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Preface 

As the 1990s dawned, interest in the potential benefits of harnessing powerful 

new technologies to the improvement of teaching and learning became intense, 

widespread, and bipartisan. Recognizing this situation's potential: Congress, in P.L. 103

382, The Improving America's Schools Act of1994, 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 learning and developing a national infonnation infrastructure 

(NIl) would be major priorities. I Technology for Economic Growth, A New Direction to 

Build Economic Strength, the Clinton Administration's blueprint for technology policy, 

called for improved technologies for teaching and learning, the introduction of 

telecommunications equipment and computer software into classrooms, improvements in 

the productivity of learning, and the extension of learning into community, home, and 

work settings. 

In 1995, Speaker Gingrich of the U.S. House of Representatives poinled lo 

telecommunications' and "cyberspuce" as new Am~rican frontiers and speculated about 
'

the desirability of providing every low-income, iruier-city stUdent with his or her own , 
lap-top computer. In the same ye.ar, Common Ground, the report of the National 

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

I Appendix. B provides a glossary of technical terms. 
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community-based institutions serving the public (jncluding schools and libraries) 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 America's classrooms obtain 

practical. useful technologies so that teachers can teach better and students can learn more 

effectively. 

For the past year, a Department of Education team has worked to develop the plan 

presented in this document.2 The team convened a naliona1 conference and seven 

regional forums on educational technology to hear the views of teachers, administrators, 

and parents. It organized interactive on-line forums with parents. students, teachers, 

administrators, and experts on new and emerging technologies. It met frequently with its 

counterparts in other federal agencies and with the Nationallnformation Infrastructure 

Advisory Council. It solicited the assistance of the RAND Corporation in developing the 

framework for this plan and sought out the best thinking of experts in the field through 

workshOps and several commissioned papers,3 

This document outlines the results of that work, It is an action plan for 

educational technology in the United States. It proposes to infuse the very latest and best 

technologies into the nation's classrooms. and more than that, it sets fonh a blueprint to 

provide students and teachers with the computers and technologies the)' need to face the 

challenges the 21st century will place before them. 

2 For a list of activities, meetings. papers. and productS involved in developing the plan. see Appendix A 
3 Copies of all supporting documents are available on-line at http://www,ed,gov 
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CONNECTING CLASSROOMS, CO:\fPUTERS, & COMMUNITIES 

by 

Richard W. Riley 


Secretary 


Some years ago, a business leader remin'ded me that the adventurers who set out 

for the New World were abJe to smeH land long before they caught sight ofiL Like those 

mariners. said this businessman. today's leaders have to be able to «smell 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 and toil of daily labor. It opens prospeCts of abundance and rising 

standards of living for every American. 

All of Ihese things are possible if our children are prepared -- if they are provided 

wjth the tools they need to adjust to new circumstances and changing times, The wealth 

built by our forebears from coal, steel, oil, concrete, and brawn can be built tomorrow 

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

In a larger sense, all of these things are possible bec~use 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 childien·s'tomorrow. 

Throughout history. the march of human progress has been marked by miles[ones 

in science and technology, Gutenberg's creation of moveable type in the 15th century 

laid the foundation for universal literacy . Watts' invention of the steam engine in the 



-..... .. 

18th cenorry 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 

village into being, 

TIle 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 commonplace. These 

children must be prepared to make their way in this new age, in this different world. 

PuUQuole 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 Umitless. 

If this generation does not possess that courage -- if it falters, hesitates, and 

ultimately refuses [0 open the door to the digital era -- global competitors wiU certainly 

open the door first, and thereby reap the rewards. 

And if this transformation is to come to full bloom, it must take root to the 

nation's schools. for it is in the nation's schools. with their 50 million students and 2,9
• 

million teachers, that the country's future is conceived, created, and secured. And it is in' 
, .' .. 

the schools that the United States wW obtain the greatest returns on its investments in 

technology -- immediate rerums in the form of more productive and rewarding reaching 

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

productivity. 
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EnuCATlON 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 have 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 decade, affecting everything from the workplace to the living room. As Secretary 

of Education, I have come to believe that it will be possible to provide every student with 

the kind of quality education outlined in Goals 2000 only if our young people have access 

to these new technologies and information lools -- to computers, networks. CD-ROMs. 

modems, and the emerging national information infrastructure (NU). also called the 

infonnation superhighway. 

. PuUQuore6 

The, infonnation superhighway is a "seamless" web of computers, 

communications networks. libraries, databases. and consumer electronics that will put 

vast amounts of information at our fingenips. Ultimately> it will tie together telephone 
., 

systems which already reach 98 percent of househoJds: cable systems that pass by more 

than 90 percent of homes; liroadeast 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 enonnous infonnation data bases. 
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What can theSe tools do for American classrooms and their teachers and students? 

As this plan makes clear, technology can help tailor instruction to 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 learning beyond the traditional school day. 

Much of Ill. 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, Bu.t the main point is incontestable, When every engineer. has finished 

exploring the last detail of how to wire schools, when educators have had the final word 

about how to improve teaching and learning, and when analysts have satisfied themsel ves 

~ith a vision of the prospects for tomofTOW. a simple objective for the United States and 

its schools stands out: 

W. should set for ourselves the goal of providing a learning system that 

pennits aU of our people, young and old, to learn whatever they need to, whenever 

they want to, wherever they choose to. 

The nation should set oUi to create the kinds of learning institutions it has always 

wanted and needed -- schools that tailor instruction to the speCific. individual needs of 

each student and that entourage students to learn at their own pace and throughout their 

lives. 

Pull Quote 4 

FREE Pu!luc EDUCATION &: ITS ECONOMIC V AWE 

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

democracy ~~ not "cheap." not "half-priced," not "cut-~te.;' but in its very essence "free." 

-9



'-...... 

Educational institutions, large and small -- schools. libraries. literacy centers. 

early childhood centers. community colleges, and unjversities -~ should have total access 

to and use of services on the infonnation superhighway, There should be "on-ramps" and 

"off-ramps" to every classroom. If cost limitations or other practical considerations make 

it impossible to connect the NTI with all educational institutions 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.4 A growing proportion of these young people wiH be Latino and 

Hispanic. African American, or new immigrants, many of them low~jncome and 

trllditionally under served by our schools. 

ParcniS lmd~rstaiij how important it is that their children learn, an the IIlort w 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 no child is left behind, 

PuU Quote 3 

SIDEBAR ON CHRISTOPHER COLUMBUS MIDDLE SCHOOL 


Educators know how valuable technology is to students isolated by geography or 

',_ 	 challenged by poverty or disability. New S3teUire and distance learning techniques can 

bring tbe best teaching to the most remote home or school. Well-implemented 

instructionalleaming systems (ll..Ss) have produced some spectacular results for low

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

"NaOOMI Center for Education Statistics. Projection 0/Education Statistics to 200', p.9 
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used to tr.un pilots are being used ex.perimentally to teach children with cerebral palsy 

how to operate motorized wheelchairs and negotiate the obstacles they might find in a 

typical classroom or on a busy street. 

It ,~s no secret that a 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 students - particularly low-income students 

- and continues to give them a watered~down curriculum and link up their schools last, it 

will fmd itself in an economic bind of the first order. it will have a work force that does 

not know now to work. 

PuUQuoteS 

And if the United States continues to think short term, as in the 19805, the results 

are potentially disastrous. Every year. large corporations and small businesses, two~ and 

four~year colleges. and public and private universities spend billions of doBars on 
• 

remedial education. If the nation does it right the first time. it can eliminate this costly 

and wasteful need to keep redoing it To create a well-educated, world-class work force, 

now is the time to get it right ":~ and get it right the rust time. 

Recent disturbing reports suggest that low-income inner~ity and rural 

neighborboods may be tbe last ones selVed by new technologies. I am convinced that all 

children can leam more if they are properly challenged. but they cannot do So without '. 

access to these new Cducationaltools. I believe that earl)' invesunents in technology win. 

provide handsome. long-term economic returns. and thai the 'expenditures will be , 
returned to aU 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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GETrING FROM HERE TO THERE: How TO PROCEED 

How best to proceed with that investment is a challenging question. Conflicting 

views on the role of the federa1 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 nation cannot 

be imposed by the federal government, how do we get from here to there and how should 

we proceed? 

Pull Quote 7 

Nobody expects the federal government to sO,lve all the problems associated with 

educational technology. But parents and educators are demanding leadership to see that 

problems and issues are addressed. 

Government's roJe at alllevels-federa1. state, and local M_ is to point people in the 

right direction and urge them along the road. Officials should use their "bully pulpit" to 

define the stakes involved in the educationaJ technoiogy debate and encourage public and 

private lead." to tackl. the challenges ahead. 

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

Educators need an investment mentaJity that is finn. fair, and flexible, 

Schools should fumly commit themselves to technology as the wave of the future. 

..' Nothing will more quickly defeat the effort to improve learning and technology than half
'. 

steps. half-measures, and half-hearted eommitment. The strategy is doomed that 

concludes, "We will put an extra computer here. and purchase an extra piece of software 

there, and provide a little extra teacher rraining elsewhere -- as soon as we find a Httle 

extra money." As everyone knows, "a little extra money" is hard to find. Much more 
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lik.ely to succeed. is a finn strategy based on a clear vision of what is to be accomplished 


and how school leaders propose [0 get there. 


Policy planning must also be fair, Whether schools invest in technology or not. 

children from affluent and midd1e~income families will enjoy access to the latest 

technologies in their homes - including powerful personal computers and peripheral 

devices,such as CD-ROMs, scanners, printers, modems, and network connections, State 

and local leaders 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 to 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 about five to six years. In fact. the power of 

integrated. circuitry is expanding so rapidly that new, cutting-edge computer platforms 

and affiliated software appear ahout every 18 months. In the last decade, technology has 

matured so rapidly that many public schools _. like many governments, homes, and 

private sector firms·-are already saddled with badly out-of-date equipment In this 

context, schools need to be flexible enough to stay abreast of change. and not be so 

completely wedded to one way of doing things that they are unable to respond as these 

technologies. mature. 

THE FlJTURE CONTINUES TO BECKON AMERICA 

As the action plan which concludes this document mal<.es 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 al1, our nation 

needs to do a much better job with technology training-developing teachers' professIonal 

skills with these new tools. 

PuUQuole 10 
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As Secretary of Education, I bave become convinced that the Department of 

Education's Jeadership role in this entire area can best be met by tackljng the teacher 

training and professional development issue head on. Wben all is said and done about 

access to the infonnation highway, tools and software. research and development, and 

partnerships with the private sector, the essence of the plan described in this document 

can be summed up in one sentence: By the year 2000 the nation wID have provided 

every teacb ... in the United Slates wilb the opportunIty 10 take advantage of firsl· 

chlss lralnlng on Ib.lalesl and mosl up.to-date technologies available for tbe 

classroom. 

It is quite clear tbat technology offers profound new prospects not only for 

learners but also for teachers. Computers and telecommunications can improve the 

professional working lives of teachers, They can help generate and modify instructiona1 

materials, They offer ongoing interaction with a wide circle of peers, instantaneous 

communication with instructional and subject-matter experts, and access to enomlOUS 

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 Jess. In another. it owes its 

students nothing less. But in the final analysis, the nation owes itself and its future 

nothing less. It is time. once again, for Americans to "smell the future." That future. and 

all of its promises aAd prospects, continues to beckon. 
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THE DIGITAL REvOLUTION AND THE REVOLUTION L'i AMERICAN 


SCHOOLS 


Despite the fact that policy makers, educators, and business leaders nave 

advocated increased use of technology in education and training for decades. the true 

potential of technology to !ransfonn educational practice has rarely been fully realized. 

Today, technology renews its promise. 

A newly wired nation with powerful digital capabilities has arrived with startling 

speed, JuS1 two generations ago. computers were physically imposing but technically 

modest. They often took up entire rooms and cost. sntall fortune. In the single decade 

of the 1980s millions of personal computers made their appearance on desks and laps 

everywhere -- in factories, offices. homes. universities. airplanes, and schools ~

accompanied by the facsimile llliIchine and the mobile telephone. Low-cost, high-quality 

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

At the same time. a national information infrastructure capable of fully supporting 

this wired nation is rapidly being put into place. All of these developments foreshadow a 

new education and learning infrastructure for Americans, both in and out of school. for 

yo'mg and old alike. 
.... ., 

Although this revolution in technology is far. from complete. it is already clear 

that it promises educators. parents, and students unprecedented access to a wide spectrum 

of robust, sophisticated devices and networks capable of tailoring instruction to the needs 

of individual students. improving instructional management, expanding time for learning. 

and improving the worlc.ing lives of teachers, 



FINDINGS 

Following months of analysis -- accompanied by in..<Jeptb conversations with 

teachers. principals, schoof administrators. parents and students, state and local 

policymakers. experts in technology. and other federal agencies - five conclusions about 

teaching. learning and technology stand out: 

• 	 Properly used. technology is a powerful tool for learning. 

• 	 New technologies are essential to the success of the current effort to 

create better schools. 

• 	 Technology pennits teaching and learning to be tailored to the needs of 

each student. 

• 	 Digital technologies are rapidly cbnnging how we live. work, and play. 

but their full effects are only rarely relt in tbe 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 powerful tool for learning. 

(SIDEBAI( OF NORTIffiROOK MIDDLE SCHOOL) 

. 
Several analyses indicate that. properly employed, implemented and supported, 

technology leads to superior learning.S The sidebars on the follOWing pages summarize 

decades of the best research in this area. This research confmns what the best teachers 

and most ulOughtful ~xperts on technology have always known: under the right 

circumstances, and in the right hands. technology i. a powerful tool for learning. 

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

.' See. for example Barbara Means (ed.), Technolbgy and Education Reform: Thtt Reality Behind the 
Promise. San Francisco: lossey 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 to an end, not an end itself, and it has almost unlimited 

specific applications (see Table 1, below), 

Table 1 
Potential Uses ofTecbnology in Support of Teaching and Learrting 

Use Examples 

Individual Learning 	 Stand-alone drill and practice 
CD·ROM or Internet-accessed data bases 
Commu:nications with experts 
Word processing and spreadsheets 
Simulations to visualize mathematical and 
scientific concepts 

Group Learning 	 E~mail for group communication 
Presentation software for group coiJaboration 
Video presentations 
Communications between dassroom~ for 
coUaboration on projects 

Instructional Management 	 Integration curriculum standards and assessments 
Management of student portfolios and exhibitions 
Developmenl of student instructional plans and 
contracts 

Communications 	 Expand access to expertise and l'es(ll,lfCeS connect 
parents, students. home and community from 
remote locations (e,g., rnraI schools) 

Administration 	 Record keeping, attendance. accountability 
functions. and other administrative activities 

It is clear that a computer can serve as a freestanding or networked work station. 

It can serve as a wor~ processor or support desktop publishing. It can connect teams of 
,.,' 
'- ,tudents 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 learning. like a typewriter ,or a blackboard. not an educational 

treatment. 
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Second. most existing research focu~ on past generations of technology. 

Researchers' understanding of the effectiveness of the latest technologies is limited. ~ew 

capabilities promise to support more difficult teaming tasks. to integrate many different 

kinds of media in support of )earner~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 aduptto learner 

preferences. Some students prefer written materials: some are more engaged when ~e 

infonnation is presented visually. and some need to test out alternatives with computer 

models, Some begin with an idea and delve deeply while some wander through a rich 

variety of resources to find the right track. Some work independently while others seek 

collaborators, mentorS and experts. Some like the ability to review and revise. Today's 

interactive technologies accommodate them all. 

As the United Slates approaches a new century, it is the beneficiary of a 

remarkable, decade~iong school reform movement. That movement, launched by the 

1983 report of President Reagan's National Commission on Excellence in Education, A 

Nation at Risk, was sustained by President Bush's 1989 leadership in helping tbe nation's 

governors agree on National Education Goals; it culminated in 1994 Congressional 

passage of the Clinton Administration's Goals 2000; Educate America Act" 
,. 

, 
Goals 2000 establishes, for the first rime, a learning refonn 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 
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bottom~up reform. Since enactment of that legislation, 48 states have participated in this 

unprecedented federal.state.IOCal.part!,.rshiP, . 

The ambitious scope of ,his sldardS model is its most novel and impressive 

feature, It is grounded In the convictiln that aU students are entitled to a fIrst-class 

education. As President Clinton h.as s1d. i1 is designed to "make every American child a 

winner," 

, 
Pull Quote 9 

I 
I 

On the basis of practical experience and research. teachers, principals. cognitive 
I 

scientists, and education theorists are an convinced that many of the sldUs most needed 

by today's graduates are best acquired lin the course of performing real tasks involving the 

construction of real solutions to real plbiems, They argue persuasively that when such 

teaching strategies involving such taskk are harnessed to instruction that is learrier

centered and responsive to individual Jeeds,lntereslS, and capabilities, almost all students 
I 

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

,· I . be' " ,If such I earmng envtronments are to come mto mg. expert optmon IS 

unanimous: these environments can ist be created by employing new and emerging 

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

Technology permJls leacblng and IJrnmg to be tailored to lb. needs of each 

student. 

Common sense tells us that tailoring education programs to the needs of 
~ I 

individual students creates a host of difficulties for schools. It places new demands on 

teachers and ",boo I administrators, on ltudents and parents, In contrast to tod.y's school 
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in which the te""her is likely to say to 30 students: "All right class. let's tum to page 135 

of the textbook," t~orrow's tailored ~rograms CQuld: . 

• 	 define a learning proJram for each student based on the student's 

leaming style and learning pace: . 	 I 
, 

• 	 keep track of the student's progress and be prepared to take remedial 
I 

action (no matter how talented the student) in the event he or she jags 

too far from his or her Jpecific learning goals; 

• 	 organi:re the sehool daJ SO that students of varying ability. learning at 

different paces. have aJailable the different amounts of time necessary 

to master each subject. 

(SIDEBAR OF TAYLORSVILLE ELEMENTARY SCHOOL) 

Th" very· best teacbers have aJays tried to do these things. but providing 

individual anention is very difficult inl. 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, graduate, parent, teacher. and 

adminislrator: Teacbers pitch their ledson plans at the middle third of the class. provide 

whatever ..tr. help they can to studenls in the bottom third, and leave the best and 

brightest to fend for themselves. 

With suitab1e software. computers and affiliated technologies can taiJor 

instruction to individual needs at an aiPtable price, in effect reducing the 

student/teacher ratio. They can improte acquisition of hasic skiUs; encourage the 
...' 

.-0::. development of adv!u1ced skills and JOWledge; help students (individually and in 
I . 

groups) conduct sophisticated projects' developing advanced problem·solving skills; and 

assist students. parents, tea~hers. and Lnis~ators in tracking and maintaining an 

accessible reeord of student progress kd performance (see "Making it Happen"). 
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In brief, technology can help resolve one of the enduring dilemmas of public 

education in the United States: how tJ respect and respond to individual differences 
I 

among students within the context of the common schooL 
i 

Digital technologies are rapidly chaLging how we live, work, and play, bul their full 
I

effects are only rarely fell In the classroom, 

Practically every Amenca!! hl experienced how new and emerging technologies 
I 

have dramatically Changed our daily lives - from cable and salellite television with their 
, 

, , 
unparalleled viewing choices to the convenience of 24-hour~a-day automatic bank teller 

machines. Yet. despite the existence 1r large numbers of computers in the nation' s 
I

schools, 'IS well as our ability to identify "lighthouse" schools and school districts at the 
I 

technological cutting edge, the full effects of technology are rarely felt in the typical 

classroom. 

Personal Computers 

Personal computers bave penetrated schools with remarkable speed. Eleven years 

I ' ago, the average school had one computer for every 125 students; by 1995, the average
I ' 

scllool had one computer for every 12 students. All told, the "installed base" of personal 

computers in schools was apprOXima!elY four million during the 1994·95 school year." 

The Software Publishers Assoc;ationiestimates that 55 pereent of the installed base can be 

found in dementary schools (which Jomprise about 50 percent of all schools), 39 percent 

in secondary schools (which eompril about 31 percent of all schools), and the remainder 

in district offices. ~ 

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

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

I 
6 Quality Education Data. Inc. Techncwgy in Public Schnols: QED's 13th Annual CI!1!SUS Stud), ofPublic 
SCM()l Ttcl!ffClogy, I 
7 QED,Op,C;!, i' 

, 
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one~tenth of all the schools in the country have a computer for barely every 25 students~ 

even fewer have a computer for eveJ five students or less (see Table 2), As discussed 
I 

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

of dale. 

Table 2 

Dlstributioo of Students Per Computer 


. I 
Stud,nls per MlllIons ot Percentage or .u AW'!"8I.l#,,( 

Computer 
 Students SCudr:nis ptrsru 

CompuWf 

<; 4 12 3 )9 

5" 12.4 44 18.1 41 8.9 

J:tS . 23 20,1 ... 16.5'3,,, 9 44 10 28.5 

i 
Souret: H,J, Becker. Analysis a/Trends o/Sciwol Ust ofNew ill/Qt7MtilJl'I Technology. (Prepared for the 

, Office ofTeclulology Assessment. Marcb 1994). 

In sum, the SChOOlleChoOIOg~ glass is halffull. Significanl progress has been 

lUb,uc tuWd.lU laying a t1tXCtlt foundation of personal computers in the nation's schools. 
I 

The provision of an average of one computer for every 12 students is a significant 
. I 

accomplishment representing;) ten~fold increase in computer density over eleven years, 

Nonetheless. the glass remaiJ half empty. More than half (56 percenl) of all 

students are in schools unable to mee! the national average of one computer for every 12 

students ~" and only about 3 percent Jr ail students ~e enrolled in schools with a 

computer for every five(or fewer), st~dents a density that advocates of school technology 

consider to be minimally adequate. 

.' Other TechnologieS"
Information on othe'r technologies is more fragmented and difficult to locate, 

Data from a 1994 survey are presentok in Table 3 below. What is apparent from this 
I 

information is that most of the technojogies surveyed, with the exception of cable 
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te)evision, are available in less than one-third. of all schools and often in less than one 

fourth. 

TabJe3 
Estimated Technology Usage 

1993-94 

DWricts School. 
Cable TV 65% 70% • 
CD.ROMs 43 29 
l..oeal Area Networks {LANs) 43 23 
Modems 41 29 
Satellite Dishes 40 15 
Videodisc Players 26 23 

Source: Software Publisher's; Association, luly 1994 

Connections to the Internet 

The relatively low level of technology penetration overall appears to be continued. I . 
by A Survey ofAdvanced Telecommunications in U,S. Public Schools, K-J 2. completed in 

I 
i':i:i5 by the National Center for Education Statistics. Based on data from a nationally 

representative sample of 1.380 public llementary and secondary schools in the Fall of 

1994, the survey indicates that: 

• only three percent of all instructional rooms (classrooms. labs, and 

media centers),in publi~ schools are connect'ed to the Internet~ 
i 

• just 40 percent of the c~mputers with telecommunication capabilities 

are located in classroJrns (most presumably are in administrators' 

offices. libraries, or coJputer centers); 

• 	 schools with enrollmJts below 300 (typically rural) are much less 

likely to be on the Inte";'et than schools with larger enrollments; and 

. 	 I: .. 
• 	 only about one-half of schools have access to the Internet or another 

C I 
wide area network (WAN). and in these schoois teachers are seven 

I 
times more likely than students to use the network ~- and 

administrative use is nekly four times greater than student use; 
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• 	 although two-thirds of,public schoois plan to implement or upgrade a 

wide area networ~ (niost as part of district plans), ~bbut the same 

proportion report inade~uate funding as a barrier to the acquisition and 

use of advanced telecorknunications. 

In part these fmdings reflect Jt simply inadequate attention to the need for 

specific le::hnoiogies but also significht gaps in the infrastructure necessary to support 

emergi~g technologies. Most comput!rs do not run on batteries; they require electrical 
I 

outlets. Stand-alone computers do not require telephone lines. but networked computers 

do. 

Pi!;u,e I displays the proportion of schools responding to a 1995 sUITey on the 

adequacy .,fthe infrastructure (mode.\., wiring. and the like) in place to support 

techoology. The results are fairly c1e~. Only about half of all schools report that they 
I

now have adequate power and wiring to handle their technology needs. Less than half 

believe they have sufficient networks, modems, and modem lines, less than 40 percent 

consider the number of electrical conduits satisfactory, and only 13 percent are satisfied 

with the fiber optic cabling available. 

I 
rgure 1 here 

In ,holt, the~ surveys indicaJ that although educatorS have made a lot of 

progress, they still have a l~ng way tolgo. Schools are not yet full partners in the broad 

digital revolution that is transforming ~merican work and life. 
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Teachers mllSt he given the time and training they need to lake advanlage oflbese 

new tools for teaching and learning. 

Too much of the discussion of technology and education (at national, state, and 

local level,) has taken place with little more than lip service to the needs of teachers. The 

attitude .ppean; to he that if technology is provided, teachers will use it. 

The vast majorily of teachers JCk time to come up to speed with new 
I 

developments in technology and have little access 10 the laresttechnologies. New 
I 

teachers fn:sh out of schools of education have rarely had the benefit of pre~service 

training in technolog~. For all practk1 purposes, t~ere are few models in place of 

effective and conscious use of technolbgy-riCh schools to improve learning and 

achievement. 

Schools spend a far smaller percentage of their revenues investing in 

teChnological innovation and improvinfg the quality of their human resources (teachers 
I 

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

sh~ws a recent estimate of the school S~ndlng mix on technology, 

I 

! : Figure 2 Here 
I 

: I 
Focus groups conducted as pan of this report reinforce this. The general public 

believes th;lt technology already in schllS is not being used properly, and parents 

helieve that at least p'an of the reason if that teachers n~d more training. . 

. .. 

Pull Quote 2. 

I 

Only real training·· nol an oeeLonal afternoon "workshop" of ten minules with 

an orientation disk ~. can empower teJhers t~ use these new tools. Without such 
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training, teachers may fall victim to tne kind of frustration which often surfaced in the 

Department's workshops, meetings, ~d on-Hne discussions with educators, students. 

employer~. and parents. Many teachJs have grown increasingly resistant to what they 

consider h.1 be refonn fads, with each ~ew innovati~n being dismissed as nothing more 

than the j',test"reform of the month," 

Technology. like many other valuable refonn suggestions, is caught up in this 
I 

skepticisnL These new tools can fulfill their full promise only when teachers are fully
I 

trained in their use, have the time to use them effectively, and enjoy Ihe support other , 
professionals receive to develop their skills. 

BASIC REALITIES 

The conclusions above ~- the effectiveness of technology. the importance of 

technology to reform. the need to taiJbr instruction to the student, startling deficiencies in 

Ihe school technology base, and Ihe i~portance of professional developmenl -- are 

Sig~jficanL Equally important are a Jumber of basic realities circumscribing technology 

pelicy, 

These realities will govern educational technology policy I and among them are 

the following: 

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

thereof, will profoun1dly influence socioeconomic divisions in the 

United States, 

, " 	 .-' 	 • Costs are a significant issue but not the principaJ problem. ' I .' " "', 
• 	 The relative immaturity of new technologies means that schools are 

planning amidst rapid 'change, 

-26



• 	 The main technological problem for schools is identical to the 

corporation's technolbgy problem, which is the need to rethink 
" d' IorgamzatlOn an processes. 

Technology is far more than just anLhedad: Its availability, or lack thereof, will 

profoundly 1n!1uence socioeconomic idlvislons in lb. United States. 

Today, unequal access to comdulers and telecommunications is deepening 

divisions in society and reinforcing [JulY status and background as key determinants of 

student perfonnance. Without conSCiO~S attention to this issue. the growing power of 

technology seems destined to maintain~ and perhaps expand, distinctions between the 
i 

education "baves" and the education "'have-nots," 

I , 
ill Quote 17 

Although "",ent data suggest jat schools in wealthier communities do not enjoy 

markedly greater access to computers Ld other technologies, it is also undenjably true 

that household possession of computeJ •• and use of modems, CD-ROMs, and network 

services -- 15 heavily skewed towards fddle- and upper-middle-class homes, Many of 

these families. including some with relatively modest incomes. have already voted with 
I 

their own s;:arce dollars to invest in technology for their children, often at considerable 

financial sacrifice. 

But what about homes where re"a.l poverty stands in the way? The latest 

,.' information from the Bureau of the Ce~sus and the National Telecommunications and 
'

Information Administration (both in J Department of Commerce) confums wbat many· 

suspect: low~income citizen's and mino~ty Americans, urban and rural. are much less 

likely to own computers than their morl affluen,t or majority peers. 
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Figure 3 H~ 
I 

As Figure 3 demonstrates: whil and Asian Americans are two or three times as 

likely to own computers as Afrlcan-A~erlcan or Hispanic citizens, and six or seven times 

more likely to own them than the rura1!poor, whatever th~ir ethnic background. 

I . 

To the extent that the vision of the use of technology to extend learning into theI . 


communi,y and the home is realized, the effects of family background on studen, 

performance will be reinforc~ unless ~liCymakers attend to the issue at the outset 

I 
Costs are ik significant issue but not the principal problem. 

. Conventional wisdomholds J'lnck of money is the primary obstacle to getting 

more computers and other technOlogiC! into schools. In fact, although money is an issue, 

it b Hul {he prim;jpai proojem. 

I 
PuUQuote 13 

I 

In some communi,ies, ParticuJIYlow-income rural and inner-ci'y school 

districts, funds for computers and othe~ tecboologies are difficul' to acquire. But many 

communities hrve succeeded in financlng ambitious hardware acquisition programs 

'through special levies or partnerships Jith local businesses. 

At the request of the DePartmel of Education, the RAND COqlOration projected 

,-' the annuall~osts of p~V:iding many mo~e computerS. and much more up~to~date " 
. I -' 


equipment, in all of ,he nation's scnool,. In eight tecboology-rich schools (five of which 

provided one computer for every three ltUdents or less), RAND researchers observed that 

the annual1.echnology costs (with the hlroware cost amortized are five years) ranged 

·28



,~.. 

from $141 to $490 per student.8 The smallest of these schools enrolls 310 students; the 

largest, i ,800. 

The amortization of these costs j5 significant. since schools. like private firms, 

need to develop an investment mentali~ for technology based on the understanding that 

new technologies involve not simply alone-time, up-front cost for equIpment but also on~ 
going, recurrent expenses. These recubnt expenses involve c~ts to upgrade hardware 

and software, maintain special fumitu!e and cabling, replace materials and supplies, and 

continuously upgrade the sItills and co~pelence of teachers and administrators. 

In light of these considerations, RAND analyzed each school's current equipment 

inventory uSing the following cost ele~ents: current prices for all computer hardware 

and softw~, amortized over five yeJ; special infrastructu~ such as furniture and 

cabling amortized over ten years; initil teacher preparation amortized over five years, 

along With costs ot new technology su~pon personnel; and materials and supplies treated 

as an annual expense. 

Table 4 outlines the average. annual. amortized expenses for significant costs 

elements across the eight schools. 

Table 4 

Average., Annual. Amortized 


Expenses in EIght TeduJoIogy-Rkb S<bools 


I 

Element 	 Ave:rage Annual ~ ofTOIal 

School EXpo.,., 

,- Hardware 	 $129.900 : 4t\~ 

• d' 	
, 

.-- Scftw... 	 20.200 : 
• 

8 

Infrastructure n.100 I 	 "S 

Professional Development 27.600 10 

8: The range very closely refkckd the number of students per computer jn these schools, The school with 
the lowest cost per student provided one computer for every 11 students (near the national average); the 
school with the highe$1 cost provided a compUter for every 1.5 srudcots. 
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Techoology Suppon (Personnel) 66,000 

Materials IO,()(X) 

Weigbted Per-Pupil 
COSt $274 

27 

4 

100% 

Table 5. below, compares with current spending levels.the costs of two national 

scenarios for increased technology spelding. (Current spending on technology were 
I 

estimated by RAND to be $3.1 billion in the 1994·95 school year, or 1.3 percent of 

expenditures devoted to educ.tion, j 

The. low alternative assumes annual per~student spending of $180 -- near the low 
. I 

end of RAND's sample of eight technology·rich schools. The high alternative calls for 

spending ahout $450 per studenl (nearlthe top of the eight schools) on all students. 

TabJe5 t9u 
Current Technology Spending and tem3tives 

Mod.1 Per~Pupn Total Expenditures'" ofEducation 
Expendl...... Spending 

Current $7().SO 1.3% $3.1 billion 

Low SI80 3.0% $7.5 billion 

High $450 7.5% $'8.5 billion 

At first blush, each of these alternatives is daunting. However, schools are not, 
starting from sCralch; they are already spending over $3 billion on technology. The low 

alternative seems achievable. Increasing technology expenditures to about 3,0 to 3.5 
. I 

percent of all school'spending is within reach if current increases in educational 

technology spending co~tinue. Ac<:o~ing to a McKinsey & Co. analysis for the NationalI . 
Information Infrastructure Advisory Council, technology will reach 2.1 % of total 

I 
education spending by Ihe year 2000 if the current gmwth rate of 16.5% continues.9I . 
"From information submitted to the NationaHnformaUon Infrastructure Advisory Council by McKlnsey & 
Co.. October 1995. 
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education spending by the year 2000 if the current growth rate of 16.5% continues.9 
I 

Although schools have a lot of technological ground to make up, devoting 3.0 to 3.5 

percent of spending on technology reqlUires. educators to do only a little more than what 
I 

they are already doing and are inclined to do. 

I 
In short, the best estimates indicate that aJthough costs will continue to be a 

I 
problem. they represent a solvable problem. 

The relative immaturity "fDew tecLlogies means that scbook 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. gl",Wing. and becoming more powerful, are signals 

of the relative inunaturity of the techn1o}ogies themselves. This situation creates a host of 
I . 

inter~related probJems for schools including, mOSt prominently. great diversity and 

variability in school equipment; frustr~ting> apparently arbitrary technical walls between 
I 

different pieces of equipment and different sofrware; and a school market that software 

developers find unattractive, largely tlcause it does not offer economies of scale. . I 
, 
Pull Quote 14 
! 

I 
(SIDEBAR ON COMPUTER CLUB) 

I 
Diversity and Variability. The computers in America's schools are very diverse. 

Many of them are alSo ve'; old. and thniCallY out of date. As Figure 4 indicates. 

school diHricts are using computers P~uced by p~tii:aJlY every conceivable 

" both _A_:_' . I d· . naJmanufacturer lor <1Will.lUstratlve an inStructJo purposes. 

9Frotn information submitted to the National Infonnation Infrastructure Advisory Council by McKinsey &. 
Co,. October 1995. I 
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"'iguN 4 Here 

Over half of this equipment embodies teclmology 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 multimedia 

software and most cannot perform on the network. Because these older computers are 

rarely used in businesses and homes, software developers understandably do not pay 

much. attention to developing software and peripherals for them. DeSpile their lack 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 variability of existing equipment 

is directly related to the second problem, tbe existence of apparently arbitrary walls 

bet.ween 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. tools, and software. to "shake hands" with other equipment and its operating 

systems. tools, and software, that is, to work with products developed by other 

manufacturers. Apples. Macintosbes and mM and mM-rompatible equipment stili 

require different operating systems and different codes. and use different peripherals in 

different ways. As if this were not challenge enough. computers of different vintages 
, 

produced by the same manufacturers are often qui", incompatible. , 

In the long run. this is a very solvable technical problem that experts refer to as 

the need to develop and implement common ";nteroperability standards." And it is an 

issue that extends far beyond the school walls, vexing computer users at home as well as 

-32



....... 


in large co:rporations and small and medium-sized businesses. 10 Because it is a universal 

problem, universal solutions will be developerl. Indeed. there are already signs that 

solutions to the interoperability standards issue are at hand. For example, standards for 

software make it possible for some CD-ROM software to run on both Macintosh and 

Windows "platfonns." 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 MarkeL 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 low margins and advanced production 

features (animation. graphics, sound, music, film, color. and the like). The school market 

tends to br;~ 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 school.s. 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 Re~rt on Information Technol~gy" (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: ·'[lJt's still tough to cobble together a high
speed network over large distances .... The complexity of putting al1 the technology together is enough to 
send managc:rs 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 mM or Apple. Windows or OS/2. You have to worry about bridges and routers thai 
connect LAN'S in different departments. modems and gateway computers that move data to the outside 
world. and tlIle PBX that routes phone calls." 
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teachers and students -- similar to that perfonned today by tex.tbooks and textbook series, 

Earlier, leamer-centered reforms (sharing visions similar to those of technology 

advocates today) foundered o~ the failure to achieve and demonstrate such coherence: so 

will technological refonn if high-eont.nt, high-quality. coherent software does not 

become available, 

Market size is also a major issue. The potential market for software marketed to 

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 miltion new computers wiU be installed in homes this year, less than one 

million ne.w computers will be installed in schools, 

The main technological problem for schools is identical 10 Ibe corporation's 

teu.fivIGg)' prublem, tlit need to rethink organization and proteSSeS. 
, 

Most comparisons of schools with private firms overlook. major differences 

between the two. but in at least one area insttuctive comparisons are poSSible, Private 

sector leaders have learned that new technoJogies profoundly change the nature of work.. 

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

Pull Quote 16 

,,..." 

In the new work environment, human resources and skills, as well as corporate 
• 

organization and processes, have had to change as well, Modem fmns require large 

numbers of highly skilled. reliable. well-educated workers-people who understand and 

use new forms of infonnation and new technologies, who can adapt to ctiapgc, and who 

can work efficiently with others. AU of this has corne as something of a shock. to the 

http:high-eont.nt


corporate system, a blow to traditional sensibilities about the nature of work and the 

proper relationships: between work., worker, and supervisor, 

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

in rethinking roles. responsibilities. and processes witltin the corporation. 

Schools are slowly learning the same lessons, Stimulated by school refonn efforts 

and assisted by external grants, some schools can be found that have made a very large 

investment in technology as part of a reform process aimed at "changing the culture of 

the schooL" 

. This process often involves substantial use of project~based insU'Uction~ new 

approaches to student assessment. often emphasizing portfolios; cooperative teaching 

over blocks of time which greatly exceed the typical50~m.inute cla.o;s; and a very 

suhstantia] inves.tment in teacher preparation. Perhaps most important. effective u5,e of 

technology. 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 refonned and restructured school using technology must he willing to 

rethink processes and organization as it invests in new methods and technologies. As in 

the private sector, all of these changes come as something of a shock to the education~ 

system -- • blow to the sensibilities of the typical educator about the nature of learning 

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

LooKING TO THE FUnlRE 
-

6th~~t powerful new technologies are now available, and more are on 

the horizon. to ~lp 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 chalJenges 

the furure will place hefore them. 

Looking to the future, it seems clear that technology can free learning from many 

of the limitations of our institutions, It can provide knowledge and infonnation, and 

sharpen skills, wherever and whenever they are needed. It has the potential for extending 

the time devoted to learning not oruy 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 

Technology's most fascinating promise is that it can create teaching and learning 

environments 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 ~ey are simply an "add~ 

on" to today'. schools. They call for a new kind of school, one that is not bound by the 
, 

traditional 50-minute period and 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 t~ay's schools embody these very 

changes, But these changes represent the exception rather than the rule. If the full 

potential of technology to transfonn education is to be met. the transformation will come 

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

duplicate 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 i. both a cballenge and an opporrunity. It is a cballenge because the nation is 

shooting at a moving target from a 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 

private sector in technology demands respect. 

But the nation also confronts a unique opportunity, presenting itself at a unique 

time, As the United States approaches a new century, a well-fonnulated consensus exists 

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 to cement that 

progress into pJace. building on it to secure tbe nation's economic and educational future, 

Most states have made impressive contributions to upgrading their schools' 

technology base. Frequently motivated by participation in Goals 2000, often acting on 

their own refonn initiatives. sometimes responding to the demands of local teachers and 

administr<uors, state activities range from building-state infrastructure by coMecting 

school. 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 severa] states. 
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StAte·LeVi!1 StnWgieli for Supporting T~hDolog}' In Schools 

The Dth .... are Center (or Educational TtcllnoJotO'. created by SUIte Legj~lation, j~ ~pending $30 million in 
state money 10 wire all 7,000 Delaware classrooms: with fiber optic cable by the fall of t997. In addition, 
federal Gools 2000 funds will subsidize the COSIS of buying some compu~n for schools. redui::ing Ihe disparity 
between wealthy and poorly-funded school dislriru, 0utdat6d romputcn; "'-ill be updated or replacf!.(.t "Student 
edueatioo hll$ always been limited by what materials their schools ca."! afford." says State Representative Joe 
Petrilli (R-New Castle). "Bul the Delaware Education Network ..ill bring the n:sources of the entire world as. 
close as the nean:sl compUtet screet!. Students won't have to wail until the next edition of a textbook to learn 
the latest information. They will have in&tant access to a new world ofup-to---date facts and cumnt evcuts." 

[n more than a I;klI:C1l States, regulatory commissions require preferential rates on telerommunicati(lns servl-ces 
fot ocnools. Lou1slana requites that schools be charged at the residential rate rather tban commercial rmes, In 
M.lssnuri, etM:ational institutions recelvt' a 20% diKoulU. In Teus, telecommunicatiOO5 services for distanee 
learning must be provided at rates 25% below the normal charges. 

Callfomla. Georgla. MissJssippi. Miaourl. Nebraska. and Sooth Carorma have all earmarked sl.llle revenue 
(Qr tedmology in schools. For si);: yean, MIssowi has used an eartIUIlted tax on videotape rentals to provide 
funding for satellite wYtes on ~ools. satellite course (ees, laser disc playen, and other educational uses,. 
Revenue is about $4 million per year, Since 1986, lottery funds have provided another 15 million per year 
distributed by -competitive grants to schoo! districts that can be used for technology. 

Kentucky's "rrwler plan for education technology," released in 1992, calls (or a communkation system for 
: voice.. video, and data that will inlerconne<.::t every school's complltr.N. in the !tate, The plan calls for II lelephant 
, in each dilUroom. i computer for every S.lX nudentll. and a JXlttable computer for each teacher. 1"h<: Inw COlli 1$ 

expected 10 be $560 million over six yean. So far,S137 million has been !pent by states.anddistti~ In 19'}4, 
the 5lAte won a S4 million grant from lbe federal Department of Education to buikilts distance !earning network 

Ohio has la;urn:;hed a five-year, S9S million Set ot bond issue\ to support educational IUhoolngy. Th.es:e funds 
will be used 10 wi~ e\'el1' classroom in !.he stale to &Upper! voice, data, and interactive video communication§, 
Almost half 01 IDese funds will suppon t<luipment purchases for the pooresl 25% of schools. 

Illinois, Maryland. South CaroUna. and Wis:c:oo.sin have statewide foundations (hal raise funds (or 

teehMicgy. The Corporation for Educational Technology in Indiwa raises money from the state ll1ld from 

pO.ate SOUIceS and uses it to promote laming t1ulSide the classroom by helping families installleaming 

techM~ in lhcir bomes. 

The Idaho legislalUre appropriated S14 .million for 1994--95 educational technology expenditures under the 
Idaho Techoomgy ML Ofthc SI4 million, 510.4 million gotSIO K.12 schools by formula to support 
technology in the dassroom. $3 miHion was distributed through a competitive grant program. The legislation 
wggened !hat districts ~pend 50% of the funding on hardware, 25% on mflwllfl!: and 25% on training. All Idaho
schools sbo\l!d be connected 10 the Interne! within three years. 

, 
F10rlda has inmased appropriations for ~hool technology from $5 million in 1993 to S135 million in 1994 and 
$117 million in 1995. 

SOUfce: wlephonc interviews with the slAIc: leChnnlogy C()()Rjinaton; Quality Education Data,lnc., Nuwc"ks 
Now, 1995: SUI'VI"\' ofHe-w 51at/!'s Us/!' T~ucMVlWnicatimu Networl;.s in Education. 
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At the local level an impressive array of activities is also underway_ For 

example, the CentrallGtsap Schools of Silverdale, Washington initiated a technology 

demonstration of technology in support of a "culture of learning" that was so successful 

district citizens ex.tended the demonstration district~wide, Teachers, administrators, 

students, parents, and clerical and janitorial staff will share the same network, New 

York's 71'1 school districts spent more than $360 million on technology in 1993, 

according to state officials. an average of mOre than $500,000 per district The pubUc 

schools of Perry. Ohio have created a "community educa.tion village" that provides 

universal access to local, national, and global infonnation sources from the home or the 

schooL 

At the same time, the private sector is also a 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 infonnation superhighway and most 

are committed to buHding linkages to schools, Software companies. textbook publishers. 

on~Hne services and other conunercial providers of educational "content" turn out a 

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 developed 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 aU of 

this energy and focus it relentlessly on the usk of providing the best and most up-to-date 

technologies in the nation' s classrooms. 

A SUMMARY: WHERE WE ARE 

Since 1980. the m"tio~'s schools and schooi systems have steadily added to their 

base of technology. They have recently done so at an accelerating rate. The motivation 



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 stud~nts to ilcrueve performance levels consistent with the hlgh 

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 to give a 

powerful 000.110 loday's school reform agenda. Indeed. this agenda may not be 

achievable without the use of these technologies. 

However, several barriers block Ihe path ahead. Some of the mosl critical of lhese 

barriers were discussed in the prior chapter; Teachers need training and opportunities for 

professIonal development Costs are slgnificant. ranging upward of three to five percent 

of operating budgets on a continuing basis. Highwquality content 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 

Against that backdrop, it is clear from conversations and diseussions with parents 

and educators that they are correct in asking for a strategic focus on three elements; 

L Training teachers. 
'-

.'2. Equipping and connecling schools. 
~ 

3, Providing schools wilh high-quality contenl soflware. 
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Pamnts, teachers, and administrators want many other important things from 

schools. They want order, discipline, and high standards. They want their children 

prepared for life', demands. They want teacher training that is the latest and mnS! up-t<>

date -- and up-tn-speed with tod.y's theories. And they want to make sure that past and 

current investments in rechnology serve them well in the future, 

Bu! 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 equipment available to teachers and students. And 

they can make judgments. no matter bow rough. about the quality of curriculum software. 

To respond to these concerns, this plan identifies three strategic objectives. First. 

providing teachers with the skills they need to use technology. Second, making the 

necessary investments in equipment and connections to the infonnation superhighway. 

Third. expanding the market for software and other curriculum products so that these new 

tools are readily available in schools and homes. 
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The final section of this chapter outlines what the federal government is prepared 

10 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, aU o/the nation's teachers will /wve received the training 

Ihey need10 develop Ihe ,kills required 10 use leehnology for _ffeClive teat:hing and 

learning. 

As noted above, one of the most significant barriers to greater use of technology 

in schools is that most teachers have had little training in it an4little 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 technologies available for the 

classroom, It is intended to make sure that teachers are familiar with how to use 

computer networks ~~ and are using them:-- to obtain access [0 infonnation. communicate 

with their colleagues. develop their own skills, and use computers to enhance student , 
learning. 

At fIrst blush, this represents a daunting challenge, It 1s, however, well within the 

nation's grasp. PresentJy about ten percent of all teachers 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 represent a first line of attack. Each year. about 

120,000 men and women in the United States receive a teaching degree,ll Over five 

years. half a million teachers can receive the professional development opportunities they 

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

Many states playa Jarge role in encouraging professional development. Florida 

requires districts applying fOT some state technology funds to set aside 30 percent of their 

awards fOT training, The state ofWashlngton spends about 40 percent of its educational 

technology budget on teacher training. 12.' Eighteen states require training in computers or 

technolOgy for all teachers seeking certification, a 50 percent increase since 1987. And at 

least 37 states have statewide electronic networks for educators, providing online courses 

for teachers and resources such as lesson plans. on-line conferences, and curriculum 

materials like CNN Newsroom and PBS Onlinell 

Schooi districts. too, can step up to the plate. The most significant source of 

financial suppon for teacher professional development can be found in district salary 

agreements tying salary increases to the completion of additional college credits, These 

salary inc"""cs should be tied to completing at least some minimal portion of thls 

cour~work in technQlogy~related professional development . 

. ''. 

11National C::nter for Education Statistics, Digest of Education Statistics. 1994, p, 252~3. 
12''Office of Technology Assessment Teachers & Technolog)\' Making 1M Cooneclion. p.137 
13Quality Educatton Data. Nt(Work Now 1995, p, 6 
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Strategic Objective Two 


Equip and Connect Schools 


By the year 2000, aU 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 to 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 

~chOQls with access to sufficient computers. A much more challenging set of issues 

revolves around changing the culture of the school, incorporating technology into school 

improveffit~nt efforts, determining school "connectivity" needs (for both new buildings 

and retro-fitting of existing buildings, including buildings with asbestos problems), ~d 

establishing a regulatory framework in telecommunications to encourage and support 

educational access at reduced rates. 

S~veral of these issues can be resolved readily enough at the state and local levels, 

assuming .I.dequate communications between state and local officials and the private 

sector. Some (e.g., teleconununications policy) are directly governed by federal statutes. 

' All of them can benefit from consistent policy direCtion from national officials working 
• a· . . 

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
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third of all school technology spending, Whatever the aclUal 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 will undoubtedly decline. 

Most funding for technology. like most funding for education, wilt continue to 

come from state and 10cal sources, Based on the experience of pioneer schools (the four 

percent of schools wjth access to the information superhighway and a very high density 

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

• 	 Develop a strategy for reaching e"ery school. ]t is: not possible to do 

everything at once. One strategy is to start by investing intensively in 

a rew schools or areas, building on their successes and learning from 

their failures. 

• 	 Build public support. Most parents and business leaders understand 

the importance of technology in schools since they either use it on the 

job or know tbat their children will in·the future. But educators need 

to think seriously about engaging the broader public -- parents and 

non~parents alike ~~ in the task of sustairung long-tenn commitment to 

technology investments. 

.. 	 Develop an investment mentality. A long-term investment mentaHty 

is needed if technology is to succeed over the long haul, As educators 

l~arn from their experiences in implementing new technologies. they 

can expand the number of schools involved while building into 

hndgets the funds needed to maintain, upgrade, and sustain technology 

on an olhgoing basis. 

'
While these strategies are helpful, they say little about how to finance them. 

States have drawn on direct appropriations, bond issues, lottery funds. and other sources, 

School districts rely on property taxes, bonds, and leasing arrangements. Most pioneer 

schools have relied on corporate or phUanthropic gifts, or drawn on flexible categorical 
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rederal funds ror special sludent populations sucn as (disadvantaged students, students 

with limiled ability or students witn disabilities) or Goals 2000 funding. 

Regardless 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 

tecnnology and nlner reforms. This approach appean; to be the wave of the fulure and 

deserves .serious consideration by districts and states. 

Strategic Objective Three 

Provide the Tools and Software School. Need 

By the year 2000. high-quality software and programming that meets the 

educaJional standards developed by schools, localities. and slates will b. readily 

available. 

(SmI>MR.QN..PALION SCHOOL! 

Many slUdies indicate that. properly used, tcchnology-enriched classrooms 

promote better learning. Yet software developers repon there is little demand for rugh

quality software and applications to support learning, too much variability in the 

hardware and systems in use in schoois"and little reason to invest scarce private research 

and development dollars tn the development of such materials. 

States and school districts are tbe chier sou",es of funds for purchasing curriculum 

materials. including software. 1Dey are also responsible for detennining what students 

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-qualily curriculum lools: 

Rigorously evaluate software. Teacners need belp identifying which 

products will help them in the classroom. Using state and local 

education standards as a guide. educators can evaluate products. 

-47

http:SmI>MR.QN


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 software 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 have 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 rese8!"ch. In the past few years, major 

advances have been made in our understanding of how children learn. 

Private sector finns should make fuI1 use of, this knowledge while 

developing multi-media learning tools. (While much of this research 

was supported by the federal government. some fums, such as Apple 

Computer Inc., have supported their own research to better understand 

how technology could be used to help children leam.) 
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In short, training teachers is essential. Connecting and equipping schools is 

important. But neither is likeJy to achieve maximum effect wirhout a ready and steady 

supply of high-quality educationa1 content. 

THE FEDERAL ROLE 

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

but absolutely essential, role (0 play, 

First it is necessary to state the obvious. The most crociaI decisions about 

technology will be made not by the federal government but by state and local leaders and 

the private sector. Education and training are being provided by such an array of public 

and private schools. coileges. firms. and individuals, that is defies easy description. In 

terms of public schools, most leadership efforts at the state and localle".ls are focused 

not on technology as such, but on system-wide school reform developed around higher' 

expeclatiotls for student and school perfonnance. 

At the same time. computers, operating systems. software. and other new 

technologies are shaped by a powerful private sector. including telephone and cable 

companies. numerous 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 10 founder. Federal 

actions and funds wUI have the greatest effect if they consciously attempt to shape and 

nurture the much larger expenditw-es of these non-federal actors. 

In this connection, a very traditional federal role in education serves [he nation 

well. It is. tradition defined in 1983 in A Nation at Risk. the report of President 

Reagan's National Commission 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 refonn; 

developing and disseminating better information; establishing assistance organizations; 

and supporting research and development. The federal government should continue to 

call for belter, 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 ~upported by the Department of Education, the National 

Science Foundation, or other agencies -- should redouble its attention 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 Teaching and Technology. At the top of the summit's agenda: how to 

improve teacher preparatiop. 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 cuniculum 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 Educatlon support 

innovative uses of technology. including partnerships and implementing new 

technologies, In making awards under this program, the Department is committed to 

selecting applicants whose definition of technological needs grows out of their 

understanding of education and leaming needs. The Department will continue this 

emphasis and, as part of the national movement [0 encourage standards~based reform. 

will encourage districts to relate their technology expenditures to implementing new 

content-standards refonn. 

Financing Technology. The federal government can help schools to finance 

technology in two ways. First. several major categorical programs provide resources that 

can be used flexibly at the localleve1 to support technology, These include Title I, the 

Eisenhower Professional Development Program, Goals 2000, and several ol11ers, 

Second, the federal government is in an excellent position to survey activities 

across districts and states to understand what is working and the pitfalls and barriers that 

biock implementation. In particular, the Department will ex.amine how states, districts. 

and technology companies finance investments in technology, explore new alternatives 

with them, and jssu~ a repnrt by December of 1995, The six Regional Tecbttology 

Consortia (RTCs)will work directly with states and districts ,to provide ongoing 

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

T,elecommunications Policies. The Federal Communications Commission and 

the Depal'tment of Commerce are working with the private sector and leaders in Congress 
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to help get schools connected. important options to consider are special rate structures 

for schools: allocation of radio spectrum for educational uses; and pubHc~private 

pannerships-, The Department of Education will examine these and other options (with 

the help of state regulators and state and local education leade,,), and report on the most 
, 

successful strategies, 

A Forum Oil Edu<lItioo Software, As noted above, the development of high-

quality software depends on developing and nurturing much greater cooperation and 

collaboration between educato" and the private sector, To that end, the Department 

commits Itself 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 educationaJ materials and "edutainment." The purpose? To bring together 

groups that have for too long been too far apart -- and to direct their attention to the need 

for a new J~eneration 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 (fack record - or promise 

better results -- than in the area of educational technology. By any standard, the federal 

record in this area is remarkable. ExampJes include the Internet. Mosaic (a software 

package used to explore the World Wide Web), high-perfomiance computing tools, new 

understandings of neurology and cognition, and teehnological tool, for disabled learners. 

To build on I)lis foundation, the Department of Education and other federal ... ., 
'

agencies have committed themselves to implementing a federal R&D strategy through 

1999 which bas already be!:n developed and poblished by the White House National 

Science and Technology Council's Commiuee on Educational Training, This strategy 

focuses on: R&D to improve learning. evaluations to assess the effectiveness of new 
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learning technologIes and techniques. exemplary models of co't-effective learning 

through the use of technology. and dissemination of information. 

Voluntary Efforts. The Department of Educatioo will lend ilS support to a range 

of voluntary and community effons 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 becau"se they can help with maintenance. 

training. and support. And businesses can be of help by donating quality equipment and 

services to schools. These efforts are worthy of support and encouragement through 

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 wiH face as adults tomorrow. 

In the fIrst chapter. Secretary Riley presented an overview of how technology is 

changing our daily lives and a vision of how it can improve learning. That vision 1s well 

within our grasp if we have the will to reach for it. It will not, however, come into being 

thro~gh wishful thinking. Turning the vision into a reality will require long and hard 

work from American citizens, parents, teachers and administrators, and community and 

business l(laders. 

Throughout conversations with teachers, administrators. students. and parents~ 

two perceptions stood out: People understand that technology is Pervasive and that.'-
young people need access toil. The public also understands that American children face 

!be challenge of change. 

In recent decades powerful new forces have transformed the economies of the 

nation and the world. From the board room to the factory floor~ from the executive suite 

-53



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. 

Tht:se challenges will be met in the nation's classrooms. No issue is of more 

profound importance for the United States as it approaches a new century than the quality 

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

As the nation takes up this task,ltechnology represents educators' most promising 

new ally in the effort to reshape schools around realistic and demanding state and local 

standards for student perfonnance. The power and versatility of new generations of 

personal computers harnessed to the magic of modern 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 

ilS predecessors. It will be second-Io-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 Industrial School or the one

room Prairie Schoolhouse, 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 mentors, coaches, and allies, instead of lecturers in front of the 

classroom. It will help students become active, curious producers of knowledge and 

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

offers. 
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This new school wiU transcend its own boundaries ali it reaches into the 

community, II will ask parents to playa major role in the education of their children and 

to extend learning into the home. It will offer the opportunity to rebuild not only home

school connections but also a sense of community. one that engages parents, schools, 

citizens, community organizations and business leaders and creates powerful new 

alliances among them all. 

All of these things are possible if our citiiens ~~ teachers, administrators. parents, 

and business and community 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 

Houston, Texas 
Preparing life-long le.rners for the world of work 

Northbrook Middle School is a new, creation in an cMd building. It serves a 6th . 

through 8th grade population of under 600 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 devoted to technology, 

School administrators understand their main mission to be the preparation of 

their students as Iife..long learners for the worJd of work. The curriculum, while 

centered on traditional academic subjects, places heavy emphasis on students acquiring 

critical thinking and problem solving skills. Teachers are ex'pected to assist students in 

learning how to find and analyze informatton, 

To support this student«centered learning environment, the school is organized 

into interdisciplinary teams. Teachers and students in each team work together to 

support one another in continually expanding their ability to gather information and 

solve problems. Technology is viewed as a primary vehicle to help students develop 

critical thinking and problem solving skills. ITechnoJogy permits Instruction to be 

tailored to individual student needs. 

Northbrook's technology program is centered pnmarily on t~e 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 

dassrooms is outfitted with between four and fiv~,c0f!'puters. All of the computers have 

access to CD-ROM players in order to expand the range of software prodvcts available, 
for student use, Access to network resources supports student information searches. 

Computers in tl)e classrooms, in the computer labs. and in the library are networked 

together in a school~wide LAN with Internet connectivity. Video technology allows for 

viewing on three channels. Teachers also make use of multimedia presentation 



equipment. Each of the classrooms is outfitted with a videodisc player, a VCR. a cable 

ready lV, and an overhead projector with a liquid-crystal display panel (LCD). Each 

team has access to a scanner. 

To support the technology pr?gram. Northbrook has relied primarily on on-site staff 

development. Each of the school's 48 original teachers received two weeks of technology

related staff development in the summer prior to the school start-up. On an ongoing 

basis, teachers have an average of three to four days of paid training each year. Teachers 

also makj~ a commitment to complete an individualized training program through after

school offerings. Additional personnel to support the technology program include a full

time technology assistant and a district!,technology coordinator housed on the campus. 

lighthouse Districts and Schools 

According to a RAND analysis of seyeral of ~ghthouse districts and schoolsl they 

share several common elements: I 

• 	 These schools are learner-centered -- they emphasize individual 
treatment of students based on their needs and capabilities. 

• 	 Pioneer schools use curriculum frameworks to assure that goals 
for student learning are clearly understood. 

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

• 	 School programs have been substantially revamped -~ e.g.• longer 
class periods and interdisciplinary programs are common. 

• 	 The changes in these l 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. More collaboration and 
constJltation result. 

• 	 Schools assess the results' in' ricti"- and diverse ways ~
traditional test scores along with student attendance and dropout rates, 

1 See Current Use of Telecommunications and Computing Technology in Elementary and Secondary 
Education. (Washington: The RANO CQrpontion, Oraft..lune 1995), 



Christopher Columbus Middle School 

Union City, N.J. 

Technology In support of sweeping educational refonn 

Technology can connect classrooms and communities with spectacular results. 

The Christopher Columbus Intermediate School in Union City. N.J. provides an excellent 

example. Christopher Columbus has successfully integ",ted up-to-tho-minute 

computer technologies, school curriculum, and a network wiring dassrooms to the 

homes of students, teachers, and administrators. Truancy and dropout rates fell through 

the floor; test scores went through the roof - all in an inner~city school system in 

such dire shape in 1989 that the state threatened to take it: over, 

Communication inside and outside of school is the purpose of the Interactive 

Muitimedia Education Trial at Christopher Columbus. Union City is the most denseJy 

populated 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 let technology support and enhance the 

district's sweeping educational reforms, 

The technology. trial began in September 1993, 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. Each classroom has 

two Macintosh computers. The computer lab has 35 machines. And the media resource 

roam 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 • virtual CD-ROM library. 

The majoritY' of students use the network to communicate with one another ~ their ,. 
teachers, and administrators 00 a regular basis. White much of the communication is 

social. they are also using the technology extensively as a tool to collaborate on school 

projects, to obtain information about missed assignments, and for report writing. 



parental engagement. job placement success. and support from 
students and community. 

Taylorsville Elementary School 


Taylorsville, Indiana 


A Modem Red School House 


Tayforsville Elementary School serves more than 600 suburban students in pre

kindergarten through 6th grade. The students are predominantly from lower middle

dass, white fammes. 

The school is one of several in Indiana wori::ing with the Modem Red School House 

education design team - a New American School Development Corp. (NASDC) to bring 

information technology into its educational delivery. Taylorsville's technology plan, 

hardware layout, and staff development efforts reflect the essentials of the Modem Red 

School House design. The most Important role for technology in the design is to support a 

commitment to self~paced individualized learning. 

The school's curriculum emphasizes core subjects, aiming for high levels of 

proficiency in language arts, math, science, history and geography. Despite this 

emphasis on standardization in content. educational delivery focuses on students 

proceeding through coursework at their own pace. Instructional strategies promote 

mu!ti~age, multj~year groupings and stress team-based project work. The 

opportunities for regrouping teams during project work allows individual students to 

develop their skills in different areas at an appropriate speed. By virtue of their role in 

integrating instruction across subjects and grades, teachers playa key role in 

facilitating the transition to a self~paced student environment. 

Taylorsville 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 a cluster of four,student computersj one teacher 

computer, and two printers~ Most of the classroom computers have internal CORROM 

drives to increase the range of software applications accessible to students. A school~ 

wide LAN connects classroom computers to the computer lab and to administrative 

offices. At present, students can access the Internet from two computers in the library 

media center. Plans provide for Internet connectivity to each classroom. investing in 
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the haf'dware and other Infrastructure required to give ~ach classroom Internet 

connectivity is an outcome of th~ school's commitment to supporting. student project 

activity. The same principle nas led also to outfitting the library with eight IBM clones 

that use sophisticated software to facilitate information and reference searches. 

To support its vision of a seff~motivated, seff-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. 1n the first two years of implementation, staff received six full days of 

technology training per year. After that, two days a year have been devoted spedflcally 

to training in technology. A fuU..time technology coordinator, with the assistance of 

three part-time aides. assists teachers with theit technology~related problems. 

Blackstock Junior High School 

Port Hueneme, california 

Creating Smart Classrooms 

With annual per student expenditures in 1994 of some $4,000 (about two

thirds the national average), this 36~classroom school with 960 students caters to a 

fargely minority population of mostly Hispanic descent, with smaller numbers of 

Chinese and Vietnamese background. Many students are eligible for Title J support. and 

2.2 percent have limited English-language skill. 

8lackstock's model of educational technology delivery centers on creating what 

ate called "smart classrooms," There are at present eight smart classrooms, including 

two for 7th gra1e science, one for 8th grade science, two for literature and history, One 

for ESL, one for business education. and one called the Tech Lab 2000. Each dassroom 

has between 2S~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 (;an,afl work on the same project, or ther~ can be a variety of things going on i~ - the classroom at the same time. 

n,e Tectl Lab 2000 is perhaps most appropriately described as the futuristic 

equivalent of a wood or metal shop. Designed to make students familiar with the 

technology present in the modern workplace, the T ecn Lab is outfitted with Computer 
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Assisted Design (CAD) software. a Computer Numerically Controlled (eNe) flexible 

manufacturing system. pneumati~ equipment, and a satellite 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. trOt!' word 

processing to interactive programs, in their instruction. They can also draw on the 

school's connection to the Internet to create a mote technologk:ally rich environment. 

Staff development efforts for teachers in the smart classrooms have center~ on 

giving individual instructors large amounts of paid time-off to familiarize themselves 

with technology 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 a second smart class in a 

subject area where one already exiswd. The presence of a teacher with technological and 

curricular know-how made it easier for the new teacher to get up and running more 

quickly. Ongoing staff development for aU teachers. is supported by four paid days of 

technology training per year and a considerable amount of informal networking. 

To dflte; BJacl(stock has oot had a technology coordinator to' support 'Staff 

development efforts. relying instead on paid leave time and informal networking. To 

keep the technology program running smoothly, there is '3 teacher who has devoted about 

a quarter of his time to technology-related problem-solving and to computer repairs. 

Starting next year this teacher will move into the position of full-time technology 

coordinator, 

East Sakersfield High School 

Bake...field. California 

Education tobuifd jolrrelated experience 

Ea.t Bakersfield High School emph.sizes a technology-rich. school-ta-work .,. ., . 
transition program in a school serving 2400 students, with a majority Latino . 

• 
population and an educational philosophy that education equals experience. 

The school's administrators aim to have students understand early that their' high 

school education shapes their job prospects, and that their present educational 

experience is a way of building job-relevant skills, Exposure to business and career



oriented themes begins immediatety in the ninth grade and continues throughout their 

high school education, and includes resume writing, portfolk> building and project 

activities oriented towards the local 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: 

science, technology, engineering and manufacturing; health careers~ 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. Wr~ting assignments in the freshman English and history core 

courses an~ organized to ensure that aU students moving into their sophomore year are 

proficient in the use of word processing programs. As seniors, students have ~o complete 

a technology-based project as a graduation requirement. Projects involve the use of 

computers, graphics software or video equipment. 

General instruction between the first and fmal years is heavily technolo9Y~ 

based. Math classes integrate an interactive math program, English, history and social 

studies teachers have access to writin9 labs as well as a large number of video towers 

equipped with CD-ROM, videodisk players and VCRs. The school building is in the 

process of being rewired to accommodate network technology. In 1996, many of the 

classrooms will have Internet connectivity. 

There is a limited amount of funding available for paid, formal technology 

training, but the school has a teacher lab equipped with nine computers and a laser 

printer. Many of the computers have C£)"ROM capabilities. To keep the technology 

component of the school running smoothly, the school also has a half~dme 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 Sahuarita Program has changed my life. " 

Members of the Computer Club of Green Valley I located in Sahuarita south of 

Tucson, spend hours every week helping local elementary school children leam how to 

use and work with computers. There is nothing unusual about community volunteers in 

schools-but every memrn:;r of the computer club is retired and most retirees do not 

dream of spending their time teaching young children complicated new skills. 

Nonetheless. many of the club's members. often aged 70 and over, say the "Sahuarita 

Program has chang.d my lif.... And many .Iementary stud.nts have this to say about 

their mentors: "They're wonderful." 

It is not too far from the truth to say that the computer dub members are largely 

responslbie for equipping and providing 542 students in grades K through 5 with 27 

personal computers and four printers. Club members enlisted support in the 

community and the state for a supermarket Safeway Store receipts program that helped 

produce computers and software. The school district provides a classroom and one paid 

coordinator, Club 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'related to computers. The 

program provides at least one hour each'week for each class in keyboarding, creative 

writing. spelling. math facts, graphic arts. geography, educational games. and learning 

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 through assignments and offering personal guidance and attenti~n. 

. 
The success of a m!th program called UMath Facts"-highly regarded by both 

students and teachers-challenged the club to develop similar programs using language, 

which usually requires more sophisticated software than math tests. A retiree from 

General Electric developed the "tempjate program" and a course to prepare teachers to 

write tests that can ask questions and correct answers, score the test, grade the test 
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(percentile, letter or deseriptive 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 canTt add hours to the day, or 

to our school class schedule, we must speed up our computer system. II 

Elements o. "uccessru, YrOleSSIODIlJ ueve'opmenl .or Technology 

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

_ Integrate technology into the existing curriculum. This mean, not 
making '1cclmology" a separate subject but a means to Ulach English, 
mathematics. science, foreign languages, and other subjects. 

_ Give teachers adequate tim. to acquire new skills and plan for the 
school's program and activities. Teachers engaged in reform are too often 
asked to learn new skins on their "own" time. It can take as long as three 
years for a teacher to become a confident user of technologies. 

_ Train t.,.chers in teams of two or more, not as isolated 
individuals. Teachers learn with, and from. their colleagues. More than 
one teacher in a school provides a measure of support. 

_ Provide teach.rs with access to 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 tools. Providing equipment that 
Ulochers can take home helps. 

_ SecUre the support of seboo! administrators, Teachers need 
support from¢ncipals and administrators for learning new skill •. 
Administrators need to give teachers the authority and flexibility to adjust 
daily instructional schedules, and affirm thalle.chers' use of UlClmology is 
important 10 the entire schooL 
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The Dalton School 

New York. N.Y. 

'Surfing the Web', Astronomy for Humanities Students 

Project Galileo, a course designed at the Dalton School, teaches a full year of 

coUege*levEll "modern astronomy for humanities students," using a Macintosh·based 

information landscape. The desktop planetarium integrates Images fram the National Air 

and Space Administration, the National Oceanic and Atmospheric Administration, working 

observatories, the Astronomical Data Center. and other sources. 

Except for a few homegrown Hypercard reference stacks and one lunar phase 

program. no specifk: educational software is used-only general software packages such 

as image processors, spreadsheets, data base management systems, pfotting 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 

Malcolm 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 a home: page on the Web "'fundamentally shifts the teaching and learning 

paradigm." 

Says Thompson: "What was once.o 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 publrc can now look in On the process. It 

A formal evakJation is not available, but Thompson reports that the quality of 

student work is high and that "virtuaUy all students' have expressed gratitude and 

appreciation for newly acquired facility with the WWW In the course and for their 

newly acquired facility with it." 
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EFFECllVENESS SIDEBAR 

Educational Technology: Does It Work? 

'Tlte use of technology in schools has had at least three distinct phases. lbe first. beginning in the 

19605, still carries the name computer assiskd instruction (CAl). These activities, motivated by theories of 

behaviorism and management, emphasized drill.aruj-practice and basic skills, CAl is still widely used in 

military training and adult edl.lCation programs. According to Kulik. major analyses of CAl "have 

demonstrated repeatedly that programs of computer-based instrUCtion usually have positive eff«:ts on 

student learning," 

The second phase of leehnology use developed as schools acquired modestly priced personal 

C6mputcn (PC) starting in the early 198ik There were courses in computer literacy and computer 

progranunillg, especlaUy the popular BASIC language. As the number of PCs in the schools increased, 

this phase rapidly eYQlved to incorporate courses in the use of word processing, spreadsheet and database 

software: while sharply reducing the emphasis on programming. The CO\.IfSC$ are intended to prepare 

students for using these general-purpose software tools in business and industry. ~o large research 

literarure: un the: effectiveness (If these activities has: emer.ged or is likely to, The effects are clear. in the 

ability of the students to use the lools. 

More recently, the third phase: of technology use is driven by the growing number of computers in 

the classroom, interactive multimedia tools, and electronic nelworking, especially the internet and World 

Wide Web. In addition. the principles of cognitive science argue thal students learn and belter retain what 

they learn 'vhen engaged In 'authentic' learning. ta5-M. In current s<:hool practice, this takes the form of 

individual or !Ii small group of students carrying out projects using computer and network software tools and . 

databases, While there is linte quantitative evidence, there are large numbers uf anecdotal reports of 

successful projects, 

It must be emphasized WI schools making widespread use of technology suppon aU types: of use 

- computer assili1ed drill and practice:. the development of computu skills. and the lISt: of technology in 

,,- group probk:m solving, The ubiquitous nature of technology.use and the variability in that nse among
'

students mean that traditional means of assessing the improvement sin a school's performance attributable 

to tc<:hnology an:: not easily applicable, However. schoo! leaders in technology· rich schools measu.re their 

progress in a number of ways: improved s.tudent attitude and engagement; richer classroom content; better 

student achlevement. measW""Cd by norm-standardized tests; imprOVed Student retention and job placement 

rates of sec,ondary school graduates; and jncreased swdent enthusiasm for learning. together with an 

increased student commiunent for responsibility for. learning. What is clear from ex.periences of schools 
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participating in the'.: RAND workshops is that extensive'.: Ust of technology can produce significant 

improvements in school performance, !his is nOI lht: equivalent 10 saying that extensive use of technology 

will prOOw::c those improvements. As with almasl ail approoches 10 education.ihe effectiveness of 

technology in support of learning is associated with the quality of'its implementation. 

Snurees: J. D. Fletcher, Institute for Defense Analyses, "Does instructional Technology Work?" 1995 
lames A. Kulik, "Meta-Analytic Studies of Findings on Computet-Based lnstruttion." (Technology 
Asussmellr in Education and Training. c:ditf;d by Eva L, Baker &, Harold E O'Neill. Jr.) And RAND 
workshop on .effectiveness of tcdmoiogy, June 1 M2, 1995. 

M......11 Middle School 

Tucson, Arizona 

The Fourth '*R': Reading, Writing, Arithmetic, and Ready 

for the world of work 

Ma(well Middle School in Tucson, Arizona, was considered a "school at risk" in 

1990, Its population is 86% minority with 90% of the students on free or reduced 

lunch, high rates of absenteeism. and large numbers of students who drop out. 

During the 1991*92 school, the Maxwell Middle School Computer Classroom 

Pilot was launched. The first test group included about 120 seventh grade students and a 

team 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 technotogy into the everyday life of students, 

Don Collier. principal of Maxwell, said, "We can it the Fourth R. That's Reading, 

Writing, Arithmetic, ·and 'Ready for the World of W.ork.·.. 

The pitat program '/fat;: so successful that Maxwell drew 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 Compaq Systempro file server, which offers several 

programs donated by Microsoft. 

Maxwell used Title I 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-1 066-DoED/CT!, 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 Inc. (TCI} and Reuters NewsMedia 

Schools and Programs Making Time Work for Students. (Washington: National 

Commission on Time and Learning. 1994.} 

The Computer Club 

Hefferan Elementary School 

Image Proeessing tor Teaching 

Learning through Collaborative Visualization 

Piscataquis Community High School 

Source 171 

Maxwell Elementary 

Muir Elementary 

Pease Middle School 

The Gameo Program description was developed from materials provided by the 

Dalton School. 
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PuU OuotllS for Technology Report 

"At Texas lostruments we-at'e doing thtu d.mes as mIlCh business today as we were len years ago. 
We haYt! learned bow to use tedu:tology efTectively to enhance aU facets oUhe busiues.s." 

BusJness uader 
QUOTE I San Antonio Forum 

"We need • Dew idea of 'eoUeague.' I am getting the Idea tbat my colleagues should be coDege 
prof($S(Jl'S. cable television educators, local PBS education peo~ local senite dub qmobers, IotaS 

business people. state edueation peoplt., software dffeIopers...• These connedions 
should be an essential part of an 'Infrastructure.' n 

r~cher 

Qt:OTE 1 On-Line Forum 

"Oot thlng lUke about the computu is that it does give 8 101 of InstructWu - and you don't need to 
have hearing to take advantage of the instruction," 

Cclltgt Student with tl Hearillg Di.iabiiity 
QUOTEJ COlUumu uyjew panel sponsored by US. Deparrment ofEducatiQn 

"1 must say Wond Wide Web Is the bf$t place there Is if you want to rmd Wormadon fast aDd easy, 
The last m»JoT project J began required me to find information on both Aotarctica 

and New 7a1ud and I found It quiddy through N~pe. 

Student 
QUOTE 4 On-line Discussion 

~lIc education has never hem equaJ. Technology simply makes that more' evidl!Ilt." 

Parent in Richrmma, Virginia 
QUOTES Focus Group 
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Pull quo\<" for teehnology report 

"If classes aren't offered on bow to use computers ad teclwology to build skills and get jobs. 
it is a disgrace. Think of the future and aU the skills our childrm will need.~." 

San Antonio Parel'll 
QUOTE 6 R~gioft(l.! FOnmf Participant 

'«)ffidals really needs to step up to the ludenbip plate on this. We bave to melre sure tbe public 
understands the stakes mvoivM in getting technology into the schools 

Principal 
QU0TE7 , RAND Workshop on Professional Df!Vlf/opml!nt 

f'l've Dn'~ round anything that would keep students rudiq and writing for an endre period 
until the ·oet.... My fI«Obd.graders just fftdvrd. a letter from 8 school 

in New Deihl, India. Guess wb.icb country we are now studying?" 

TeaeMr 
QUOTES un·LiIU Forum 

"How do J use tedmology? t usc the word processon: in the computer Jab.... 1 have an Internet 
account which 1 have used to research George Bernard Shaw aDd the earthquake in Japan. 

1 have used the school scanner to add pktu:res looo projects. The eard catalog system is networkfd 
between our two librarles. ... In my math class, we have 8 networked system ot IB~h.... 

Ou a schoorwide basis, computers figure out my .scbeduIe for next year. 
I'«Ord my abseMes. and bold my grades aDd ooUege information." 

Student 
QUOTE' On·Line Forum 

"'No matter bow good the,teclmology is,. the money is Dot weU spent if 
teacMf'5 cao~t traoslate it into leamlng/'. , ' 

Pannt in Rlchmc}fId 
QUOTE 10 Pocus Group 
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PuU quotes for te<hnology report 

"How many of us have visited schools after passing a tedmology levy only to find the new computers 
stackal in boxes in the coMler?" 

Stale PTA Leader 
QUOTE II SNllie Forum 

WOur survey indicates that parents are voting, with their dollars. Fll1Ilit.tes with modest Incomes an 
making incredible sacrifices to buy computers for their Idds." 

MarUting Expert 
QUOTllIl RAND WOTk$hop on Financing TechftCllogy 

''I was hi a computer lab in an Inner..clty high school installing some software. Row on row of 
gleaming..•oomputers ruled the:room .. one for each student... There was no sound, no discussions. 
no little squeals otlntertSt, no outward sign of Inner thought. '!"be girl next to me ..•was learning to 

type_. I asked the teacber, 'Do you ever use compu~n to teach something besides bow to use a 
computer?' 'What do you mean'! __ We couldn't. We haven't got enougb computers, We would 

need wore tKboology. That's our big problem, you know·" we haven't got "enough teclmology.' .. 

Computer S),$tems Designer 
QUOTE 13 On·Une Forwn 

"Anotbu problem is that many or the platforms in scllools an seriously outdated. 
We estimate that about 46 pe:n:enl o( DOS.rnadti:Des in scbools art incapable or operating Windows. 

And we also find a lot of old Apple lli still nosting around in scb.oots. 
long after the nst of the world has forgotten these dinosaurs.." 

Sofrware De~'el()ptr 
QUOTll14 . RAND Workshop 
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PuO quotes ror technology report 

·'You. can lose money Oil "bool sortwan- even if' you 5Uttftd 10 rontfring the entire uutrket! The 
analogy for textbook publishers would be if they ~d seD textbooks only to the library ... 

Software Devrwprr 
QUOTE IS RAND Workshop 

"'11M! technology Is here. Tile problem is not with the teduH'Jiogy) but with the corporate processes. 
Companies must fuodameutaJIy c~ the way they do business., and that's hard." 

QUOTE 16 Corporatt! E;r.ecutiW! 

"We have information ghfltoes right In tbe middle of oar cities." 

San AntQnio Parent 
QUOTE 17 Regional Forum Participant 

.... .. 
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Figure 3 

Computer Ownersbip by Hous-ebold& Ethnicity, 1995 


.. 
" 

m 
L 
~ 
~ 

" '"E 
0 
u 
m 
c 
c 

" 0 

m 
~ 

E 
0 
:J:-0 

~ 
m 
~ 
~ 

c 
~ 
U 
L 

" 0

40 

30 II AStafl 

tJ w'hlte 
III HlsPl'mlC

• Black 
Cl Urban Poor 

20 [3 ~*Jral Poor 

10 

0 



• 
• 

Figure 4 

District Use of Personal Computers by Brand aDd Purpose 
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Appendix A 

Glossary 


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

Jones Cable Television and In/ormation Infrastructure Dictionary. Fourth Edition, 
published by lones Interactive. Inc, 

Arthur Melmed. A Learning Infrastructure for All Americans. (Woiling Paper #93,6 of 
the Institute of Public Policy. George Mason University. Fairfax. Va.) lune 1993. 

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

AddressabUlIy In cable television. the ability of cable operators to remotely activate. 
disconnect, or seJectively descrambJe 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. Depanment of 
D.:..f\".fi3C t!ial developed the ARPAnet. 

Advanced technology. Refers to computer networks, such as the Internet and the future 
National [nfonnation Infrastructure (NIl), or "Information Superhighway"; interactive 
video connections for distance leaming: software tools and programs such as multimedia, 
simulations, and spreadsheets; and local, remote, and distributed digital storage 
technologies such as CD-ROMs and electronic libraries. 

Affiliates A cable television system that carries specific programming. For example. a 
cable system that carries programming from C-SPAN, Mind Extensjon University and 
ESPN is considered an affiliate of each of those cable programming services. 

ARPA""t A wlde·area network project financed by ARPA that developed packet 
switching a.... a technIque for ensuring continued digital communications in event of 
failure of individual telephone circuilS, A testbed initiated in 1969 grew to link many 
universities. research and defense establishments in the US. In 1983. military compUler
communications was split off into MILnet. The remainder deveJoped into the Internet. 

Associated broadcllstlng station The broadcasting station with which a remote pickup, 
broadcast base or mobile station is licensed as an auxiliary and with which it is 
principally used. - , 

Asymmetrical digital subscriber Hne (ADSL) A method in which phone companies 
use existing twisted~pair copper wires to 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 low data rates andlor analog voice transmissions in other 
directions (from customers to service providers). Video on demand is a proposed 
application for ADSL service. 

A·2 



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 during active 
scanning time integrated over a frame period 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 W ANs 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 OD demand (BOD) The ability of a customer to adjust or change the 
bandwidth of the connection to and from a network provider. Fractional DS-I 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 III (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. 

Ben oper-ating company (DOC) In telephony, one of the 22 regulated local-exchange 
caniers divested from the AT&T Bell telephone system by the Modification of Final 
Judgment (MF]) in 1984. The 22 companies are organized into subsidiaries of the 7 
regional holding companies (RHCs). RHCs are also called regional Bell operating 
companics (RBOCs,). 

Books..on-demand Network service that uses advanced electronic publishing 
technologies, including high speed printerlbinders. to produce a book within minutes of a 
request. 

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

Broadba.nd 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 generally understood to 
indicate either a fast data rate digital system or wide bandwidth analog system. 

Cable television A broadband communications technology in which multiple 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 c:ncompasses 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 
infonnation 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 infonnation. (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 exclu'sive communications path is established and used between the 
connected tenninals 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 infonnation or digital data can be 
transmitted, 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 1 to 
140 GBs and higher, and optical fiber at I. to 1000 Gbps and higher. 

Competith'e access provider (CAP) A carrier-like telecommunications company, often 
unregulated. that prQvides an alternative to the local exchange carrier (LEC) service for 

,.." "' large businesses. Fonneriy, 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 (D:Cs), and cable television systems. Also known as alternative access provider. 

CompuServe One of the nation's largest turnkey infonnation resources providing 
information services on demand. including news. stock quotations, and airline schedules; 
as well as electronic forums and EmaiL 
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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 
transmission time. On retrieval or.reception. the transformed data are decompressed to the 
original formal. 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 local area network (LAN) developed by Palo Alto 
Research Center of the Xerox Corporation. 

Fiber optks The technology of guiding and projecting light for use as a'communications 
medium. Hair-thin glass fibers that allow light 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. 

FOe transfer protocol (FTP) The application protocol in the TCPIIP 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. 

HDTV 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 prot~ol suite. 

Internet protocol (IP) The basis for forwarding dina 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 daHl transmission. 

Local area network (LAN) A data communications system used to interconnect a 
community of digital devices, usuaUy located within a single building or a localized 
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group of buildings. The devices may be pes, workstations, minicomputers, "inte!Hgent" 
instrumentation, etc. 

LocaJ 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 lnfotmation: text. audio and video images. < 

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

Narroweastlng Transmission of infonnation by electromagnetic means, intended for a 
particularly identified audience (for example, industrial television. special-audience cable 
television, and business. and professional programming). 

Packet-snitched 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, 

Protocol A fonnal description of data fonnats and rules that two computers must follow 
in order to exchange messages successfully. 

Router Hardware and software used to connect two LANs that have the same network 
architecture (as opposed to a Bridge). 

Simple Network Management Protocol (SNM) The network management architecture 
for the TCPIIP digital communication protocols, the de facto worldwide network 
standard, 

TI Une A circuit with bandwidth of 1.544 megabits/second, 

T3line A circuit with bandwidth of 44;746 megabits/second, The backbone of the 
Internet. financed by NSF. recently replaced Tllines with T3lines, 

TCPfIP (Transmission Control Protocolflnlernet Protocol), Set of communication 
protocols deve~oped with ARPA support to connect dissimilar networks. 

TELNET The application protocol in the TCPIlP suite thaI enables a user at a terminal 
to interact with a pmgram nfnning on another (often remote) computer. 

Two.-way cable In cable television. a distributioIl>system that has been designed to 
support normal "downstream" transmissions (from the cable headend to customers. as 
well as "upstream" transmission (from (;ustomer locations to the headend), Two way 
cable has been implemented in three different ways: reverse channel activation in existing 
systems. passive distribution. and dual cable systems, Two-way cable systems are not 
necessarHy interactive cable systems. 
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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-an-demand and other video-based services. 

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

Wide An~ Network (WAN) A general tenn used to describe a network, private or 
public, that covers a wide geographical area. 

' 
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Janet Herdman, Kansas City Schools, MO 
Asoria Hernandez, USCCR, KS 
Richard L. Hindley, SSSD 146, NE 
Leath. Holliday. USDAlNCC, MO 
Lynne Holt, Kansas Legislature Research 
Sharrilyn Horacki, Unified School District 164 
Dorinda IaQuinto. MiSSQuri Protection and Advocacy Services 

Suzette Jason. Des Moines, IA 

Dennis Jensen, Wayne Community School District, NE 

Pamela Johnson. IP'rV 
Marilon Joyner·Roza, Department of Elementary and Secondary Education. MO 
Susan Kana. LIFr. MO 
Heidi Kaschke, Office of Congressman Bereuter, NE 
Patricia Kells, State Board of Education, KS 
Phyllis Kelly, State Board of Education, KS 
Dave Knorr, Riverside Publishing Company, KS 
Robin Kerr, Nebraska Ligislature 
Bob Kessler, Knowledge Communications, MO 
Mike Kischen, Nebraska Department of Education 
PatricIa Knowles, Missouri Vocational Association 
Elvin Long, Department of Elementary and Secondary Education, MO 
Dan Lumley. Spring Hill, KS 
Frank Mack. McDonnell Douglas Aerospace, MO 
Breck Marion, University of Kansas 
Michnel Marsh, Youth Motivation, MO 
Rob Marshall, Mid·America, KS 
Rita Marshall. Sanford B. Ladd School, MO 
Glenda McCoy, Kansas City School District, MO .. 
Guy McDonald, Kansas Corp.Commission 
Bill Meek. Spring Hill; KS 
Kim Mills, American Cable vision, MO 
Bill Mitchell, University of Missouri 
Bob Moore, Blue Valley Unified School Distric~ KS 
Mary Jane Murchison, Iowa Parent Teacher Association 
Everette Nance. University of Missouri ¥ St. Louis 
Marcia Northrop, Lee's Summit, MO 
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Jennie O'Huhrey, Kansas City, MO . 
Barbara Paschke, Kansas Board of Regents 
Pamel. Peppech, Central High School, MO 
Judy Pfannenstiel, Chapter I TAC, KS 
Laura Pratt. RedOak Middle School, IA 
Sherry Rassette, Premier Pneumatics, Inc.. KS 
Phylli:; Raysdale, Kansas City School District, MO 
Jerry Richardson, SLMPD, MO 
Esther Richey, School 4050, MO 
Paul Roherts, Independence School District, MO 
Maxine Rodriguez, USDA, MO 
Ron Rohrer, State Board of Education, KS 
Kris Rupucht, Iowa 
Chuck Sears. Pan Educational Institute, MO 
Tom Sextro, Kansas State University 
Don Sirgrist, Plane County, MO 
Jerry Smith, Spnnt, KS 
Maureen Spence, Mehlville School District, MO 
Anita Steck, Kansas City School District, MO 
Charles Sterin, DAE Kansas City, MO 
Tammy Store, Nonh Kansas City School District, MO 
Raymond Stonn, Mormon Trail School, IA 
Walt Swanson, Harrisonville, MO 

, lesse Taylor, Des Moines, IA 
Lindal. Ther, Central High School. MO 
Cheryl Thompson.Simmons, lefferson City, MO 
Mark \Jhan, Telecom Technology Association, KS 
Don Vanderheiden, Broken Bow Schools, NE 
Larry Wade, Bellevue, NE 
Rohen Walters, Independence School District, MO 
Scree Weroha, Kansas City Public Schools, KS 
Blake West, Kansas NEA & Blue Valley Schools 
Russel Wheelock, Kansas City School District, MO 
Bernard White, Unified School Disrrict307, KS 
Don Williams, School Board, IA 
Joan Williams, Independence, MO 
lim Williams, Full Employment Council, MO 
Elinor Wilson, Kansas City Schools, MO 
Jeanie Wilson. University of Kansas 
Mildred Winter, Parents as Teachers National Center, MO 
James Wrenholdt, Nordic Software. NE 

Norlhwest Regional Forum - Seatlle, Wasbington 

Rohert Aline, Parent Teacher Association, WA 

Debbie Amble, Redmond, W A _. 

Michelle Anciaux. WA State Parent Teacher Association 
John Anderson, Office 'of Superintendent of Public Instruction. W A 
Sharon Babcock, KCTS Channel 9. WA 
Peter Bruley, The Boeing Company, WA 
Stacie Becker, The Boeing Company, WA 
Al Bell, Richland School District. W A 
Larry Bergen, Team Dynamics, W A 
Sheryl Burgstahler, University of Washington 
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Don Carnahan, Office of Superintendent of Public Instruction, W A 
D, Joseph Clark, Videodiscovery, Inc" WA 
Tom Cook, Oregon Department of Education 
Robert Crump, UPS Parent Teacher Association, W A 
Bill Dixon, Greater Albany Public School District 8J 
Rick Feutz, Kent School District, W A 
Terry Ford, Pacific Lutheran University, WA 
Rod Gandy, Puyallup, WA 
Anthony Gnanarajah, Catholic Schools of Western W A 
Bob Hagin, Northshore School District, W A 
Jake Hoffman, Department of Administration 
Diane Holt, Tahoma School District, W A 
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, W A 
Marilyn Luckman, Issaquab Middle School, W A 
Doris Lyon. Washington Education Association 
Patricia MacGowan, University of Washington 
Rachel Martinez, Videodiscovery, Inc., W A 
Frank McQueary, G,c.l., AK 
Conn McQuinn, Puget Sound Educational Service District, W A 
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, W A 
Dwight Omquist, Alaska Public Utilities Commission 
Kathy Panfili, GTE, W A 
Cathy Parise, Office of Superintendent of Public Instruction, W A 
Manuel Pereira, Tacoma Public Schools, W A 
Jan Perry, Kimball Elementary School, WA 
Teresa Pints, State Utilities and Transportation Conunission, W A 
John Pope, Office of Superintendent of Public Instruction, W A 
Randy Powell, Condo Public School District #25J 
Dorothy Reed. University of Washington 
Robert Ryan, The Boeing Company, WA 
Cliff Sanderlin, Kent School District, W A 
Jim Sanner, Oregon Department of Education 
Michael Sheridan, Office of Senator Slade Gorton 
Dennis Small, Office of Superintendent of Public Instruction, W A 
Nancy Stewart, Taboma School District, W A 
Lois SLiegemeier. Alaska Department of Education 
Peggy Strauss, Bellevue Schools, W A 
Brian Talbon, Educational Service District WI, 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, W A 

Northeast Regional Forum, WhIte Plains, New York 

Rachele Ackerman, Hackensack Public Schools, NJ 
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Lorraine AkJoni" Rahway Public Schools,l'J 
Pat Amanna, Purchase College, NY 
Gwendolyn Bacfor<!, Syracuse City Scho0l, University of Albany, NY 
Marilyn Barouch. Wood.Ridge Board of Education, NJ 
Linda Ball, Hunterdon Central Regional High School, NJ 
Melanie Bell, Classroom, Inc., NY 
Steven Benardo. Kiryas Joel School District, NY 
Marc Bernstein, Bellmore·Merrick CHSD. NY 
Joan Berzansky, Roselle Public Selmols, NJ 
Don Beverly, Southern Westchester BOCES, NY 
Ann Bigley, New York City Board of Education 
Julita Blair, School Without Walls, DC 
Ingrid Booska, Poughkeepsie, NY 
Linda Boo, Hunterdon Central Regional High School, NJ 
Kathleen Bongas, Rumson Fair Haven Regional High School, NJ 
Christine Brenick, New Berlin Central School, NY 
Doreece Brown, p.s. 167, NY 
Frank Buglione, Rahway Board of Education. NJ 
George Burroughs. Teaneck High School, NJ 
Dominick Caroastro, Erasmus Hall High School, NY 
Anthony Cavanna, Rahway Public Schools, NJ 
Loe Chapman, Baldwin Union Free School District, NY 
Patricia Chopig., Southern Wes!l:hester BOCES, NY 
Paul Christopher, Monmouth County Vocational School District, NJ 
Laurence Cocco, Garwood, NJ 
Fred Cohen, JFK High School, NY 
Gale Colden, Poughkeepsie City School District, NY 
Tracey Collins, e.S. 200, NY 
Susan Cook, Teacher Center at Purchase College, NY 
Gilbert Cox, New York State Education Department 
Rogelio Cuesta, DOCS, NY 
John F. Czetetl:o. Teaneck Board of Education, NJ 
Robell D'Agostino, Greenville Central School, NY 
Christine D'Ollon., Association of American Publishers, NY 
Solomon Davis, East Ramapo Community School District, NY 
Darlene Davis, Poughkeepsie City School District, NY 
Joseph Davis, Educational Technology 2()()(), Inc., DC 
Ni. Davis, School Without Walls, DC 
Sol Davis, East Round Post Central School District, NY 
John DeCesare, Cedar Grove Public Schools, NJ 
Charles DeVoe, New Yotl: State Education Depanment 
Robert Dillon, East Port Union Free School District, NY 
Lauren Donner, Community School 287, NY 
Sharon Doria, Cottle School Tuckahoe. NY 
Janice Dowd, Teaneck Public Schools, I'J 
John Dublanica, Ridgefield Public Schools 
Greg Dumas, Livingston Enterprises, NJ 
Margaret Dumes, Cornwall Central School District, NJ 
Judy Elies, Smithtown Community School District, NY 
Chris Embrey, Rahway High School, NJ 
Connie Epps, Peekskill City Schools, NY 
Debra Euenberg, Western Suffolk BDCES, NY 
Bruce Buenberg, Community School District 30, NY 
Petronella Feaster. Mount Vernon Public Schools, 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, UCPlWestchester, NY 
Aone 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. III, NY 
Michad Johnson, New Jersey Education Association 
Aonette Kaplan, Union City Board of Education, NJ 
Peter Kelman. Pantecha. Inc., NY 

Ed Kern. 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 Maci.>ertnaid, 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 McAodrew, Willingboro Public Schools, NJ 
Dan McCann, Pearl River Schools, NY 
Connie McCarrick, Addison Central School, NY 
Raymond McCIoat. 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, South Orange-Maplewood School District. NJ 
John Moreno. DVRS. NJ . 
James Mullevey. Rumson Fair Haven Regional High School. NJ 
Susan Mullins, Bergen County Technical Schools, NJ 
Frank: Nemoise. New York State Prison 
Sandra Nice. Garrison Union Free School. NY 
Lonnie Palmer, New Rochelle, NY . 
Debbie Parent. St. Joseph's Community School. NY 
Diane Paszkowski. South OrangeIMaplewood Schools, NJ 
Anjna Patel. Poughkeepsie, NY 
G. Pentina. Newburgh Board of Education. NY 
Joel Petlin. Kiryas Joel School District. NY 
Bunon Potterman, Community School District 18. NY 
Gary Ramella. Union City Board of Education. NJ 
Judie Ranges. Wood-Ridge School District. NI 
Paul. Reddy. Allen-Stevenson School. NY 
Robert Regan, AT&T Technology & Infrastructure, NJ 
Peter Reilly, Lower Hudson Regional Information Cemer. NY 
Adria Reinglass, Community School District 13. NY 
Sonya Reucher, P.S. III District 30, NY 
Richard Rice. Montvale Public Schools. NJ 
Barbara Smev Richman. Research for Better Schools. PA 
Sharon Roberts. P.S. 167. NY 
Dani•.l Rodrigue, Piscataway Township Schools, NJ 
Frances Rosenstein. P.S. 159 Community School District 10, NY 
Gayle Rubenstein, Rahway Public Schools, NJ 
Nick Rudenstine. Classroom. Inc .. NY 
Carol Rusnak. Westfield Public Schools, NJ 
Annette Safer, Lower Hudson Regionallnformation Center. NY 
Janet Santana. Puerto Rico Department of Education 
Anita Saunders, Community School District 26. NY 
Judith Schwartz. Scarsdale Teachers Institute. NY 
Jack Schwartz, New York University Multimedia Center 
Salvatore Sclafani. P.S. 59 District 10, NY 
Ferdi Serim. Princeton Regional Schools, NJ 
Priscilla Sheeky, ucr. NY 
Carol Smith, Claremont Community School, NY 
Robert Smith. Wood-Ridge Public Schools. NJ 
Ted Smorodin, New Jersey Department of Education 
Jay Sommer. Long Island Unive"ity. NY 
Ted Sorota, New Jersey Department of Education 
Caml Squires. ML Pleasant Blythedale Union Free School District, NY 
Julia Stapleton..New Jersey Deparu,nent of Education 
Peter Stoil. New Yark State Education Department 
Barnett Storm, Cairo Durham Community School District, NY 
Brian Sullivan, Academy for the Advancement of Science and Technology, NJ 
Jeff Sun. N.E. & Islands Regional Educalion Laboratory. MA 
Debra Thomas, Rockland Teacher', Center, NY 
Sue Tomko, North Rockland Community School District. NY 
Ronald Treaner. Union City Board of Education. NJ 
Heidi Trombley, Poughkeepsie City School District, NY 
Anne Gilio Ttirtoro, Wood-Ridge Schools. NJ 
Bud VanGendeven. Ramapo Indian Hills High School District, J'iJ 
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Anthony Villano, Monmouth County Vocational School District,!'lJ 

Ronnie Wadsworth, New Berlin Central School. NY 

Joan Wallace. Greenville Central School. NY 

Karen Warner. Roselle Board of Education. NJ 

David Weaver. Sandy Creek Central School. !'lY 

Jeffrey Zahler, Community School District 30. NY 

A. Zangrillo, Long Branch Middle School. NY 

Mid..eontinent Regional Forum. Denver, ColoradO' 

Mary Baumeister, Black Hills Special Services Cooperative. SO 
John Bone. Westridge Elementary, UT 
David Brower. Novell. UT 
Joan Brummond, Affl.rhack Elementary, WY 
Paula Buttertield. Bozeman Public Schools, MT 
Judy Catchpole. State Superintendent, WY 
Steve Coffman, Missouri Department of Elementary and Secondary Education 
Julie Coleman, Mesa View Elementary. CO . 
Donna Copeland, Boulder Valley School District, CO 
Marsha Emerson, Wtngate Elementary. CO 
Judy Fernandez. Colorado Community College and Occuplllional Education System 
Glenna Fouberg, ALe-Central High School, SO 
Kathy Frank. Peck Elementary, CO 
Char Gatje, South Dakota Education Association 
Stan Hasting. Smoky Hill High School, CO 
Richard Jensen, Logan School District. UT 
Bobbi Karnil. Cable in the Classroom, V A 
Diana Kastelic. Smoky Hill High School, CO 
Lee KeIrn, Greater Barnes County Consortium, ND 
Dean Koppelman, Bottineau Public Schools. !'lD 
John Lee. Boulder. CO 
Stacy i.ensen. Simmons Junior High, SD 
George i.evin, Agar School District. SD 
Joe LinnertZ. North Dakota Department of Public Instruction 
Mary McNeil. JCAA, CO 
Nen Pederson, Cy Jr. High School. WY 
B. J. Pcll. Jefferson County Schools, CO 

Bob Pohly, Telephone Pioneers of America, CO 

Michele Robertus. Time Warner Cable, CO 

Steve Selle, West Jefferson Junior High, CO 

Marilyn Simmons. !'lew Public School District #8, NO 

Cindy Srnrz. Golden, CO 

Kathy Stlissen, Sioux Falls, SO 

Alan Wheeler. Wyoming Department of Education 

Pal Wright, Tele-Communications Inc.• CO 

Kim Zahniser, Mesa State CoUege, CO 

Susan Zinn. InsurancelFinancial Services. CO 
, 

Nalioual Selenee and Technology Couneil's Committee on Education and Trainlng 
National Plan Working Group 

Laura Breeden. Department of Commerce 

Gary Bridgewater, Office of Science and Technology Policy 

Martha Chowning, National Endowment of the Humanities 
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David Fisher, Department of Commerce 
Ed Fitzsimmons, Office of Science and Technology Policy 
Cheryl Garnette, DepartmenfofEducation 
Andy Hartman, National Institute for Literacy 
Don Johnson, Department of Defense 
Carole Lacampagne, Department of Education 
Bill Lewis, Department of Energy 

Bob Litman, Department of Labor 

Bill Mehojah, Department of the Interior 

Greg Parluun, Department of Agriculture 

Malcom Phelps. National Aeronautics & Space Administration 
Nora SabeUi, National Science Foundation 
Richard Silva, Department of Health and Human Services 
Arthur Tsuchiya. National Endowment for the Arts 

U.S. Department of Education Technology Working Group 

Julia Anderson, Interagency Learning Technology Office 
Kevin Arundel. Office of Educational Research and Improvement 
Donald Barrett. Office of Special Education and Rehabilitative Services 
Sue Belka. Office of the Under Secretary 
Eve Bither. Office of Educational Resean:h and Improvement 
Thomas Carroll. Interagency Learning Technology Office 
Jerome Comcowich. Office of Postsecondary Education 
Genevieve Cornelius, Office ofEJementary and Secondary Education 
Blane Dessy. Office of Educational Research and Improvement 
Norris Dickard. Office of Vocational and Adult Education 
Guy Hanuner. Office of Special Education and RehabHitative Services 
Gary Hanna. Office of Intergovernmental and Interagency Affairs 
Karl Hebenstreit. Office of Management 
Christine Jackson, Office of Elementary and Secondary Education 
Herbert lacobson. Office of Elementary and Secondary Education 
Neal Kaske, Office of Educational Research and Improvement 
Tom Kelley, Omce of LegisJation and Congressional Affairs 
Melinda IGtcheH. Office of Public Affairs 
Jack Klenk. Office of Intergovernmental and Interagency Affairs 
James Kohlmoos. Office of Elementary and Secondary Education 
Brian Lekander, Office of Postsecondary Education 
Mary Lovell. Office of Vocational and Adult Education 
Charles Lovett. Office of the Under Secretary 
David Mack, Office of Educational Research and Improvement 
Gerald Malitz. Office of Educational Research and Improvement 
Carol Mitchell. Office of Bilingual Education and Minority Languages Affairs 
Mary Moran. Office of Elementary and Secondary Education 
Catherine Mozer. Office of Educational Research and Improvement 
AJex Poliakoff. Office ofMan.gement 
Ellen Schiller. Office of Special Education and Rehabilitative Services 
Barbara Scott. Office of Management 
Ram Singh. Office of Educational Research and Improvement 
Rohert Stonehill. Office of Educational Research and Improvement 
Keith Stubbs, Office of Educational Research and Improvement 
Joseph Wilkes. Office of Educational Research and Improvement 
IGrk Winters. Office of the Under Secretary 
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