
administrators, and experts on new and ernerging technologies. It met frequently with jts
counterparts in other federal agencies and with the National Information Infrastructure
Advisory Council. It solicited the assistance of the RAND Corporalioln in developing the
framework for this plan and sought out the best thinking of experts in the field through

workshops and several commussioned papers.”

This document outlines the results of,ihat work. It is an action plan for
educational technology in the United States. it proposes to infuse the véxy latest and best
technologies into the nation’s classrooms, and more than that, it sets forth a blugprint to
provide students and teachers with the computers and technologies they need to face the

challenges the 21st century will place before them.

-

2 For a list of activities, meetings, pagers, and producis involved in developing the plan, see Appendix A.
3 Copies of all supporting documents are available on-lins a1 httpwww.ed, gov
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CONNECTING CLASSROOMS, COMPUTERS, & COMMUNITIES

by

Richard W. Riley
Secretary

Some years ago, a business leader reminded me that the adventurers who set out
for the New World were able to smell land long before they caught sight of it. Like those
mariners, said this businessman, today’s leaders have to be able 1o “smeli the future.”

They have to be able to think long term and see beyond the horizon.

I believe the future beckons America. It promises rewarding jobs. It offers to
diminish the drudgery ami toil of daily labor. It apens prospects of abundance and rising

standards of lving for every American.

All of these things are possible if our children are prepared -- if they are provided
with the tools they need to adjust to new circumstances and changing times. The wealth
built by our forebears from coal, sleel, oil, concrete, and brawn can be buiit tomorrow

from silicon: chips, integrated circuits, digital networks, computers, and raw inteiligence.

In a larger sense, all of these things are possible because Americans have always
understood that the future is not something that simply arrives, but something that is

created by the actions we take today to secure our children’s tomorrow.

Throughout history, the march of human progress has been marked by milestones
in science and technology. Gutenberg's creation of moveable type in the 15th century

laid the foundation for nniversal literacy. Watts’ invention of the steam engine in the
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18th century launched the Industrial Revolution. The inventiveness of Bell and Marconi
in the 19th and 20th centuries - creating the telephone and radio -~ helped bring a global

vitiage into being.

The United States and the world are now in the midst of an economic and social
revolution every bit as sweeping as any that has gone before, one grounded in
telecommunications and digital technologies. When this year's infants enter school in the
year 2000 - and this year's eighth graders graduate - these technologies, and the national
and international infrastructures they make possible, will be commuonplace. These

children must be prepared 1o make their way in this new age, io this different world.

Pull Quote 1

Entering this new environment, the United States will either lead the
transformation or it will follow the lead of others. Hence the importance of this
technology plan. If this generation of Americans has the courage to do for its children -

what prior generations did for theirs, the possibilities for the United States are limitless,

If this generation does not possess that courage -- if it falters, hesitates, and
ultimately reftises to open the door to the digital era -- global competitors will certainly

open the door first, and thereby reap the rewards,

And if this ransformation 15 (0 come to {ull bloom, it must take root in the
pation’s schools, fof it 1s in the nation’s schools, with their 50 million students and 2.9
million teachers, that the country's foture is conceived, created, and secured. And it is in
the schools that the United States will obtain the greatest returns on its investments in
technology -- immediate returns in the form of more productive and rewarding teaching

and learning, and longer-term benefits of geometric increases in individual and national

productivity.



EDUCATION AT A CROSSROADS
Education in America is at a critical crossroads,

On the one hand, in the past decade, parents, educators, legislators, and business
and community leaders bave worked hard to create a broad-based, bipartisan consensus
on how to improve American education. The result of these efforts is the Goals 2000;
Educate America Act, passed by Congress and signed into law by President Clinton in
1994. Goals 2000 lays out eight national education goals and helps establish top-down

support for bottom-up reform.

On the other hand, the use of technology in American life has exploded in that
same decale, affecting everything from the workplace to the living room. As Secretary
of Education, I have come 1o believe that it will be possible 10 provide every student with
the kind of quality education cutlined in Goals 2000 only if our young people have access
to these new technologies and information tools - to computers, networks, CD-ROMs,
madems, and the emerging national information indrastructure (NI}, also called the

information superhighway.

Pull Quote 6

The informanion superhighway is a “seamless” web of computers,
communications networks, libraries, databases, and consumer electronics that will put
vast amounts of information at our fingertips. Ultimately, it will tie together telephone
systems which already reach 98 percent of households; cable systems that pass by more i
than 90 percent of homes; Broadeast and radio stations; cellular telephone systems and
other wireless networks; satellites already offering programming directly to owners of

“dishes” no larger than a salad bowl; and enormous information data bases.



What can these tools do for American classrooms and their teachets and students?
As this plan makes clear, technology can help tailor instfuction 1o the individual needs of
students; improve instructional management; support teachers and their professional
development; connect student learning with the real world and schools to the home and

community; and expand time for leaming beyond the traditional school day.

Much of the body of this plan describes these in greater detail, and acknowledges,
quite candidly, a set of challenges that the nation must meet if they are to become
realities. But the main point Is incontestable, When every engineer has finished
expioring the {ast detail of how to wire schools, when educators have had the final word
about how to improve teaching and leaming, and when analysts have satisfied themselves
with a vision of the prospects for tomorrow, a simple abjective for the United Statés and

its schools stands out

We shonld set for ourselves the goal of providing a learning system that
permits all of our people, young and old, to learn whatever they need to, whenever

they want to, wherever they choose to,

The nation should set out to create the Kinds of learning insttutions it has always
wanted and needed -~ schools that tailor instruction to the specific, individual needs of
each student and that encourage students to learn at their own pace and throughout their

lives,

Pull Quote 4

£

FREE PUBLIC EDUCATION & ITS ECONOMIC VALUE

The principle of free public education for all children is the bedrock of our

democracy -~ not “cheap,” not “half-priced,” not “cut-rate,” but in its very essence “free.”



Educational institutions, large and small - schools. libraries, literacy centers,
early childhood cmter.;,. comnmunily colleges, and universities — should have total access
to and use of services on the inforrnation superhighway. There should be “on-ramps” and
“off-ramps” to every classroom. If cost limitations or other practical congiderations make
it impossible to connect the NI with all educational instimutions immediately then
schools, libraries, and literacy centers should be at the front of the line when public

institutions are linked in the decade ahead.

Why at the front of the line? In the coming decade, this nation will have
approximately 55.9 million students in public and private schools -- five million more
than we have today.* A growing praportion of these young people will be Latino and
Hispanic, African American, or new immigrants, many of them Jow-income and

traditionally under served by our schools.

Parenits undersiand how important it is that their children learn, ail the 1nore 3o in
a technological age. As technology breaks down the walls separating home from school,
and as students and parents are connected with distant libraries and classrooms around the

globe, community leaders must make sure that ne child is left behind.

Puli Quote 3

SIDEBAR ON CHRISTOPHER COLLW(ES MIDDLE SCHOOL

Educators know how valuable technology is to students isolated by geography or
challenged by pﬁver;y or disability. New sateliite and distance learning techniques can -
bring the best teaching to the most remote home cr"’school. {%feiiwim;}lemenicd
instructional learning systems (ILSs} have produced some spectacalar results for low-

income children in compensatory (Title I) education programs. The same technologies

4Nasonal Center for Education Statistics, Projecrion of Educarion Statistics to 2003, p.9
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used to train pilots are being used experimentally to teach children with cerebral paisy
how to operate motorized wheelchairs and negatiz{te the obstacles they might find in a

typical classtoom or on a busy street.

It is no secret that 2 young person who receives a quality education becomes a
more dependable worker, a better citizen, and a stronger consumer. If the nation
continues to ignore the educational needs of smdénts -- particularly low-income students
-~ and continues 10 give them a watered-down curriculum and link up thekr schools last, it
will find itself in an economic bind of the first order: it will have a work force that does

not know how to work.

Pull Quote 5

And if the Usnited States continues o think short term, as in the 1980s, the results
are potentially disastrous. Every year, large corporations and small businesses, two- and
four-year colleges, and pubiii: and private éaiversilics spend billions of dollars on
remedial education. If the nation does it right the first time, it can eliminate this costly
and wasteful need to keep redeing it. To create a well-educated, world-class work force,

now is the time to get it right -- and get it right the first time.

Recent disturbing reports suggest that low-income inner-City and rural
neighborbowds may be the last ones served by new technologies. I am convinced that all
children can learn more if they are properly challenged, but they cannot do so without
access to these new £ducational tools. I believe that early investments in techoology will.
provide handsome, long-tcrén economic returns, and that ti},c‘é&kpcndimres will be
retumed to all of us, many times over, in the form of lower public assistance expenditures
and greater national productivity. Technology is not an expense, but an investment in our

common future.
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GETTING FROM HERE 170 THERE: HOW TO PROCEED

How best (o proceed witt; that investment is a challenging question. Conflicting
views on the role of the federal government in education present a problem, the rapidity
with which technology is evolving requires attention, and the central place of the private
sector in technological evolution demands respect. Since a strategy for the narion cannot
be imposed by the federal government, how do we get from here to there and how should

we proceed?

Pull Quote 7

Nobody expecis the federal government to solve all the problems associated with
educational technology. But parents and educators are demanding Jeadership to see that

problems and issues are addressed.

Government’s role at all levels-federal, state, and local - is to point people in the
right direction and urge them along the road. Officials should ase their “bully pulpit” to
define the stakes involved in the educational technology debate and encourage public and

private leaders to tackie the challenges ahead.

The first thing to understand is that technology is not a cost but an investment.

Educators need an investment mentality that is firm, fair, and flexible,

Schools should firmly commit themselves to technology as the wave of the future.
Nothing will more quickly defeat the effort to improve leaming and technology than half-
steps, half-measures, and half-hearted commitment. The strategy is doomed that
concludes, “We will put an extra computer here, and purchase an extra piece of software
there, and provide a fttle extra teacher training elsewhere -- as soon as we find a litde

extra money.” A everyone knows, “a little extra money” is hard to find. Much more
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likely to succeed is a firm strategy based on a clear vision of what is to be accomplished

and how school leaders propose (o get there.

Policy planning must also be fair. Whether schools invest in technojogy or not,
chiidren from affluent and middle-income families will enjoy access (o the latest
technologies in their homes -- including powerful personal computers and peripheral
devices such as CD-ROMs, scanners, printers, mﬁdems, and network connections. State
and local ieaders should insist that schools in the lowest-income neighborhoods be the

first, not the last, to be provided with the latest technologies, not the last.

Finally, although schools should be firm in their commitment (o technology and
fair in their allocation of it, they must also be flexible in their implementation. The useful
lifetime of many of today’s technologies is abont five to six years. in:faci, the power of
integrated circuitry is expanding so rapidly that new, cutting-edge computer platforms
and affiliated software appear about every 18 months. In the last decade, technology has
matured so rapidly that many public schools -- E?kc many governments, homes, and
private sector firms--are already saddled with badly out-of-date equipment. In this
context, schools need to be flexible encugh to stay abreast of change., ézzd not be 6
compietely wedded to one way of doing things that they are unable to respond as these

technologies mature,

THE FUTURE CONTINUES TO BECKON AMERICA

As the action plan which concludes this document makes clear, bringing the full
. fruits of new technologies to our schools depends on many things. Schools need
expanded access to the information highway. They need better tools and educational
software. They need independent analyses and trustworthy advice about the benefits of
technology. And they need new alliances with the private sector. Above all, our nation
needs to do a much better job with technology training--developing wachers’ professional
skills with these new tools.

Pull Quote 10
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As Secretary of Education, I have become convinced that the Department of
Education’s leadership role in this entire area can best be met by tackling the teacher
tratning and professional development issue head on. When all is said and done about
access 1o the information highway, tools and software, research and development, and
parinerships with the private sector, the essence of the plan described in this document
can be summed up in one semtence: By the year 2000 the nation will have provided
every teacher in the United States with the opportunity to take advantage of first-
class training on the latest and most up<o-date technologies available for the
classroom.

1t is quite clear that technology offers profound new prospects not only for
learners but also for teachers. Cémpu{ers and telecommunications can improve the
professional working lives of teachers, They can help generate and modify mstructional
materials. They offer ongoing interaction with a wide circle of peers, instantaneous
communication with instructional and subject-matter experts, and access to enormous
quantities of background and reference materials. They can, in brief, help redefine the

teacher’s role.

in one sense, the nation owes its teachers nothing less. 1o another, it owes s
students nothing less. But in the final analysis, the nation owes itself and its future
nothing fess. It is time, once again, for Americans to “smell the future.” That future, and

all of its promises and prospects, contipues to beckon.

m . e
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THE DIGITAL REVOLUTION AND THE REVOLUTION IN AMERICAN
‘ SCHOOLS

Despite the fact that policy makers, educators, and business leaders have
advocated increased use of technology in education and traning for decades, the true
potential of technology to transform educational practice has rarely been fully realized.

Today, technology renews 11§ promise.

A newly wired nation with powerful digital capabilities has arrived with startling
speed. Just two generations ago, computers were physically imposing but technically
modest. They often took up entire rooms and cost a small fortune. Io the single decade
of the 19805 millions of personal computers made their appedrance on desks and laps
ave:*ywiéaw ~- in factories, offices, homes, universities, airplanes, and schools -
accompanied by the facsimile machine and the mobile telephone, Low-cost, high-quality

versions of each of these are easily within financial reach of many American households.

At the sane time, a national information infrastructure capable of fully supporting
this wired nation is rapidly being put into place. All of these developmeats foreshadow a
new education and learning infrastructure for Americans, both in and out of school, for

yonng and old alike,

Although this revolution in technology is fa:r, from complete, 11 is already clear
that it promises educators, parents, and students unprecedented access to a widg spectrum
of robust, sophisticated devices and networks capable of tailoring instruction to the needs
of individual students, improving instructional management, expanding time for leaming,

and improving the working lives of teachers.
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FINDINGS

Fellowing months of analysis -- accompanied by in-depth conversations with
teachers, principals, school administrators, parents and students, state and local
policymakers, experts in technology, and other federal agencies ~~ five conclusions about

teaching, learning and technology stand out:
M Properly used, technology is a powerful 1ool for leaming.

. New technologies are essential to the success of the current effort to
create better schoois.

. Technology permits teaching and learning to be tatlored o the needs of
each student,

. Digital technologies are rapidly changing how we live, work, and play,
but their full effects are only rarely felt in the classroom,

. Teachers must be given the time and training they need to take
advantage of these new tools for teaching and learning. '

Properly used, technology is a powerfu! tool for learning.
(SIDEBAR OF NORTHBROOK MIDDLE SCHOOL}

Several analyses indicate that, p;roperly empéoy&i, implemented and supported,
technology leads to superio} learning.® The sidebars on the following pages summarize
decades of the best research in this area. This research confirms what the best teachers
and most thoughtful experts on technology have always known: under the right
circumstances, and in the right hands, rechnology is.a powerful tool for learning.

Students learn more. They leam faster. And they are happier in their studies.

3 See, for example Barbara Means {ed.), Technology and Education Reform: The Reality Behind the
Promise. San Francisco: Iossey Bass, 1994,
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Pull Quote 8

Several considerations deserve special attention. First, technology is a tool, not an
educational activity. It is a means 10 an end, not an end itself, and it has almost unlimited

specific applications (sec Table 1, below),

. Table t
Potentisl Uses of Technology in Suppert of Teaching and Learning
Use Examples
Individual Learuing Stand.-alone drill and practice

LH-ROM or Internet-acoessed data bases
{ommunications with sxperts

Waord processing and spreadsheets
Simulations to visvalize mathemstical and
seientific concepts

Group Learning ' E-mail for group communication
: Presentation software for group coliaboration

Video presentations
Coramunications between clasgrooms for
cotlaboration on projects

Instructional Management inszgration curriculum standards and assessments
Management of student portfolios and exhibitons
Development of student instructional plans and
comtracts

Commanications Expand access to expartise and RSGUISES COBRESE

parents, studesus, home and community from
remote locations {e.g.. niral sehoois)

Adminkstration : Record keeping, attendance, sccouniability
functions, and other administrative activities

I is clear that a computer can serve as a freestanding or networked work station,
It can serve as a word processor or support desktop publishing. It can connect teams of
students and teachers with others in the building or around the globe, and it can
encourage communication among parents, students, and teachers. The point is that
technology is a tool for Jearning, like a typewriter or a blackboard, not an educational

treatient.
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Second, most existing research focuses on past generations of technology.
Researchers” understanding of the effectiveness of the latest technologies is limited. New
capabilities promise to support more difficult learning tasks, o integrate many different
kinds of media in support of learner-centered instruction, and to manage much more
complex learning environments. Because these capabilities are so new and relatively
untried, analysts have yet to demonstrate their success - although these new tools are

likely to be much more effective simply because they are so much more powerful.

Finally, as discussed below, emerging technologies readily adapt to learner
preferences. Some students prefer written materials; some are more engaged when the
information is presented visually, and some need to test ont alternatives with computer
models. Some begin with an idea and delve deeply while some wanéer through a rich
variety of resources to find the right track, Some work independently while others seek
collaborators, mentors and experts. Some like the sbility to review and revise. Today's

interactive technologies accommodate them all.

As the United States approaches 2 new century, it is the beneficiary of 2
remarkable, decade-long school reform movement. That movement, launched by the
1983 report of President Reagan’s National Commission on Excellence in Education, 4
Nation ar Risk, was sustained by President Bush's 1989 leadership in belping the natien’s
governors égme on National Education Goals; it culminated in 1994 C{}ngmsicﬁaé

passage of the Clinton Administration’s Goals 2000: Educate America Act .

Goals 2000 cs{abiis;ms. for the first time, a leaming reform model for the United
States based on state and local standards of what students should know and be able to do.

It expands and codifies the national education goals and promises top-down support for



bottom-up reform. Since enactment of that legislation, 48 states have panticipated in this

unprecedented federal-state-local partnership.

The ambitious scope of this standards model is its most novel and impressive
feature. It is grounded in the conviction that all students are entitled to a first-class
sducation. As President Clinton has said, it is designed to “make every American child a

winner.”

Pull Quote 9

On the basis of practical experience and research, teachers, principals, cognitive
scientists, and education theorists are all convinced that maoy of the skills most needed
by today’'s graduates are best acquiredin the course of performing real tasks involving the
construction of real solutions to real problems. They argue persuasively that when such
teaching strategies involving such tasks are hamessed 10 instruction that is learner-
centered and responsive to individual needs, interests, and capabilities, almost all students

can meet much higher expectations and perform at much higher levels .

I such iearning environments are to come into being, expert opinion is
unanimous: these environments can best be created by emploving new and emerging

technologies. In fact, most experts believe they cannot otherwise be achieved.

Technology permits teaching and learning to be tailored to the needs of each

student.

Cotamon sense tells us that tailoring education programs to the needs of

mdividual students creates a host of difficulties for schools. 1t places new demands on

teachers and school administrators, on students and parents. In contrast to today’s school

-15-




in which the teacher is likely to say to 30 students: “All right class, let’s turn to page 135
of the textbook,” tomorrow’s tailored programs could:

. define a learning program for each student based on the student’s
I
fearning stvle and learning pace;

. keep wack of the aiwie{nt’s progress and be prepared to take remedial
action {no matter how talented the student) in the event he or she lags
too far from his or her specific learning goals;

. organize the school day so that students of varying ability, learning at
different paces, have available the different amounts of time necessary
t0 master sach subject,

(SIDEBAR OF TAYLORSVILLE ELEMENTARY SCHOOL)
The very best teachers have always tried to do these things, but providing

individual attention is very difficult in'a class of 25 or 30 students. It is simply

impossible for the 120 to 150 students|that a secondary school teacher may see on any

given day. The result is familiar to every student, graduoate, parent, teacher, and
administrator: Teachers pitch their lesson plans at the middle third of the class, provide
whatever extra help they can (o students in ihe bottom third, and leave the best and

brightest 1o fend for themselves.

With suitable software, computers and affiliated technologiss can tailor
instruction to individual needs at an acceptable price, in effect reducing the
student/teacher ratio. They can ikzzprovc acqaiéiticzz of basic skills; encourage the
deveiopment of advanced skills and knowledge; help students {individually and in
groups) conduct sophisticated gm}cctsi developing advanced problem-sol ving skills; and
assist students, parents, wa;:hars. and administrators in tracking and maintaining an

accessible record of studens progress and performance (see “Making it Happen'™),
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In brief, technology can help resolve ong of the enduring dilemmas of public
education in the United States: how to respect and respond to individual differences

among students within the context of the common school.
H

Digital technologies are rapidly changing how we live, work, and play, but their full
effects are only rarely felt in the classroom.

Practically every American has experienced how new and emerging technologies
bave dramatically changed our daily i;ves — from cable and satellite television with their
unparalleled viewing choices to the convenience of 24-hour-a-day automatic bank teller
machines. Yet, despiie the existence of large numbers of computers in the nation’s
schools, as well as our ability to identify “lighthouse™ schools and school districts at the
technological cutting edge, the full effects of technology are rarely felt in the typical

classroom.

Personal Computers

Personal computers have penetrated schools with remarkable speed. Eleven years
ago, the average school had one computer for every 125 students; by 1995, the average
school had one computer for every 1?! students, "All told, the “installed base” of personal
computers in schools was approximately four million during the 1994-95 school vear.®
The Software Publishers Association estimates that 55 percent of the installed base can be
found in elementary schools (which comprise about 50 percent of all schools), 39 percent
in secondary schools {which comprise about 31 percent of all schools), and the remainder

in district offices. .

These averages, however, conceal almost as much as they reveal. Senior high

schools are likely to have more computers per student than elementary schools.? About

& Quality Bducation Data, Inc. Technplogy in Public Schaols: QB s 13th Annual Census Study of Public
Sehoot Technology. ‘

7 QED, Op. Cit.
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" - Other Technologies

one-tenth of all the schools in the country have a computer for barely every 25 students;
even fewer have a computer for every five students or less {see Table 2). As discussed

|
later in this chapter, much of this equipment is a decade or more old and technically out

of date.
Table 2
Bistribatiﬂlu of Students Per Compater
Sasdents per Schools Miilions of Percentage of 2l Average # of
Computer {%} Students Students Studenis per
‘ Computer

<3 4 1.2 3 ) B R

5-124 44 18.4 41 £9

i28-23 43 21 46 16.3

»23 5 i&é 10 28.5

;
Source: H.1. Becker, Anaivsis of Trends of School Use of New Information Technology. (Prepared for the
Office of Technology Assessment, March 1994).

In sum, the school technology, glass is half full. Significant progress has been
disuc Wwwatd leying a decent foundation of personal computers in the nation”s schools.
The provision of an average of one computer for every 12 students is a significam

accomplishment representing a ten-fold increase in computer density over eleven years.

Nonetheless, the glass remains half empty. More than half {56 percent) of all
students are in schools unable to meet the national average of one computer for every 12
students - and only about 3 percent of all students are enrolied in schools with a
computer for every five(or fewer), students a density that advocates of school kehnology

consider to be minimally adequate,

e

Information on other technologies is more fragmented and difficalt to locate.
Data from a 1994 survey are pmsentcld in Tabie 3 below. What is apparent from this

information is that most of the technologics surveyed, with the exception of cable



television, are available in less than one-third, of ali schools and often in less than one
fourth,

Table 3

Estimaled Technolagy Usage
1943.94
Districts Schools

Cable TV 65% T -
CIRROMs 43 2
Local Area Networks (LANs) 43 ‘ 23
Mixlems 41 29
Batellite Dishes 40 15
Videodisc Players 26 P}

Senrce: Software Publisher's Association, July 1994

Connections to the Internet

The relatively low level of technology penetration overall appears to be conlirmed
by A Survey of Advanced Telecommunications in U.S. Public Schools, K-12, completed in
representative sample of 1,380 public elementary and secondary schools in the Fall of
1994, the survey indicates that:

* only three percent of all instructional rooms {classrooms, {abs, and
media centersyin public schools are connected 1o the Intemet;

* just 40 percent of the computers with telecommunication capabilities
are located in classrooms (most presumably are in administrators’
offices, libraries, or computer centers};

* schools with cnmiimcz;ts below 300 {typically rural) are much Jess
Eikseiy o be on the Internet than schc?ols with larger enrollments; and

» oniy about one-half of schoc!s have access to the Internet or another
wide area network (WAN ), and in these schools teachers are seven
times more likely than students to use the network -- and
admainistrative use is nearly four times greater than student use;
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* although two-thirds of public scheols plan to implement or upgrade a
wide area network {miosz as part of district plans), aboul the same
proportion report inadequate fonding as a barrier to the acquisition and
use of advanced telecommunications.

In part these findings reflect not simply inadequate attention to the need for
specific technologies but also significant gaps in the infrastructure necessary 1o support
emergi;ig rechnologies. Most computers do not ﬁn on batteries; they require electrical
outlets. Stand-alone computers do net require ielephone Jines, but networked computers

do.

Figure 1 displays the proportion of schools responding to a 1995 survey on the
adequacy of the infrastructure {modems, wiring, and the like) in place to support
technology. The results are fairly clear. Only about half of all schools report that they
now have adequate power and wiring to handle their technology needs. Less than half
believe they have sufficient networks, imodems, and modem lines, less than 40 percent
consider the number of electrical conduits safisfactory, and only 13 percent are satisfied

with the fiber optic cabling available.

Figure 1 here

In short, these surveys indicate that although educators have made a lot of

-

progress, they still have a 16:1 g way tolgo. Schools are not yet full parteers in the broad

digital revolution that is transforming American work and life.




Teachers must be given the time and training they need to take advantage of these

new tools for teaching and learning.

Too much of the discussion of technology and education {at national, state, and
local levels) has taken place with little more than lip service 1o the needs of teachers. ‘The

attitude appears to be that if technology is provided, teachers will use it

The vast majority of teachers lack time to come up 1o speed with new
developments in technology and have littde access (o the latest technologies. New
teachers fresh out of schools of education have rarely had the benefit of pre-service
training in tcchnolog_;'. For all practical purposes, there are few models in place of
effective and conscious use of technology-rich schools to improve learning and

achievement.

Schools spend a far smaller percentage of their revenues investing i

technological innovation and improving the quality of their human resources (teachers

I
and administrators) than does practically any other comparable enterprise. Figure 2

shows a recent estimate of the school spending mix on technology.

|
|

: . Figure 2 Here

Focus groups conducted as part of this report reinforce this.  The general public
believes that technology already in schools is not being used properly, and parents

believe that at least part of the reason is that teachers need more training.

Pull Quote 2

Only real training -~ not an occasional afternoon *workshop” of ten minutes with

an orientation disk -- can empower teachers to use these new tools, Without such
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training, teachers may fall victim (o the kind of frustration which often surfaced in the
Deparument’s workshops, meetings, and on-line discussions with educators, students,

gmployers, and parents. Many teachers have grown increasingly resistant to what they
consider to be reform fads, with each new innovation being dismissed Ias nothing more

than the ie;tgst “reform of the month.”

Technology, like many other valuable reform suggestions, is caught up in this
skepticism. These new tools can fulfill their full promise only when teachers are fully
trained in their use, have the time to u!se them effectively, and enjoy the support other
professionals receive to develop theiz‘éskﬁtis.

|
BASIC REALTTIES

The conclusions above -- the effectiveness of techuaology, the importance of
technology w reform, the need to tailor instruction to the student, startling deficiencies in
the school technology base, and the importance of professional dcvéln;}mam - AT

significant. Equally important are a number of basic realities circumseribing technology

policy,
These realities will govern educational technology policy, and among them are
the foliowing:
* Technology is far more than just another fad; its availability, or fack
thereof, will profoundly influence socioeconomic divisions in the
United States.
. Costs are a significantlissue but not the principal problem,
. The relative immaturity of new technologies means that schools are

planning amidst rapid change.
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* The main technological problem for schools is identical 1o the
corporation’s technology problem, which is the need to rethink
orgasization and processes.

Technology is far more than just another fad; its availability, or lack thereof, will

profoundly influence socioec&nomic'divisions in the United States.

Today, unequal access to computers and telecommunications is deepening
divisions in society and reinforcing family status and background as key cieiemﬁzzams of
student performance. Without consciots attention to this issue, the growing power of
technology seems destined to mairttaz‘n;, and perhaps expand, disunctions between the

i i
education “haves” and the education “have-nos”

Pull Quote 17

|

Although rocent data suggest that schools in wealthier communities do not enjoy
markedly greater access to computers and other technologies, it is also undeniably true
that household possession of camputtris -- and use of modems, CD-ROMs, and network
services -- is heavily skewed towards middle- and upper-middle-class h'omcs, Many of
these families, including some with relatively modest incomes, have already voted with
their own scarce dollars to invest in technology for their children, ¢fien at considerable

financial sacrifice,

But what about homes where real poverty stands in the way? The jatest
information from the Bureau of the Census and the National Telecommunications and
Information Administration (both in the Department of Commerce} confirms what many
suspect: low-income citizzn's and minority Americans, urban and rural, are much less

likely to own computers than their more affluent or majority peers.
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Figure 3 Here

As Figure 3 demonstrates: white and Asian Americans are two or three times as
likely to own computers as African-American or Hispanic citizens, and six or seven times

more likely to own them than the rural poor, whatever z%zéir ethnic background.

To the extent that the vision of the use of technology to extend leaming into the
community and the bome is realized, the effects of family background on student

performance will be reinforced unless policymakers attend to the issue at the outset,
Costs are a significant issue but not the principal problem.

Conventional wisdom holds that lack of money is the primary obstacle to getting
more computers and other technologies into schools. In fact, although money is an issue,

i i3 pot the principad probiem.

Pull Quote 13

In some communities, particularly low-income rural and inner-city school
cistricts, funds for computers and other technologies are difficult to acquire. But many
communities heve succeeded in financing ambitious hardware acquisition programs

through special levies or partnerships with local businesses,

At the request of the Department of Education, the RAND Corporation projected
the annual costs of p;axridfng many more computers, and mugzh more up-lo-date
equipment, in all of the nation’s schools. In eight technology-rich schools (five of which
provided one computer for every three studeats or less), RAND researchers observed that

the annual 1echnology costs (with the hardware cost amortized are five vears) ranged




T+

from $141 to $490 per siudent.®? The smallest of thase schools enrolls 310 students; the
largest, E,S(}O.

The amortization of these costs is significant, since schools, like private firms,
need to develop an investment mentality for technology based on the understanding that
new technologies involve not simply a one-time, up-front cost f:':}r eguipment but also on-
going, recurrent expenses. These recurrent exp::née:s involve costs to upgrade hardware
and software, maintain special furniture and cabling, replace materials and supplies, and

continuously upgrade the skills and competence of teachers and administrators.

In light of these considerations) RAND analyzed sach school's current equipment
inventory using the following cost elements: current prices for all computer hardware
and saf:waf;':, amoriized over five years; special infrastructure such as furniture and
cabling amortized over ten years; initial teacher preparation amortized over five years,
along with costs of new technolegy support personnel; and matenials and supphes treated

as ap annual expense.

Table 4 outlines the average, annual, amortized expenses for significant costs
elements across the eight schools.
Table 4

Average, Annual, Amortized
Expeases in Eighi Technology-Rich Schools

Element Average Annual % of Total
School Expeme

Hardware $129, 90(} 4%

Sofrware ’ 20,200 | 8

Infrasuustare 13,700 | > -

Professional Development T 20 i4]

8 The range very closely reflected the number of students per computer in these schools. The school with
the iowast cost per student providad one compma‘ for every 11 giudents {near the national average); the
school with the highest cost provided a camputzr for every 1.5 smdents.
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Technology Support (Personnel) 66,000 ry

Materials 10,000 4
Weighixt Per-Pupil
Cost $274 T 100%

Table 5, below, compares with current spending levels the costs of two national
scenarios for increased technology spending. (Current spending on technology were
estimated by RAND to be $3.1 billion n the 1994.95 school year, or 1.3 percent of

expenditures devoted 1o education.}

The low alternative assumes azzimzai per-student spending of 3180 -~ near the low
end of RAND's sampie of eight techndlogy-rich schools. The high alternative calls for
spending about $450 per student (near the top of the eight schools) on all students.

Table $
Carrent Technology Spending and ternatives
Model Per-Pupi % of Education Total Expenditures
Expenditores Speading
Current $70-80 1.3% 33.1 billion
Low $18G . 0% $7.5 billion
High ' $450 1.5% $18.5 billion

At first blush, each of these alternatives is daunting. However, schools are niot

starting from scratch; they are alreadylspending over $3 billion on technology. The low

alternative seems achievable. lncrcasing technology expenditures to about 3.0 10 3.3
percent of all school spen(img is within reach if current increases in educational
technology spending mmzzwc According to 2a McKinsey & Co. analysis for the National
Information Infrastructure Advzsory £3|:1m.az1r;111 technology will reach 2.1% of total
education spending by the year 2000 if the current growth rate of 16.5% continues.?

Ffrom information submitted to the National Information Infrastructure Advisory Council by McKinsey &
Co.. Oetober 1925,
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education spending by the year 2000 if the current growth rate of 16.5% continues,?
Although schools have a lot of technological ground to make up, devoting 3.0 10 3.5
percent of spending on technology requires educators to do only a little more than what

they are already doing and are inclined to do.

In short, the best estimates indicate that although costs will continue 10 be a

probiem, they represent a solvable problem.

The relative immaturity of new techpologies means that schools are planning amidst
rapid change.

The novelty of many of the nation’s new digital capabilities, combined with the
fact that they are rapidly expanding, growing, and becoming more powerful, are signals
of the relative immaturity of the technologies themselves. This situation creates a host of
inter-related problems for schools including, most prominently, great diversity and
variability in school equipment; frustrating, apparently arbitrary technical walls between
different pieces of equipment and different software; and a school market that software

developers find unattractive, largely because it does not offer economies of scale.

:Pull Quote 14

(SIDEBAR ON COMPUTER CLUB)

Diversity and Variability, The computers in America's schools are very diverse,
Many of them are also very ofd, and technically out of date. As Figure 4 indicates,
school districts are vsing computers produced by practically every conceivable

manufacturer for both administrative and instructional purposes.

SFrom information submitted to the National Information Infrastructure Advisory Council by McKinsey &
Co., October 1998,

31




Figure d Here

Over half of this equipment embodies technology that is a decade or more old.
Although these computers remain useful for certain purposes, they are very limited by
today’s standards and working with them is inherently frustrating. Older computers, and
the operating systems and tools embedded in them, cannot use the latest moltimedia
software and most cannot perform on the petwork. Because these older computers are
rarely used in businesses and homes, software developers understandably do not pay
much attention 1o developing software and peripherals for them. Despite their fack of
suitability for emerging software and applications, however, their very presence in

schools makes it difficult to persuade some taxpayers that more computers are needed.

Arbitrary Technical Walls, The diversity and varishility of existing equipment
is directly related to the second problem, the existence of apparently arbitrary walls

between computers and systems.

This very real problem is caused, for the most part, by the inability of particular
pieces of equipment, developed by different manufacturers with different operating
systems, t0ols, and software, to “shake handg*’ with other equipment aod is operating
systems, tools, and software, that is, to work with products developed by other
manufacturers. Apples, Macintoshes and IBM and IBM-compatible equipment stili
require different operating systems and different codes, and use different peripherals in
different *saivay& As if this were not challenge enough, computers of different vintages

produced by the same manufacturers are often quite incompatible.

In the long run, this is a very solvable technical problem that experts refer to ag
the need to develop and implement common “interoperability standards.” And itisan

issue that extends far beyond the school walls, vexing computer users at home as well a8
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in large corporations and small and medium-sized businesses.!? Because it is a universal
problem, universal solutions will be developed. Indeed, there are already signs that
solutions to the intempérability standards issue are all hand.. For example, standards for
software make it possible for some CD-ROM software to run on both Macintosh and
Windows “platforms.” Standards for communication among diverse computers across
networks have already enabled Internet applications like electronic mail and the World

Wide Web to grow by leaps and bounds.

Unattractive School Market. The diversity of the installed base and the
arbitrary walls between various systems contributes directly to the third problem: a
market for school materials that provides very few incentives for developers to invest in

education software.

Pull Quote 15

School and home education markets are fundamentally different. The home
education market is very high volume, with 10“.! margins and advanced production
features (animation, graphics, sound, music, film, color, and thellike). The school market
tends to be low volume, high margin, with production values described as similar to the
quality of 1950s black-and-white television. The importance of high-quality, high-
production-value, content software is undeniable if technology is to fulfill its promise in
the schools. If content software is to replace textbooks, or to supplement them in

significant ways, it must also offer curricular coherence -- a structure or framework for

10 Business Week's “Annual Report on Information Technology™ (June 26, 1995) reports that although
private sector sales of communications equipment are booming and corporate networks are pervasive, “the
benefits are maddeningly elusive....” According to the report: “[IJt’s still tough to cobble together a high-
speed network over large distances.... The complexity of putting all the technology together is enough to
send managers screaming for pencil, paper, and stamps. For the network to operate smoothly, everything
on it must adhere to consistent hardware and software standards and communications protocols. This goes
beyond whether to buy IBM or Apple, Windows or O8/2. You have to worry about bridges and routers that
connect LANS in different departments, modems and gateway computers that move data to the outside
world, and the PBX that routes phone calls.”
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teachers and students -- similar to that performed today by textbooks and textbook series,
Earlier, learner-centered reforms (sharing visions similar 1o those of wechnology
advocates today) foundered on the failure to achieve and demonstrate such coherence: so
will technological reform if high-content, high-gquality, coherent software does not

become available,

Market size is also a major issue. The potential market for software marketed fo
the home is limited only by the number of households with computers in the United
States -- now about 30 million homes and growing rapidly. The potential market for
education software is limited to about 2 million classrooms in 110,000 schools, Although
nearly ten million new computers will be installed in homes this vear, less than one

midlion new computers will be installed in schools.

The main technological problem for schoels is identical to the corporation’s

echnoloagy problem, the need to rethink organization and processes,

L]

Most comparisons of schools with private firms overlook major differences
berween the two, but in at least one area instructive comparisons are possible, Private
sector leaders have learned that new technologies profoundly change the nature of work,

whether on the factory floor or in an office or service establishment.

Pull Quoie 16

In the new work environmcnt, human resources and skills, as well as corporate
organization and pw;:csses* have had to change as well Mndem firms reqguire large
numbers of highly sklled, reliable, well-educated worktrswpmplc who understand and
use new forms of information and new technologies, who can adapt to change, and who

can work efficiently with others. All of this has come as something of & shock to the
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corperate system, a blow 1o traditional sensibilities abowt the nature of work and the

proper relationships between work, worker, and supervisor.

In response, corporations have invested massively in their human resources, and

n rethinking roles, responsibilities, and processes within the corporation.

Schools are slowly learning the same lessons, Stimulated by school reform efforts
and assisied by external grants, some schools can be found that have made a very large
investment in technology as pant of a reform process aimed at “changing the calture of

the school”

This process often involves substantial use of project-based instruction; new
approaches to student assessment, often emphasizing portfolios: cooperative teaching
over blocks of time which greatly exceed the typical 50-minute class; and a very
substantial investroent in teacher preparation. Perhaps most important. effective use of
tcchno‘lagy. even in a fairly traditional setting, requires the investment of considerable
time by teachers. Lesson plans must be revised, new materials must be sought or created,

and traditional routines altered.

In short, a reformed and restructured schooi using technology must be willing to
rethink processes and organization as it invesis in new methods and technologies. Asin
the private sector, all of these changes come 2 something of a shock to the education’
system -- & Blow to the sensibilities of the typical educator about the nature of learing

and the proper relationships among students, teachers, and administrators.

LOOKING TO THE FUTURE

jat powerful new technologies are now available, and more are on
the horizon, to help create the basics for better education in the 21st century. By raising

expectations, adding the best teaching and the latest technologies to the classroom, and
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redefining how we teach and where, our young people can be prepared for the challenges

the future will piace before them..

Looking to the future, it seerns clear that technology can free learning from many
of the limitations of owr institutions. It can provide knowledge and information, and
sharpen skills, wherever and whenever they are needed. It has the potential for extending
the time devoted to leaming not only by promoting more effective use of school time but,
perhaps more importantly, by extending learning activities beyond the school walls and

into the community,

Pull Quote 12

Techrology’s most fascinating promise is that it can create teaching and leaming
gnvironments not previously possible. Simulated environments (virtual reality) can
provide safe places for scientific experimentation, realistic markets in which to conduct

business, and imaginary worlds that engage and motivate young learners.

These new applications cannot be expected to function if they are simply an “add-
on’ totoday’s schools. They call for a new kind of school, one that is not bound by the
traditional 50-minute period anﬁ the six-hour school day, one that encourages teams of
teachers working with the same group of students over extended periods of time {whether
hours, days, weeks, months, or even years}, one that extends learning into the community

and into the home,

Many of the most exciting innovations in today’s schools embody these very
changes. But these changes represent the exception rather than the rule. If the fuil
potential of technology to transform education is to be met, the transformation will come

about not by happenstance, but through the development of a careful plan that explores
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where we want to go and how we plan 1o get there, and examines what works and how 1o

dupiicate successful practice.
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ELEMENTS OF A STRATEGIC PLAN

Creating a broad, national plan to realize the promise of technology in the
classroom is both a challenge and an opportunity. It is a challenge because the nation s
shooting at s moving target from 3 moving platform. A great deal of diversity and
unevenness in technology implementation exists around the nation. Conflicting views of
the appropriate role of the federal government in education complicate the conversation.
The rapidity with which technology evolves requires attention, And the centrality of the

privale sector in technology demands respect.

But the nation also confronts 2 pnigue opporunily, presenting itself at a unique
time. As the United States approaches a new century, a well-formulated consensus exisis
on the significance of technology to the future of the nation’s children. States, localities,
and the private sector have made remarkable progress. Now is the time (o cement that

progress inio place, building on it to secure the nation’s economi¢ and educational future,

Muost states have made impressive contributions to upgrading their schools’
technology base. Frequently motivated by participation in Goals 2004, often acting on
their own reform initiatives, sometimes responding to the demands of local teachers and
administrators, state activities range from haiidiag%:ate infrastructure by connecting
schools to the Internet to the establishment of statewide technology centers and
dissemination strategies. More must be done, much more, but simply as an illustration of
the magnitude, diversity, and scope of ongoing state efforts, Table 6 outlines different

activities in several states,
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State-Level Strutegles for Supporting Technology in Schools

The Delaware Center for Educations] Technology, created by state legisiation, is spending 330 millionin
siate monzy 10 wire all 7,000 Delaware clastronms with fiber eptic cabie by the fall of 1997, o additon,
federal Goals 2000 funds will subsidize the costs of buying some computers for schools, reducing the disparity
between wealthy and poorly-funded school disieicts. OQutdated computers will be apdated or replaced. “Studest
education has always been limited by what materials theiy schonls can afford.” says State Reprasentative joo
Peirilli (R-New Castie}. “Bat the Diehvware Bducation Nerwork will bring the resources of the entire world as
close a5 (he nearcst computer siveers. Students won't have 1o wit anmiil the sext edition of a texibook 10 lzars
the latest information. They will have instant sooess 1o 2 new world of up-to-daw {acts and Qurent ovents.”

In morg than 2 dozen states, regulatory commissions raquire preferential mues on telscommanications services
{or schopls. Loulsiana requites tust schools be chargad at the residential rate rathet than comunerciat raes, 1o
Migsouei, educational institutions receive 8 20% discount. Is Texas, telscommunications services for distance
isarning reust be provided at rates 75% below the normal charges.

Calitsrata, Georgls, Misizsippt, Missourt, Nebraska, and South Carclins have all carmarked state revenue
for sechaciogy in schools. For six yesrs, Missourd has nsexd an sarmarked tax on videotape rentals to provide
funding Bor sateiiiie dishes on schools, saleliite course fees, laser disc players, and other educatinaj uses,
Revenue is about $4 million per year. Since 1986, lottery funds have provided another $5 mifllion per yeay
disznboted by competitive granis £ school distriety that can be used for iechaelogy.

Eentacky's “master plan for edueation technology,” releassd in 1992, calis for o communication system for
voice, video, and data that will interconnect every school’s computers in the state. The plan calis for s isphone
in each classroom, & computer for every six stidends, and a portable computer for each teacher. The folal costis
expected 10 be $560 million over six years. So far, $137 milfion has been spent by states and districts. In 1984,
the state won & 34 million grant from the faderat Bepariment of Education 1o build 2o distance iearming netwark.

Ohio has tannched a five-year, $85 muliion set of bond issurs to support educations! technology. These funds
will be used o wire every classroom i the staie to sugport voioe, datgs, and interactive video comomnications,
Almost half of these fonds will suppor cquipment purchases for the poorest 25% of schools,

litnois, Maryiand, South Carolina, and Wisconyin have statewide foundations that raise funds for
technoisgy. The Corporation for Educativnal Technology in Indisns raises money from the state and from
private sources and uses # (o promoic leamning outside te claswroom by belping families install Jeaming
technadogies in their bomas,

The Idahs legisiature appropriated $14 million {or 1994-95 educational technology expenditures under the
idaho Teehnology Act. OF the $14 miilion, 310.4 mithon goes to K12 schools by formula to suppost
ischnuiogy in the classroom. 53 million was distributed through a competitive grant program. The kegislaiion
suggesied tuat districis spead 50% of the funding on hardware, 25% on software and 25% on training. Al ldabo
schoois should be connecied to the Intammes within three yvears,

3
Florida has increased appropriations for school teehnology fram $5 miliion in 1993 10 $135 mitlion §n 1994 and
$137 mdilion in 1993,

Source: wiephone interviews with the staie techaotogy coordinators: Guality Education Data, Inc., Networks
Now, 1995 Sumev of How Sigtes Ese Telecommanicgtions Nerworks in Education.




At the local level an impressive array of activities is also underway. For
example, the Central Kitsap Schools of Silverdale, Washington initiated a technology
demonstration of technology in support of a “culture of learning™ that was so successful
district citizens extended the demonstration district-wide. Teachers, administrators,
students, parents, and clerical and janitorial staff will share the same network. New
York’s 717 schoot districts spent more than $360 million on technology in 1993,
according to state officials, an average of more than $500,000 per district. The public
schools of Perry, Ohio have created a “community education village” that provides
universal access 1o local, national, and global information sources from the home or the

school.

At the same time, the private sector is also & major, perhaps the primary, influence
in this entire area. Computer, telephone, cable, and wireless communications companies
are well on their way to finishing construction of the information superhighway and most
are committed to building linkages to schools. Software companies, textbook publishers,
on-line services and other commercial providers of educational “content” turn out 4
dazzling and ever-expanding array of new tools and products -- and most are intensely

interested in the potential of the education market.

What is required in this situation is not just a national plan deveioped by the
federal government. What is needed is a clear picture of where the nation is and where it
needs to go -~ a set of national priorities and strategies designed to draw together alf of
this energy and focus if relentlessiy-on the task of providing the best and most up-to-datg

iechnologies in the nation’s classrooms. -
A SUMMARY: WHERE WE ARE

Since 1980, the nation's schools and school systems have steadily added 1o their

base of technology. They have recently done so at an accelerating rate. The motivation
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for these additions? Most often to provide students with skills in the use of technologies

that are central to the workplaces of today and tomorrow.

In addition, a small proportion of the nation’s schools {about four percent) have
intensively and effectively implemented a variety of educational technologies in ways
that engage and motivate students to achieve performance levels consistent with the high

standards of the nation’s education goals.

On the basis of the experience of these schools, anecdotal evidence, and numerous
smaller applications of technology, it seems clear that technology promises 1o give a
powerful boost to today’s school reform agenda. Indeed, this agenda may not be

achievable without the use of these wchnologies.

However, several barriers block the path ahead. Some of the most critical of these
barriers were discussed in the prior chapter: Teachers need training and opportunities for
professional development. Costs are si gﬁifieml, ranging upward of three o five percent
of operating budgets on a continuing basis. High-quality contest software is scarce and
hard to find. The nation needs a strategy to surmount these barriers, overcome them, or

knock them down.
STRATEGIC ELEMENTS: WHERE WE NEED TO GO

Agpainst that backdrop, it is clear from conversations and discussions with parents
and educators that they are correct in asking for a strategic focus on three elements:

1. Training reachers.

2. Equipping and connecting schools.

3 Providing schools with high-quality content software,
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Parents, teachers, and administrators want many other important things from
schools. They want order, discipline, and high standards. They want their children
prepared for life’s demands. They want teacher waining that is the latest and mest up-to-
date - and up-to-speed with today’s theories.  And they want to make sure that past and

current investments in technology serve them well in the future.

But the heart of their concerns about technology revolves around teachers,
technology infrastructure, and curriculum products - the very problems identified by
analysts as most significant. These issues possess the additional advantage of being
readily quantifiable, Parents, educators, and public officials can evaluate how many
teachers have been provided with the training they need. They can count how many
- schools and classrooms have access to the information superhighway — and measure the
quality, power, and capabilities of eguipment available (o teachers and studems. And

they can make judgments, no matter bow rough, sbout the quality of cumricalum software,

To respond to these concerns, this plan identifies three strategic objectives. First,
providing teachers with the skills they need 1o use technology. Second, making the
necessary invesiments in equipment and connections to the information superhighway.
'Third, expanding the market for software and other curriculum products so that these new

1ocls are readily available in schools and homes,
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The final section of this chapter outlines what the federal government is prepared
to do to advance these strategic objectives. There is little novel in this list of federal
commitments. The tasks proposed are very traditional roles of the federal government,

with an emphasis on improving performance of these roles rather than adding new ones.

Strategic Objective One
Train Teachers
By the year 2000, ail of the nation’s teachers will have received the training
they need to develop the skills required to use technology for effective teaching and
learning. ‘

As noted above, one of the most si gnificant barriers to greater use of technology
in schools is that mest teachers have had hitle training in it and little support in its use.
This strategic objective is designed to insure that by the year 2000 every classroom
teacher in the United States (about 2.9 million) will have had the opportunity to benefit
from first-class training on the latest and most up-to-date technologics available for the
classroom, it is intended 10 make sure that teachers are familiar with how 1o use
computer networks ~- and are using them'- to obtain access to information, communicate
with their colleagues, develop their own skills, and use computers to ernhance student

&

learning.

At first blush, this represents a daunting challenge. Itis, however, well within the
nation's grasp. Presently about ten percent of all téachers are thought to be proficient

users of educational technology. How do we reach the other 90 percent?
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Institutions of higher education r.cprcscnt a first line of attack. Each year, about
120,000 men and women in the United States receive a teaching degree.!! Over five
years, half a million teachers can receive the professional development opporntunities they

need if technology is infused into the curriculum of schools of education.

Many states play a Jarge role in encouraging professional development. Florida
requires districts applying for some state technology funds to set aside 30 percent of their
awards for training. The state of Washington spends about 40 percent of its educational
technology budget on teacher training.'2 Eighteen states require training in computers or
technology for all teachers seeking certification, a 50 percent increase since 1987, And at
ieast 37 states have statewide electronic networks for educators, providing online courses
for teachers and resources such as lesson plans. on-line conferences, and currtculom

materials like CNN Newsroom and PBS Online.3

Schoot districts, wo, can step up o the plate. The most significant source of
financial support for ieacher professional development can be found in district salary
agreements tying salary increases o the completion of additional college credits, These
salary increases should be tied 1o ;:;{zmp&ting at least some minimal porton of this

coursework in technology-related professional development.

HNational Caater for Education Statistics. Digest of Education Statistics, 1994, p, 252-3.
I40Office of Techaology Assessment. Teachers & Technology: Making the Coangction, p137
BQuality Education Data. Neneark Now 1993, p, 6



Strategic Objective Two
Equip and Connect Schools
By the year 2000, all 110,000 schools in the nation will have technology-rich
classrooms equipped with computers and access to the information superhighway.

In its broadest terms, the national objective defined in Chapter 1 by the Secretary
is 1o create a learning system that permits all of our people, young and old, to learn '
whatever they need to, whenever they want to, wherever they choose to. Such a system
cannot be created until access to the information highway is universally available through

schools, libraries, and community centers.

As noted in Chapter 2, although costs are an issue, they are not the critical
problem -- either in terms of connecting schools to the information highway or providing
schools with access to sufficient computers. A much more challenging set of issues
revolves around changing the cﬁlturc of the school, incorporating technology into school
improvement efforts, determining school “connectivity” needs (for both new buildings
and retro-fitting of existing buildings, including buildings with asbestos problems), and
establishing a regulatory framework in telecommunications to encourage and support

educational access at reduced rates.

Several of these issues can be resolved readily enough at the state and local levels,
assuming adequate communications between state and local officials and the private
sector. Some (e.g., telecommunications policy) are directly governed by federal statutes.
All of them can benefit from consistent policy direction from‘ national officials working

with their colleagues at the-state and local levels and in the private sector.

Where will schools find the money? Federal sources currently provide close to $1

billion annually (about half of that amount from Title I) for technology, or about one-



third of all school technology spending. Whatever the actual dollar levels of future
federal support, if school spending on technology continues its present rate of increase of

16 percent per year, the federal proportion of expenditures wifl undoubtedly decline.

Mosi funding for technology, like most funding for education, will continue to
come from state and local sources. Based on the experience of pioneer schools (the four
percent of schools with access 1o the information superhighway and a very high density

of computers per student), state and Jocal educators can follow a tried-and-true strategy:

* Develop a strategy for reaching every school. It is not possible to do
everything at once. One strategy is to start by investing tntensively in
a few schools or areas, building on their suceesses and learning from
their failares,

. Build public support, Most parents and business leaders understand
the importance of technology in schools since they either use iton the
job or know that their chuldren will in'the future. But educators need
to think seriously about engaging the broader public -- parents and
non-parents alike - in the task of sustaining long-term commitment to
technology investments.

» Develop an investment mentality, A long-term investment mentality
15 needed if technology is to succeed over the long haul. As educators
1=arn from their experiences in implementing new technologies, they
can expand the number of schools involved while building into
budgets the funds needed 1o maintain, upgrade, and sustain techuoiogy
on an on-going basis.

-

While these strategies are helpful, they say little about how to finance them.
States have drawn on direci appropriations, bond issues, lottery funds, and other sources.
Schoal districts rely on property taxes, bonds, and leasing arrangements. Most pioneer

schools have relied on corporate or philanthropic gifts, or drawn on flexible categorical



federal funds for special student populations such as (disadvantaged students, students

with limited ability or students with disabilities) or Goals 2000 funding.

Regardiess of the source of funding, some visionary schools have created special
public-private investment foundations which, over a period of several years, pool money
from local sources, state revenues, federal funds, and the private sector to finance
techinology and other reforms. This approach ap;ﬁéazs 1o be the wave of the future and

deserves senous consideration by districts and states.
Strategic Objective Three
Provide the Tools and Software Schools Need
By the year 2399, high-quality software and programming that meels the
educational standards developed by schools, localities, and states will be readily
available.

(SIDEBAR ON DALTON SCHOOQL)

Many studies indicate that, properly used, technology-enriched classrooms
promote better leaming. Yet software developers repont there is hittle demand t'"or high-
quality software and applications to support learning, too much variabiiity in the
hardware and systems iﬁ use in schools, and little reason to invest scarce private research

and development dollars in the development of such materials.

States and school districts are the chief sources of funds f{x" purchasiag curriculum
materials, including software, They are also responsible for determining what studems
should know and be eble to do. They are, therefore, key players in the development of )
content software and programming. Among the best methods to stimulate the creation of
high-guality curriculum wois:

Rigorously evaluate software, 'I"eachers reed help identifying which
products will help them in the classroor. Using state and local
education standards as a guide, educators can evaluate products,
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publish parents’ and teachers’ reviews of products, and otherwise
disseminate information about software.

Aggregate demand to increase purchasing power. Software publishers
are more likely to sell soft'wlare at discounted rates and tailor software to .
specific educational needs if it is purchased in large quantities at the

state or district level. Some states havc entered into partnerships with

software developers to get what they need and want.

At the same time, the private sector is presently the critical actor in the software
and programming area. Publishers and software developers develop the products. Their
best opportunity to lead in the development of the next generation of learning tools
includes the following strategies:

. Collaborate with educators. Companies can benefit by forming
partnerships with schools and school districts to train teachers, test
products and ensure their utility in the real world of the classroom.

. Rely on state and local content standards. Content standards define
challenging goals for what students should know and be able to do.
By using well-established standards as a basis for product
development, companies can be assured of a sufficiently large market
for their products. For example, the mathematics standards of the
National Council of Teachers of Mathematics are widely used by
states and localities, and curriculum materials can readily be produced
to reach this ready market. Similar standards exist in civics and
government, geography, and the arts.

’ Take advantage of the latest research. In the past few years, major
advances have been made in our understanding of how children learn.
Private sector firms should make full use of this knowledge while
developing multi-media learning tools. (While much of this research
was supported by the federal government, some firms, such as Apple
Computer Inc., have supported their own research to better understand
how technology could be used to help children iearn.)
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In short, training teachers is essential. Connecting and equipping schools is
important. But neither is likely to achieve maximum effect without a ready and steady

supply of high-quality educational content.
THE FEDERAL ROLE

In each of the three strategic areas above, the federal government has g limited,

but absolutely essential, role to piay:

First it is necessary 1o siate the obvious. The most crucial decisions about
technology will be made not by the federal government but by state and local leaders and
the private sector. Edueation and training are being provided by such an array of public
and private schools, colleges, firms, and individuals, that is defies easy deseription. In
terms of public schools, maost leadership efforts at the state and Jocal levels are focused
not on technology as such, but on system-wide schoo! reform developed around higher

expectations for student and school performance.

At the same time, computers, operating systems, software, and other new
technologies are shaped by a powerful private sector, including telephone and cable
companies, nemerous manufacturers of computers, video equipment and related

hardware, and the rapidly changing entertainment and publishing industries.

Unless federal technology policies and programs are framed with a clear
recognition of these realities, they are almost certainly destined to founder. Federal
actions and funds will have the greatest effect if they consciously attempt to shape and

nurture the much larger expenditures of these non-federal actors.

I this connection, a very traditional federal role in education serves the nation
well. It is a tradition defined in 1983 in A Nation at Risk, the report of Presidemt

Reagan’s National Commussion on Excellence in Education. It is a tradition stretching
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back to President Lincoln and the establishment of land-grant colleges and universities,
back, in fact, to the Founding Fathers whose Northwest Ordinance provided for public

schools on the frontier.

That tradition encompasses advocacy and leadership in school reform;
developing and disseminating better information; establishing assistance organizations;
and supporting research and development. The federal government should continue to
call for better, more efficient, and more effective use of technology in schools and for
telecommunications policies to advance that goal. The National Center on Education

Statistics should continue to monitor school technology implementation.

The Department’s regional educational laboratories and research centers should
intensify their efforts to help local schools adapt and employ technology. And federal
education research -- whether supported by the Department of Education, the National
Science Foundation, or other agencies -- sﬁould redouble its attentron to the educational

effectiveness of well-implemented school technologies.

Against that backdrop, and in the context of the three strategic objectives defined

above, this plan commits the Department of Education to several major activities:

A Summit on Teaching and Technology. To provide greater visibility to the
effort to train every teacher in the use of technology by the year 2000, the Secretary of .
Education -- in partnership with governors, state and local educators, teacher associations
and national organizations, and leaders from the private sector -- will convene a National
Summit on Tcachin.g and Technology. At the top of the summit's agenda: how to

>

improve teacher preparation and “scale up” existing efforts to reach more teachers.

A significant portion of the Summit’s work will also be devoted to such topics as:
the use of technology to provide professional development; changing state certification

requirements for teachers; providing individual grants for teachers; integrating
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technology into the curriculum and into standards-based reform; expanding state

networks for teachers, and providing teachers with the time they need to develop new

skills,

A New Emphasis on Standards-Based Reform and Technology. The
Department of Education’s Challenge Grants for Technology in Education support
innovative uses of technology, including partnerships and implementing new
technologies. In making awards under this program, the Department is commitied to
selecting applicants whose definition of technological needs grows out of their
understanding of education and learning needs. The Department will continue this
emphasis and, as part of the national movement to encourage standards-based reform,
will encourage districts to relate their technology expenditares to implementing new

content-standards reform.

rinancing Technology, The federal government can help schools 10 finance
technology in two ways. First, several major categorical programs provide resources that
can be used flexibly at the local level to support technology. These include Title 1, the

Eisenhower Professional Development Program, Goals 2000, and several others.

Second, the federal government is in an excellent position to survey activities
across districts and states o understand what is working and the pitfalls and barriers that
block implemeniation. In particular, the Department will examine how states, districts,
and technology companies finance investments in technology, explore new alternatives
with themn, and issue a report by December of 1995, fl‘he six Regional Technology
Consortia (RTCs) will work directly with states and districts.to provide ongoing

assistance, working with other federally-funded research and assistance centers.

Telecommunications Policies. The Federal Communications Commission and

the Department of Commerce are working with the private sector and leaders in Congress
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to help get schools connected. Important options o consider are special rate structures
for schools; allocation of radio spectrum for educational uses; and public-private
partnerships, The Department of Education will examine these and other options (with
the help of state regulators and state and local aéifcazian leaders}, and :iepcrz on the most

successiul strategies,

A Forum on Education Software. As noted above, the development of high-
quality sofiware depends on developing and nurturing much greater cooperation and
collaboration berween educators and the private sector. To that end, the Depantment
commits #self to supporting a regular, on-going conversation through a series of
workshops involving state and local educators, researchers, publishers, software
developers, on-line services, cable and wireless operators, and other commercial
providers of educational materials and “edutainment.” The purpose? To bring together
groups that have for 100 king been 100 far apart -- and to direct their attention to the need |

for a new generation of educational materials for a new time.

Effective Research and Development. Nowhere does the traditional federal role
of supporting research and development demonstrate a better track record — or promise
better results -- than in the area of educational technology. By any standard, the federal
record in this area is remarkable. Exampies include the Internet, Mosaic (3 software
package used to explore the World Wide Web}, high-performance computing tools, new

understandings of neurology and cognition, and technological tools for disabled learners.

To build on this foundation, the Depantment of Education and other federal
agencies have committed themselves o impiemwﬁng a federal R&D strategy through
1999 which has already been developed and published by the White House Nationat
Science and Technology Council’s Committes on Educational Training, This sirategy

focuses on: R&D to improve leaming, evaluations to assess the effectiveness of new
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learning technologies and techniques, exemplary models of cost-effective learning

through the use of technology, and dissemination of information.

Voluntary Efforts. The Department of Education will lend its support to a range
of voluntary and community efforts to support technology in schools, Those with
technology expertise can help by wiring schools and training teachers. Students are also
critical ingredients to the success of technology because they can help with maintenance,
training, and support. And busingsses can be of help by donating quality equipment and
services to schools. These efforts are waﬂhxy of support and encouragement thm{:gh

awards, recognition, and other means.

FROM VISION TO REALITY

¥

in the end, this document is really about only one thing: How best to prepare

American children today for demands they will face as adults tomorrow,

Int the first chapter, Secretary Riley presented an overview of how technology is
‘changing our daily lives and 4 vision of how it can improve learning. That vision is well
within our grasp if we have the will to reach for it. It will not, however, come into being
through wishful thinking. Turning the vision into a reality will require long and hard
work from American citizens, parents, teachers and administrators, and community and

hustness leadars.

Throughout conversaticns with teachers, administrators, students, and parents,
two perceptions stoad out; People understand that technology is pervasive and that
young pecople need access fo4t. The public also understands that American children face

the challenge of change,

In recent decades powerful now forces have transforred the economies of the

nation and the world. From the board room to the factory floor, from the executive suite
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to the service desk, from the school to the home, roles, functions, and responsibilities
have changed dramatically. Today's students will have to prosper in this new and
different world. The challenges they face are real and sobering; they cannot be wished

away.

These challenges will be met in the nation’s classrooms. No issue is of more
profound importance for the United States as il'approachcs a new century than the quality

of its schools and the standards of performance to which its students are held.

As the nation takes up this task,technology represents educators’ most promising
new ally in the effort to reshape schools around realistic and demanding state and iocal
standards for student performance. The power and versatility of new generations of
personal computers harnessed to the magic of modem telecommunications can create a

new kind of school for a new century.

In the 21st Century, the new American school will follow the finest traditions of
its predecessors. It will be second-to-none in the world. It will empower each of its
students to follow his or her dreams. It will demand excellence and it will guarantee

equity.

This new school will differ dramatically from the Industnal School or the one-
room Prairie Schdolhousc. not so much in goals or substance but in the tools used to
pursue them. It will rely more on communications and computing technologies to
support new levels of student learning, creativity, and research. It will encourage
teachers to become r;lentors, coaches, and allies, instead of lecturers in front of the
classroom. It will help students become active, curi.cous prod;cers of knowledge and

lifelong learners, not passive receptacles of whatever the teacher says and the textbook

offers.
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This new school will transcend its own boundaries as it reaches into the
community. It will ask parents to play a major role in the education of their children and
to exiend learning into the home. It will offer the opportunity to rebuild rot only home-
school connections but also a sense of cornmunity, one that eégagcs parents, schools,
citizens, comrmunity organizations and business leaders and creates powerful new

alltances among them all.

All of these things are possible if our citizens -~ teachers, adminisirators, parents,
and business and cotnunity leaders - are prepared with the fortitude and hard work
required to take up the challenge of change. Today's vision of the future can be turned
into tomorrow’s reality if the nation begins with a simple step: It should “smell the

future,” That future continues to beckon America.
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Teachers and administrators report marked improvements in standardized test
scores and writing skills, together with significant declines in student absenteeism and
transfer out of the school.

Northbrook Middle School
Mouston, Texas
Preparing life-fong Iearners for the world of work

Northbrook Middle School is a new.creation in an ofd building. It serves a 6"
through gth grade population of under 8OO students. Seventy percent are Latino, and 76
percent are economically disadvantaged. The school had an initial six million dollars for
startup, of which one and a half million was devated to technokogy.

School administrators understand their main mission to be the preparation of
their students as life-long learners for the world of work., The curriculum, while
centered on traditional academic subjects, places heavy emphasis on students acquiring
critical thinking and problem solving skilis. Teachers are axpected to assist students in
learning how to find and analyze information. ‘

To support this student-centered learsing environment, the school is organized
into interdisciplinary teams, Teachers and students in each team work together to
support one another in continually exgpanding their ability to gather information and
solve probiems. Technology is viewed as & primary vehicie to help students develop
eritical thinking and problem selving skills. Technology permits instruction to be
taifored to individual student nesds.

Northbrook’s technology program is centered pnmarily on the use of computers,
With over 400 computers in the school’s six technology labs and 48 classrooms,
Northbrook has a student to computer ratio of just under 2:1. Each of the school's
classrooms is outfitted with between four and five computers. All of the computers have
access 1o CO-ROM players in order to expand the ;éng;ﬁ of ;;aftware products available
for student use. Access to network resources supports student information searches.
Computers in the classrooms, in the computer fabs, and in the library are networked
together in & school-wide LAN wi{h temet connectivity.  Video technology allows for
viewing on three channels. Teachers alse make use of muitimedia presentation
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squipment. Each of the classrooms is outfitted with a videodise player, a VCR, a cabie
ready TV, and an overhead projector with a liquid-crystal display pane! (LCD). Each
tearn has aceess t0 a scanner.

To support the technology program, Northbrook has relied primarily on on-site staff
developmant. Each of the school's 48 priginal teachers received two weeks of technology-
related staff development in the summer prior to the school start-up. On an angoing
basiz, teachers have an average of three to four days of paid training gach year. Teachers
also maka a commitment to complete an individualized training program through after-
school offerings.  Additional personne! to support the technology program include 3 full-
time technology assistant and a district:technology coordinator housed on the campus.

Lighthouse [istricts and Schools

According to a RAND analysis of several of §§ﬁthause districts and schogls, they
share several common elements:!

» These schools are learner-centered - they emphasize individusl
rreatment of students based on their needs and capabilities,

» Pioneer schools use curriculum  frameworks to assure that guals
for student learning are clearly understood.

. The density of computars in most of these schools far exceed the
national average.

. School programs have been substantially revamped - e.q., longer
class periods and interdisgiplinary programs are common.

¢ The changes in these schools are a result of concentrated,
conscious, explicit development and planning. Most of these
schools’ efforts have initial increases in funding, often quite
substantial.

- Relations among adults in the school, and between adults and
students appear to change dramatically. &!ore collaboration and
consgultation result.

. Schools assess the results in rich” and diverse ways --
traditional test scores along with student attendance and dropout rates,

! See Cumrent Use of Telecommunicstions and Computing Technology in Elementary and Secondary
Educstion. (Washington: The RAND Corporstion, Drafi, June 1995}
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Christopher Columbus Middle School
Union City, N.J.
Te::hnoiagy in support of sweeping educational reform

Technology can connect classrooms and communities with spectacular resuits.
The Christopher Colurnbus Intermediate School in Union City, N.J. provides an excellent
example. Christopher Columbus has successfully integrated up-to-the-minute
camputer technologies, school curriculum, and a network wiring ¢lassrooms 1o the
homes of students, teachers, and administrators. Truancy and dropout rates fell through
the fioor; test scores went through the roof — all in a0 inner-city school system in
such dire shape in 1389 that the state threatened to take it over,

Communication inside and outside of school is the purpose of the interactive
Mudtimedia Education Trial at Christopher Columbus. Union City is the most densely
popuiated city in the U.S. and second only to Miami in its concentration of Latino
residents. Since 1992, Bell Atlantic and the Education Development Center, Inc., have
worked with the Union City school board to fet technology support and enhance the
district’s sweeping educational reforms.

The technology trial began in September 1983, when all students and teachers in
the seventh grade at Christopher Columbus (and student families) were supplied with
computers and telecommunication capabilities at home and at school. Bach clagsroom has
two Macintosh computers. The computer fzb has 38 machings. And the media resource
room has four. Through the trial machines, students can access the Lotus Notes network
connecting them to the Department of Defense Dependent Schools {DoDDS) and the
internet, as well as a virtual CD-ROM tibrary,

The ma;z}nty- of students use the nefwork 1o communicate with one another, thazr
teachers, and administrators on a regular basis. While much of the communication is
social, they are also using the technology extensively as a tool 1o coilaborate on school
projects, to obtain information about missed assignments, and for report writing.



parental sngagement, job placement success, and support from
students and community.

Taylorsville Elementary School
Taylorsville, indiana
A Modam Red School House

Taylorsville Elementary School serves more than 600 suburban students in pre-
kindergarten through 6th grade. The students are predominantly from fower micdie-
class, white famifies,

The school is one of several in Indiana working with the Modern Red Schoo! House
education design team - a New American School Development Corp. {NASDC) to bring
information technology into its educational delivery, Taylorsville's technoiogy plan,
hardware fayout, and staff development efforts reflect the essentials of the Modern Red
School House design. The most important role for technology in the design is to support a
commitment to self-paced individuahized learning.

The school's curriculum emphasizes core subjects, aiming for high fevels of
proficiency in language arts, math, science, history and geography. Despite this
emphasis on standardization in content, educations! delivery focuses on students
procesding through coursework at their own pace. Fstructional strategiss promote
multi-age, multi-year groupings and stress team-based project work, The '
opportunities for regrouping teams during project work allows individual students o
develop their skills in different areas at an appropriate speed. By virtue of ther role in
integrating instruction across subjects and grades, teachers play a key role in
facilitating the transition to a self-paced student eavironment.

Taylorsvitle provides students with a great deal of access to networked
computers, Taylorsville has one computer lab equipped with 30 Apple computers. Each
of the school’s 25 classrooms has 3 cluster of four;stizéem computers, one teacher '
computer, and two printers. Most of the classroom computers have internal CO-ROM
drives to increase the range of software applications accessible to students. A school-
wide LAN connects classroom computers 10 the computer lab and to administrative
offices. At present, students can access the Intemnet from two compuaters in the library
media center. Plans provide for Internet connectivity to each classroom. investing in
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the hardware and other infrastructure required to give each classroom Internet
connectivity is an ocutcome of the school’s commitment to supporting student project
activity., The same principle bas lad also to outfitting the library with eight IBM clones
that use sophisticatad software to facilitate information and reference searches.

To support its vision of a self-motivated, self-directed student population, the
school invests heavily in staff development. Because teachers are to serve as facilitators
for student learning, teacher fluency in using information technology determines the
model's success. in the first two years of implementation, staff received six full days of
technology training per ysar. After that, two days a year have been devoted specifically
to training in technology. A full-time technoiogy coordinator, with the assistance of
three part-time aides, assists teachers with their technology-related problems,

Blackstock Junior High School
Port Huenems, California
Creating Smart Classrooms

With annual per student expenditures in 1894 of some $4,000 (about two-
thirds the national average), this 36-classroom school with 960 students caters to a
largely mingrity population of mostly Higpanic descent, with smalier numbers of
Chinese and Vietnamese background. Many students are eligible for Title | support, and
22 percent have limited English-language skill,

Blackstock's model of educational technology delivery centers on greating what
are called “smart classrooms.” There are at present eight smant classrooms, ncluding
twa for 720 gra-ie science, one for 8“’ grade science, two for literature and histery, one
for £5L., one for business education, arxd one called the Tech Lab 2000. Each classroom
has between 25-30 computers on a local area network (LAN), a sophisticated file
server and a SOTA switch to give the teacher maximum control over classroom dynamics,
Students can.all work on the same project, or there can be a variety of things going on in
the classroom at the same time. ’ -

Tre Tech Lab 2000 is perhaps most approgpriately described as the futuristic
eguivalent of a wood or metal shop, Designed to make students familiar with the
technology prasent in the modern workplace, the Tech Lab s outfitted with Computer
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Assisted Design {CAD) software, 3 Computer Numerically Controlied {CNC) fiexible
manufacturing system, pneumatic equipment, and 3 satelfite dish.

In each of the school’s other classrooms, there are banks of ten computers and
two printers. Teachers are able to use many software applications, from word
processing 1o interactive programs, in their instruction. They can also draw on the
sthool's cnnnectie;n 1o the internet 1o create a more technojogically rich environment,

Staff development efforts for teachers in the smart classrooms have centered on
giving individual instructors large amounts of paid time-off to familiarize themselves
with techoelogy and to organize a technology-based curriculum. Of the eight teachers in
the smart classrooms, four took a year off and one took two years off. The other three
teachers were given three weeks during the summer to set up s second smart class in a
subject area where one already existed. The presence of @ teacher with technological and
curricular know-how made it easier for the new teacher to get up and runming more
quickly. Ongoing staff Development for all teachers, is supported by four paid days of
technology training per year and a considerable amount of informal networking.

Tn date, Biackstock has not had 2 technsaiogy coordinator to support staff
development efforts, relying instead on paid leave time and informal networking. To
keep the techneology program running smoothly, there is @ teacher who has devoted about
a quarter of his time to technology-related problem-solving and £o computer repairs.
Starting next year this teacher will move into the position of full-time technology
coordinator,

East Bakersfield High School
Bakersfield, California
Education to-build job-reiated experience

East Bakersfield High School emphasizes a technology-rich, school-to-work
transition pragram in a schg:z;i serving 2400 students, with 8 mgjority Latino .
population and an educational philosophy that education equals experience,

The school's administrators aim to have students undersiand early that thew high
scheol education shapes their job prospects, and that their present educational
experienice is a way of building job-relevant skills, Exposure to business and career-
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oriented themes begins immediately in the ninth grade and continues throughout their
high school education, and inciudes resume writing, portfolio building and project
activities oriented towards the locs! business community,

The curriculum is organized around five career “tracks” designed to allow
students to develop technical and applied skills related to broad industry groups:
stience, technology, engineening and manufacturing; health carears, communications and
graphic arts; human and government services; and business and entrepreneurship.

Technology-based.instruction is integrated smoothly into coursework from
beginning to end. As freshmen, students take a nine-week course in keyboarding and
basic computer literacy. Writing assignments in the freshman English and history core
courses are organized to ensure that all students moving into their sophomore year are
proficient in the use of word processing programs. As seniors, students have to complete
a technology-based project as a graduation reguirement. Projects involve the use of
computers, graphics software or video equipment.

General instruction between the first and final years is heavily technology-
based. Math classes integrate an interactive math program. English, histery and social
studies teachers have access to writing labs as well as a large number of video towers
equipped with CD-ROM, videodisk players and VURs. The school building is In the
process of being rewired to accommodate network technology. In 18986, many of the '

classrooms will have Internet connectvity.

There is a iimited amount of funding available for paid, formal technology
waining, but the school has a teacher lab equipped with nine computers and a laser
printer. Many of the computers have CD-ROM capabilities. To keep the technology
component of the school running smoothly, the school also bas a half-time technology
coordinator, a full-time repair specialist and a budget for hiring network specialists on
an as needed basis.
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Computer Club of Green Valley
Sahuarita, Arizona
“The Sahusarita Program has changed my fife.”

Members of the Cémputer Club of Green Valley, located in Sahuarita south of
Tucson, spend hours every week helping local elementary school children learn how to
use and work with computers. There is nothing unusual about community volunteers in
schools--but gvery member of the cornputer club is retired and most retirees do not
dream of spending their time teaching young children camplicated new skifls.
Nonetheless, many of the club’s members, often aged 70 and over, say the "Sahuarita
Program has changed my iife.” And many elementary students have this to say about
their mentors: "They're wonderful.”

it is not too far from the truth 1o say that the computer club members are largely
responsibie for equipping and providing 542 students in grades K through 5 with 27
personal computers and fozr;‘ printers. Club mambers enlisted suppost in the
community and the state for a supermarket Safeway Store receipts program that helped
produce computers and software. The school district provides 3 classroom and one pad
coordinater. Chub members—there are more than 800 of them--took the initiative to
start the volunteer project to create a computer lab and staff it with volunteers.

What do the volunteers teach? Just about everything retated to computers. The
program provides at least one hour eachvweek for each class in keyboarding, creative
writing, spelling, math facts, graphic arts, geography, educational games, and leaming
how to operate computers, The more expert retirees teach classes at all levels in many
different application areas and in computer repair. They also act as mentors during each
class, helping students ihmugh assignments and offering personal guidance and attention,

The success of a math program called “Mat’i’i Fa{;:ts“;highty regarded by beth
students and teachers—challenged the cub to develop similar programs using language,
which usually requires more sophisticated software than math tests. A retiree from
General Electric developed the "template program™ and a course 10 prepare teachers (o
write tests that can ask questions and correct answers, score the test, grade the test
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{percentile, letter or descriptive grade}, and offer the student praise or suggestions for
further study,

The ¢club is now addressing the challenge of obtaining higher speed computers and -
printers. As Principal Nancy Harrington says: “Since we ¢an't add howrs 1o the day, or
to our schog! class schedule, we must speed up our computer system.”

 Elements of successful Professional Development for 1echnology

According 10 experienced practitioners and researchers, professional
development for technology is most likely to succeed if a few basic
principles are followed.

- Integraie iecimalogy into the existing curriculum. This means not
making “technology” a separate subject but a means to teach English,
mathematics, science, foreign languages, and other subjecis.

- Give teachers adequate time 10 acquire new skills and plan for the
school’s program and activities. Teachers engaged in reform are too often
asked to learn new skills on their “own” time. It can take as long as three
years for 4 teacher to become a confident user of technologies.

‘FTrain teachers in teams of two or more, not &s isclated
individuals. Teachers Jearn with, and from, their colleagues. More than
one teacher in g school provides a measure of suppon.

Provide teachers with access te equipment and ongoing support
while they learn.  All of the successful technology-intensive schools
examined in a recent RAND study had school technology coordinators who
were entirely devoted to supporting teachers and staff.  Without the
equipment, teachers cannot master new twols. Providing equipment that
teachers can take home helps.

Secure the support of school administrators, Teachers need
su;&poﬁ fromprincipals and administrators for iearning new skills,
Administrators need o give teachers the apthority and flexability (o adjust
daily instructional schedules, and affirm that teachers’ use of technology is
important o the entire school.
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The Dafton School
New York, N.Y,
*Surfing the Web®: Astronomy for Humanities Students

Project Galileo, a course designed at the Dalton Schoo!, teaches a full year of
college-tevel “modern astronamy for humanities students,” using a Macintosh-based
information landscape. The desktop planetarium integrates mages from the National Air
and Space Adminigtration, the National Qceanic and Atmospheric Administration, working
observatones, the Astronomical Data Center, antl other sources.

Except for a few homegrown Hypercard reference stacks and one junar phase
program, no specific educational software is used--only general software packages such
as image processors, spreadsheets, data base management systems, plotting programs,
scanners, and word processors.

While the course uses standard texts and journal articles as references and
supplementary reading assignments, students are encouraged to “surf the web” looking
for information wherever it can be found, Moreover, as teacher and course designer
Maleolm H. Thompson describes it, the "course is a new way of doing business” since the
overall objective of using the World Wide Web and encouraging students to publish their
results on @ home page on the Web “fundamentally shifts the teaching and learing
paradigm.”

Says Thompson: “What was once .3 universal standard of a closed, semi-
confidential process is now a new, openly public process. This means that course
products are now public documents, not private communications. It means that students
become public figures. And it means that the public can now look in on the process.”

A formal evaluation is not available, but Thampson reports that the quality of
student work is high and that “virtually all students have expressed gratitude and
appreciation for newly acquired facifity with the WWW in the course and for their
newly acquired facility with it.,”
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EFFECTIVENESS SIDEBAR
Eduocational Technology: Does It Work?

The use of iechnology in schools has had at least three distinet phases. The first, beginning in the
1960s, still carries the name computer assisted instruction (CAL). These activities, motivated by theories of
behaviarism and management, cmphasized drill-and-ptactice and basgic skills, CAl is still widely used in
military training and adult odr.;:catien programs. According to Kubik. major analyses of CAJ Vhave
demonsirated repeatedly that programs of computer-based instruction usually have positive effects on
student leamning.”

The second phase of iwehnology wse developed as schools acquired munxdestly priced peesonal
computers (PCY starting in the sarly 19805, There were courses in compuer Hteracy andgd compaiey
programuming, especially the popular BASIC language.  As the sumber of PCs in the schools increased,
this phase rapidly evolved (o incorporate courses in the use of word processing. s;zmad&kw.am‘! database
software while sharply reducing the emphasis on gmgramﬁﬁné‘ The courses are intended to prepare
students for using these penerai-purpose softwars 100fs in business and industry. Mo lazg;z research
ierarure on the cffectiveness of these activities has emerged or is Jikely to. The effects are ¢lear in the
ability of the studems to nse the wols.

More recently, the third phase of technology use is driven by the growing number of computers in
the classroom, interactive muitimedia tools, and electranic networking, especially the Inernet and World
Wide Web. In addition, the principles of cognitive science argue that students learn and bester retain what
they learn when engaged in “authentic’ learning tasks. In current school practice, dhis takes the form of
individual or & small group of students carrying out prajects using computer and nebwork software tools and
databases, While there is linle quantitative evidence, there are large numbers of anecdntal reports of

successful projects,

It must be emphasized that schools making widespread use of wechnology support all types of use
~ compiter assisted dill and practice. the development of computer skills, and the use of wehnalogy o
group problom solving, The ubiguitons nawre of ischnology usc and the variability in that use among
students muan that traditional msans of assessing the improvement sin a school’s performance attribuisble
16 inchmalogy are not easily applicable. However, school leaders in technology - rich schools messure their
progress in & number of ways: improved studens attitude and engagement; richer classroom content; better
student schievement, measured by norm-standardized tests; improved student retention and job placement
rates of secondary school graduates; and increased student enthusiasm for learning, together with an

increased smdent commitment for responsibility for learning. What is clear from experiences of schools
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participating in the RAND workshops is that extensive use of technology can produce significant
improvements in school performance. This is not the equivalent (o saying that extensive use of technology
will produce those improvements. Ag with almost aji approaches (0 sducation, the effectiveness of
technology in support of learning is assoctated with the quality of its implementation.

Sources: 1. D. Ficicher, Institute for Defense Analyses, "Dioes instructional Technology Work?™ 1998
James A, Kulik, “Met-Analytic Studios of Findings on Computer-Based Inseruction”™ (Technology
Aszessmeny in Education and Tratning, edited by Eva L. Baker & Harold F. O'Neill, Jr.} And RAND
warkshop on effectivensss of technology, June 1.2, 1955,

Maxwell Middie School
Tutson, Arizona
The Fourth *R™: Reading, Writing, Arithmetic, and Ready
for the world of work ”

Maxwell Middie School in Tucson, Arizona, was considered a *school at risk” in
1930. its population is BE% minarity with 90% of the students on free or reduced
lunch, high rates of absenteeism, and large numbers of students who drop out.

During the 1%81-82 school, the Maxwell Middle School Computer Classroom
Pilot was launched. The first test group included about 120 seventh grade students and a
tearn of four teachers, Each of the four classrooms received 20 personal computers,
networked so that students could log on at any worksite. The goal of the program was
systemic change that would fully integrate technology into the everyday life of students.
Don Collier, principat of Maxwell, said, “We calt it the Fourth R, That's Reading,
Writing, Arithmetic,“and ‘Ready for the World of Work.””

The pilot program was so successful that b;axweit dr;i?w the corporate support of
Compaq Computers, which agreed to give the school $1.5 million worth of hardware.
This allowed complete seventh and eighth grade technology access, curriculum
integration, and restructuring for the 1993-94 school year, The 600 students at
Maxwell now can access 305 work stations. Twelve classrooms are equipped with 20
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personal computers and color monitors integrated with a local area network. A Microsoft
NT links the computers to a Compag Systempro file server, which offers several
programs donated by Microsoft,

Maxwell used Title | funds as a base to restructure the school into education
teams. Every teacher has two planning periods per day, scheduled so that all members of
a team have common planning periods. Daily team meetings are also held to address team
issues and curriculum and technology integration.

Maxwell has 60 laptop computers available on a signout basis. The school has
found that letting students take their technology home permits families to become excited
and involved, Maxwell is working on helping parents communicate via E-mail in both
English and Spanish. '

Descriptions of the programs described in “Making it Happen” relied on several
sources, including the following:

Cost of High Technology Schools by Brent Keltner and Randy Ross.
{Washington: RAND, DRR-1066-DoED/CTI, July 1955.)

Blackstock Junior High School

Christopher Columbus Middle School

East Bakersfield High School

Northbrook Middle School

Taylorsville Elementary
Educational Content on the Big Wires: Partnerships Between Developers and the
Cable and Telephone industries. (Washington: Software Publishers Association,
1994.) : '

Education First, Pacific Telesis
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Ingenius, Tele-Communications ing, {TCH) and Reuters NewsMedia

Schools and Frograms Making Time Work for Students. (Washington: Nationat
Commission on Time and Learning, 1894}

The Computer Club '

Hefferan Elementary School

Image Processing for Teaching

Learning through Collaborative Visualization

Piscataquis Community High Schoal

Source 777
Maxwe!l Elementary
Muir Elementary
?aage Middle School

The Galiles Program desﬁription was developed from materials provided by the
Dalton School.
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“At Texas Instruments we are deing three Hires as much buskoess ooy 83 we were ten years sge.
We have learnsd how (o use techunology effectively to enhance ali facets of the business.”

Business Leader
QUOTE: San Antonio Forum

“We need a new idea of ‘eolleague.’ 1 am getting the idea that my colleagues should be coliege
professors, eable televiston edpcators, locsl PBS education people, local service club members, locsl
business peopile, state education people, software developers... These conneciions

: shauld be an essential part of an ‘infrastraciure,” ™

Feacher
QUOTE 2 Cin-Line Forum

“Gne thing I like about the computer is that it does give o lot of instraction -« and you don’t need to
have hesring 1o take advantage of the instruction.”

Cotlege Studers with a Hearing Disability
QUOTE 3 Consumer review panel sponsored by U.S. Deparvonent of Education

*f must say Workd Wide Web is the best place there is i vou want to find information fast end easy,
The tast major project § began required me to find information on both Astarctica
and New Zealand and I found # gquickiy through Netscape,

Student
QUOTE 4 Ondine Discussion

“Public education has never been equal. Technology shuply makes thst more evident”

Fareni in Rickmond, Virginia
* QUOTES Focus Group
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Pull quetes for technology report

“H classes aren’t offered on how o use computers and technology to bulld skills and get jobs,
it iz & disgroce. Think of the future and all the skills our chitdren will need...”

Sar Arsonio Parent
QUOTE $ Regional Forum Participant

“Officiais really needs £o step up 1o the leadership plate on this, We have {0 ke sure the public
anderstands the stakes invoived in getting techuology into the schools

: Principal

QUOTE T RAND Workshup on Frofessional Development

“Fv¢ never found anything that would keep students reading and writing for an entire period
nutit the ‘pet... My second-graders just recelved aletter frem a school
in New Delhd, Indis, Guess which conntry we are now studying?™

Teacher
QUOTE § On-Line Forum

*How do I use technology? 1 use the word processors in the comiputer lab.... I have ax Interuet
account which § have used to research George Bernard Shaw and the earthquake in Japan.

1 have used the school scanner (o add pictures into projects. The card catelog system is networked
between our fwo libraries.... in my math elass, we have n nedworked system of JBMs. ..

Oao a schoolwide basis, computers figure out my schedule for next year,

record my sbsences, and bold my grades and college information.”

Student
QUOTE # On-Line Forum

“No matter how good the technology is, the money is not well spent if
.. teachers can’t transiate it into learuing”

- Parent in Richmond
QUOTE 10 Foeus Group




Pull quotes for technology report

“How many of us have visited szhm&s after passing a technology levy only fo find the sew computers
stacked fn boxes in the coraer?”

State PTA Leader
QUOTE 11 Seatile Forum

“Our survey indicates that parents are voting with their doliars. Families with modest Incomes are
making invredible sacrifices to buy computers for their kids.”

. Marketing Exprert
QUOTE 12 RAND Workshop on Financing Fechnalogy

#{ was in a compuier 1sb ta an Inner-city high school lustalling some software. Kow on row of
gleaming...computers tHled the room ~ one for ench student... There was no sound, no discussions,
no little sgueals of fnterest, no outward sign of Inner thought. The girl next to me...was learning to

type... |asked the teacher; *Dlo you ever use computers to teach something besides how to use 2
computer?’ ‘What do you mean? ... We coukin’t. We haven't got enough compniers. We would
need more techoology, That's pur big probiem, you koow -« we haven’i got envugh technology.”

Computer Systems Designer
QUOTE 13 On-Line Forum

“Ancther problem is hat many of the platforms in schools are seriously cutdated.

We estimate that about 46 percent of DOS machines in schools are incapable of sperating Windows,
. And we also fing & lot of old Applie Hs still flosting around in scheols,

' long after the rest of the world has forgotten these dinosaurs.”

' Software Developer
QUOTE 14 " RAND Workshop




Pull guotes for technology report

“You can Jose money o school software even if you succeed in corngring the entire market! The
analogy for textbook publishers wonld be if they could sell textbooks only to the library ”

Software Developer
QUOTE 18 RAND Workshop

“The technology is here. The problem is\not with the lechnology, but with the corporate processes,
Companies must fundamentally change the way they do business, and that’s hard.”

QUOTE 18 i Corporate Executive

“We have information ghettoes right in the middle of our cities.”

: ‘ San Ansonio Paremt
GUOTE Y] Regional Forum Parricipant
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‘94:95 Technology Expenditures

Category - Dollars per Student Pct. of Total f‘%
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Percentage of Homes Owning Computers
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Figure 4
Disirict Use of Personal Computers by Brand apd Purpose
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Appendix A
Glossary

In developing this glossary, the following sources were very helpful:

Jones Cable Television and Information Infrasiructure Dictionary, Fourth Edition,
published by Jones Interactive, Inc. ‘

Arthur Melmed, A Leaming Infrastructure for All Americans. (Working Paper #93.6 of
the Institute of Public Policy, George Mason University, Fairfax, Va.) June 1993,

Access channels Dedicated channels giving nondiscriminatory access to the cable
system by the public, government agencies, or educational institutions.

Addressability In cable television, the ability of cable operators to remotely activate,
disconnect, or seiectively descramble specific television signals in individual subscriber's
premises; often associated with pay-per-view {PPV) services,

Addressable controller A cable converter box that, in addition to offering conventional .
channel selection, is individually addressable by headend systems. Used in customer-by-
customer pay-per-view interactions, movie selections, and other interactive customer-by-
customer services. Also known as addressable converter.

Advanced Research Project Agency (ARPA) An agency of the U.S. Department of
OColinsc haal developed the ARPAnet,

Advanced technology. Refers to computer networks, such as the Internet and the future
National Information Infrastructure (N11), or “Information Superhighway”, interactive
video connections for distance learning; software tools and programs such as multimedia,
simulations, and spreadsheets; and local, remote, and distnibuted dsgztal storage
technologies such as CD-ROMs and electronic libraries.

Affiliaies A cable welevision syszem that carries specific programming. For example, 2
cable system that carries programming from C-SPAN, Mind Extension Unlversity and
ESPN i3 considered an affiliate of each of those cable programming services.

ARPAnet A wide-area network project financed by ARPA that developed packet
switching as a technique for ensuring continued digital communications in event of
failure of individual ielephone circuits. A testbed initiated in 1969 grew to link many
universities, research and defense establishments in the US. In 1983, military computer-
communications was sphit off into Mil.oet. The remainder developed into the Internet.

Associated brogdcasting station The broadcasting station with which a remote pickup,
broadcast base or mobile station is licensed as an auxiliary and with which it is
princigally used,

Asymmefrical digital subscriber line (ADSL) A method in which phone companies
use existing twisted-pair copper wires te deliver VHS-quality video signals and other
high-bandwidth signals in one direction {from service providers to customers) while
using the same wires to support fow data rates and/or analog voice transmissions in other
directions (from customers to service providers). Video on demand is a proposed
application for ADSL service.
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Asynchronous transfer mode (ATM) A proposed communications standard for the
emerging broadband digital network in which text, audio and video data are fragmented
into fixed-sized cells for transmission to their destination using packet switching.

Audiotex An information service that gives customers access to prerecorded messages,
including weather reports, sports scores, astrology predictions, inspirational messages, X-
rated messages, and jokes. National audiotex services often use a 900 number, whereas
local services commonly use 976 numbers.

Aural cable Services providing FM-only original programming to cable systems on a
lease basis.

Average picture level (APL) The average level of the picture signal duning active
scanning time integrated over a frame penod and expressed as a percentage of the
blanking to reference white range.

Backbone The backbone is the part ofithe digital communications network that carries
the heaviest traffic. It can link LANs within the same building or WANSs distributed
around the country. In the special case of the Internet, the backbone is NSFnet.

Bandwidth or Bandpass Roughly, a measure of the electronic size of the pipe, or the
amount of digital data that can be passed by the circuit.

Bandwidth on demand (BOD) The ability of a customer to adjust or change the
bandwidth of the connection to and from a network provider. Fractional DS-1 service,
frame relay, asynchronous transfer mode (ATM), and bandwidth on cable have the
potential to be BOD platforms.

Basic service element (BSE) In the public switched telephone network (PSTN), a local-
exchange access function, interface, and service capability that Bell operating companies
must provide, on a non-discriminatory basis, as dictated by the Federal Communications
Commission’s Computer Inquiry Il (open network architecture) proceedings. The
purpose of basic service element requirements is to ensure equal access for non-Bell
vendors of enhanced services.

‘Baud A measure of circuit bandpass, the rate at which symbols can be transmitted
independent of the number of bits used:to encode the symbol.

Bell operating company (BOC) In telephony, one of the 22 regulated local-exchange
carriers divested from the AT&T Bell telephone system by the Modification of Final
Judgment (MFJ) in 1984. The 22 companies are organized into subsidiaries of the 7
regional holding companies (RHCs). RHCs are also called regional Bell operating
companies (RBOCs).

Books-on-demand Network service that uses adv;anced electronic publishing
technologies, including high speed printer/binders, to produce a book within minutes of a
request.

Bridge Software and hardware needed to link LANs with different network
architectures to a backbone.

Broadband Any system able to deliver multiple channels and/or services to their users
or subscribers. Generally refers to cable television systems. Sometimes called wideband.
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Broadband communication Term characterizing both digital and analog transmission
systems. If used to describe digital systems, transmission speed is given in bits per second
(bps). If used to describe analog systems, transmission bandwidth is given in cycles per
second (Hertz, abbreviated Hz). Broadband communication is generaily understood to
indicate either a fast data rate digital system or wide bandwidth analog system.

Cable television A broadband communications technology in which muitiple television
channels as well as audio and data signals are transmitted either one way or
bidirectionally through a distribution system to single or multiple specified locations. The
term also encompasses the associated and evolving programming and information
resources developed locally, regionally, and nationally.

Cable television system (CATV) A broadband communications system capable of
delivering multiple channels of entertainment programming and non-entertainment
information from a set of centralized satellite and off-air antennas, generally by coaxial
cable, to a community. Many cable television designs integrate fiber-optic and
microwave links into their overall design.

Carrier (1) An electromagnetic wave of which some characteristic is varied in order to
convey information. (2) A company such as the local telephone company or a long-
distance provider that provides communications circuits.

Channel A signal path of specified bandwidth for conveying information.

Circuit switching The operating mode of the telephone network and some digital data
networks in which an exclusive communications path is established and used between the
connected terminals for the duration of the connection.

Client-server Mode An operating mode of computer-communication networks in which
a (server) file storage system responds to requests of a (client) user program.

Coaxial cable A transmission medium consisting of a center conductor and a concentric
outer conductor used when high data rates are required, e.g., television.

Communication channel A medium by which analog information or digital data can be
transrnitted, for example, copper twister-pair wire, microwave radio, or optical fiber.
Transmission rates vary according to the type of communication channel used: copper
twisted-pair wire can transmit analog voice at a bandwidth of 3 kHz or digital data at 300
to 9,600 bps and higher, coaxial cable at 1 to 2 Gbps and higher, microwave radio at { to
140 GBs and higher, and optical fiber at 1. to 1000 Gbps and higher.

Competitive access provider (CAP) A carrier-like telecommunications company, often
unregulated, that provides an alternative to the local exchange carrier (LEC) service for
large businesses. Formerly, CAPs installed fiber rings and only provided unswitched bulk
transport within major U.S. cities. Today, some CAPs are adding switches to provide
switched services and are buying interconnection circuits to other CAPs, interexchange
carriers (IXCs), and cable television systems. Also known as alternative access provider.

CompuServe One of the nation’s largest turnkey information resources providing
information services on demand, including news, stock quotations, and airline schedules;
as well as electronic forums and Email.



Data compression and decompression standards The encoding of data in more
compact form in which redundancies are removed in order to save storage space or
transrission time. On retrieval or. reception, the transformed data are decompressed to the
original format. No information is lost in the process.

Direct broadcast satellite A satellite service of one or more entertainment or
information program channels that can be received directly using an antenna on the
subscriber’s premises.

Ethernet The name of a widely used Jocal area network (LAN) developed by Palo Alto
Research Center of the Xerox Corporation.

Fiber optics The technology of guiding and projecting light for use as a’communications

medium. Hair-thin glass fibers that allow li ght beams to be bent and reflected with low

levels of loss and interference are known as “glass optical wave guides” or simply
“optical fibers.”

File server Typically a computer with large-capacity hard disk and data management
software, which delivers files on demand to any terminal device on the communications
network.

File transfer protocol (FTP) The application protocol in the TCP/IP suite that provides
access to a networked file server.

Gopher A network protocol operating in the client-serve mode that makes available
hierarchical collections of information distributed across the Internet.

Headend The control center of a cable television system, where incoming signals are
amplified, converted, processed, and combined into a common cable along with any
origination cable-casting for transmission to subscribers. System usually includes
antennas, preamplifiers, frequency converters, demodulators, modulators, processors, and
other related equipment.

HDTY or high definition TV A new TV standard that aims to improve picture quality
by doubling the current screen resolution.

ISDN or Integrated Services Digital Network A new worldwide digital
telecommunications standard that supports both voice and data communications.

Interactive television Two-way communications using a television as the display. Uses
include entertainment, information retrieval, education, and shopping.

Internet A collection of interconnected networks, publicly and privately financed, based
on the TCP/IP protocol suite.

Internet protocol (IP) The basis for forwarding data packets among dissimilar networks
to their destination address.

Leased line service A line leased from the telephone company for exclusive private use. '
As opposed to switched lines, leased lines can be specially conditioned to optimize their
use for data transmission.

Local area network (LAN) A data communications system used to interconnect a
community of digital devices, usually located within a single building or a Jocalized
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group of buildings. The devices may be PCs, workstations, minicomputers, “intelligent”
instrumentation, etc.

Local loop The connection between the customer’s location and the telephone
company s central office.

Modem Device used to transmit and receive digitally encoded data on an analog
telephone circuit network.

Multimedia conference service A multipoint conversational service providing two or
more geographically separated users or groups of users with the capability for exchanging
any type of information: text, audio and video images.

Multimedia mformatwn A database of files consisting of integrated text, audio and
video data.

Narrowcasting Transmission of information by electromagnetic means, intended for a
particularly identified andience {for example, industrial television, special-audience cable
television, and business and professional programming).

Packet-switched network A network consisting of a series of interconnected {computer)
switches that route individual packets of data on a contingent basis over one of several
redundant routes.

Protocel A formal description of data formats and rules that two computers must follow
in order to exchange messages successfully,

Reouter Hardware and software used 1o connect two LANS that have the same network
architecture (as opposed to a Bridge),

Simple Netwark Management Protocol (SNM) The network management architecture
for the TCP/IP digital communication protocols, the de facto worldwide network
standard.

T1iine A circuit with bandwidth of 1,544 megabits/second.

T3 line A circuit with bandwidth of 44,746 megabits/second. The backbone of the
Interpet, financed by NSF, recenty replaced T1 lines with T3 lines.

TCP/IP {Transmission Control Protocol/Internet Protocol} Set of communication
protocols developed with ARPA support « connect dissimilar networks.

TLELNET The application protocol in the TCP/IP suitc that enables a user at a terminal
to interact with a program running on another (0ften remote) computer.

Two-way cable In cable television, a distribution-system that has been designed 1o
support normal “downstream™ transmissions {from the cable headend to customers, as
weil as “upstream” transmission {(from customer locations to the headend), Two way
cable has been implemented in three different ways: reverse channel activation in existing
systerns, passive distribution, and dual cable systems. Two-way cable systems are not
necessarily interactive cabie systems.



Video dialtone A residential and business video service in which customers can dial up
others (much like today’s telephone service) and through which customers can order
video-on-demand and other video-based services.

WAIS (Wide-Area Information Services) A network protocol for remote information
retrieval which operates in the client-server mode.

Wide Area Network (WAN) A general term used to describe a nctwork private or
public, that covers a wide geographical area.
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Educational Research and Improvement; and Kevin Sullivan, Office of the Secretary,

The regional forums that provided important insights into the views of parents,
teachers, and the public would not have been possible without the assistance of several of
the Secretary’s Regional Representatives: Sally Cain, Region VI, W. Wilson Goode,
Region IIT; Loni Hancock, Region IX; Maria Santiago Mercado, Region H; Carla Nuxoll,
Region X; Lynn Simons, Region VIII; and Sandra Walker, Region VII.

The Department also want to make special note of the suggesions of more than
400 educators and technology industry leaders across the country who participated in a
. three month on-line discussion of issues central to the plan. One unigue aspect of this on-
tine copversation was a special discussion of students organized and overseen by
Mantgomery Blair High School (Maryland), another was an on-line discussion for
parents, directed by Carol Hyan and the Consortiom for School Networking, We are
grateful to the suggestions from all of these participants and believe this document
reflects their concemns.

We should also note that 50 State teams participated in the Secretary’s Conference
on Educational Technology, “Making it Happen,” and they provided substantive
comment and critical input to this plan.

Finally we want to note that several outside organizations and contractors
provided particular assistance in the development of this plan. The RAND Corporation’s
Critical Technologies Institute organized several workshops on relevant 10pics,
commussioned several papers on issues, and developed a background paper on the status
of technology. Arthur Melmed, James Harvey, and Susan Purnell supported these efforts,
under the leadership of Thomas K. Glennan, Ir. Michael Kane, Douglas Levin, and John
Stuppy of the Pelavin Research Institute, Washington, D.C., helped develop an outreach
eifort for the plan. Ken Cosgrove and Ellen Burns of Carter/Cosgrove and Company,
Alexandria, Virginia, and John Woods, U.S, Department of Education, were responsible
for production of this document.
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Appendix C
Participants in Developing Plan

Workshop en Professional Development

Karen Billings, Microsoft Corporation, WA

Jinny Goldstein, PBS, YA

Nancy Hechinger, The Edison Project, NY

Ang Lieberman, Teachers College, NY

Susan Memit, Scholastic, Inc., NY

Lydia Wells Sledge, Kentucky Department of Education

Mark Steinberger, New York City Community S¢hool District 4
Barbara Yentzer, National Education Assoctation, DC

Warkshop on Educational Software Market

Bob Dixon, Rational Center to Improve the Tools of Educators, WA
Bob Dixon, Find/SVP, CA

Thomas Haver, William K Bradford Publishing, MA
Alan Lesgold, University of Pittsburgh, PA ‘
Tom Miller, Find/SVP, NY

Bruce Nelson, Novell, Isc,, UT

Randy Peaningion, Chancery Software Inc WA

Roger Rogalin, Association of American Publishers, NY
Mariiyn Rosenblum, Broderbund Software, GA

Yim Schnitz, EduQuest, GA

William Spencer, Simon & Schuster, MA

Workshop on Planning and Financing School Technolegy and Connectivity

Sue Collins, Appie Computer, OR

Michael Eason, Florida Department of Education
Wayne Fisher, Nebragska Department of Education
Bob Cillespie, Robert Gillespie Associates, WA

Ron Gillespie, Central Kitsap School District, WA
Scott Howard, Perry Public Schools, OH

Alan McAdams, Comel! University, NY

Garry McDaniels, Skills Bank Corporation, MD

Lee McKnight, Massachusenis Institute of Technology
Mike Radlick, New York Department of Education
John Richards, Bolt, Beranek & Newman, Inc., MA
Richard Varn, University of Northern lowa
Rick Weingarten, Computing Research Association, DC

Al Zeisler, AT&T, NJ .

Watégiwp on Technology-Supported Student Learning: Outcomes, Effectiveness,
and Cost

Steve Carr, Blackstock Jr. High School, CA

Fred Carrigg, Union City School District, NJ

David Dwyer, Apple Computer, Inc., CA

Bob Fazio, Clristopher Columbus Middle School, NJ
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Dexter Fletcher, Institute for Defense Analyses, VA
Larry Frase, Educanonal Testing Service, NJ

John Gibson, East Bakersfield High, CA

Bill Hadley, Langley High School, PA

Margaret Honey, Center for Children and Technology, NY
Martin Huontley, Bolt, Beraneck, & Newman, Inc., MA
James Kulik, University of Michigan

Barbara Means, SR1 International, CA

Luis Osin, University of Pittsburgh, PA

Beth Stroh, Taylorsville Elementary School, IN

Susan Wolf, Northbrook Middle School, TX

Far West Regional Forum - San Francisco, California

Reesa Abrahams, California Space Grant College
Angela Anastasion, Mt, Diablo Unified School District, CA
Joseph Adwere-Boamal, Oakland Unified School District, CA
Mary Emily Anderson, Bontta Vista High School, CA
lim Avallone, Robert Frost Middle School, CA
Roger Barnes, Santa Clara Unified School District, CA
Mike Berry, Dixon High School, CA
Kathi Bosworth, San Benito High School District, CA
Eric Boutwell, San Francisco Unified School District, CA
Bruce Bullock, ISX Corporation, CA
Terry Cannings, Pepperdine University, CA
Roben Carlitz, Project Comimon Knowledge, €A
NMark Chow, Math/Science Nucieus, CA
Kim Clawnan, Waiaiua, HI
P. Gregory Conlon, California Public Utilities Commission
Norah Corbett, Lodi Unified School District, CA
John Cradler, Far West Laboratory, CA
Bruce Daley, Clark County School District, NV
Sam Dederian, San Franciseo Unified School District, CA
Ed Eusebio, Dixon Unified School District, CA
Richard Fabian, San Diego Unified School District, CA
Michae! Frisbie, Computer Curriculum Corporation, CA
June Fujitani, Waialua Elementary, HI
1l Fulton, Pomona Unified School District, GA
l.ucia Galindo, Southern California Edison
Nancy Gilbertsen, Educational Services Division
Susan Goldsmith, Scattsdale School District, AZ
Mary Lu Graham, California Department of Education
Fay Haisley, University of the Pacific, CA
Bev Hamilton, California Software Clearinghouse
Patricia Hanlon, California Federation of Teachers
Mildred Higashi, Hawail Department of Education
Richard Hill, Monrovia Unified School District, CA
Cinny House, Tenth Planet, CA
Geri Ichimura, Dole Intermediate School, HI
Jean Jacobson, Mt. Diablo Unified School District, CA
Eric Kanemoto, Highlands Intermediate Middle School, HI
M.G. Kelly, California State University - San Marcos
Don Lake, TEAMS, CA

‘Carla Lane, Far West Laboratory, CA
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Howard Lappin, Foshay Learning Center, CA

Arlene Lee, Hawati State Teachers Association

Mark Leon, NASA - Ames Research Center

Gregory Littte, Computer Curriculum Corporation, CA
Lauric Mack, Parent

Michael Malachowski, City College of San Francisco, CA
Erika Jane Maria, Resource Teacher

Kam Matray, Monterey Peninsula Unified School District, CA
Dave Meaney, Sacramento County

David Medfis, High School Teacher, 5F

Mary Jane Mikuoriya, San Franeisco Unified School District, CA
Joyce Miller, Pomona Unified School District, CA

Wanda Moore, MRC - Pacific Region, Hl

Alta Nagel, Computer Curriculum Corporation, CA

Pegpy Newgarden-Seals, Berkeley PTA Council, CA

Joseph Qakey, Autodesk Poundation, CA

Sharon Oldham, Alameda County Office of Education, CA
Irene Oliva, Southern California Edison

Mary Pearson, Bl Centre School District, CA

Leticia Perez, ARC Associates, CA

Judy Phillips, Home Savings of America, CA

Diane Pico, Berkeley Unified School District, CA

Marcus Pottenger, Dole Intermediate School, Hl

Michael Powell, Pacific Beil, CA

Bonnie Price, Whittier City Schoof District, CA

Fred Rasbin, National Center for Manufacturing Sciences

Jim Rateliff, Gien County Office of Education, CA

Fran Rebello, Chico Unified School District, CA

Saul Rockman, Rockman, et al., CA

David Savaglio, Pomona Unified School Disinet, CA

Karen Schroeder, San Benito High School District, CA

Lyn Scott, Berkeley Unified School District, CA

Jackie Siminitus, San Mateo, CA

Leslie Sol, Sman Valley, Inc,, CA

Ruth Solomon, Arizona State Senate

Linda Spatz, Berkeley Unified School District, CA

David Stronck, California State University, Hayward

Connie Struve, Pomona Unified School Diswrict, CA

Carole Teach, California Departmemt of Education

Tesh Tesfaye, GateCom, CA

Art Tibbetts, Bakersfield City School Distriet, CA

Susie Turner, San Francisco Unified School District, CA
Brenda Walker, Amador County, CA

June Webb-Vignery, Metropolitan Education C(}msswn AZ
Daniel Weiler, RPP International, Inc., CA
Beverly White, S.H. Cowell Foundatmn CA .
Duke Williams, Laguna Salada Union School District, CA
Leona Williams, ECT Technolink Foundation, CA

Garth Winckler, United Way of Southern Nevada

St. M. Joanne Wittenbery, Archdiocese of Los Angeles, CA
Dale Wright, Consortium on School Networking

Coleman Young, Lawrence Livermore National Laboratory, CA
Anne Zawodniak, Pinal County School Office, AZ
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Southeast Regional Forum - San Antonio, Texas

Velinda Acosta, Northside Independent School District, TX
Walter Ague, Uniforce/ASTWP, TX

Jacquelyn Alexander, Our Lady of the Lake University, TX
Robert Alfaro, Premont Independent School District, TX
Alex Alonso, Career and Technical Academy

Joseph Andreis, Sandia National Laboratories, NM

Carlos Atencio, Northern New Mexico Network

Stacy Avery, Northside Independent School District, TX

John Beck, Southwest Texas State University

Mazk Blount, Communities In Schools-San Antonio, TX
Mariz Burrows, Killeen Independent School District, TX
Willie Calderon. Bernalillo Public Schools, NM

Alex Castillo, South San Antonio Independent School Distriet, TX
Mary Rose de Baca, Bernalillo Public Schools, RM

Carlos Cisneros, New Mexico Legislature

Martha Cole, Las Cruces Public School, NM

Brenda Collins, Sun City Elementary, LA

Mary Conrad, Devine Independent School Distniet, TX

Isa Covio, Texas Commission for the Blind

Thomas Crespin, Bernalillo Public Schools, NM

John Curran, Oklahoma State Department of Education

Kerry Davidson, Louisiana Board of Regents

MaryAnn DeArmond, San Antonio College, TX

Margaret Dike, New Mexico Parent Teacher Association
Margaret Erling, Tulsa Public Schools, OK

Barbara Erwin, University of Houston, TX

Barbarz Ferguson, St. John Public Schools, LA -

Anna Catherine Ferguson, Ascension Parrish School Board, LA
1.B. Flait, Oklzhoma Association of Secondary School Principals
Sheryi Flowers, Bridge Creek Schools, OK

Barbara Forsberg, University of Texas at Arlington

David Foster, Southwest Educational Development Laboratory, TX
Martha Francis, Scuthern Methodist University, TX

Mzl Fratzke, University of Arkansas

Mary Fuller, East Texas State University

1. Placido Garcia, Jr., Legislative Education Study Committee, NM
Pascual Gonzalez, Northside Independent School District, TX
Roger Guevara, Edgewood Independent Schooi District, TX
Lerov Gunnie, Bernalillo Public Schools, NM

John Hanley, Louisiana Depantment of Education

Trent Hill, Steven F. Austin State University, TX

Kathy Hogan, Humble Independent School District, TX
Nancy Hollis, Education Service Center, Region VI, TX
Peter Horoschak, Albuguergue Public Schools, NM

Christine Jones, Lomsmaa Department of Education

Guy Jones, TX

John Juaz, New Mexico Highlands University

Susan Kawo, Sandia National Labs, NM

W.N. Kirby, TX

Tony Kneupper, Devine Independent School District, TX
Don Knezek, Education Service Center, Region 20, TX
Judith Kavacs-wng, San Antonio College, TX
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Linda Kratz, United Cerebral Palsy, TX

Sharon Krueger, Plano Independent School District, TX

Beverly Lathem, Southwestern Bell Telephone Co., TX

RoseMary Lawson, City of San Antonio, TX

R.M. Lockerd, Texas Instruments

Stephen Maas, New Mexico Department of Labor

Elaine Martinez, Texas Education Agency

Ward McCain, Bryan Independent Schoo} District, TX

Samuel McCarter, Dallas County Community College, TX

Jo McCollum, Harlandale Independent School Distrier, TX

Billie Meador, Texas Instruments

Hobart Means, Rose State College, OK

Bill Miller, Louistana Department of Education

Bili Miller, San Antonio Caller, TX

Nancy Miller, Woodsboro Independent School District, TX

Anne Mitchell, Texas Education Agency

John Mitchell, Texas Education Agency

Andy Montez, Hounston Community College, TX

Glona Moore, SELLCO Special Education Co-op, TX

Arthur Morales, Sandia National Laboratories, NM

Sheila Nicholls, BEducation Service Center, Region 20, TX

Joe Owens, Arkansas Family Network

Allan Parker, Texas Justice Foundation

Iim Parrish, Crowleys Ridge Education Coeoperative, AR

Gene Pekah, ITAC Five, OK

Michaelene Perry, 81, Elizabeth Hospital, CA

1. Gilberto Quezada, South San Antonio
Independent Schiool District, TX

David Kainey, Arkansas School-for Mathematics and Sciences

Eubenia Rangel, Huantes Learning Center, TX

Beverly Reed, Arkansas Leadership Academy

Katie Reed, Norhside Independent School District, TX

Ianinne Riggs, Governor's Office, Arkansas

Nancy Robbins, Education Service Center-Region 20, TX

Emmalou Rodriguez, Beard of Education, NM

Doug Rogers, Baylor University, TX

Rena Salazar, New Mexico State Department of Education

Lucinda Sanchez, Moente Vista Elementary, NM

Charles Schmitz, Baylor University, TX

Liz Schmitz, Center for Occupational Research and
Development, TX

Herb Schulze, Lockhan Independent Schooi District, TX

Debbie Seibel, New Mexico Congress of Teachers

Mary Louise Sena, Bernalillo Public Schools, NM

Patricia Sermas, Pasadena Independent School District, TX

Neil Sharp, SBC Communications A

Sarah Sloan, DuPont, TX

Catherine Smith, New Mexico Siate Board of Education

Charles Smith, Louisiana Department of Edacation

Kurt Steinhaus, New Mexico Depantment of Education

La Stephens, Fi. Stockton Independent Schooil District, TX

Monique Timberlake, U.S. Department of Labot/ETA,
Region VI, TX

Thomas Tocco, Ft. Worth Independent School District, TX
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Lorraine Trawick, John Marshall High School, TX

Betty Turner, Association of Gifted and Talented Studens, LA
Mark Vantilby, Louisiana Systemic Inititiatives Program
Charles Watson, Arkansas Department of Eduocation

Barbara Wave, Consultant, 0K

Jan West, Houston Area Urban League, TX

John Whitley, Sandia Natiopal Laboratories, NM

Sheryl Williams, New Mexico House of Representatives
Targ Williams, Ft. Stocktor Independent School District, TX
Maria Wolfe, Office of U.S. Senator Jeff Bingaman, NM
Betsy Yost, New Mexico Highlands Uni vezs;:y

Ritg Zem, Tulane University, LA

Midwest Regional Forum - Kansas City, Missouri

Libby Adams, Troost Academy, MO
Raymond Armstrong, Des Motines Public Schools, IA
Max Atwell, School District 232, KS
Sara Aufdernberge, Topeka, KS
Evereut Bake, Pan Education Institute, MO
Tammy Barry, Nebraska Legislature
Keith Rartels, University of Nebraska
Georganna Beachboard, Missouri Department of Education
Raiph Beachman, MCC, MO
Bob Beeder, Nebraska Department of Education
Barbara Bichelmeyer, Kansas University
Phihip Brody, St. Louis Public Schools, MO
Philbert Burnett, lowa NAACP
Shirfey Cenatis, Kansas City Schools, MO
Steve Coffman, Department of Elementary and
Secondary Education, MO
Jean Cole, Department of Elementary and
Secondary Education, MO
Susan Cole, Missouri Department of Education
Lyla Coleman, Youth Motivation Program, [A
Kitty Collins, KCPT TV, MO
Helen Cowart, Central High School, MO
Wiima Cross, Unified School District #469, KS
Bob COIViiic, National Schooi Board Association, MO
Ivan Cortez, lowa NAACP
Barbara Cunningham, ISEA | TA
Sarah Cunningham, CCC, NE
Bill Creschin, OLIN-LCAAP, MO
Lillie Dalaber, Kansas City, KS
Gordon Diahlby, Computer Using Educators, 1A
CHIf Diale, Lincoln Public Schools, NE T
Don Davis, Broken Bow Public Schools, NE
Frankie Dissinger, Technology Center for Special Education, MO
Linda Drew, Bonner Springs Unified School District 204, K8
Clyde Drive, Central High School, MO
Eileen Durgin-Chinchard, ADL, NE
Lasa Faia, Kansas City Middle School of the Ants, MO
Wendy Faulcones-Hinis, Department of Elementary and Secondary Education, MO
Yo Finney, Childrens Mercy Hospital, MO
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Patricia Fhinn, Kansas City School Distriet, MO
Debbie Ford, Gleanaire, MO

Rebecca Francis, UCP of Kansas City, MO

Max Frazier, Kansas State University

Dick Freeman, Mid-City Vision Cealition, 1A

Chuck Friesen, Lincoln Public Schools, NE

Rose Fry, Hayden High School, K§

Linda Gepford, Middle School of the Ants, MO
Angela Gilmore, Corps of Engineers, MO

Diane Golden, Technology 1000 Council, MO
Becky Goodwin, Kansas School for the Deaf

Matt Grogger, Blue Valley School Distriet 229, KS
Roger Hahn, Nebraska Information Network

" Marge Harouff, Nebraska Department of Education
John Haupth, School Specialty Supply, KS

Linda Hazel, Emporia Sate University, KS

John Heeney, NFSHSA, MO

Barbara Helland, Ames Laboratory, A

Janet Herdman, Kansas City Schools, MO

Asoria Hemandez, USCCR, KS

Richard L. Hindley, SSSD 144, NE

Leatha Holliday, USDA/NCC, MO

Lynne Holt, Kansas Legislature Research

Sharrilyn Horacki, Unified School District 164
Dorinda faQuinto, Missouri Protection and Advocacy Services
Suzette Jason, Des Moines, 1A

Dennis Jensen, Wayne Community School Distriet, NE
Pamela Johnson, IPTV

Marilon Joyner-Roza, Department of Elementary and Secondary Education, MO
Susan Kana, LIFT, MO

Heidi Kaschke, Office of Congressman Bereuter, NE
Patricia Kells, State Board of Education, KS

Phyliis Kelly, State Board of Education, K5

Dave Knorr, Riverside Publishing Company, KS
Robin Kerr, Nebraska Lé gistature

Bob Kessler, Knowledge Communications, MO
Mike Kischen, Nebragka Departiment of Education
Patricia Knowles, Missouri Vocational Association
Elvin Long, Departmenmt of Elementary and Secondary Education, MO
Dan Lumley, Spring Hili, KS

Frank Mack, McDonnell Douglas Aerospace, MO
Breck Marion, University of Kansas

Michae! Marsh, Youth Motivation, MO

Rob Marshall, Mid-America, K8

Rita Marshall, Sanford B. Ladd School, MO
Glenda McCoy, Kansas City School District, MO .
Guy McDonald, Kansas Corp.Comumission

Bill Meek, Spring Hill KS

Kim Mills, American Csblevision, MO

Bill Mitchell, University of Missouri

Bob Moore, Blue Valley Unified School District, KS
Mary Jane Murchison, Jows Parent Teacher Association
Everette Nance, University of Missouri - St Louis
Marcia Northrup, Lee's Sumaut, MO
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Jennie O'Hohrey, Kansas City, MO |

Barbara Paschke, Kansas Board of Regents
Pamela Peppech, Central High School, MO

Judy Pfannenstiel, Chapter 1 TAC, K8

Laura Pratt, RedQak Middle School, [A

Sherry Rassette, Premier Pneumatics, Inc., XS
Phyllis Raysdale, Kansas City School District, MO
Jerry Richardson, SLMPD, MO

Esther Richey, School 4050, MO

Paul Roberts, Independence School District, MO
Maxine Rodriguez, USDA, MO

Ron Rohrer, State Board of Education, KS

Kris Rupucht, lowa

Chuck Sears, Pan Educational Institate, MO

Tom Sextro, Kansas State University

Don Sirgrist, Platte County, MO

ferry Smith, Sprint, KS _

Maureen Spence, Mehiville School District, MO
Anita Steck, Kansas City School District, MO
Charles Sterin, DAE Kansas City, MO

Tammy Store, North Kansas City School District, MO
Raymond Storm, Mormon Trai] School, 1A

Walt Swanson, Harrisonville, MO

Jesse Taylor, Des Moines, 1A

Linda I Ther, Central High School, MO

Cheryl Thompson-Simmons, Jefferson City, MO
Mark Uhart, Telecom Technology Association, KS
Don Vanderheiden, Broken Bow Schools, NE
Larry Wade, Bellevue, NE

Robert Walters, Independence School District, MO
Seree Wercha, Kansas City Public Schools, KS
Blake West, Kansas NEA & Blue Valley Schools
Russel Wheelock, Kansas City School District, MO
Bernard White, Unified School District 307, KS
Don Williams, School Board, 1A

Joan Williams, Independence, MO

Jim Williams, Ful] Employment Council, MO
Elinor Wilson, Kansas City Schools, MO

Jeanie Wilson, University of Kansas )
Mildred Winter, Parents as Teachers National Center, MO
fames Wrenholdt, Nordic Software, NE

»

Northwest Regional Forum - Seatile, Washington

Robert Aline, Parent Teacher Association, WA

Deblie Amble, Redmond, WA . .

Michelle Anciaux, WA State Parent Teacher Association

John Anderson, Office of Superintendent of Public Instruction, WA
Sharon Babcook, KCTS Channel 5, WA

Peter Bailey, The Boeing Company, WA

Stacie Becker, The Boeing Company, WA

Al Bell, Richland School District, WA

Larcy Bergen, Team Dynamics, WA

Sheryl Burgstahler, University of Washington
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Don Camnahan, Office of Superintendent of Public Instruction, WA
D. Joseph Clark, Videodiscovery, Inc., WA

Tom Cook, Oregon Department of Education

Robert Crump, UPS Parent Teacher Association, WA

Bill Dixon, Greater Albany Public School District 8J

Rick Feutz, Kent School District, WA

Terry Ford, Pacific Lutheran University, WA

Rod Gandy, Puyallup, WA

Anthony Gnanarajah, Catholic Schools of Western WA

Bob Hagin, Northshore School District, WA

Jake Hoffman, Department of Administration

Diane Holt, Tahoma Schootl District, WA

Don Holznagel, Northwest Regional Educational Lab

Albert Huff, Washington School Info Processing Co-op

Gerald Larer, North Clackamas School District, OR

Scott Lindsay, Office of Congresswoman Dunn, WA

Marilyn Luckman, Issaquah Middle School, WA

Doris Lyon, Washington Education Association

Patricia MacGowan, University of Washington

Rache! Martinez, Videodiscovery, Inc., WA

Frank McQueary, G.C.1., AK

Conn McQuinn, Puget Sound Educational Service District, WA
Katrina Meyer, State Higher Education Coordinating Board, WA
Rich Mincer, State Department of Education, ID

Dick Moody, Washington State School Directors’ Association
David Moseley, Washington State School Directors' Association
Louis Nadelson, Capital High School, WA

Dwight Omquist, Alaska Public Utilities Commission

Kathy Panfili, GTE, WA

Cathy Parise, Office of Superintendent of Public Instruction, WA
Manuel Pereira, Tacoma Public Schools, WA

Jan Perry, Kimball Elementary School, WA

Teresa Pints, State Utilities and Transportation Commission, WA
John Pope, Office of Superintendent of Public Instruction, WA
Randy Powell, Condo Public School District #25]

Dorothy Reed, University of Washington

Robert Ryan, The Boeing Company, WA

Cliff Sanderlin, Kent School District, WA

Jim Sanner, Oregon Department of Education

Michael Sheridan, Office of Senator Slade Gorton

Dennis Small, Office of Superintendent of Public Instruction, WA
Nancy Stewart, Tahoma School District, WA

Lois Stiegemeier, Alaska Department of Education

Peggy Strauss, Bellevue Schools, WA

Brian Talbott, Educational Service District 101, WA

Jerry Tobolski, The Boeing Company, WA |

Sherry Vaughan, Washington State University

Hal Wallace, US West; OR

Clancy Wolf, Olympic ESD 114, WA

Thomas Wood, Pe Ell & Boistfort School Districts, WA

Northeast Regional Forum, White Plains, New York
Rachele Ackerman, Hackensack Public Schools, NJ

A-17



Lorraine Aklonis, Rahway Public Schools, NJ

Pat Amanna, Purchase College. NY

Gwendolyn Baetord, Syracuse City Schocl, University of Albany, NY
Marilyn Barouch, Wood-Ridge Board of Education, NI
Linda Batz, Hunterdon Central Regional High School, NI
Melanie Bell, Classroom, Inc,, NY

Steven Benardo, Kiryas Joel School Distriet, NY

Marc Bernstein, Bellmore-Merrick CHSD, NY

Joan Berzansky, Roselle Public Schools, NJ

Don Beverly, Southern Wesichester BOCES, NY

Ann Bigley, New York City Board of Education

Julita Blair, School Without Walls, DC

Ingrid Booska, Poughkeepsie, NY

Linda Botwz, Hunterdon Central Regional High School, NJ
Kathieen Bougas, Rumson Fair Haven Regional High School, NJ
Christine Brenick, New Berlin Centrai School, NY
Doreece Brown, P.S. 167, NY

Frank Buglione, Rahway Board of Education, NJ

George Burroughs, Teaneck High School, NJ

Dominick Camastro, Erasmus Hall High School, NY
Anthony Cavanna, Rahway Public Schools, NI

Lez Chapman, Baldwin Union Free School District, NY
Patricia Chepiga, Southern Wesichester BOCES, NY
Paul Christopher, Monmouth County Vocational School District, NJ
Laurence Cooco, Garwood, NJ

Fred Cohen, JFK High School, NY

Gale Colden, Poughkeepsie City School District, NY
Tracey Collins, C.S. 200, NY

Susan Cook, Teacher Center at Purchase College, NY
Gilbert Cox, New York State Education Department
Rogelio Cuesta, DOCS, NY

Joha F. Czeterko, Teaneck Board of Education, NJ
Robers DY'Agostino, Greenville Central School, NY
Christine D'Ortona, Association of Amernican Publishers, Y
Solomon Davis, East Ramapo Community School District, NY
Darlene Davis, Poughkeepsie City School District, NY
Joseph Davis, Educational Technology 2000, Inc., DC
Nia Davis, School Without Walls, DC

Sal Davis, East Round Post Central School Distnict, NY
John DeCesare, Cedar Grove Public Schools, NI
Charles DeVoe, New York State Education Depantment
Robert Dillon, East Port Union Free School District, RY
Lauren Donner, Community School 287, NY

Sharon Doria, Cottle School Tuckahoe, NY

Janice Dowd, Teaneck Public Schools, NI

John Dublanica, Ridgefield Public Schools

Greg Dumas, Livingstan Enterprises, NJ

Margaret Dumes, Comwall Central School District, NJ
Judy Elies, Smithtown Community School District, NY
Chris Embrey, Rahway High School, NI

Connie Epps, Peekskill City Schools, NY

Diebra Etienberg, Western Suffolk BOCES, NY

Bruce Eftenberg, Community School District 30, NY
Petronella Feaster, Mount Vernon Public Scheols, NY
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Joan Fenwick, AT&T Foundation, NJ

Cathy Filippelli, Garrison Union Free School, NY

Thomas Flemming, Washington Township Public Schools, NJ
Tina Fryar, Poughkeepsie, NY

Judy Fucci, North Rockland School District, NY

Paula Galusha, Cedar Grove Board of Education, NJ

Rebecca Gold, Lawrence Township Public Schools, NJ

Ed Gragert, Ixearn, NY

Glenn Granat, Community School District 30, NY

Carole Handwerger, UCP/Westchester, NY _
Anne Haight, Queens High School Office, NY

Denise Harrington-Cohen, Mt. Pleasant Blythedale Union Free School District, NY
Gus Hatzidimitrion, Community School District 30, NY
Nancy Hechinger, Pantecha, Inc., NY

Winona Hendricks, Department of Education, Virgin Islands
Wilma Higby, Community School, NY

Ruth Hirsch, P.S. 197 Queens District 27, NY

Zelda Holcomb, New York State Education Department
Margaret Honey, Education Development Center, NY

Alice Hunnicutt, Statewide Parent Advocacy Network, NJ
Ronald Ivey, C.S. 21, NY

Victoria James, Community Schools, NY

Margaret Jeffries, P.S. 111, NY

Michael Johnson, New Jersey Education Association

Annette Kaplan, Union City Board of Education, NJ

Peter Kelman, Pantecha, Inc., NY

Ed Kem, Wiilingboro Board of Education, NJ

Sherry King, Croton-Harmon Schools, NY

Helena Kisoff, Atlantis School, NJ

Steve Kohn, NYNEX, NY

Gene Ladendorf, Concordia College, NY

Jay Landau, Smithtown Community School District, NY
Ellen Leahy, Mt. Pleasant Community School District, NY
Phillip Leahy, Newburgh Enlarged City School District, NY
John Lent, Scholastic, Inc., NY

Natalie Lewis, Hillsborough Township Schools, NJ

Sharyn Liddie, P.S. 167, NY

Peter Lynch, Baldwin Schools, NY

Laura Macermaid, P.S. 38, NY

Elaine Magwood, Newburgh Board of Education, NY
Leonard Margolis, Bergen County Technical Schools, NJ
Charles Massey, Houghton College, NY

Claity Massey, Institute of Applied Education Research, NY
Russ Mattoon, West Essex Regional Schools, NJ

Brian McAndrew, Monmouth County Vocational School District, NJ
Joan McAndrew, Willingboro Public Schools, NJ .

Dan McCann, Pear] River Schools, NY

Connie McCarrick, Addison Central School, NY

Raymond McCloat, East Meadow Union Free School District, NY
Lucille McCobb, Hillsborough Board of Education, NJ
Regina McConnell, Rumson Fair Haven Regional High School, NJ |
Marge Megan, Media and Technology Director

Frank Meeuwisse, Department of Corrections, NY

Ruth Meeuwisse, Department of Corrections, NY
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Nancy Miller, Hackettstown High School, NJ

Marge Mingin, Scuth Orange-Maplewood School District, NJ
John Moreno, DVRS, NI .

James Mullevey, Rumson Fair Haven Regional High School, ?45
Susan Mullins, Bergen County Technical Schools, NI

Frank Nemoise, New York State Prison

Sandra Nice, Garrison Union Free School, NY
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