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Fo reword

omputers, telecommunications networks, and other technolo-

gies have become increasingly central to the American way of

life. The nation’s schools are also investing substantially in

technologies for education. What will be the impact of these
technologies on schools in the near future? Will there be dramatic
changes in teaching techniques, curriculum, staffing, and even the con-
cept of school as a result of investments in these tools? What kinds of
visions can we foresee for education over the next decade, if technology
use is supported? What factors affect the likelihood of meeting these vi-
sions? What role might the federal government play?

In the fall of 1994, the Office of Technology Assessment (OTA) com-
missioned five contractors to write papers dealing with these issues. In
June 1995, the contractors and a number of other prominent educators
were invited to OTA for an all-day workshop to discuss these papers and
the issues more broadly. This background paper summarizes the work-
shop discussion and contains the commissioned papers in their entirety.
OTA gratefully acknowledges the contributions of the individuals who
participated in these efforts.
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Education and
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Future
Visions

BACKGROUND FOR THIS STUDY
Several times over the last decade, Congress has asked the Office
of Technology Assessment (OTA) to examine the status of
technology in American education from various perspectives. In
the 1988 studyower On! New Tools for Teaching and Learn-
ing,X OTA looked at the use of computers and other technologies
in K-12 schools. In the 1989 studljnking for Learning? OTA
focused on distance learning technologies, including improve-
ments in their affordability, flexibility, and educational applica-
tions. In the 1993 studidult Literacy and New Technologjés
OTA looked at technologies for providing literacy instruction to
adult learners. And in the 1995 stutigachers and Technology:
Making the Connectigh OTA examined how teachers learn
about and use technologies and how various technologies can
help teachers improve their teaching and grow professionally.
Although each of these studies gave some attention to new or
emerging technologies and factors affecting their adoption, the

1u.S. Congress, Office of Technology Assessneaiyer On! New Tools for Teaching
and Learning OTA-SET-379 (Washington, DC: U.S. Government Printing Office, Sep-
tember 1988).

2U.S. Congress, Office of Technology Assessmgnking for Learning: A New Course
for Education OTA-SET-430 (Washington, DC: U.S. Government Printing Office, No-
vember 1989).

3U.S. Congress, Office of Technology Assessmedtlt Literacy and New Technolo-
gies: Tools for a Lifetimé®TA-SET-550 (Washington, DC: U.S. Government Printing Of-
fice, July 1993).

4U.S. Congress, Office of Technology Assessmiggsichers and Technology: Making
the ConnectionOTA-EHR-616 (Washington, DC: U.S. Government Printing Office, | 1
April 1995).
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studies focused primarily on the present, not the
future. But as technology advances more and
more rapidly, the future seems to arrive ever more
quickly. Decisions currently facing Congress

about telecommunications policies, funding for

education, and education program continuations
and consolidations will have impacts on school-

ing that could last several years, or even decades.

To make wise decisions, it is important that Con-
gress consider the long-range potential and im-
pacts of technologies for education. Where is the
nation’s educational system headed, how will we
know when we get there, and what opportunities
or difficulties may lie along the road?

In keeping with its role as an “early warning
system” for Congress, OTA commissioned sever=
al papers on the topic “Technology Trends and
Their Impacts on Teaching in the Future.” OTA

inside and outside of school, today and in the
future.

“Learning and Teaching in 2004: The Big Dig,”
by Beverly Hunter and Bruce Goldberg, lays
out a scenario in which students, teachers, and
the entire Boston community develop an exten-
sive body of learning experiences based on an
actual, major urban construction project, the
Central Artery Tunnel Project, currently slated
for completion in 2004. Hunter and Goldberg
envision fundamental changes in the nature of
schooling and lifelong learning and describe
how technological applications can bring to-
gether school, work, family, and neighborhood
in new learning environments.

Margaret Riel's paper, “The Future of Teach-
ing,” is told through the voices of educators in
2005 as they explain their school’s philosophy

asked the authors of the commissioned papers to and program to the district's quality review

consider future visions of schooling over the next
five to 10 years, taking into account recent trends
in technology, school reform, student demograph-
ics, and telecommunications regulation. What
might schools of the near future look like? Which
factors or incentives will influence the direction of =
change? What might be the positive and negative
implications of different future scenarios? What
are the roles of the various players in the educa-
tional system? How can schools help shape

team. The paper describes a new school orga-
nizational and physical structure, explains how
technologies support this system, and address-
es staffing, educational, and community con-
cerns.

“Year 2005: Using Technology to Build Com-
munities of Understanding,” by Robert Kozma
and Wayne Grant, uses scenarios to tell the
story of a “community of learners” from three
perspectives—connections from school to the

technology decisions to acquire the resources they outside world, to the workplace, and to the

need? How might the federal government help
achieve the most promising of these visions?

In response to OTA's request, five contractors
prepared papers in the fall of 1994. Each took a
slightly different approach to envisioning the fu-
ture of education:

= James Bosco’s paper, “Schooling and Learning
in an Information Society,” reviews the histori-
cal impact that various developments in com-
munications have had on learning. Bosco also
examines past changes in the institution of the
school and, rather than sketching a scenario,

home—and analyzes the social, pedagogical,
and technological implications for each per-
spective as demonstrated by the scenarios.
Larry Cuban’s paper, “Public School Teachers
Using Machines in the Next Decade,” dis-
cusses three possible outcomes of technologi-
cal integration in schools: that of the
technophile, the preservationist, and the cau-
tious optimist. Cuban assesses the likelihood of
each occurring and discusses the basis for his
prediction.

To supplement the information and ideas in

discusses the effects of technology on learninghese papers, OTA convened a workshop on June
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9, 1995, on the topic “Education and Technology: This background paper does not endorse any
Future Visions.® At this workshop 17 educators particular vision. Instead it analyzes various fac-
and researchers, including the authors of the coners likely to influence the different future scenar-
tractor papers, met with OTA staff to explore inios and lays out possible courses of federal action
more detail the issues raised in the five papers arahd potential state and private roles as discussed
to discuss other future scenarios and their policyn the papers and workshop.

implications. Also discussed at the workshop was

a sixth paper, by Chris Dede and Matt Lewis, enSUMMARY OF KEY POINTS AND

titted “Assessment of Emerging Educational\\\ORKSHOP DISCUSSION

Technologies That Might Assist and Enhance the Many factors are pressuring schools to make
School-to-Work Transition?” Although this pa- substantive reforms in curriculum, organiza-
per was written for OTAS assessmesarning to tion, and teacher roles. Employers are calling

Work:7_|\/I_aking the Transition from School 10 ¢4 jhgividuals who can manage large amounts
Workz IBiS alSorelevant , of information, solve complex problems, adapt
This OTA background paper synthesizes the to changing requirements with flexibility and

major themes and ideas from these futures papers creativity, and work in teanfsNew research on
and the workshop discussion. It summarizes the learning 1supports school environments in

views of the contractors and workshop partici- ich students can acquire advanced skills and
pants about possible future visions of schooling knowledge by working on meaningful prob-
over the nextdecade. The paper considers technol- lems? And parents, business, and students—

ogy and school reform in the context of the de- the “consumers’ of education—are asking

mands of the information age, changing views of schools to fill many roles, yet expressing dis-

Igarnlng, and cor_lfllctlng roles of SChOOlS.' !t CON-  gatisfaction with how schools are carrying
siders some key issues for these future visions, in- them out

CIUding changing curriculum and assessmeni, Technology can be an impetus for major school
changing roles for teachers and staff, an expanded reform or an instrument for making the current

view Ofd c_orr]nr;:unlty, fr’"?d co_nsu_jeranonsf school system more efficient and productive.
'?escsr?rf(l)?(t)(;y with the potential negative impacts o Many educational futurists advocate seizing

5 See page Vv for the roster of workshop participants.

6 Chris Dede and Matthew Lewis, “Assessment of Emerging Educational Technologies That Might Assist and Enhance the School-to-Work
Transition,” OTA contractor report, May 1995.

7U.S. Congress, Office of Technology Assessniegarning to Work: Making the Transition from School to W&KA-EHR-637(Washing-
ton, DC: U.S. Government Printing Office, September 1995).

8See, for exampl&yhat Work Requires of Scheh SCANS Report for America 20@@cretary’s Commission on Achieving Necessary Skills
(Washington, DC: U.S. Department of Labor, June 1991); William B. Johnston and Arnold H. Réackéarce 2000: Work and Workers for
the 21st Centurgindianapolis, IN: Hudson Institute, 1987); Anthony Patrick Carnepaherica and the New Econofftyashington, DC: The
Program and Freedom Foundation, 1994); Committee for Economic Develo@uoenécting Students to a Changing World: A Technology
Strategy for Improving Mathematics and Science EducdWashington, DC: Committee for Economic Development, September 1995);
Lawrence Mishel and Jared Bernstdihe State of Working Ameri¢Armonk, NY: M.E. Sharpe, 1994).

9 See, for example, Ronald D. Anderson et.lssiies of Curriculum Reform in Science, Mathematics and Higher Order Thinking Across

the DisciplinegfWashington, DC: U.S. Government Printing Office, January 1994); Barbara Means (ed.), “Using Technology to Advance
Education Goal3,Technology and Education Reforf8an Francisco, CA: Jossey-Bass Publishers, 1994); and Joan Bissell et. al., “Nation-
al Geographic Kids Network and Language Minority Students (Irvine, CA: University of California, Department of Education, July 1994).
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the former opportunity, suggesting that major selves be resources for showing, sharing, and

reform is required and that technology offers a discussing innovation. Support from all seg-

unique and powerful resource to bring about ments of society, public and private, will be re-

such change. quired if these resources are to be made
= One of the most promising aspects of technolo- available to all learners regardless of location

gy for education is how it can link schools, or economic situation.

homes, workplaces, and neighborhoods into

innovative communities that value learning TECHNOLOGY AND SCHOOL REFORM:
and offer rich learning experiences. This eNSETTING THE CONTEXT

hanced network of human resources that CarIlhe future visions discussed in most of the papers
participate in educating students may be the pap

most significant technological offshoot. As the fand atthe workshop assume a strong and symbiot-

TR : ic relationship between educational technolo
institutional framework shifts from an empha- and educatic?nal reform. The contractors a%
sis on “schools” to one on “learning communi- :

ties,” and as learning is distributed acrossvr:l]zrckhsgzpa'?ﬁlggza}gtrsm\/;a’x t?ﬁsr&l;% ng;usc(;_
multiple locations, questions about education. 9 9

governance and the traditional school structurrlJon system more prpductlve or c_sfflqent thanas a
will need to be addressed. means for encouraging and facilitating broader re-

= Technology teaching and learning tools alIowfonr(rjnlseg:nsir?hoglcflgggur;’l CL:irrZICL\J,\I,lthrr?’hfxctgl?r?.’
students and their teachers to contribute to thg 9. grappiing
information base with their own research anqcorporate t_echnol_ogy and how to encourgget_each-
products. If teachers and students are consioe-rs to use it effectively can treat these primarily as

ered not just consumers of information but alsg ngneernng challenges—which can be remedied

creators of information, new opportunities V(;'_T_g\ g?;?nizgilgﬁ;nden; Zr;g ;Laln:ansgt_agréc?]zglhge-
could be made available for funding education-_. nedpap ggest, .
ign and organization challenges to be remedied

al activities through the products and services " . o
they provide to the broader community. with substantive reforms. They maintain that

= Schools and communities will have to confrontt(':‘ChnOIOgy creates an impetus for major trans-

concems about e down sideof technaogy 210" 1 ' suon of schooing, e
including possible reductions and changes i ying

teaching staff, disparities in technology access,ormatIon in ways not possible pefore.
Several forces are converging to encourage

potential exposure of students to harmful mate- hool reform thouah technol Th include:
rial, and a de-emphasis of traditional instruc-zlC ool reto ough technology. These Incllde:
tional methods that work well for some . em:_;mds and too!s of the mformaupn_age,chang-
children. ing views of learning, and the conflicting roles of
= The federal government’s role could be mostSChOOIS'
important in articulating a vision of how .
technologies can support improved communi_ Demands of the Information Age
ties of learning. Federal support could take théd major driving force in school reform is the
form of seeding innovation, showcasing thetransformation of the American economy from
most promising local initiatives, and helping to one based on industrial production to one based on
cross-pollinate the best practices. Telecommuinformation creation and exchange. In their paper,

nications and other technologies can thembede and Lewis describe this chaife:

10 Chris Dede and Matt Lewis, op. cit., footnote 6.
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In the past, preparing learners to compete ef-
fectively with other Americans in our domestic
economy was sufficient to ensure their prosperi-
ty. However, the evolution of world-wide mar-
kets means that U.S. employers and employees
must be more adept than their global competi-
tors at meeting the needs of a very diverse range
of customers. In this new economic “ecology,”
each nation is seeking a range of specialized
niches based on its financial, human, and natural
resources. Developed countries, which no long-
er have easily available natural resources and
cheap labor, have difficulty competing with ris-
ing-star developing nations in manufacturing
standardized industrial commodities. However,
America is utilizing her strengths (technological
expertise, an advanced industrial base, and edu-
cated citizenry) to develop an economy that uses
sophisticated people and information tools to
produce customized, value-added products.

In the popular bookuture Shock! and subse-
quent worksi2 futurists Alvin and Heidi Toffler
use the metaphor of waves to describe the histori-
cal transformation of American society from an
agricultural society (the First Wave), to an indus-
trial one (the Second Wave), and most recently, to
an information society (the Third Wave)—each a
revolution of major proportions. Many, including

A shift to Third Wave schooling is reflected in
the kinds of institutions described in most of the
contractors’ scenarios. These new kinds of
schools have a “flat” organizational structure,
whereby clusters of teachers and students work in
groups on substantive group projects, bringing in
information and expertise from resources outside
the organization, with more shared responsibility
for decisionmaking and initiative—a stark con-
trast to the closed, bureaucratic, hierarchical struc-
ture found in many of today’s school districts,
buildings, and individual classrooms with their
production line approaches to education.

[J Developing Views of Learning

Other influences on school reform and the adop-
tion of new technologies are emerging views from
research about how children learn. Increasingly,
attention is being paid to one strain of cognitive
theory known asonstructivisma view that:

... advanced skills of comprehension, reading,
composition, and experimentation are acquired
not through the transmission of facts but through
the learner’'s interacting with content. This
constructivistview of learning is the wellspring
of ideas for many of the current curriculum and

some of the OTA authors and workshop partici-
pants, would agree with the Tofflers’ view that the

current school system, with its factory-like orga-

nization and inflexible boxes of space and tithe,

is a vestige of the Second Wave industrial society
and is quickly becoming outdated by the Third

Wave technological world. Without major re-

instruction reform efforts, calling upon schools
to teach basic skills withiauthenticand, hence,
more complex contexts in order to model expert
thought processes and encourage the use of col-
laboration and external supports so that students
thus can achieve intellectual accomplishments
they could not attain on their owf.

Authentic learnings emphasized in the scenar-

forms in school Organization and miSSionS, theyos presented in several of the commissioned pa-

maintain, schools will continue to prepare stu-pers. Hunter and Goldberg describe what they
dents for a world that no longer exists, developingnean byauthentic instructior®

in students yesterday’s skills for tomorrow’s
world.

11 Alvin Toffler, Future Shok (New York, NY: Random House, 1970).

12 Alvin Toffler, The Third WavéNew York, NY: Morrow, 1980); Alvin and Heidi Tofflegp. cit., footnote 8.
13 See, U.S. Congress, Office of Technology Assessrtiieathers and Technologyp. cit., footnote 4.

14Barbara Means (ed.), op. cit., footnote 11, p. 5.

15Beverly Hunter and Bruce Goldberg, “Learning and Teaching in 2004: The Big Dig,” OTA contractor report, November 1994.
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= Working on projects and problems of intrinsic solve complex problems are skills that all students
interest to the learner or a group of learnerswill need to succeed in an information-based soci-
rather than learning what everyone else of thety. It was suggested that constructivism is flex-
same age is expected to learn at the time.  ible enough to co-exist with other instructional

= Working in a hands-on mode with the physicalphilosophies. As Nancy Hechinger said, “It's not
and social world, in addition to and in interac-either direct instruction or contructivism or col-
tion with abstract symbols and words and electaborative [work] . . . we know a lot about learn-
tronic representations. ing and sometimes one is appropriate and

= Learning something at the time a learner issometimes another is appropriaté.”
ready and motivated to learn it—perhaps The importance of nurturing in children the
because it is needed to solve a problem or conkind of learning that they undertake naturally out-
plete a project, or perhaps just from developside of school is not a new idea. Eighty years ago
mental readiness, or curiosity, or socialJohn Dewey said:
pressure—rather thanin a preset curriculumse-  \ynat is learned in school is at best only a

quence. _ small part of education, a relatively superficial
= Continual learning. part of education; and yet what is learned in
= Learning in an interdisciplinary context, rather  school makes artificial distinctions in society
than in separate subjects and isolated topics; and marks persons off from one another. Conse-
working on a project in depth, rather than cov- quently we exaggerate school learning com-
ering many topics superficially. pared to what is gained in the ordinary course of
] Working direcﬂy with peop|e from other p|aces living. Rousseau was almost the first to see that

through books. process of self-preservation and of growth. If we

= Learning through teamwork want, then, to find out how education takes place

= Producing something of real value to someone, oSt successfully, letus goto the experiences of

. . children where learning is a necessity, and not to

= Using the real tools for intellectual work that the practices of schools where it is largely an

are used in the workplace, rather than oversim-  a4ornment, a superfluity, and even an unwel-
plified textbook techniques. come impositiod8

= Basing assessment of student progress on per-

formance of real tasks, rather than artificiala

tests.

Futurist George Leonard described learning as
n “ecstatic” process that changes the ledfher.
Believing that this kind of learning occurs natural-
Contructivism also takes advantage of the stuly, Leonard saw no reason why schools cannot
dent’s natural inclination to learn through experi-produce “ecstatic education,” a view shared by
ence and to “create mental structures. . .whiclseveral OTA workshop participants who noted
organize and synthesize the information and expdhat their views of education had been strongly in-
rience which the individual encounters in thefluenced by Leonard’s work. These beliefs are
world.”16  Workshop participants discussed central to several scenarios presented in the OTA
whether constructivism might just be anothercommissioned papers.
educational fad, but most agreed that the abilities Some reformers have taken these ideas to the
to construct knowledge, value complexity, andextreme of suggesting that education can and

16 James Bosco, “Schooling and Learning in an Information Society,” OTA contractor report, November 1994, NTIS No. 95-172227.
17 Transcript of OTA workshop, June 9, 1995, p. 173.

18 John DeweySchool of TomorroWNew York, NY: E.P. Dutton & Co., 1915), cited in Bosco.

19George Leonardzducation and EcstagiNew York, NY: Delacorte Press, 1968).
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should occur independently of schools. Lewis Today, schools are being asked to assume still
Perelman, for example, suggests, “If learning isnore responsibilities and are blamed unfairly
everything, everywhere, how do we confine it towhen they cannot solve all social problems. Work-
the box of a classroom? We can’t. Then what'’s thehop participants identified the following impor-
point of having schools at all? There isn’'t aRY.” tant, but often conflicting, roles of schools:

The commissioned papers and workshop par- _ _ o
ticipants rejected this concept, primarily becausé@ Custodianship—giving parents a safe place to
it ignores the teacher’s role in guiding learning Send their children, a nurturing home away
and helping students put their understanding in from home. .
context. Furthermore, to say that schools are ext Credentialing and work preparation—prepar-
traneous ignores other inherently valuable fea- iNg graduates to meet the requirements of high-
tures of the institution of school and neglects the € education and employment.
opportunities that schools provide for students td Cultural conservation—transmitting the values
learn and work together as a community. Work- and shared traditions of the society.
shop participant Bruce Goldberg said, “We forget* Intellectual nourishment—producing people
that schooling is a whole lot more about working With well-rounded minds, a love of learning,
with people than it is about working with ~and a sense of themselves as creative, lifelong
ideas. . .the only value of an idea is in a communi- learners.

n21
Y- These multiple and sometimes conflicting

0 Conflicting Rol f School roles create tensions among educators who are
ontlicting Roles of Schoo having trouble satisfying any of them fully. Many

Throughout history, public schools have beersyggest that schools are not fulfilling these roles
asked to assume many social and cultural roles ighen:

addition to their academic functions. As one edu-
cator has stated, schools are “the mainstay of our children bring weapons to school and are shot
publicly determined means of rearing our children  on playgroundg2

. our all-purpose institution for childreA2 = American students no longer score at the top of
Over the years, schools have struggled to assimi- international academic comparisons;
late a large immigrant population into the Ameri-= high school and even college graduates find it
can culture, prepare all students for the roles that difficult to find jobs using the education and
they will play in society, and provide a level play-  skills they learned in school;
ing field for economic attainment through equal= individuals and communities cannot agree on a
access to education. American schools have been common set of values; and
remarkably successful in meeting these goals many children are no longer being challenged
considering the vast challenges involved. in school.

20| ewis J. Perelmar§chool's Out: Hyperlearning, the New Technology, and the End of Edu@&anYork, NY: William Morrow and Co.,
1992), p. 55.

21workshop transcript, p. 78.

22 patricia Graham, “Assimilation, Adjustment, and Access: An Antiquarian View of American Educaganiing from the PasDiane
Ravitch and Maris A. Vinovskis (eds.) (Baltimore, MD: The Johns Hopkins University Press, 1995), p. 4.

23gee, for example, Office of Technology Assessmmblescent HealttOTA-H-467 (Washington, DC: U.S. Government Printing Office,

June 1991); and U.S. Congress, Office of Technology Assesstigks o Students in Scho@$A-ENV-632 (Washington, DC: U.S. Govern-
ment Printing Office, September 1995).
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These perceptions exist in public discourse and This issue of diminishing value is even more a
the popular press and are causing many people pwoblem for the high school graduates who do not
question the mission of schools today. go onto college. There is widespread concern that

Workshop participants agreed that the protecmany high school graduates do not possess the
tive, custodial function is often the most central ofacademic and entry-level occupational skills nec-
the various demands placed on schools. Todagssary to succeed in the changing U.S. work-
with most parents holding jobs outside the homeplace26
schools are the places children go while their par- Schools are also responsible for transmitting
ents work. But as crime and violence have inthe social and cultural values of society, the cus-
creased, infiltrating the schools in  manytoms and “rational myths” that define the commu-
communities, confidence in the schools’ ability tonity.2” Today this is increasingly difficult, with so
provide quality care has dropped. As one workmany different views of what our culture is, has
shop participant said, “They're not safe enoughbeen, or should be. As Robert Kozma observed,
and if you put in more metal detectors, that's notThe culture is becoming fractionated and so
going to help it. And if [students] get to school andschools are going to be fractionated. There’s less
there is no social fabric within the school itself, theconsensus and there’s less impetus to move for-
parents aren’t going to believe in the inherent conward in some kind of systemic was®”
serving guardianship, custodial nature of Finally, as discussed above, schools have a
schools.24 mission to help children learn, in the purest sense

Schools are also charged with providing stu-of the word—to acquire knowledge for its own
dents with the knowledge and skills they need t®ake, build good habits of mind, develop a passion
succeed after graduation. Education has long bedar learning. This function of schooling has some-
the key to the American dream, and a high schodimes taken a back seat to others.
degree a passportto adecentjob. Increasingly, this Questions of educational reform are com-
is not the case, as even college graduates struggieunded not just by the multiple roles of schools,
to find jobs commensurate with their credentialsbut also by the multiple “customers” for school-
As the value of the educational credential being, as workshop participant Stephen Marcus ex-
comes less clear or less potent, the educationplained2®
system as a whole is called into question. James
Bosco explained this dynamic as follo#?s:

If they are there [at a university] because they

To the extent that we talk in terms of the
schools providing a custodial function, it seems
that the customer for the school is the parent

believe that if they do it right and follow the
rules, that somehow or other, good things hap-
pen as a result of this, then many of them are in
for a very, very disconcerting realization. What
happens when there is a growing realization that
the currency that we issue in schools no longer

somehow, whereas if we talk about schools
building community, then the customer for the
school is the student somehaw. Totheextent

that we talk about preparing students for the
work force, sometimes it seems as if we're talk-
ing about the good of the employer a little

has value?

24\Workshop transcript, p. 77.

25Workshop transcript, p. 101.

26 see, for example, U.S. Congress, Office of Technology Assesdmeantjng to Workop. cit., footnote 7.
27 James Bosco, op. cit., footnote 16.

28\\orkshop transcript, p. 54.

29Workshop transcript, p. 109.
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more. ... Who's the key customer in the gence, which appears to “understand” who,
school? Whom is the school there to serve? what, and how it is teaching.
= Multimedia and hypermedia programMulti-
KEY ISSUES FOR FUTURE VISIONS OF media programs are designed to present in-
EDUCATIONAL TECHNOLOGY formation in the way that the mind assimilates

it, then allow the student to interact with the
material. In addition, hypermedia programs in-
terrelate data through concept maps based on
related ideas and material.
Computer-supported collaborative learning
technologis. Although these technologies are
“not as effective as face-to-face group learn-
ing,” according to Dede and Lewis, they “pro-
vide a strong surrogate for actual cooperative
learning.”

Modeling and experiential simulationEhese
range from “models that mirror the simplified
essence of reality to elaborate synthetic envi-
ronments that place students inside alternate
virtual worlds.”

Computer-based tools as learning enabler

The scenarios in the commissioned papers and the
workshop discussion suggest that technological
advances could ease the transition toward a form
of teaching and learning more appropriate for the
information age. The technologies that can facili-"
tate this change are available today; however, the
future scenarios assume a much more seamless in-
frastructure of computer, telecommunications,
and connecting technologies that allows students
and teachers decentralized control over their
educational environment. The commissioned pa’
pers and workshop discussion focused on ways in
which technology could affect such key reform is-
sues as: changing curriculum and assessment,
new teacher roles and staffing patterns, and ex-
panded views of the learning community. They ) :
noted, however, the importance of paying careful According to Dede and Lewis, these tools seek

attention to the potential “dark side of technolo- to develop f‘d'St”bUted intelligence, in which
gy.” the learner is free to focus on the concepts and

skills to be acquired” because the technology

. . assumes part of the cognitive load.

[ Technological Advances and Their = Central to all the visions of expanded technolo-
Potential for Education gy use for education are affordable, user-friend-

In their paper, Christopher Dede and Matt Lewis ly, telecommunications networks which all

defined several categories of technologies (basic students and teachers have easy access.

as well as more advanced) that can help with the The visi di dinthe f d
school-to-work transition process; these are e visions discussed In the futures papers de-

I licable to th | teachi &)end on technologies that, by and large, are al-
:Zluriir)]/g?)rr)gégzgi?e © the general teaching an ready available today (e.g., personal digital

assistants, small cellular phones and integrated
= Presentational computer-based training andpersonal communications systems, simulation
computer-assisted instructionThese pro- and modeling systems, collaborative computing
grams are predominantly tutorial or drill-and- environments, high performance work stations,
practice and use the computer to displayand extensive use of networks) or are under devel-
information and monitor student reaction. opment and likely to be affordable for schools in
= Intelligent tutoring and coaching systems.the not-too-distant future (e.g., interactive digital
These mimic some of a teacher’s cognitive abivideo and large flat-screen display technologies).
lities. These systems rely on artificial intelli- However, a major difference between the present

30Chris Dede and Matt Lewis op. cit., footnote 6.
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state of technology and the future visions is the ex- Integrated digital and wireless telecommunica-
tent and fluency of integration among varioustion technologies are also key in the Kozma and
kinds of technologies. For example, in “The BigGrant model, as their first scenario shéws
Dig” vignette, Hunter and Goldberg use a variety s he does every moming, Steve Early eats
of technological tools that are present today; what preakfast in front of the teleputer. While he
distinguishes their vignette from the present real- watches a program in one window, his personal
ity is the “seamless environment of technology communication service relays a video message
and information infrastructure and the fluency from his South African friend, Nelson, in anoth-
with which these tools are used to design and en- er window . . . This software agent presents the
hance learning experience®In “The Big Dig” story as it originated in Nelson’s (_:Qmmu_nity and
scenario administrative and instructional technol- then goes off to search for additional informa-
ogies are integrated in ways that enable decentral- ti0n about the train accident on GlobalNet. After
ized learning communities to access information Steve checks out the Net pointers, he constructs
(be it student health records or electronic student h-'s own agent to searc_h the' local gnd national
' ) video news service to find video clips that run

portfolios) W_here and when they need it. ) less than three minutes, sort them chronolog-

Students in the Kozma and Grant scenario Use cajly, and store them on the school server so he
a combination of technological and social sup- can access them later.
ports to “scaffold” their efforts to solve new kinds
of problems or address new content domainqm

Much like thelearning enablersn the Dede a”‘?' technology access outside of school. Families that
Levlv!s Lypography, the computer—“based Projectan afford to purchase computers are giving their
tool in the Kozma and Grant paper "steps studentg,yren an educational advantage, through sup-

: : . : _eﬁlementary learning activities and additional op-
fine their goals, prompting them to select activi-n o nities to do school work at home. Today
ties to accomplish these [goals], guiding them t bout half of college graduates and two-thirds of

resources, an(_j structuring their assessm&nt.” those with incomes higher than $50,000 report
The tool also gives guidance and feedback on thﬂ’lat their children use a computer at home

design, development, and execution of their proj- ompared with 17 percent of parents with a hiah
ects. This tool uses embedded coaching and intel- P P P g

; > > ""*school education or le$4.The papers commis-
ligent critic capabilities that are currently being onaq by OTA deal with this challenge by advo-
developed for advanced technologies. The tool

K | d Is visibl q q éating increased support for technologies for all
eep plans and goals visible so students do Nk, jents and teachers that facilitate better links be-

lose track. A$ studer_wts learn the process,_they affeen school and home and increased parental in-
expected to internalize the necessary skills. Thg | ament. These could include take-home

teacher is the important social “scaffold, prompt'computers for students, voice mail in schools and

ing, encouraging, and guiding the students,; o dedicated school video channels and inter-

through f[he process, and helping them put thSctive video links between school and home, per-
learning in context.

Access to technology in school is particularly
portant in light of increasing disparities in

31Beverly Hunter and Bruce Goldberg, op. cit., footnote 15.

32Robert Kozma and Wayne Grant, “Year 2005: Using Technology to Build Communities of Understanding,” OTA contractor report, Novem-
ber 1994, NTIS No. 95-172235.

33| bid.
34Times Mirror Center for the People and the Press, “Technology in the American Household,” Washington, DC, May 24, 1994,
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sonal digital assistants, and wireless modems. Trmation. In this scenario, information technolo-
be fully integrated now would require each stu-gy also opens communication between schools
dent or family and classroom to have theseand parents and provides new forms of documen-
technologies. Further developments of integratethtion and products that can be used to assess stu-
computing and communication systems may obeent progress.
viate the need for this variety of separate compo- In Riel's scenario, the traditional classroom
nents. would be replaced by learning centers, which take
advantage of what Riel calls the most significant
[ Changing Curriculum and Assessment  technological off-shoot: a rich network of human
Just as the future visions are based on informatioresources. Multi-aged groups of students would
technologies that already exist (even if they aravork in these centers, each of which would have
not widely available in schools and homes), mosa specific theme, and would learn to draw on their
are also based on changes already underway in tharying strengths for success. Assessment is
areas of curriculum and assessment that are tiedb@ased on a final exhibition of student works that
developing views of learning. Many states ands attended by the school and community. Riel's
professional organizations have developed curricfictional narrator explains the proce¥s:
ulum standards in many subjects that incorporate

! : ! ¢ We find that creating a museum exhibit that is
the skills of gathering, assessing, and handling

enjoyed by the community provides more intrin-

complex information and that call for instruction

based on challenging tasks and complex problems

grounded in the real world. These approaches
often require students to work in teams on projects
that cross traditional curriculum lines and to de-
velop collaborative problem-solving approaches.
As schools are attempting to provide more “au-
thentic” instruction, many states and school dis-
tricts are also developing new methods of
“authentic” assessment designed to provide more
in-depth demonstrations of what students know

and can do than traditional standardized test§h
These performance-based assessments often re-

. . . a
quire the use of technological tools from simple

wordprocessing to advanced multime#fia.

The scenario in “Year 2005: Using Technology
to Build Communities of Understanding” by Koz-
ma and Grant is based on authentic, or “projecté
based,” learning, in which teams of students witq
different strengths work together on real-life is-
sues of their choosing. By collaborating with
people in the working world on specific issues
students expand their pool of resources and in-

sic motivation to learn. At the end of every ses-
sion, the students spend time reflecting on their
work as they get ready for the exhibition. They
select their best work to display in the exhibi-
tion. But they also have to see how they mea-
sured up to the goals they set for themselves. The
exhibition provides a time for parents and com-
munity members to see what students have ac-
complished. Parents can see how their child’s
work compares with that of children of different
ages and abilities. The exhibition provides stu-
dents an opportunity to teach their parents.

“The Big Dig,” Hunter and Goldberg propose
other kind of model built around project-based

learning, interdisciplinary studies, and group acti-
vities, many of which use technological tools.
Students, educators, parents, the community, and
the workforce collaborate to complete a real proj-
ct and prepare exhibits about particular aspects of
he project. Students in this vignette are assessed
on the basis of their performance of real tasks and
the students’ contributions to the team. Teachers
-'also develop assessment plans that are evaluated

35See, for example, U.S. Congress, Office of Technology AssesSrestimg in American Schools: Asking the Right Quest@Ta-SET-519

(Washington, DC: U.S. Government Printing Office, February 1991).

36 Margaret Riel, “The Future of Teaching,” OTA contractor report, November 1994, NTIS No. 95-172219.
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by the outside experts who work with the stu-
dents3’

Despite their emphasis on authentic, project-
based learning experiences, Hunter and Goldberg

One of the teachers, the student assessment f€cognize the need for other kinds of instructional
specialist, and one of the children form a group experiences8

to review and formalize the evaluation plans.
They begin by locating the assessment archives
from last year’'s Tunnel Team exhibition. They
see there were some complaints from parents
last year that the evaluators had too narrow a fo-
cus and missed some important evidence of the
team’s creativity and communication skills.
They decide to avoid that problem by having
two levels of evaluation of the exhibition. They
call the two levels “Quick” and “Deep.” The
“Quick” evaluations will be made by interview-
ing visitors to the exhibition who would have
unpredictable kinds of backgrounds, skills, and
interests but who would represent a wide range
of viewpoints. The “Deep” evaluations will be

Learning is not always fun, engaging, or re-
lentlessly faithful to the real world. It can on oc-
casion require the repetitive performance of
tasks or intellectual battle with concepts and
theories that are unfamiliar, removed from
“reality,” even somewhat contrived. That is one
reason we believe that paying attention to stan-
dards, to what students are expected to know and
be able to do, is critical. Unlike past attempts at
making education ‘“relevant,” contemporary
preoccupation with authentic learning is
grounded in the belief that there should be ex-
plicit habits of mind, competencies and core
knowledge that all student are expected to mas-
ter.

made by a panel of ten people chosen from the
school communities’ database of teachers and [ New Roles for Teachers and Other Staff
expert reviewers. In creating the evaluation  gytensjve use of technology in the classroom typi-
plan, the group makes links in the database tothe 5, changes teachers’ roR%.Some futurists
individual Tunnel Team students’ personal de- /o o\ en maintained that technology, by allow-
velopment plans, the Tunnel Team’s education- . . . 2
al goals, and the emerging exhibit component ing students to mtera_ct dlregtly and |_nd_|V|duaIIy
plans. From these sources, they create packets of with content, makes it possible to eliminate t_he
background information and draft assessment teachef? Some teachers themselves fear that lim-
assignments tailored for each of the ten panel- ited educational resources may be used to pur-
ists—depending on their specialty areas— chase technologies in the expectation that fewer
learning, basic competence, communications human resources will be required. However, the
and collaboration, personal management, in- OTA commissioned papers and workshop partici-
formation management, mathematics, engi- pants suggest that technology will always be just
neering, inquiry methods, etc. one part of the learning equation. While techno-
The students then evaluate the plan and maKegical advances may make it possible for stu-
suggestions to ensure that it reflects all of theidents to progress at their own pace with materials
work. Without the technology, it would be much geared to their individual learning style, interests,
more difficult to collect, manipulate, and draw understanding, and needs, teachers are the crucial
upon these databases of information and personkithk between students and technoldgyvithout
development plans. the teacher’s guidance and enthusiasm for tech-

37Beverly Hunter and Bruce Goldberg, op. cit., footnote 15.

38 bid.

39U.S. Congress, Office of Technology Assessmitgachers and Technologyp. cit., footnotet.
40see, for example, Lewis Perelmanm, cit., footnote 20.

41y.S. Congress, Office of Technology Assessmitgachers and Technologyp. cit., footnotet.
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nology in the classroom, technology in schools is To fulfill our vision, teachers would need to
little used and poorly uséd.If education isto be  learn notonly to use the various technologies de-
reformed with support from technology, and ifin- ~ scribed in our scenarios, but also to design,
vestments in technology are to pay off, OTA finds structure, guide and assess progress _in Ie_zarning
that more, rather than less, attention should be ¢entered around student projects. This kind of
paid to teachers and their roles. t(_eachlggl, V"t?]'ch most t?jach?rs have rarely e:;pe—
- , rienced in their own education, requires wide-

This is not to say t_hat teachers ro_Ies should not ranging subject matter expertise, cqreativity and
change. l\_/Iarg{:lret Riel gave one major reason V\_/hy intellectual confidence. Teachers need to be
changes in this area are needed: “Teachers right comfortable letting their students move into do-
now do about six different jobs, and there’s norea- mains of knowledge where the teachers them-
son why one person has to do all six of those selves lack expertise; teachers need to have the
jobs.™3 Carrying out custodial and disciplinary intellectual confidence to be willing to model
tasks, collecting milk money, completing reports their own reasoning process when they encoun-
and paperwork often take more time than the more ter phenomena they do not understand or ques-
intellectually challenging functions that attracted ~tions they cannot answer. Teachers must be able
people to teaching in the first place—inspiring, t© roam from group to group physically and
guiding, advising, and coaching students and im- €lectronically, providing stimulation and coach-
parting expertise. ing without dominating the group process.

Most of the experts consulted by OTA recom- Workshop participant Stephen Marcus re-
mend significant changes in teacher roles anéarked that we all have mental images of the
school staffing patterns. Some commissioned pabad” teacher (the school marm or pedagogue) but
pers envision a transformation in the relationshipgluestioned why there are no “indelible iconic
between teacher and student, and some call fori@ages for the best kinds of educatidf.in re-
complete reconfiguring of instructional and ad-sponse, Bruce Goldberg related a story about
ministrative personnel. Several commissionedhanges in student perceptions of teacher roles. In
papers also propose that people in the school’s I& collaborative project with Boston College, re-
cal community (or networked community) play asearchers at Bolt Beranek and Newman worked
much larger role in teaching and learning by conWwith a classroom over the course of a year, inte-
tributing their talents, knowledge, and energies t@rating a range of technology-based innovations.
working with students and teachers. All the com-At the beginning of the year, the students had
missioned papers demonstrate how techn0|oggl’awn pictures of their classroom that featured the
can bring local or distant experts, advisors, parteacher as the dominant figure. By the end of the
ents, colleagues, or friends into the school settingroject, the students drew themselves—working
to provide additional teaching and learning redn groups and helping each other—as the domi-

sources. nant figures, although in discussion with the re-
searchers, the students also identified the teacher
Student-Teacher Interactions as exceedingly important. “The visual image of

The Kozma and Grant paper describes a new kinghat their life was like was not dominated by the
of interaction between teachers and studéhts: teacher, and that’s the distinction,” Goldberg ex-

42bid.

43\Workshop transcript, p. 247.

44Robert Kozma and Wayne Grant, op. cit., footnote 32.
45Workshop transcript, p. 257.
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plained. “The world that they inhabited was not

teacher directed, but the world that they inhabited

was impossible to conceive of without the facili-
tating work and nurturing care of that teacHeér.”

School Staffing Structures for Instruction
Margaret Riel's model calls for major changes in
school staffing structures for instructional posi-

mended for a peer review for the position of
master teacher. ... There is no pressure for all
mentor teachers to be master teachersYou
have to be at the rank of master teacher to be a
member of the principal or superintendent
teams. But master teachers don't have to be ad-
ministrators.

Riel's approach is designed to allow instructors

tions. She sets forth four new levels: learningwith different motives and capabilities to work at
guides (para-professionals), entry-level teachershe level of their interest and to create opportuni-

mentor teachers, and master teacRérs.

Learning guides don't require a great deal of
academic preparation, but they need to have
good skills in working with and motivating stu-
dents. ... We wanted to arrive at a system that
included those who wanted a fast entry into
working with kids, but also provided a system of
rewards, a career ladder that would attract tal-
ented men and women into the challenge of con-
tinually assessing and evolving the best possible
educational system. .

Entry teachers are beginning teachers. In
practice, most have full credentials, but they can
be hired with a provisional credential and finish
their credential work while they teach . The
difference between a learning guide and an entry
teacher is time rather than money. Entry teach-
ers have much more time for planning and for
developing ties in the professional community
of educators. It is these ties that will lead to pro-
fessional work and pay.

The transition tomentor teacherwill be
based on the productive use of this time
Mentor teacher positions are very different than
traditional teaching positions—one-third of
their time is free for them to take on other tasks
that are related to their developing area of exper-
tise. These might be consulting contracts, dis-
trict resource positions, foundations and
government grants, or work at the university in
either research or education .

After five years of teaching as a mentor
teacher, a teacher can request or be recom-

46\Workshop transcript, p. 259.
47 Margaret Riel, op. cit., footnote 36
48 Beverly Hunter and Bruce Goldberg, op. cit., footnote 15.

ties for teachers to advance without giving up
classroom instruction.

Community Involvement

Beverly Hunter and Bruce Goldberg predict a very
high degree of involvement by community mem-
bers in learning and teaching. In their scenario, the
concept of lifelong learning is valued by all mem-
bers of the community and almost every job in-
volves a great deal of teaching and learning. In this
setting, teachers are responsible for coordinating
learning both inside and outside the traditional
school environment and gain greater respect from
the community. Hunter and Goldberg note addi-
tional benefits that occur when teachers work with
teacher colleagues and other community mem-
bers48

In all these instances teaching roles are richer
and more vibrant than teachers now occupy.
Teachers are guides and mentors and learners,
rather than mere dispensers of knowledge. In-
formation resource facilitator, assessment spe-
cialist, technology expert, team manager and
facilitator, child development expert, subject
matter specialist—all these multiple roles
teachers are now beginning to assume must be
understood as unfolding within a team environ-
ment. Not every teacher need be an expert in
each role. What is necessary, however, are
changed expectations for, and conditions with-
in, the profession of teaching.
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How Technology Helps school as &uilding drops away. . .the school be-
While these changes in teacher roles, staffing, anebmes a consortium of available resources,
pedagogy can occur without technology, they ar@eople, teachers, and kids who can provide value
all easier to accomplish with technology. On theto others.?0

most basic level, technology can help with paper- In their paper, Kozma and Grant suggest this

work management, thereby freeing up valuablalefinition of community21

time for teachers to work more directly with stu-

dents. Technology can also facilitate other more
profound transformations by opening the teach-
er's world to new experts and resources through
telecommunications networks, by creating new
opportunities for collaborative teaching, learning,

and curriculum design, and by offering creative
learning environments, simulations, and experi-
ences, as shown in the scenarios.

The new roles, techniques, and teaching styles
proposed in the scenarios would require that
teachers receive significant training and continu-
ing support in such areas as project-based learn-
ing, authentic assessment, community outreach,
and technology integration. As OTA found in
Teachers and Technology: Making the Connec-
tion, this kind of preparation is far from the norm
in most teacher education programs and is seldom

A community is a collection of individuals
who are bonded together either by geography or
by common purpose, shared values and expecta-
tions, and a web of meaningful relationships. In
the communities that we envision in this pa-
per—what we call “communities of understand-
ing"—education is the common purpose,
learning is highly valued, and a high level of
academic achievement is expected of students
and their schools .. Today, schools, homes,
and workplaces function separately—con-
nected by geography and circumstances but
infrequently by common purpose and collabora-
tive action. But in our vision of communities of
understanding, digital technologies are used to
interweave schools, homes, workplaces, Ii-
braries, museums, and social services to re-inte-
grate education into the fabric of the
community.

provided as a part of continuing professional de- \jargaret Riel, on the other hand, reinforced the
velopment for those already in the classrdém. importance of both local and virtual communities:
_ “l see community in two ways, both the geograph-
U An Expanded View of the ic community and the virtual communities that we
Learning Community can create on-line. In the virtual communities, we
An expanded concept of a learning communityneed to bring together the educational community,
with stronger links among school, home, work-find ways for them to talk more with one another
place, and neighborhood, is central to several aind share what they’re doing?1n Riel'sscenar-
the future visions discussed in the papers and the, the local community plays a significant role in
workshop. In these future visions, technologyeducation, connecting the school to the working
provides schools with access to many more reworld and supporting the teachers through a
sources beyond the constraints of the traditionaschool-community council. The global communi-
“closed” classroom, to the point that, as workshogy offers additional resources, accessible through
participant Ted Kahn suggested, “the notion ofelectronic and telecommunications technology.

491.S. Congress, Office of Technology Assessnitgachers and Technolagyp. cit., footnote 4, pp. 165-206.
50 Workshop transcript, p. 224.

S1Robert Kozma and Wayne Grant, op. cit., footnote 32.

52\Workshop transcript, p. 323.
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One of Riel’s fictional narrators explains how
schools interact with both kinds of communi-
ties53

Many of the ideas for our plan have come
from our work on-line with schools around the
world. Working with distant teachers has re-
sulted in many new ideas that | don't think we
would have had without electronic connec-
tions. . . . By making it possible for our teachers
to work with the larger educational community,
they have developed expertise in national and
international arenas which enriches their teach-
ing and brings many rewards to the whole dis-
trict.

[In the local community] our Community
Council is a combination of our former PTA and
school site council. One of the things we do as
part of the council is to encourage all communi-
ty members to come to our exhibitions—even if
they don't have children. We want them to see
the school atheir school. Everyone needs to be
involved, not just parents.

The model presented by Hunter and Goldberg

in “The Big Dig” emphasizes how technology can
bring together learning, work, family, and neigh-
borhood in ways that are far from typical in
schools today#

Ten years ago [in 1995], teachers and stu-
dents spent all their time in “school buildings,”
sealed away from the vital life of learning and
information their communities offered. On the
other hand, the majority of adults were not a part
of the formal educational system and thus had
little opportunity to participate in organized
learning activities. Advances in communica-
tions technology had helped break down some
of the walls.

[As an outgrowth of several federal and state
initiatives] the Boston Metropolitan Education
Region (BMER) was funded by a combination

53 Margaret Riel, op. cit., footnote 36.

S4Beverly Hunter and Wayne Goldberg, op. cit., footnote 15.
S5 Robert Kozma, workshop transcript, p. 82.

56 Beverly Hunter and Bruce Goldberg, op. cit., footnote 15.

of these federal, state, industry, and local
funds. ... As its first pilot project, BMER is-
sued a Request for Proposal to students, teach-
ers, and community members inviting them to
design a nine-week project that would engage
all the participants in collaborative projects
without regard to the political boundaries of
their school districts.

Participants and contractors suggested that
technology is the key to making schools more in-
clusive and more connected with the home, the
workplace, and the local or global learning com-
munity. Otherwise, the scheduling, security,
transportation, and other realities make the con-
cept of an interconnected community of learning
seem “totally unworkable>® “The Big Dig” con-
tinues®®

[After a few years of juggling schedules to
continue supporting both individual schools and
the new collaborative projects] the very conten-
tious issue of scheduling had come to a head in
the BMER. It had been extremely frustrating to
try to conduct city-wide learning activities that
were constantly competing with the rigid class
schedules of the separate schools. The separate
schools were also at a point of crisis about sched-
uling because they were also attempting to con-
duct interdisciplinary project-based learning
activities that could not function in 45-minute
class periods .. [T]hey realized that the
technology they were using could free them
from some of the time constraints of their school
traditions.

Telecommunications technology makes it pos-
sible to “knock down walls” between schools and
the community. Group projects can involve
people from very different areas, even different
countries, and teachers and students can interact
on more equal footing with others in the outside



world. In the GLOBE prograff and similar tele-
communications projects, students around the
world become researchers, collecting, sharing,
and analyzing data on meaningful topics identi-
fied by international scientists, who then use the
data as part of a growing database on scientific
topics such as worldwide ecological change. For
example, one group is analyzing the effects of
ozone layer depletion on various species of pine
trees around the world. When the school and the
community beyond its walls, whether local or
global, become partners in the advancement q
knowledge and understanding of issues of com-
mon concern, the work of each of the partner§
within the learning community is valued by all
members.

Similarly, in the vision of Kozma and Grant, s There A

technology links students not just to their local
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ly, they will come up with some suggestions for
how to stop fuel spills. They will store their re-
port on the community video server and make it
available throughout the community-access
cable channel and send it to Nelson and his
South African classmates. The report will con-
clude by taking viewers to the Environmental
Chat Room on the GlobalNet, where they can
talk to scientists, environmentalists, and others
about the problem and potential solutions.

A sense of community, which is fostered and

aintained by technology, drives the interest of

e students in this scenario and pushes themto in-
estigate difficult subjects. Technology makes the
est of the world newly accessible and newly rele-
vant to them.

“Down Side” to Technology?

community, but to the global community. In their NOt @l contractors and workshop participants
scenario, a hazardous railroad fuel spill in SoutiVé® fully optimistic about the impact of tectmo-
Africa prompts students in a California school to!09ical advancements on education. The “dark
begin a project about how to make tank cars safetide Of technology” could include several aréds:
The project has immediacy for the students bes Downsizing of the teaching force as staffing
cause they can communicate with people directly patterns are altered. (Many workshop partici-

affected by the spift

The students decide to make an interactive
multimedia report as their final product. “You
need to think about your audience for the re-
port,” comments Mr. Shepherd, their language =
arts teacher, “and what they would want to know
about your topic.”

The students decide they will interview
Steve’s South African friend Nelson [a “tele-
communications-pal”] and ask his schoolmates
to collaborate with them by gathering video
images and other local information about the
train accident that can be integrated with the in-
formation they create. They will also talk to
community members in the McAuliffe neigh-
borhood and see whether there have been any *®
fuel spills in the area during the past year. Final-

pants felt that major changes in staffing, such
as those proposed by Riel in her paper, would
be challenged by teachers and administrators
who faced possible job loss.)

Greater inequalities in knowledge and skills
among different groups of students due to dif-
ferential access to technological resources.
Will adding more technology to the most tech-
nologically advanced schools exacerbate dis-
crepancies between the technology “haves”
and “have nots,” creating inequalities in access
to information between students who attend the
“have not” schools and students who attend the
“have” schools?

Concerns about whether learning through
technology is always the best way for students

57 Global Learning and Observations to Benefit the Environment (GLOBE), 744 Jackson Place, NW, Washington, DC 20503. For more

information contact info@globe.gov.
58 Robert Kozma and Wayne Grant, op. cit., footnote 32.
S9Workshop transcript, p. 150.
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to learn. Will an over-emphasis on technologywhether schools have access to technology and a
mean that students who would benefit from di-defined place in the National Information Infra-
rect, traditional instruction get lost in the structure.
shuffle of changing approaches to teaching and The current movement in education appears
learning? headed toward decreased federal funding, fewer
= Potential harmful influences from opening thefederal programs and requirements, and shifts of
sheltered class to the outside world. Telecomeducation responsibilities from the federal to the
munications networks could give students easstate and local levels. Together these develop-
ier access to questionable or dangerouments suggestthe need for policy discussions that
elements, such as pornography on the Interneéxamine the federal role in conjunction with state,
) ) . local, and private sector roles and that look at cre-
Proponents of rapid technology integrationayive options for providing financing and leader-
counter by saying that the edU(iatlon rgfornlerghip from a variety of sources, not just the federal
share this concern to avoid the "down sides” ofgy|. State and local policies for education, tele-
technology. One participant noted: “It's largely communications regulations, and the policies of
because we understand the dark side of technol@s.o| puplic utilities commissions are also critical.
gy that we feel such a responsibility to ensure the \yqorkshop participants devoted much discus-
beneﬂqal&)pphcaﬂons and to try to minimize thegion to the roles the federal government might
dark side. play in advancing appropriate uses of technology
to support learning. Many of the options men-
IS THERE A FEDERAL ROLE? tioned were consistent with the realities of limited
The viability of many of the future scenarios will féderal funding and fewer requirements on local
depend largely on value choices and economic ifzch00ls. The options suggested include support-
vestment decisions made by Congress, state affig and disseminating models of = effective
local policymakers, and the American public.Practice, providing research and development ac-

Realizing the most promising of these future vi-tivities, assuring equity, and encouraging new
sions will entail a greater commitment to educafunding sources. These federal options are not
tion—in both funding and energy—than the novel. What was unique was the consideration

United States is making today. However, advancediVen to how technology itself might improve
ments in educational technology and devemp:ra_ldltl_onal fedgral models _of evaluation, disse-
ments in educational reforms are taking place diination, funding, and equity.

the same time the nation is undergoing a very criti- ) )

cal debate about government and other institution-] Support for Models of Effective Practice

al responsibilities in education. The next five to 100ne clear federal role suggested by workshop par-
years are likely to see major changes in federatjcipants was that of evaluating, promoting, and
state, and local roles in education. Congress idisseminating the innovative and promising acti-
considering decisions that will greatly affect thevities already being undertaken by local centers of
amount of federal funding for education, the num+technology excellence. The federal government
ber and type of federal education programs, andould support and encourage the “scaling up” of
the nature of federal education requirements. Corthese kinds of innovative learning communities.
gress is also making decisions in the area dfinnovation is local,” said Beverly Hunter. “We
telecommunications infrastructure policy andhave to be locally opportunistic about the nature
regulation that will have an enormous impact orof innovation. Because each locality has different

60 Beverly Hunter, workshop transcript, p. 156.
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resources and different expertise. . .[consider] thé] Funding Sources

possibilities of getting synergy from sharing participants in OTA's workshop debated where
across Gli)calltles both  know-how and  re-f,n4ing might come from that could provide all
sources.”= children with equal access to the best available
Some participants suggested that the federgl, ning and communication tools. One sugges-
government establish mechanisms that encourage)  \was that the federal government provide sig-
creation a_nd sharing of local processes in SUPPOffificant start-up support for infrastructure
of education—empowerment zones—that pro'development, as was done with the interstate

vide incentives for business to develop Strongeﬁighway system. Another suggestion was to en-
relationships with schools, hospitals, or others: '

. L ) ; tourage private sector investment in schools
perhaps relationships in which shared invest ge p

tsin tel icat works benefit I'hrough innovative tax policy. As Nancy He-
lTS(eer:SS|n elecommunications networks benefit a hinger suggested, “What if you say to corpora-

tions that you could [choose to] not pay 10 percent

0 Research and Development Activities of your corporate tax if it goes to education? Or let
Consistent with the old saying about giving acvery corporation in the community elect, like the

hungry man a rod and teaching him to fish, the fedf_gderal income tax check off for Presidential elec-

eral government might subsidize the educationgf®ns: to allow a portion of their taxes to go direct-

. .. . 2
equivalent of the “better fishing rod” or “special Y 1 & school
worms"—development support for technological Others suggested that schools pay for reform

tools that help make localized activities more ef-2nd teéchnology investments the way that busi-

fective, such as software tools for better networf'€SS€s have: by reducing labor costs through elim-
access, curriculum materials using the capabilitied'@ling teaching or administrative positions,
of newer technologies, pornography firewalls, orreshuffling staff, or aut(_Jmatlng ce_rtaln QUtles with
new teaching tools such as those used in scien&chnology, and investing the savings in technolo-

experiments, mathematical reasoning, or desighY- This option is similar to the funding mecha-
activities. nisms proposed in Margaret Riel's scenario,

which eliminates some administrative positions
[J Promoting Equity in favor of collaborative teacher leadership and
Participants also expressed concern that issues @feates a new salary scale for the four levels of
equity remain central to the federal vision. Whileinstructional positions. Her scenario projected rel-
most welcomed the developments that are bringatively low yearly costs for reform despite sub-
ing powerful learning technologies into the home stantial technology investments.
many pointed out the possibility of even greater The Hunter and Goldberg scenario also as-
imbalances in learning opportunities among varisumes some cuts in personnel costs through work-
ous groups, including parents who can afford dorce restructuring. The main funding for “The
curriculum-based multimedia learning system forBig Dig” project, however, is envisioned to come
their children and those who cannot. How can imfrom a cooperative venture of local, state, and fed-
balances be corrected between the community thatal governments and private industry, working
commits an $8 million local bond to wiring the through a hypothetical “Boston Metropolitan
schools and the one next door that does not? Educational Region.” Hunter and Goldberg sug-

61\Workshop transcript, p. 280.
62\Workshop transcript, p. 295.
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gest that entities such as the BMER could be fi- Hunter and Goldberg also suggest that research
nanced through a combination of such means asind development about technology-based learn-

In addition, the Hunter and Goldberg vignettes
presume innovative use of space and facilities, in-
cluding:

money drawn from a “lfelong learning ac- ing and cognition could_be s_upported by requiring
count,” created for each citizen at birth and ex. percentage of funding in support of .SChOO.I
pendéd throughout an individual's life for a refc_)rm to be devoted to con_ductlng and dissemi-

. : L nating research on the learning outcomes of alter-
variety of learning activities;

revenues earned by non-profit educational cor?aﬁve approaches to teaching and curriculum,
) y non-p . Including the integration of technology into these
porations from the creation and sale of sociall

. Dactivities.
useful products or services and from leasing

space during off-hours;

income from “entrepreneurial education zone”WILL PROMISING VISIONS

activities, in which teachers and students proBECOME A REALITY?

duce knowledge with economic value, such agan the technological changes presented in the
selling information on Web pages, working most promising of these visions become reality?
with local businesses, or generating ideaswWorkshop participants were divided on how much
products, and information of value to commu-change can be expected in schooling. They con-
nities; and curred that change usually comes slowly to
support from the biotechnology, finance, soft-schools but they agreed that when required,
ware, and other industries for learning centerschools can and do change.

that train people and provide school-to-work As one analyst wrote, “Like battleships, the
transition services. schools are large, powerful, cumbersome institu-
tions, difficult to maneuver” and slow to change
direction®3 Nevertheless, schools have changed
when there is strong pressure or good reason;
schools today are the result of several generations
satellite learning centers, such as the publiof reform in such areas as desegregation, curricu-
educational facilities that businesses in Daddar emphasis, and special education. Reform
County, Florida and elsewhere have built orbased on technology presents many unique chal-
their premises; lenges, however. Past reforms were not dependent
shared use of public and private facilities, suchupon instructional technologies, and it was not un-
as municipal buildings, libraries, and corporatetil the 1980s that school reformers began to seize
job retraining centers; on electronic technologies as a way of “unfreezing
neglected buildings that could be renovated fothe perceived inefficiencies and rigidities of
educational use by public-private partnershipsAmerican schooling®

with incentives from federal enterprise zone In his early work, Alvin Toffler believed the
legislation; and educational system would be a leader in embrac-
new and renovated schools designed with adng technology, incorporating it long before in-
vice on best design practices from communitydustry and private organizations. He believed that
experts, foundations, or federally disseminatedchools by nature were more likely to embrace
research sources. change, citing a “venturesome spirit which stands

63 patricia Graham, op. cit., footnote 22, p. 4.
64| arry Cuban, “Public School Teachers Using Machines in the Next Decade,” OTA contractor report, November 1994, NTIS No. 95-172243.
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in total contrast to the security-minded orthodoxyschools maintain their current features but add
and conformity associated with the organizatechnology as animportant yet peripheral compo-
tion.”85 This optimism about school change wasnent; and the cautious optimist’s scenario, in
misplaced; 25 years after this prediction, busineswhich schools move slowly toward fundamental
and industry are technologically far ahead of the&ehanges in teaching and schooling using technolo-
schools, and schools are struggling to keep up dgies. He argues that the time and rate of technolo-
spite the benefits that technology offers them. gy-based school reform may vary by grade and
Workshop participants and contractors caukind of school. At the high school level, change
tioned against easy comparisons with businessnay be relatively slow, more in keeping with the
“Schools differ substantially from other institu- preservationist’s model, in which “policy makers
tions in their workplace characteristics, in the naand administrators put computers and telecom-
ture of teaching children, and in public munication technologies into school largely to
expectations . . . [school structures are] profoundimprove productivity but not to alter substantially
ly difficult to change.® Others noted the funda- existing ways of organizing a school for instruc-
mental difference between business, in which thé&on.”®8 At the elementary school level, the cau-
goal is to “do” and the bottom line is profit, and tious optimist's model may be more likely.
schools, in which the goal is to “be” and the bot- Cuban bases these different predictions on
tom lines are many (e.g., meeting the social manwhat he sees as fundamental differences between
date). They suggested that schools find their owelementary schools and secondary sch&bls:
models for restructuring and not take their guid- Public elementary and secondary schools dif-
ance from business. fer markedly in the complexity of content stu-
Larry Cuban explains his view of why the in-  dents face in classrooms, teachers’ formal
tegration of technology will not occur at the rapid training, allocation of time to instruction, and
pace many envisio? external arrangements imposed upon both levels
from other institutions. . . The point that | wish
to make is that how the age-graded school is or-
ganized for instruction at the two levels deter-
mines to a large degree which scenario will most
likely occur. The preservationist’s scenario is
most likely in high schools where academic sub-
jects reign, teachers’ training was in disciplinary
content, and the number of classes and students
teachers teach remains high. The cautious opti-
mist’s scenario is more likely to occur in

Technophiles . .. often minimize the power
of social beliefs that have endured for centuries
and perform important functions in society. Be-
liefs that teaching is telling, learning is listening,
knowledge is subject matter taught by teachers
and books, and the teacher-student relationship
is crucial to any learning dominate much popu-
lar and practitioner thinking. Most parents ex-
pect their schools to reflect those centuries-old

beliefs.
L Cuban’ ffers th . ; elementary schools where organizational differ-
arry Luban's paper oflers tree Scenarios o o ceg make shifts in practice possible and where

possible educational change involving technolo- hybrids of teacher-centered and student-cen-

gy: the technophile’s vision in which electronic  tereq instruction have, indeed, evolved slowly
schools of the future become widespread rather over the last century.

quickly; the preservationist’'s scenario in which

65 Alvin Toffler, Future Shockop. cit., footnote 11, p. 148.
66 _arry Cuban, op. cit., footnote 64.

67 bid.

68 |bid.

89 bid.
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The problem, suggested some workshop patthe level of commitment required to achieve
ticipants, is not so much in getting schools tomeaningful reform, or the role of technology in
adopt something new, but rather in getting them teducation reform. On the one hand, there are those
give up the old, thereby creating time, resourcesyho suggest what is needed are traditional ap-
and enthusiasm for the new. Far too oftenproaches: areturnto basics and greater investment
technology is an add-on rather than an “insteaih staff and textbooks rather than investments in
of.” Similarly, in order for teachers to take on newnew information technologies. On the other hand,
roles, they must be allowed to drop some of thenany communities around the nation are demon-
old; otherwise, they end up with an unbearablestrating how technology and reform can come to-
load of responsibilities on their shoulders. gether and produce effective resdfI he stated

The papers by Bosco, Riel, Kozma and Grantcommitment of the Administration to put all the
and Hunter and Goldberg anticipate faster changeation’s schools on the National Information
and more radical revisions in schooling than doetnfrastructure and the expressed interest of con-
Cuban’s. As described (box 1), the future is diffi-gressional leaders in increasing the use of tech-
cult to predict, and more promising futures do nonologies in education are promising steps, but

just happen. whether these goals will be fulfilled remains to be
seen. There is no guarantee that this vision will not
CHOOSING A FUTURE become another casualty of shifting culture and

The American educational system is at a crosgolitical winds.
roads as regards both technology and broader Perhaps the real factor that will determine the
education reform. More and more people insidduture of technology in education reform will be
and outside the schools are calling for deep anthe extent of the national commitment to a high
fundamental changes in school organizationlevel of learning for all students. As one leading
instruction, content, and processes. This climateducator observed, providing only data, even on
creates an opportunity for innovation that has peran information superhighway, may not be enough.
haps not been present for over a century. Technéte distinguished among data, information (data
logical advances provide additional impetus forwith a context), knowledge (information with use-
reform and also offer new tools for implementingfulness), and wisdom (knowledge informed by
their reform. sensibility and experiencé$.How do we Ameri-
Whether the nation will have the vision andcans define knowledge, let alone wisdom? How
commitment needed to make courageous choica we recognize it? What kinds of learning do we
about education reform remains to be seen. Oreally want for our children? How do colleges,
one hand, the cumulative evidence over the pasmiversities, and employers characterize and re-
25 years suggests that schools are more resistamaird different levels of learning? In 1948 Vanne-
to change and have less of the “venturesome spivar Bush and his contemporaries were concerned
it” that Alvin Toffler saw in them in 1978° And  with the creation of information, and in that con-
on a national level, there is no clear agreement
about the kinds of reforms needed in education,

70 Alvin Toffler, Future Shockop. cit., footnote 11.

71For a brief review of the state of the art in technology effectiveness research, see U.S. Congress, Office of Technology Assessrent,

and Technologyop. cit., footnote 4.

72 Stephen Marcus, panel discussion on, “Hypermedia and Lifelong Learning. . .50 Years After Vannevar Bush. . . And Beyond,” National
Educational Computing Conference, 1995.
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BOX 1: Predicting the Impact of Technology

Technological advances always invite speculation about their impact on the future Often projec-
tions about technology are wildly optimistic or utopian, and just as often they vastly underestimate the
impact of a technology An example of the tendency toward optimism is Thomas Edison’s claim that the
motion picture would result in the elimination of textbooks from schools. ' And a famous example of the
tendency toward underplaying isthe reaction of the chief engineer of the British Post Off Ice who, upon
hearing news of the invention of the telephone, reportedly told his colleagues, “The Americans have
need of the telephone, but we do not We have plenty of messenger boys “2 More recently, even presi-
dents of major computer companies have failed to foresee the huge demand for computers Shortly
after World War Il, Thomas J Watson, Sr., founder of IBM, “predicted that five machines would make up
the world market for computers ““And in 1970, Kenneth Olsen, founder of Digital Equipment, stated he
saw “no reason for any individual to have a computer in their home “

Other predictions have been close to the mark; in 1945, Vannevar Bush predicted the invention of
a device he called the “memex, " in which “an individual stores all his books, records and communica-
tions, and which i1s mechanized so that it may be consulted with exceeding speed and flexibility"*—not
far removed from today's computers with CD-ROMs and Internet connections

Similarly, past predictions about the future of education have also tended toward the utopian or
the dire, and have generally overestimated how quickly schools would change Futurists such as
George Leonard in his 1968 book Education and Ecstasy’share a view that schools and technologies
will advance together Many of today's education futurists, including most of the OTA contractors and
workshop participants, also suggest that the impact of technology on education could be profound For
example, in his paper “Schooling and Learning in an Information Society, " James Bosco describes
what he sees as the climate for change set in place by Information technology: °

There is little reason to believe that information technology will bring either heaven or hell to earth, but It I1s

clear that information technology s causing profound changes in how we live, work, play, and learn Many will
continue to debate whether Information technology 1s making our lives better or worse, but there islittle argument
that information technology 1s making our lives very different than they were before this technology was Invented

The changes caused by Information technology in what and how children, youth, and adults learn are not

something we await in the future, we are in the midst of these changes Information technology is transforming
the amount and nature of the Information content of civilization as well as the processes whereby this Information
isacquired The modest changes in the nature and conduct of schooling in recent decades stand amidst monu-
mental changes in how, when, where and what learning occurs in our society As Information technology-based
learning opportunities become increasingly ubiquitous and efficacious, schooling, teaching, and learning will
take on a new character and a new balance between school and non-school learning will be established

*Larry Cuban, Teachers and Machines The Classroom Use of Technology Since 1920 (New York, NY: Teachers College
Press. 1986), p. 9.

’A.C. Clarke, How the World Was Won (New York, NY: Bantam Books, 1992), p. 224, as cited in J. Bosco, p. 1.

’D. Leebaert, “Later Than We Think: How the Future Has Arrived,” Technology 2001 The Future of Computing and
Communications, D. Leebaert (ed.) (Cambridge, MA: MIT Press, 1991), cited in Bosco, p. 2.

‘Vannevar Bush, “As We May Think, “ Life, Sept. 10, 1945.

°*George Leonard, op. cit., footnote 8.

°*James Bosco, op. cit., footnote 33, pp. 2-3.

text, machines are capable of success. But the ulti- These papers and workshop created a basis for
mate goal—instilling wisdom—is amuch harder ~ discussion. The issues they raise for the future for
one to meet. America s children are too important to ignore.

1]



Appendix A
Schooling and
Learning in an

Information Society A

“We have now reached the stage when virtually anything we want to do in the field of
communications is possible: the constraints are no longer technical, but economic, legal,

or political.” Arthur C. Clarke(3)

hether one considers it a curse or a blessing to be bornin
“interesting” times, such is the plight or good fortune of
the current generation. Events and inventions of the past
several years strain credulity even for those accustomed
to seeing the unlikely occur. There is little doubt that the years at
the later part of the 20th century will provide a rich subject for his-
torians as they explain to future generations the remarkable
events of today. Those of us living amid this period of monumen-
tal change are faced with the difficult task of pulling back to gain
perspective to see what is so close to us.
No developments among those of the past several decades are
of greater consequence than those pertaining to information and
communications technology. We have come to the point where
indeed as Arthur Clarke says, “anything we want to do in the field
of communications is possible.” This audacious statement is cor-
rect even when we broaden the scope to include information/com-
puter technology; for indeed, the line between communications
and information technologies is sufficiently blurred so that it is
impossible to know where one ends and the other begins.
The relevance for students and teachers of a technology that | S
used by scientists, technicians, business people, public officials by
and others as the dominant means to create, store, and distribu
information is obvious. As computer applications for personal James Bosco
productivity become increasingly powerful and prevalent, and as Western Michigan University
networks become the “places” where scientific, technical, and
cultural information is stored, there is little reason to wonder if
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such technology belongs in schools. Schools, nootive. Railroad travel, he believed, would

less than other agencies, and more than mangisperse the population to rural communities. As
need to take advantage of information technologya result of the invention of the steam locomotive,
The essence of the issue for schools is this: If anfemerson believed that the time was coming when,
thing is possible, what should we make probablén his words, “the whole land is a garden and the
in schools? What should be done to make the inpeople have grown up in the bowers of a paradise”
mense capability of information technology a(14). Emerson’s prediction reads no more quaint
means for improving the lives of our children andor mistaken than the statements from computer
for enabling them to live productive and satisfyingproponents which abounded in the early 1980s
lives in an increasingly complex and changingabout a “computer revolution” which would trans-

world? form the schools and turn them into their own real-

Every new technology brings with it specula-ization of an educational paradise by the end of
tion about the impact of the technology on the futhat decade.
ture. Looking back, it is not difficult to find those  New technologies typically also generate a
who look silly because they badly underestimatedody of apocalyptic commentary. While Emerson
the significance of a major technological advancegreeted railroad technology as a means for im
Arthur Clarke tells of the reaction of the chief en-proving the human condition, his contemporary
gineer of the British Post Office upon hearing ofHerman Melville was among those who feared
the news of Alexander Graham Bell's invention.that the machines emerging during this time
He told his colleagues, “The Americans have needould undermine the human condition. The
of the telephone—but we do not. We have plentgheme of technology as a nefarious force which re-
of messenger boys ... " (3). This British Postalduces human control and denigrates human values
Official made the mistake of thinking that the tele-is longstanding. This has been the case with com-
phone would fit—or fail to fit—into the world as puters and information technology. Many persons
he knew it. He did not allow the possibility that thehave expressed the fear that computers would de-
telephone would generate other developmentpersonalize schools as children sat before a screen
which, in a sense, would remake the world so awithout any human contact from teacher or peers.
to create a place for itself. Similarly the impact of The record of past technologies suggests that
computer technology has been misunderstoothe consequences of technology are seldom, if
even by some who we might think would haveever, so consistent or unambiguous to warrant ei-
been unlikely to do so. Shortly after World War Il, ther the utopian or apocalyptic characterization.
Thomas J. Watson Sr. predicted that five machineBhere is little reason to believe that information
would make up the world market for computerstechnology will bring either heaven or hell to
and, as recently as 1970, Kenneth Olsen, thearth; but itis clear that information technology is
founder of Digital Equipment Company, was causing profound changes in how we live, work,
guoted as saying that he saw “no reason for any ipplay, and learn. Many will continue to debate
dividual to have a computer in their home”(17).whether information technology is making our
“Solemn prophesy,” J. B. Priestly is reported tolives better or worse, but there is little argument
have said, “is obviously a futile proceeding, ex-that information technology is making our lives
cept insofar as it makes our descendants laughvery different from what they were before this
(16). technology was invented.

Speculation about the impact of technology The changes caused by information technology
often takes a utopian tone; the technology is seen what and how children, youth, and adults learn
as the means to achieve whatever lofty goals thare not something we await in the future; we are
proponent espouses. Ralph Waldo Emerson, wha the midst of these changes. Information
believed that America was destined to be a pastaechnology is transforming the amount and nature
ral republic, hailed the advent of the steam locoef the informational content of civilization as well
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as the processes whereby this information is ac-

quired. The modest changes in the nature and con-

provide services previously provided by public
employees, such as custodial work, transporta-

duct of schooling in recent decades stand amidst tion, special education, etc. The most extensive

monumental changes in how, when, where, and
what learning occurs in our society. As informa-
tion technology-based learning opportunities be-
come increasingly ubiquitous and efficacious,
schooling, teaching, and learning will take on a

new character and the establishment of a new bal-

ance between school and nonschool learning will
be established.

CURRENT CONDITIONS IN SCHOOLS
In the past couple of decades, the plight of United

States public schools has been documented in
many books and articles; thus, a detailed account

is not necessary here. A brief recapitulation of key
aspects of the current status of schools will pro-
vide the context for the ensuing discussion.

= Widespread dissatisfactionWith the publica-
tion of A Nation at Riskconcerns which had
been building in the preceding years about the
American public schools coalesced and
achieved prominence. Concerns about declin-
ing test scores, the fitness of American young
people to provide the skills required by Ameri-

can business and industry, and the prevalence

of drugs and violence in American public
schools became a major issue in federal and
state political campaigns, as well as a popular
story in the print and broadcast media.
= Federal, state, and local reform effortsDis-

satisfaction about the status of the schools led
to the creation of America 2000 which was the
federal response to the need for a national re-
form of American schools. Many state legisla-
tures enacted reform legislation of various

use of “contracting out” by a public school was
announced in October 1994, when Minneapo-
lis-based Education Alternatives, Inc. entered
into a contract with the Hartford Public School
District to run its schools. The Edison Project
led by Frank Whittle was an even more ambi-
tious plan for school privatization. This proj-
ect, which began as an effort to develop a
nationwide network of schools under the aegis
of a private, for-profit corporation, more re-
cently has entered into negotiations with school
districts to develop contracts to provide
instructional programs in a manner similar to
Education Alternatives, Inc. By the later part of
1944, fiscal distress in the Whittle empire made
the future of the Edison project tenuous.

= Constraints. Even though school reform laws

have been enacted in states throughout the na-
tion, state law and policy is frequently a barrier
to change. Collective bargaining agreements
also offer a substantial obstacle to change. Col-
lege entrance requirements form yet another
barrier since entrance requirements play a sub-
stantial role in setting curriculum requirements
for high schools. Parents who may support cur-
riculum changes at the high school become less
supportive if it appears that the changes will
compromise their child’s college entrance. The
climate and morale of schools provides yet
another barrier. In some cases teachers and ad-
ministrators may resist change, but it is not un-
common to find instances wherein teachers
supportive of the need for change “do them-
selves in” with a self-fulfilling prophesy of fail-
ure based on past experiences.

types, such as charter schools, mandated schoolTechnology integration. Much of the discus-

reform plans from local districts, lengthening
of the school day or the school year, etc. At the
local level, thousands of reform projects were
initiated. While most of these were modest in
intent and scope, a number of more extensive
efforts were launched.
= Privatization. A number of school districts en-

tered into contracts with private corporations to

sion about schools and information technology
in the 1980s and 1990s has focused on how the
technology could be integrated with the exist-
ing fabric of life in schools. From a political, as
well as from a business point of view, this may
be a plausible stance. If the task is to sell com-
puters to schools or to persuade teachers to use
them, then it is sensible to try to make them fit
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into schools as they are now. If, however, thecan understand what can and should done in
task is to use information technology to reno-schools.

vate schools, then the disintegrative aspect of Information technology, which has caused a
the technology becomes the focus. Informatiortransformation in so much of how life is lived in
technology becomes a means for disrupting exthe waning days of the 20th century, has not by-
isting practices and for creating a new way ofpassed how learning occurs in American society
schooling rather than becoming an accouterand will affect schooling, even though such has

ment to the existing practices. not occurred to any appreciable extent at present.
Many persons have called for schools to be proac-
PURPOSE AND FOCUS tive with regard to the implications of information

This paper is written for the United States conltechnology for school practices. There is less rea-

gress, Office of Technology Assessment study erson tq be concerned r_:lbout the lack of p_roactive-
titled “Teachers and Technology.” The purpose oftess in schools on this matter than their lack of

the paper is to analyze the opportunities, prosr_eactivity. Teachers, administrators, and policy-

pects, problems, and barriers for technologicaf@kers need to understand what is happening all
change and its impact on K-12 schooling in thearound them_ and react _to cause the changes to
next five to 10 years. The question which serve gke schopllng har_monlous W'th. a new way of
as the focal point of this paper is: What are the im!Ving, working, playing, and learning.

plications of information technology for schools In_ order to l_mdersta_nd the full significance of
and learning in American society? the impact of information technology on human

The use of the two terms “schooling” andI|fe and learning in particular, it is necessary to

“learning” in the title of this paper is not a redun-SteP back and take a quick journey through a half

dancy. The pivotal point in this paper is the dis-miIIion years of human existence.

tinction between schooling and learning.
Learning refers to the fundamental human proces-EHE THREE GREAT CODES AND THE

by which individuals acquire the knowledge, CREATION OF HUMAN CULTURE

skills, attitudes, and perspectives which enabl®ver the span of human history, from the dawn of
them to function in society. Functionality requirestime to the present moment, there have been three
arange of complex skills such as language, undegreat inventions which have shaped the develop-
standing of rules of conduct and social interactionment of human culture. Each of these inventions
life skills such as required by the specifics of thehas been an innovation in communication, and in
environment wherein the individual lives, and aneach instance a new chapter was begun in the story
array of cognitive skills such as reading, writing,of civilization. The current generation is in the
etc. Schooling refers to the institution which, formidst of the invention of one of these codes and
the past century and a half in the United States, has witness to changes of a magnitude which are
been expected to accomplish the preponderance @dre; only a handful of generations among the
learning outcomes for children and youth.thousandswho have walked on earth have ever ex-
Schools operate within a framework of well-es-perienced events such as these.

tablished, and until recently, well-accepted poli- In the beginning was the thought. Certainly,
cies, practices, and conventions. The educationghere could not have been the word had there not
impact of information technology is not confined been the thought. Human beings have an inner life
to schools, and it is only when the broader im-of the mind. They think, and it is the ability of
plications of information technology for where homo sapien& be conscious of what he or she is
and how learning takes place in society beyond thehinking about which is the basis for the creation
boundaries of the school are considered that wef human culture. As a human being we can



Appendix A Schooling and Learning in an Information Society |29

“look” into our own mind and “reflect” on our the brains of the elders. By memorizing the accu-
thoughts. We see the faces of those whom we emulated knowledge of the society and by passing
counter, but we are not privy to their inner life un-it to successive generations by word of mouth, the
less they choose to tell us about it. Neverthelesgroducts of human minds achieved a durability
we know that their minds, like ours, are spinningbeyond the life span of the humans “who thought
a tapestry woven of thoughts and feelings. Writershem up.” Just as a person could leave the product
such as Proust tried to present a representation of their hands such as a bowl or an ax to their prog-
“stream of consciousness” in their work, but it iseny, speech now enabled them to leave behind the
terribly difficult to provide a completely faithful products of their mind—their stories, their truths,
representation of human consciousness becautieeir ideas.
of the dynamic and amorphous nature of con- Speech was responsible for the first and, in a
sciousness. sense, the most important information revolution.
Human beings had consciousness long befor&éhe spoken word provided a means for humans to
they had any particularly effective language sysput structure to thought and to transmit it to others.
tem to tell others about it unless a scream of paiBy so doing, information was created. Speech
a sigh of ecstasy, or a grunt of approbation is to bmade it possible for one person to tell something
considered a language system. The initial step ito another person, i.e., for one person to inform
the story of the creation of human culture was thanother. Information may be significant or trivial,
invention of the first great code which was used tdrue or false, valuable or worthless, but in each
put what was in the mind into a form which en-case the transference of information requires a
abled the transmission of the inner world of theshared coding system which makes the informa-
mind to others. Sounds produced in the larynstion intelligible to those who know the code. The
were used to represent cognition, and as languageture of the coding system and the second order
developed, increasing richness and subtlety of exconsequences which result from it create distinct
pression was possible. conventions, processes, and beliefs pertaining to
The invention of speech changed the humathe accumulated information of the culture.
condition. Even with the fullest power of our The second great step occurred with the devel-
imagination, it is difficult to get a good sense ofopment of a code which made use of graphic sym-
how different life must have been when human bebols to record speech. The earliest known use of
ings existed together without the ability to talk tographics was the cave drawings of the Upper Pa-
one another. With speech it became possible ndgolithic period, c. 30,000 - 10,000 BC, in south-
only for one person to see another’s face, but alseestern France. The earliest use of writing
to hear what was in their mind. Unlike the changesnvolved the use of written symbols for numerical
resulting from information technology which are information such as calendars, inventories of
occurring in the world at present, changes whiclproperty, etc. These cave drawings were probably
are propelling us from one era to a new one in thaot a primitive form of writing but were represen-
span of a generation, the development of speedhtional of important aspects of the life of early hu-
occurred over thousands of years. Thus, thenans in a way similar to primitive music and
changes in how the increasing sophistication oflance. The first use of graphic symbols as a means
speech affected the nature of human existend® code speech occurred around 3500 BC after
were so gradual as to be scarcely noticed. about 500,000 years of human experience with an
Speech provided a new dimension to human ineral tradition (27). The literate tradition was born.
teraction. Speech made thought a social commod- Several millennia later, the advent of printing
ity. With speech it became possible to make publiproviding a means for information to become
and to store human cognition. The knowledge ofmore popularized because of the favorable
individuals could be accumulated and the accueconomics of movable type as contrasted to man-
mulated knowledge of the society was stored iruscript production. Early printing simply auto-
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mated manuscript production. The form of theexplain why the value of pictures as an informa-
modern book did not fully evolve until about a tion source has been underestimated.
century after the invention of printing. A series of While both the oral and literate traditions are
inventive and generally unknown printers createdneans of constructing and storing the information
the form of the modern book with a title, author,of the society, there are significant differences be-
and publication information page, a table of contween oral and literate traditions. Writing made
tents, an index, and page numbers. An addition&nowledge much less precarious than it had been
line of developments created the modern libraryin the era of dependence on the spoken word.
which initially was private but later (largely stim- Enormous effort was required simply to maintain
ulated by private philanthropy) became public. Ashe existing knowledge so that the subsistence
more and more books become available, it becan@onomies of early societies could devote few re-
necessary to devise ways to retrieve informationsources into the expansion of knowledge. In pre-
Earlier such was not necessary since a literate peliterate societies the advances of knowledge, even
son would know of all of the books for which they substantial advances when they occurred, were
had use. The information explosion caused by theften not noticed. The advancement of knowledge
invention of printing necessitated the develop-within the oral tradition occurred though gradual
ment of systems for cataloging books, such as thevolution as it was transferred from person to per-
Dewey Decimal System. The economics of print-son or as it was publicly talked out. The advance-
ing along with the invention of new processes foiment of knowledge was a communal process;
the manufacturing of paper were sufficiently fa-there were no Newtons or Einsteins in oral cul-
vorable so as to make printed material—bookstures (27).
newspapers, magazines, encyclopedias—avail- Writing stabilized, depersonalized, and objec-
able to everyone who could read. tified knowledge. In the oral tradition, the elder is
For most of the era of literacy, written informa- venerated since it is he who is the source and re-
tion was available to only a small number ofceptacle of knowledge. There is no such thing as
people. It is only in the past few centuries that fallacy of an “argument to authority” in oral cul-
people other than an educated elite have accessttfte. Words, and the information they constitute,
written material. This fact is generally known. take on a different character in an oral as con-
Less well recognized is the fact that until the detrasted with a literate tradition. For example, in
velopment of cheap papermaking processes in thgiplical times:
14th century (a development stimulated by the in-
vention of the printing press) pictu_res were a ticularly the “word of God” was not considered
scarce commodity. Artists were available to the to be the mere verbalization or articulation of
nobility to depict historical scenes as well as por-  {hoyght. Rather it was God himself, communi-

traits. For the ordinary people, pictures in the cating and giving himself in self-realization.
stained glass windows of the great cathedrals of pabar (the Hebrew equivalent of “word”) is

Europe were used to provide information about therefore a manifestation of God. In other
the life of Christ and the saints. Pictures, like words, “word” to the Israelites was something
words, are means of storing and distributing in- extremely personal, so that it would be correct to
formation, but their value and their use as a com- say that the communication of the word is actu-
munication or learning resource has often been ally the communication of the speaker him/her-
minimized. Cheap paper opened an iconic as well Self (32).

as a literate domain to a greater number of people, Writing existed when Socrates was born in 499
but reading pictures requires no training and th&C, but the sprit of the oral tradition was still
fact that pictures are so universally accessible magtrong. Socrates spoke; Plato wrote. InRhae-

The Israelite conception of “word” and par-
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drus Plato recounts how Socrates inveighedvere quite different and more powerful than that
against writing as a means of advancing humawhich could be done with speech. Having learned
knowledge. Knowledge, for Socrates, was noto express oneself in the manner which could be
something which resided in the inert written wordaccommodated by writing, individuals could, and
but only in the minds of humans. Socratesdid, emulate these conceptual and semantic struc-
compared writing to a painting. While the artist'stures in speech (26).

portrait stands before us as if alive, we cannot The invention of school was a consequence of
question it. In the same way, we cannot interrogatkiteracy. The development of schools as places re-
the book. The faces in a good artist’s painting apmoved from the primary productive processes of
pear alive and: society is closely connected with the development

.. .seem to talk to you as though they were intel-
ligent, but if you question them they maintain a
most majestic silence. It is the same with words:
they seem to talk to you as though they were in-
telligent, but if you ask them anything about
what they say, from a desire to be instructed,
they go on telling you just the same thing for
ever. And once a thing is put in writing, the com-
position, whatever it may be, drifts all over the
place, getting into the hands not only of those
who understand it, but equally of those who have
no business with it; it doesn't know how to ad-

dress the right people, and address the wrong.

And when it is ill-treated and unfairly abused it

of writing. Records of the first known schools date
to 2000 BC in Sumer. These schools were a direct
consequence of the need to teach cuneiform writ-
ing to a scribe class (26). Goody speaks about the
creation of schools where children were removed
from their families and placed under special au-
thorities as “decontextualization” (10). In oral cul-
tures, learning was largely experiential and
integrated into daily life. One did not learn by
reading written procedures and instructions but by
observation and practice. A person could learn to
speak by listening to others speak and by imitating
their behavior, but learning to read and write could

always needs its parent to come to its help. not be accomplished in the same way since writ-

After several centuries of life within a literate ing and reading were activities confined to a scribe
tradition, the disconnection of words from the liv- class. Thus, schools as places where learning was
ing sentient being that produced them is accepte@decontextualized or disassociated from the every-
and even appreciated since it objectifies the inday natural life tasks of the individuals were re-
formation presented. Indeed, as citizens of a literquired to provide the development of skills which
ate world we often turn Socrates’ argumentrequired extraordinary means for them to be
upside-down and tell the person who is concernelg¢arned. With the advent of writing, words—both
that their message may be misunderstood or mispoken and written—became more central to
interpreted to “get it in writing.” learning in contrast to learning by observing and

Writing did not eliminate talking but, as Ong doing.
points out, writing caused both an expansion of Itisfitting that like the invention of the first and
talking and a transformation of it. Writing was a second great codes, the time and place of the in-
phenomenon of urbanization. Writing occurred invention of the third and most recent code is also
compact settlements and people in these enviromncertain. The popular choice (at least in the
ments talked with one another more than those ibnited States) is Samuel Morse who on May 24,
scattered settlements; writing gave them more t4844, sentthe message “What hast God wrought!”
talk about. Writing also transformed speech. Itvia telegraph. But there are other candidates in
made possible highly complex and deeply orgaRussia, Germany, and England. Possibly the first
nized treatises on topics which were not possiblgvas in Germany where in 1809 a “chemical tele-
in an oral tradition and enabled a use of languaggraph” was displayed in Munich which sent elec-
to manipulate and organize thought in ways whichrical current through wires in a water container



32| Education and Technology: Future Visions

with each wire indicating a particular letter of thequences on the amount and nature of the informa-
alphabet. tion within the culture. It is not difficult to
Around the time that Samuel Morse was work-recognize that a person living in rural Oklahoma
ing on his invention, an Englishman namedhas a different type of existence than one living in
Charles Babbage was deep at work on his Analytithe inner city of Manhattan because of the differ-
Engine, the precursor of the modern computerence in the physical environments. Similarly,
however, Babbage's Analytic Engine operatedchanges in the intellectual environment of the
mechanically rather than electronically. Babbagemagnitude that has occurred with the creation of
saw a type of telegraphy similar to the one develspeech, writing, and electronic information have
oped in Munich and understood the relevance dfiad immense impact in shaping the way in which
the use of electronics in his machine. But given thlumans live their lives.
state of the art, this was impractical for him (13). The most obvious implication of the informa-
In a little more than a century, however, the pathsion revolution is the expansion of knowledge.
initiated by these two inventions would convergeWalter Ong estimated that at the beginning of hu-
in the form of the ENIAC computer. This comput- man history knowledge took from 10,000 to
er, which is generally acknowledged to be the first 00,000 years to double. Later it took from 500 to
digital electronic computer, was developed byl000 years to double. Currently, it is doubling in
Mauchly and Eckard during World War Il at the 15 years or less (27). Within the oral tradition, one
University of Pennsylvania. The information ageperson could, and did, commit to memory the
had begun. totality of the knowledge of the society. Where is
The terms “information society” or “informa- the person who could memorize all of what is
tion age” are buzzwords. They are widely usedknown in our time? Within the literate tradition,
often with only a casual effort to unpack the meanit was possible for sensible people to take on the
ing from them. Probably, for many, these termdask of creating a set of books which contained the
mean little more than that computers and othetotality of human knowledge in an organized fash-
associated technologies are an omnipresent fean. Who would set out to construct an encyclope-
ture of life and that most people will need to usalia which purported to beverythingwhich is
them with considerable regularity. Yet, it is clearknown in all fields of human endeavor? As
that a new manifestation of the human conditiorknowledge expands because of information
has emerged which is of a magnitude comparablechnology, it is information technology which of-
to the two earlier advances in the construction ofers the means to cope with the massive expansion
human culture. of knowledge which is occurring. The knowledge
The rapid advancement of information technol-which an individual has committed to memaory, or
ogy over the past few decades is one of the mothe books he or she has read, are less and less a de-
dramatic episodes in the history of human ingenuterminant of functional ability. Increasingly, it is
ity. As is well known, the power and performanceone’s ability to interact with the words, numbers,
of the laptop computer of today which sells forand pictures stored in computers in ways which re-
less than $2,000, is substantially more powerfusult in informing (in the fullest sense of that word)
than the mainframe computers of a couple of dehim/herself which determines functional ability.
cades which sold for hundreds of thousands of As was the case with the progression from an
dollars. Scholarship such as that provided by Ongral to a literate tradition, the new tradition does
(26) and Goody (10) shows clearly that the pronot replace but transforms the old. Word proces-
gression from an oral to a literate and from a litersing does not merely automate the process of writ-
ate to an electronic tradition changed the humaimg; it transforms it. Jay David Bolter provides a
condition. Each step has altered the relationshidetailed and thoughtful analysis of the impact of
between the person and his/her own inner mentaord processing on writing:
life. Also, each step has had enormous conse-
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How the writer and the reader understand than on immutable and intrinsic logic. In the con-
writing is conditioned by the physical and visual  text of an electronic information tradition, knowl-
character of the books they use. Each physical edge is dynamic. Textbooks or reference books
writing space fosters a particular understanding  which are used for several years before a new edi-
both of the act of writing and of the product, the i) js produced seem inappropriate, but editing or
written text. In this late age of print, writers and adding to an information in an electronic format
readers still conceive of all texts, of text itself, as . ) : . "
located in the space of a printed book. The con- IS easily accompl_lshe_d. The electronic trad_ltlon,
ceptual space of a printed book is one in which like the oral tradition, is much more conger_nal to
writing is stable, monumental, and controlled @ Communal approach to the construction of
exclusively by the author. It is the space defined knowledge than is the print tradition. Just as there
by perfect printed volumes that exist in thou- were no Einsteins or Newtons in oral cultures, the
sands of identical copies. The conceptual space advance of knowledge in an electronic tradition is
of electronic writing, on the other hand, is char-  likely to involve fewer advances which are attrib-
acterized by fluidity and an interactive relation-  ytable to the work of a solitary genius.
ship between writer and reader. These different Information technology not only affects what
conceptual spaces foster different styles and \ye know and how we come to know it, it also af-
genres of writing and different theories of litera- fects what we do. The need for any particular skill
ture (1). _is contingent on the context of individuals. In-
While epistemology, the study of the philoso-formation technology is causing some skills to be-

phy of knowledge, is an active interest of a smalkome less valuable at the same time that new skills
percentage of people, everyone carries with themgre hecoming more valuable. Few people in our
a conception of the nature of knowledge. Writing society rely on their ability to hunt for food to feed
and more specifically the technology of the book¢hemselves. Today, one requires skills at being an
profoundly influenced the way in which people gffective shopper at the local supermarket. Old
have thought about knowledge for several centugyijis pass and new ones emerge. Many factory
ries. The structure of the book became the struGyorkers who worked with their hands and
ture of knowledge. The book is linear. Itis diVidedwrenches, drills, and welding tools no longer re-
into chapters, each of which contains a unified anauire skills with those tools but must now teach
cohesive segment of the totality. The order of thenejr hands keyboarding skills or work with com-
presentation is governed by logic which yieldspyter programs that control machines that do what
one order of presentation. The book has heft anghey once did with their hands. The value of being
the words printed on a page have a permanengge to spell by memory every word a person uses
and a physical presence. These characteristics pf \riting is less important when the individual
the book became transposed to the conception Qfrites on a word processor with spell check. The
knowledge with cohesive and distinct disciplinestask of searching information bases did not exist
with a logical order to the structure of the disci-j,, any significant fashion a few decades ago. It is
pline, and with durability. now a skill of great value.

Just as the traditions of the literate culture and At the heart of the difference between a literate
the structure of the book shaped the conception gfnq an electronic culture (and certainly at the heart
the nature of knowledge, the emerging traditiongy the jssue as it pertains to learning and schools)
of the information culture are providing a new g the shift from a contemplative to an experiential
conception of the nature of knowledge. The metamethod of learning. In a writing culture, human
phor for knowledge changes from that of the boo'beings learn by pulling away from what is happen-
to that of a colossal hypermedia stac_k. Knowledgeng around them and reading about events, con-
becomes a network of concepts with many CONgepts, facts which another person has abstracted

nective pathways. Linkages between concepts akgq structured. An electronic culture, on the other
formed on the basis of functional utility rather
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hand, puts the person in the midst of the experisidered acceptable for very young children, but
ences which often are raw, unprocessed and, to usemic books have been discouraged, usually more
computer lingo, are real-time. The orderliness antbecause of their use of pictures to tell the story
“one step back” character of reading is in contrasthan because of the content of the story. Neverthe-
to the untidy and “plunge into it” nature of elec- less, there is a rich tradition of scientists, design-
tronic experiences. Thus, we do not read about thers, and artists who think with images, and the
Persian Gulf War; we experience it on CNN. Thecapacity of information technology to present still
concern of many is that what comes to the persoand moving pictures expands the palette for devel-
in electronic formats are only pictures which mayopers of learning resources. For those of us who
have no meaning beyond the momentary visual dnave lived and learned in a literate culture, there
auditory stimulation. Such a criticism goes be-is something unsettling if not invalid in the migra-
yond television or multimedia and pertains to extion from learning with text to learning with pic-
perience itself. Experience is nothing more—ortures, but it is quite likely that people in the future
less—than the images, sounds, smells, and feel @iill look back on the limitations of our bias to-
what is occurring. The old saying is: Experienceward text in much the same way that we have ob-
is the best teacher. But experience is not an infakerved the bias of earlier generations to the spoken
lible teacher. Thinking and reflecting do not go outrather than the written word.
of the picture in experiential learning. Thinking, There is little in contemporary life which is not
evaluating, and reflecting are all part of “learningtouched in some significant way by information
from experience,” but they are blended into theechnology. Clearly, it has caused a fundamental
learning process in a more subtle, less conspicaransformation of the way people work. In one
ous way than in instances of “book learning.” Thesense the computer is the most recent of a long se-
texture and rhythm of learning when mediated byies of machines such as the cropping machines
electronic resources is in sharp contrast to thaised in textile manufacturing in the early 19th
which occurs in the environment of the printedcentury at the outset of the Industrial Revolution.
word. This is the fundamental “two cultures” Cropping machines (which incidentally were de-
problem of schools at present as literate traditiostroyed by the skilled workers in England who
teachers try and too often fail to teach electronievere being displaced by these machines in the
tradition students. Luddite incidents) and other machines such as the
Information technology has substantially ele-cotton gin, the steamshovel, and the drill press au-
vated the importance of pictures in learning.tomated work that had required a strong back or a
Today most people learn about their world in picssteady and trained hand. The computer is quite
torial form through television. Pictures are partic-different from the machines of the Industrial Rev-
ularly potent in engendering an emotionalolution. To use the words of Shoshana Zuboff
response. A pictures of a starving child in Mogadi{40), who provided a thoughtful analysis of the
shu or of students resisting repression in Tianaimpact of information technology on work; itis a
men Square has an immediacy of impact whicismart machine” and as such began a new chapter
surpasses many columns of print in a newspapevith regard to the nature of work.
account of the same story. Increasing attention has The “Management in the 1990s Research Pro-
been devoted to the use of visualization as a meagsam” at MIT issued a report call@the Corpora-
of presenting in pictorial form vast quantities oftion in the 1990%23). This report contains rich
information. The user of such information might detail about the nature of the changes at the levels
drown in the sea of this information in verbal orof production, coordination, and management of
guantitative forms. The use of pictures in learninghe workplace. The sweeping changes are visible
is troubling to some people since there is fear thab anyone who walks on the floor of a factory. One
looking at pictures is an act which can be dondinds fewer people, and many of the workers are
without the mind engaged. Picture books are condsing robotics, process control instrumentation,
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and intelligent sensors. Less conspicuous are thgrowth of the expansion of computer technology,
changes in how those responsible for generatingeasoned pros still can be surprised. Early in 1993
a profit think about their business. There is an exBill Gates of Microsoft and Andrew Grove of Intel
pression used by some in the media productiopredicted PC sales of between 35 and 40 million,
business, “I can give it to you cheap, quick, orwhich was an increase from the 32 million sales
good. Pick two!” What the business person heari a good 1992 sales year. The actual sales were at
is, “Our company needs to produce a quality prod50 million, 25 to 40 percent higher than forecasted
uct at low cost, and make a profit. Pick three!” In-(9).

formation technology is at the heart of the new Efforts to predict the world that information
conceptions about how to flourish—or at leasttechnology will create can fall victim to a fatal trap
survive—in a world of new expectations with re- if there is the assumption that at some point in the
gard to cost and quality. In the words of the editoforeseeable future the process will have been com-
of The Corporation in the 1990sInformation  pleted. There is no reason to believe that anyone
technology has important general-purpose powedlive today will see the completion of this process
to manipulate symbols used in all classes of worlr the achievement of stability with regard to the
and, therefore, as an ‘information engine’ it can dajevelopment of this technology, it will continue to
for business what the steam engine did in the dayse open-ended for generations to come. Neverthe-
of the Industrial Revolution.” less, there are several dominant themes which are

Just as information technology is the influen-jikely to shape the expression of the technology in
tial work tool of society, information technology the years ahead:

is also the dominant source of recreation. Parents o _
and teachers commonly decry the great amount &f Improvements in microprocessor design and

time which children and young people spend reductionsincostThe capability of micropro-
watching TV. But looking at a screen, be ita TV  C€ssors continues to increase as costs decrease.

or a video game screen, is the overwhelming The first microprocessor was built in 1971 and
source of recreation for children and young in less than 20 years, by 1989, the first micro-
people, just as TV is the major recreational activ- Processor to contain more than a million tran-
ity of adults. Video games, like TV, are often criti- ~ Sistors was produced. By the year 1976, after
cized. But someone, and the someone is often a five years of transistor production, the total of
parent, likes video games enough to make Sega all the transistors manufactured by the comput-
and Nintendo a multi-billion dollar industry (33). ~ er industry was about 100 billion which is
It has been somewhat less than a half century equivalent to the number of neurons in the hu-
since the first big and clumsy computers appeared man brain. Intel scientists predict a single chip
on the scene, and in the succeeding years therethat can hold somewhere between 50 and 100
have been continuing advances and an increasing million transistors will be produced around the
pervasiveness of the technology. There is a curi- turn of the century. With 100 million transistors
ous similarity between the purpose of writing atits on a chip, it would require only one 1,000 pro-
inception several thousand years ago and the pur- cessors to produce a computer with as many
pose of the first computers a half century ago. transistors as neurons in the brain. Gelsinger
Both writing and computers began with a limited and his colleagues at Intel contend that when
role in human conduct. The first writing systems systems with hundreds of billions of transistors
and the first computers were “number crunchers.” become available early in the next century, it
In both cases, they were used for numerical tasks, will then be possible to ask: “When will we put
and also in both cases, the power of the symbol the first brain on a single chip?” (8).
system which was developed gradually moved Even with the dramatic advances in chip de-
writing or propelled computers to a vastly expand- sign over the past two decades, the capabilities
ed role. Even after several decades of plotting the of existing hardware is a constraint in applica-
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tions design. There remains a great gap be-
tween the way in which the mind processes
information and the way in which this is done
by computers. This gap will narrow with the
improvements in chip design that will soon
make today’s supercomputers reminiscent of
the Apple lle. As this happens, the price of
computing storage and speed will decrease. No
one knows what a gigabyte of storage or 100
MIPS of processing speed will cost in the year
2000, but everyone knows it will be quite cheap
and probably considerably cheaper than any
current prediction.

Increasing the processing power of chips is
not equivalent to increasing the horse-power of
an automobile which has quantitative signifi-
cance in terms of the speed with which the ve-
hicle can carry weight. Increases in the
processing power have qualitative significance
in enabling new applications to be developed.
While itis possible to extrapolate from existing
applications and speculate about the improve-
ments that will result from increases in proces-
sing power, no one knows what inventors will
build when they can hold the processing power
of hundreds of millions of transistors in their
hands.
= Networks. It was only about a decade ago that
battles were being fought between mainframe
proponents and microcomputer proponents.
With the increased capability of microcomput-
ers, many (myself among them) were prepared
to officiate at the funeral of mainframes. What
many failed to see was the growth of wide area
networks. Ultimately, in the contest between
microcomputers or distributed computing and
mainframes or central computing, the emer-
gence of networks made both winners. The use
of computers to create networks for commu-
nication and access to information has moved
from being an important to a dominant theme
in the use of the technology. Acronyms
associated with networks such as BBS and FTP
are migrating from computer insiders to the
general population. By 1993, a little more than
a decade after the first BBS or computer bulle-

tin boards opened up in California and Chica-
go, there were more than 60,000 nationwide
(34). The massive growth of the Internet dem-
onstrates the rapidly growing interest in the use
of networks. As of late July 1994, there were
3.2 million machines worldwide reachable on
the Internet. This represents an 81 percent in-
crease over the previous year. No one knows
the number of people using the Internet, but it
is many times greater than the number of at-
tached machines.

Portability. Advances in wireless technologies
in the past few years offer the prospect of mak-
ing use of the virtually infinite resources of the
spectrum of electromagnetic vibrations. In the
next few years advances in wireless technology
along with the increased installation of fiberop-
tics will reduce the cost of transmission of in-
formation which requires larger bandwidth
such as video and two-way communications.
Andrew Grove of Intel put it succinctly, “You
think computer prices are plummeting. Wait till
you see what happens to bandwidth”(9).

Of course, the elimination of wires also en-
hances the portability of devices that are al-
ready being miniaturized because of advances
in chip technology. Smaller machines which
are not tethered by wires also will be improved
with better display capabilities. The display ca-
pability of a typical television set is roughly
equivalent to 62 dots per inch. Screens with 200
to 300 dots per inch (which is equivalent to a la-
ser print) will be available. Just as writing did
not eliminate reading but transformed it, in-
formation technology will not eliminate read-
ing on paper, but reading increasingly will be
done using small portable display screens.
Screens which display information at a quality
level that is comparable to a well-printed color
magazine at a cost per word that is substantially
less than the cost of the same word printed on
paper will have the effect of moving much of
what is read to electronic formats. Given the
fact that most of the information that is pro-
duced at the present time is already in electron-
ic format, the extra step of printing it on paper



Appendix A Schooling and Learning in an Information Society | 37

will be reserved for those who want paper to
satisfy emotional or particular practical needs.
‘Everything is data.” From our vantage point,
it is ironic that Mr. Morse’s digital invention
was swept away by Mr. Bell's analog device.

group-work, generally referred to as group-
ware, has just begun. This is an area still wait-
ing for the “killer application,” or, more likely,
the “killer applications.” As primitive and
cumbersome as virtual reality is at present, it

The future for analog signals such as those used will become more and more realistic and adept

by television does not appear promising. The
bifurcated world of computer data in digital
format and television signals is ending. As one
of my colleagues frequently reminds me: “Ev-
erything is data.” The efficiency and utility of
storage and transmission of information, be it
pictures, sound, or words and numbers in digi-
tal format is substantially greater than in analog
format. Analog is an appropriate technology
for a 20th-century broadcast world, not a 21st-
century network world. lhife After Television
Gilder puts it this way, “The computer industry
is converging with the television industry in the
same sense that the automobile converged with
the horse, the TV converged with the nickel-
odeon, the word-processor converged with the
drafting board, and digital publishing con-
verged with the linotype machine and the letter-
press”(9).

= Applications. The first applications for com-

puters were directed in ways to manipulate nu-
merical information. Statistical and other «
numeric processing software was the dominant
use of the early computers. The computer was
a super calculating machine. As the technology
developed, new applications emerged. Ap-
plications such as word processing and spread-
sheets did not represent new ways to do old
tasks, but were new ways to do new things.
Over the next several years there will be new
software inventions which will go beyond sim-
ply improving existing applications (i.e., ad-
vancing from version 3.0 to version 4.0). New
applications will continue to emerge. For ex-
ample, there are efforts to develop applications

at tricking the mind into believing that what ex-
ists only in cyberspace exists in real space.
Visual, auditory, olfactory, and tactile percep-
tion of environments generated from strings of
data will become so lifelike that the differences
between virtual reality and “real” reality will
seem to be a trivial distinction. There is certain
to be a market for virtual reality for pornogra-
phy and for violence. The fondest sexual and
homicidal fantasies will be achievable without
fear of criminal indictment. Some educational
applications are obvious, such as the use in lan-
guage learning by enabling the person to learn
French in virtual France, or to learn about as-
tronomy by taking a trip through space, or to
understand human biology by engaging in an
expedition into the human body. Beyond such
obvious applications as these there is also an
unknown continent of applications of this sim-
ulation and virtual reality for learning purposes
yet to be explored.

Information  technology vs. computers.
Throughout this document, the term “informa-
tion technology” has generally been used rather
than “computers.” Thinking about the impact
of this technology is inordinately truncated if
one thinks about it in terms of the microcom-
puter. Microcomputers are only the current and
most prevalent manifestation of the handling of
electronic information. Over the next years,
multiple and diverse machines will emerge and
evolve and it will be increasingly clear that in-
formation processing represents a category
rather than an entity.

such as idea processors which can be used to The American public school has remained gen-
manipulate concepts, ideas, and thoughts in arally impervious to the impact of information
way similar to the manner in which word pro- technology. Much of the discussions about in-
cessing enables the user to manipulate word$ormation technology and schools has focused on
The development of specialized software to exthe question: How can information technology
ploit the full potential of computer mediated help school personnel to achieve the goals and
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purposes of schools? In this formulation, schoolsiraw upon the recent experience of American
are the “horse” and information technology is thebusiness and industry to indicate what needs to be
“cart.” Yet in reality, the horse and the cart are redone. There is, however, an important distinction
versed. between the school and the firm. Both the school
For previous generations, the American systenand the firm are organizations. As such, both are
of schooling was seen as one of the great accomsehesive entities comprised of elements, each of
plishments of this nation. Such is no longer thavhich performs a specialized function necessary
popular perception, but in reality, it is not thatto accomplish the goals for which the organization
schools have deteriorated but that the world hawas formed. Yet, the firm and the school represent
changed around them, making much of what octwo different types of organizations. John Meyer
curs in schools anachronistic. The impact of in-and his colleagues have provided a helpful analy-
formation technology on schools transcewtiat  sis of the difference between organizations in

schools dand affectsvhat schools are technical contexts, such as the firm, and organiza-

tions in institutional contexts, such as the school:
THE AMERICAN PUBLIC SCHOOL Formal organizational structures arise main-
AS AN INSTITUTION ly through two processes. First, complex

£ i | technologies and social environments with com-
Few aspects o '|e' are as commonplace as plex exchanges (such as markets) foster the
schools. School buildings are the one place where geyelopment of rationalized bureaucratic struc-

everyone in society has spent time, some as much tures to efficiently coordinate technical work
as 20 or more years. If a person becomes a parent,. . . Second, institutional structures emerge that
he or she is back in school again as they tend to the define given types of roles and programs as ra-
education of their child. Everyone knows what tional and legitimate. . . . The emergence of the
goes on in schools. In this context, it might seem factory reflects the first process, and the emer-
quite peculiar to ask the question: what is the gence of the school reflects the second (22).
American public school? This question needs to The “technical organization” existsdo some-
be answered, not it terms of an inventory of whathing. The purpose of the firm as an organization
students and teachers do inside of classrooms, bigtto produce goods and services in a profitable
in terms of what the American public school hagnanner. The term “bottom line” (which has be-
meant to people in American society with regardcome a popular metaphor) is far more than a figure
to the learning and socialization required by chil-of speech for the firm. The figure at the bottom of
dren. the accounting ledger is the critical criterion, ac-
The American public school is an institution, cepted by all within the firm, of the organizational
and the term “institution” is key to understandinghealth of the firm. The organizational structure is
what it is as well as grasping the changes whiclkeffective to the extent that the organization is able
impinge on schools as a result of informationto do what it needs to do, i.e., produce marketable
technology. Connotatively, the term “institution” goods or services at a profit. While the firm is af-
carries with it a vague honorific meaning suggestfected by social values which go beyond the spe-
ing something of importance and permanencecific production or service goals of the firm (such
Often there is little more than superficial use of theas environmental concerns or racial or gender eg-
term institution as an explanatory concept, evenity), these are not thmison d'étreof the firm,
though understanding the American public schoobut facts of life with which it must contend, grudg-
as an institution is very helpful in any effort to ingly or willingly.
make sense of what the public school is, why itis The school as an organization exists in an insti-
what it is, and how it fits into American society. tutional context. The “institutional organization”
Many who believe that the school must be reexists tdbesomething. Itis in this sense that Mey-
formed, restructured, reengineered, or reinventedr and Rowan point out that “modern schools pro-
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duce education for society, not for individuals orl01 United States cities with a population of
families” (21). This is not to deny that individual 10,000 or greater, and eight of them were larger
teachers or administrators strive to—and do—than 100,000. In 1826, 10,837 immigrants were
provide services for children and their parentsadmitted to the United States. Of the 10,837, most
Rather it means that for the school, unlike thg7,708) were from England or Ireland. During the
firm, the beliefs shared by members of the societgecade of the 1850s, more than 3,000,000 immi-
of the role it plays for the perceived well-being ofgrants entered the United States, with large per-
society is of critical importance. The extent tocentages from Southern Europe.
which it is perceived to be meeting its social man- Industrialization, urbanization, and immigra-
date is the “bottom line” of the organizational tion transformed American society and spawned
health of the school. problems for a nation in transition. Cities became
Shared beliefs are more than a desired featungines of productivity with concomitant disease,
of a society, they are an absolute necessity. Conpoverty, and crime. Many persons felt that home-
munity or society disintegrates in the absence dissness, vice, and alcoholism were out of control.
a core set of accepted beliefs. Sociologists refer tim the 1830s, there were numerous acts of mob
the shared beliefs as the “rational myths” of sociviolence. The objects of the wrath of mobs were
ety which are the structural framework of institu-often immigrants or Catholics. By mid-century
tions (22). They are myths, not in the popular us¢he Know-Nothing Party, with its platform of big-
of that term as being untrue, but in the sense of betry, was the fastest growing political party in
ing widely and deeply held by members of the soAmerica. The success of the Know-Nothing Party
ciety. The myths are the ideological sinew whichwas a consequence of the widely held opinion,
hold together the individuals as a community. Thesven by many who did not affiliate with it, that the
issue of the truth or falsity of the myths is irrele-“American way of life” was in jeopardy.
vant since the myths are value statements which Coincidentally, with the great social distress in
do not lend themselves to empirical validation.the nation, a fever for reform swept through the
“The beliefs are rational in the sense that theyxountry. There has never been a period of more in-
identify specific social purposes and then specifyense reform spirit in America than the second
in a rule-like manner what activities are to be carquarter of the 19th century. The reform agenda
ried out (or what types of actors must beranged across a wide range of causes: abolition,
employed) to achieve them” (37). temperance, women'’s rights, vegetarianism, pris-
One of the most important tasks of society is tans, and treatment of the insane. Organizations
ensure that each successive generation acquirsgrang up which reflected the fervor and optimism
the knowledge, technologies, skills, customs, andf those who began them: Society for the Suppres-
affects which they require to maintain the societysion of Vice and the Promotion of Good Morals;
In the last century a belief structure was put intdlhe Friends of Universal Reform; The Boston So-
place which became accepted about the way ioiety for the Moral and Religious Instruction of
which children would be educated. Schools hadhe Poor; The New York Association for the Relief
existed from the early days of colonization, butof Respectable, Aged, Indigent Females; and the
early in the last century the American publicAmerican and Foreign Anti-Slavery Society to
school as an institution was created. name but a few. Dorothea Dix traveled thousands
From 1830 to 1860, the size of the Unitedof miles in her efforts to reform the treatment of
States grew by 1,234,321 square miles, and thide insane. Susan B. Anthony worked for the
population grew from 12,866,020 to 31,443,321 cause of women'’s rights and temperance. William
Only 7.2 percent of the population lived in urbanLloyd Garrison took up the cause of abolition.
areas in 1820, but by 1860 this had risen to 20 per- The theme which transcends the specifics of the
cent. In 1820 there were only 12 cities with a popfeforms of the 19th century was the establishment
ulation of 10,000 or greater. By 1860, there weref social institutions to create a more perfect
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society. They believed that the welfare of the indi-America there had been a tremendous expansion
vidual was enhanced and protected by social inef the literacy with the rapidly spreading avail-
stitutions rather than threatened by them. Thability of books in the vernacular. As a conse-
optimism of the reformers was extended over ajuence there was less dependence on the oral
wide-ranging array of new institutions. The in- tradition and a greater reliance on books for every
sane asylum was created not as a last resort to lofacet of life. There was a profusion of books per-
away the disconcerting and frightening specimengaining to all aspects of life, from agriculture to
of humanity; rather the asylum was a manifestapersonal conduct. The cost of books was such that
tion of the belief that a properly constructed asy+for the first time in history the recorded word was
lum could cure virtually any incidence of mental accessible to a mass market. The abundance of
illness (35). Other institutions such as the reforvaluable information which became available
matory and the penitentiary were based on ththrough the advances in printing technology
same optimistic beliefs about the potency of thesplaced increasing importance on literacy. Literacy
organizations to change people and solve sociavas required if one was to be able to read the vari-
problems. ous manuals, almanacs and technical information
Education was one of the focal points of the earin all fields which was becoming increasingly
ly 19th-century reform movement. The more per-abundant.
fect society which the reformers sought to The attitude of people in the 16th century to-
construct had clear and obvious educational imward their information revolution was similar to
plications. Though the educational reform move+the attitude of people in the 20th century to our
ment was centered in New England, there werewn. Some rued it, some were oblivious to it, but
persons throughout the United States who dedmany, especially middle class townspeople, saw
cated their lives to the creation of a new and bettet as a basis for a better life. Robert Ryece, a friend
way to educate American youth. James G. Cartasf John Winthrop, the great Puritan leader, wrote
and Horace Mann in Massachusetts, Henry Barto him on the eve of his trip to American on the
nard and Thomas H. Gallaudet in ConnecticutArbella, “How hard it will be for one brought up
Calvin Stowe in Ohio, John D. Pierce in Michi- among books and learned men to live in a barba-
gan, John Swett in California, Calvin H. Wiley in rous place where there is no learning and less civi-
North Carolina, and Robert J. Breckinridge inlization” (4). As they left civilized England for the
Kentucky were some of the most prominentuntamed New World, there was fear of losing the
educational reformers. They were joined, not onlyculture of the homeland. Education was the pro-
by common cause, but by association and interaghylactic against barbarism. Thus, the Puritans
tion. They read one another’s books and speechdsought their books with them to the New World,
corresponded, and came into contact with onéut of even more significance, they brought with
another in the many educational organizations anthem a belief that education was an important
associations which flourished. means in achieving prosperity on earth and salva-
The 19th-century reforms were a reaction to théion in heaven.
approach to education which had prevailed in the The home was the prime educational agency of
United States from the earliest days of colonizaearly American society, and the prime agent for
tion to the early years of the 19th century. Educaeducation in the Puritan community was not the
tion was an important theme in the earliest days dftate or the church but the family. This did not
American colonization. The first European set-mean that the parents were the sole teachers of
tlers in America came to the New World at a timetheir children; rather, many arrangements were
of a great information revolution in Europe. Theymade, depending on the circumstances, for educa-
had left England in the midst of an information ex-tion to occur, and indeed the colonists were prone
plosion. In the century prior to the emigration toto establishing schools. In essence, everyone in
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the Puritan community was potentially a teachera rather standard form of apprenticeship. In the
Children acquired instruction: case of law, the apprenticeship was varied depend-
Anywhere and everywhere, not only in ing on the proclivities of the master (5).
schoolrooms, but in kitchens, manses, churches,  Thus, the flavor of education in the 17th and
meetinghouse, sheds erected in fields, and shops early 18th centuries was characterized by two ele-
erected in towns ... pupils were taught by ments: personal responsibility and diverse means.
parents, tutors, clergymen, layreaders, precep- |t was up to the individual to determine the extent
tors, physicians, lawyers, artisans, and shop- of education necessary for self and children. It was
keepers . ... (4). incumbent on the individual to achieve the re-
The manner in which education in the home ogyired education in a manner which provided the
the workplace occurred was informal and had tgyest fit between one’s life circumstances and
be worked into one’s own life as the rhythm of dai-gducational goals. Writing about the colonial and
Iy I|fe pel‘mltted It was common for Ch|ldren to early national era, Cremin SayS, “Variegation’
learn to read, write and cipher within the homethen, was the rule, and with it improvisation,
with parents, older brothers or sisters, other relgmitation, trial and error—whatever historical de-
tives, or neighbors providing the instruction. Foryelopment there was ended up anything but uni-
example, as a young child near the beginning oform and linear” (6). But then over the span of 30
the 18th century, Horace Mann learned to read by 5o years at the mid-point of the 19th century a

following his sister around the house as she digadically different form of education emerged in
her chores reciting from a copy of Noah Webster'ssmerica:

grammar (20). Ministers, who had skills in classi- The haphazard arrangements of the 17th,

cal languages, would frequently. tutor children 18th, and early 19th centuries cannot be consid-
who sought entrance to college since knowledge greq true progenitors of the school systems we
of classical language was the 19th-century equiva- know today. For by the latter part of the 19th
lent of the SAT for college admission. century the organization, scope and role of
Proprietary schooling abounded. There were schooling had been fundamentally transformed.
many persons available to those who were able to In place of a few casual schools dotted about
pay for schooling or tutoring. Tutoring could be town and country there existed in most cities
purchased for primary instruction in reading, writ-  true educational systems: fatefully articulated,
ing, and arithmetic, and for more advanced 2a9e graded, r_]iera_rchically structured groupings
instruction in Greek, Latin, geometry, surveying, ©f Schools, primarily free and often compulsory,
navigation, and bookkeeping. Wealthy parents a.dm'n'Stered by fu”'?'me experts and progres-
might hire a teacher to extend, supplement, or re- sively taught by specially trained staff. No long-

| hei . . Th . er casual adjuncts to the home or apprenticeship,
place their own Instruction. The private master g.,ools were highly formal institutions de-

would provide instruction for all of the employ-  sjgned to play a critical role in the socialization
er's Chlldl‘en along with the Chlldl‘en Of Othel’ I‘ela- of the young, the maintenance of social Order’

tives or friends. Those who wished to advance and the promotion of economic development
their position through more advanced learning (15).

could secure the services of a teacher, either as aThe 19th century reformers saw the variegated
private student or in a school in the tutor's homesqycational situation of the 18th century when
or business. _ education occurred in many venues in many ways

Apprenticing was also a very important meansys dysfunctional. Yet, the approach to education
of professional and vocational training. Appren-which had prevailed from the earliest days of the
ticeship was the way in which persons werecp|onial era through the first years of the republic
trained in agriculture, shopkeeping, manufacturhad served the American people well. The dissat-

ing, the skilled trades, and the professions of medsfaction with the old approach to education was
icine and law. In the case of medicine, there was
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a consequence of the great changes which wepmnstituted by accretion but by charter. Calvin
occurring in the nation and the emergence of ne@towe, the husband of Harriet Beecher Stowe,
beliefs, a new rational myth, about how childrenwas one of a number of Americans who went to
should acquire the cultural legacy of their fore-Europe to examine European education and to re-
bearers. If there was one word which caught theort on it to the Ohio legislature. His report was
essence of the changes the reformers sought to ggesented to the governor of Ohio in 1837. It was
tablish it was “system.” In the words of one of thewidely distributed and became quite popular. He
reformers, James Carter, the reform movemenwrote as follows:
sought a “consistent system fully developed” (2).  The children must be given up implicitly to
The 19th-century reformers created “the school the discipline of the school. Nothing can be done
system” not only in the jurisdictional sense as unless the teacher has the entire control of his
used to refer to a particular school district but also pupils in school hours, and out of school too, so
as the system of schooling which was to be the far as the rules of the school are concerned. If the
manner in which the society would handle the parentin any way interferes with, or overrules
commonalities of human action associated with the arrangements of the teacher, he may attrib-
the transmission of the knowledge, skills, disposi- ute it to himself if the school is not successful
tions, and sensibilities required to maintain the so- (38).
ciety. Similarly the words of Horace Mann from his

Nineteenth-century Americans were greatly in-third annual report to the Massachusetts Board of
fluenced by European education which in the latéeducation express the conviction that the school
18th century was in the early stages of the educavas the instrument to be used by society to main-
tional reform which would spread to the Unitedtain society:
States. A number of reports written detailing the Common Schools derive their value from the
successes of European education achieved a widefact that they are an instrument, more extensive-
and influential readership in the United States. ly applicable to the whole mass of the children,
The fundamental conception of the reform move- than any other instrument ever yet devised.
ment in Europe was the establishment of the They are aninstrument, by which the good men
school as the primary social agency for education " Society can send redeeming influences to
of the young. This belief grew out of the concern  those children, who suffer under the calamity of
about the neglect of education of the children of V/cioUS parentage and evil domestic associa-

. tions. The world is full of lamentable proofs,

the peasants. Concomitantly, there was a shared

. . . that the institution of the family may exist for an
belief among those involved with school reform i, qefinite number of generations, without miti-

that schooling, if systemic and systematic, could  gating the horrors of barbarism. But the institu-
produce young people with the knowledge and tion of Common Schools is the offspring of an
disposition which were requisite to ensuring eco- advanced state of civilization, and is incapable
nomic prosperity and domestic tranquillity. There of coexisting with barbarian life, because,
was, they believed, a pedagogy which rested on a should barbarism prevail, it would destroy the
scientific foundation which could ensure that the schools, should the schools prevail, they would
content the state needed to inculcate in each child destroy barbarism (19).
could be accomplished. The weak laws requiring The belief that the school could accomplish the
parental or citizen support of schools were reintellectual and socializing functions of education
placed by laws which established state support affas quite functional to a nation increasingly in-
schools and, by the turn of the 20th century, comdustrial and urban. The conception of schooling as
pulsory school attendance. the place rather tham place where children ac-
The idea that the school has had more respongjuire the knowledge and skill they will require to
bility thrust on it over the years is inaccurate. Thebecome effective members of society has re-
broad nature of the mission of the school was nanained the prevalent belief for a century. Even
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though the existence of many nonschool learninghe European reports which were so widely read
resources exist, and even though many individuby educational and political leaders, Victor Cous-
als can speak of the impact of these resources in, who had been commissioned by the French
their own lives, they have typically been per-government to produce a report on Prussian
ceived as ancillary to schooling as the means faschools, provided a laudatory description of the
educating children and youth. The educated perRrussian school system and included a lengthy de-
son has been the schooled person. We even laskription of teacher training. Cousin argued that
good terms to refer to the array of educational reteacher training was an essential aspect of the ef-
sources such as books, TV, clubs, movies, friend$ectiveness of their schools. The skilland demean-
parents, and other adults which may make imporer of the teacher was the critical element in
tant contributions in terms of the individual’'s achieving the change which was required.
knowledge, skills, and attitudes. They are referred The effort to establish state-supported normal
to as “nonformal education” and are thus definedchools in the United States began in the 1820s
in terms of what they are not in reference toand many engaged in the reform effort saw this as
schooling. Even those who do not esteem theithe keystone of the reform movement. James Cart-
schooling tend to answer the question, “Where digér, a member of the state legislature in Massachu-
you get your education?” by naming a school. Lifesetts, was one of the leaders in the establishment
is divided into two segments. The first segment i®f normal schools in that state. In 1824 and 1825,
the period of schooling. Then there is a com-Carter published a series of essays in the Boston
mencement or a beginning of the second segmePRatriot arguing for normal schools and explaining
when the individual is expected to become an aowhy state support was appropriate and necessary.
tive and productive member of society. In his words:
Much as the economic structure of society rests ¢ will do but little good, for example, for the

on the belief that coins and bills are more than bits |egislature of the State to make large appropri-
of metal and paper, so too a sustaining belief main- ations directly for the support of schools, till a
taining the school structure is that certificates, di- judicious expenditure of them can be ensured.
plomas, and degrees are more than attractive And in order to [do] this, we must have skillful
documents and that they certify competence. The teachers at hand. It will do but little good to class
issuance of official certificates as social passports the children till we have instructors at hand. It
both validates the school and is validated by the Will do absolutely no good to constitute an inde-
school. Certification informs the individual of his ~ Pendent tribunal to decide on the qualifications
or her abilities as assessed by the school, but also, °f (52chers, while they have not had the opportu-

. . . nities necessary for coming up to the proper
and most Importantly, informs SQCIety' AS '9?‘9 8S  standard. And it will do no good to overlook and
the_ school is e_mpowered to issue .certlflc_a_tes report upon their success, when we know be-
which affect social status and economic mobility,  forehand, that they have not the means of suc-
the school will need to be taken seriously whether cess (2).

or not the individual or their parent perceives he 44 champions for teacher training did not

or she has receiyed adgquate servif:es'. Th? POWEme from the ranks of the current teachers and
of schools to “mint” social currency is significant o inistrators but rather were a cadre of politi-

only as long as the currency is valuable. The acs;,hq gng religious leaders. One very conspicuous

creditation of schools, state certification of teaChTigure in the history of normal schools was the
ers, _and sr:andardl_zatl(;)]r.l hO; the CurrlCUIumRev. Charles Brooks, who traveled from town to
ConSt'tUtESt el,\wayst:_n:N Ich the state attempts iy, in Massachusetts lecturing for state support
en%:re t fe va ueg I'Ip o::jnahs. itical . of normal schools. Brooks organized a series of
e reformers believed that a critical require-,\\entions and provided a platform for notables

ment for an effective system of education wasy, ., 45 panjel Webster and John Quincy Adams,
teacher training. In one of the most important o
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who also spoke to the need for normal schoolsonly with hope, but almost with assurance of suc-
Rev. Brooks, who had campaigned tirelessly focess” (34) A substantial effort in the Massachu-
normal schools, stated the underlying convictiorsetts legislature to rescind the normal schools and
that had motivated him and the others who createih return the unused portion of Dwights’s fund to
the normal school: “As is the teacher, so is thénim failed, and they continued to spread through-
school” (18). out Massachusetts and to other states.

The campaign in the Massachusetts legislature At its inception, teacher training was disasso-
for state support of schools to prepare teachemated from higher education. The normal schools
gathered considerable momentum in the latevere more like secondary schools than colleges,
1820s. In 1827, Rep. Carter, who chaired thend considerable emphasis was placed on equip-
House Committee on Education, presented a rgsing students with knowledge of the content they
port to the legislature that called for establishingvere expected to teach. While a number of normal
a “Seminary for the Instruction of School Teach-schools would eventually evolve into colleges and
ers.” Carter’s proposal failed by one vote. The deuniversities, the initial connection between teach-
bate continued, and 10 years later, on April 19er education and higher education came through
1837, the legislature established a Board o#& different route. Chairs in didactics or pedagogy
Education. Creation of the board proved signifi-began to be established in American universities
cant in the development of normal schools bein the last quarter of the 19th century. By 1892 the
cause Horace Mann (who was then serving adnited States Commissioner of Education re-
President of the Massachusetts Senate) was chperted that there were chairs of pedagogy in 31
sen to lead the board. Mann believed in the needstitutions, chairs of pedagogy combined with
to create a system to prepare teachers, and he coather disciplines such as philosophy or mental sci-
mitted himself without reserve to the success oénce in 45 others, and lectureships in an additional
the normal school venture. At one point, wheneight universities (28).
funds for the normal school effort were short, he As early as 1890, New York University had es-
sold books from his personal library to raise thegablished a School of Pedagogy which offered
needed money. courses leading to a Master of Pedagogy and Doc-

There was considerable opposition to thetor of Pedagogy degrees (28). The introduction of
founding of normal schools, but with Mann’s chairs and coursework in pedagogy was met with
leadership, and with a gift of $10,000 from Ed-staunch critics in the university who considered
mund Dwight, a member of the state board, theuch to be insubstantial or inappropriate for uni-
forces in the legislature arrayed against normabersity study. Abraham Flexner, who had led ef-
schools were neutralized. A year later, members dbrts to reform medical education, became
the Massachusetts legislature attempted to enidvolved in efforts to install the study of pedagogy
state support of normal schools. The opponents @t the university level. In 1919 he was successful
the normal schools considered them unnecessaiy, securing foundation funding for the founding of
arguing that anyone who had been taught would graduate school of education at Harvard. A de-
know how to teach (18). In a letter to Henry Bar-cade later, however, Flexner had come to agree
nard in 1851, Cyrus Pierce, the principal of thewith critics that the instruction being provided at
first normal school at Lexington, Massachusettsschools of education lacked academic rigor and
explained what he had hoped to accomplish. Head degenerated into a focus on simple practical
agreed that teachers may be able to acquire by triptoblems which could be solved by “experience,
and error over time the skills and powers they neeteading, common sense, and a good general
to teach effectively, “but while teachers were thusducation”(30). Flexner worried that the nature of
learning, | was sure that pupils must be suffering’programs in schools of education would dissuade
(34). The normal school would ensure that “teachthe intellectually competent from entering. De-
ers may be prepared to enter on their work, naspite the efforts of critics, teacher training and oth-
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er related programs such as those for schoshan the wise. The capability of the human to
administrators, counselors, curriculum specialthink, learn, and acquire knowledge was deter-
ists, etc., continued to develop in universities, andnined to be the characteristic that distinguished
many normal schools continued on a path whiclthe human being from other primates. Other ani-
was to make them into universities. The goal oimals learn, as is evident from any trip to the circus,
people like Mann, Carter, and Brooks for univer-but no other form of life on earth exhibits cogni-
sal teacher training was realized, but the benefit afve capability comparable to the human being.
the training in terms of the improvement of Humanness resides in the central nervous system.
schooling has been anissue of considerable debateThe ability to learn is not an acquired but a natu-
from its inception to the present time. ral capability for humans. The human being is a
So it was that the great reforms of the 19th cenlearner from the moment of birth until the moment
tury institutionalized schooling. Eventually all of of death unless such is precluded by some brain
the major aspects of the changes they sought wesdnormality. In the first hours after birth, the in-
achieved. State departments of education were efant learns to suckle at the breast or bottle. Very
tablished which regulated school programs by esguickly, the baby learns to discriminate his or her
tablishing curriculum requirements and themother’s face from other faces. The child will
licensing of teachers. States required local distearn motor skills such as eating with table uten-
tricts to provide free elementary and secondaryils, walking, and cognitive skills such as speak-
schools and enacted compulsory attendance lawiag, and social skills such as acceptable and
Standards for the school buildings and their furnonacceptable ways of dealing with others as well
nishings became established. Specialized trainings distinctions in behavior appropriate for the dif-
and licensing was required for those seeking t@erent people with whom he or she comes into
work as teachers. Districts developed standarctontact. The small child learns a language, and, in
ized and age-graded curricula. Grouped instrucmany societies, may learn more than one lan-
tion replaced the method of recitation. Textbookgyuage. Children acquire information and skills
were provided to students. Centralized control ajyhether or not they are prodded or deliberately as-
the district level over building school sites was in-sisted by parents or other adults. Anyone who has
augurated. The concept of a public school systempent any time watching a child cannot help but
was new and strange to many a 150 years ago.dbnclude that learning is a natural process.
came to be taken for granted, even axiomatic. Yet, |n thinking about the human as a natural learner
new beliefs about the nature of knowledge, whichy is important to keep two things in mind. First,
were a consequence of information technology|earning” is not an honorific but a descriptive
(discussed above) and changes in understandifgrm. To say that the human being is a learner is
about learning, which also are stimulated by denot per seto pay a compliment. People learn bad
velopments in information technology (discusseghings as well as good things. Children learn lan-
below), both challenge the structure which Manryuage, mathematics, how to play the piano, etc.,
and his colleagues put in place. but they can also learn prejudice, pot smoking,
how to hot wire and steal cars, etc. Learning the
THE HUMAN AS A NATURAL LEARNER wrong things is not necessarily a less impressive
There have been many answers to the questiotask when judged from the complexity of the
What distinguishes human beings from othelearning task. Itis, for example, probably easier to
forms of animate life? For Plato, the human wadearn the occupation of a sales personin a fast food
characterized as a featherless biped. For the Enggstaurant than to learn the occupation of a suc-
lish essayist William Hazlitt, the human was thecessful car thief. Second, to say that individuals
only creature that laughs and weeps. In technicalre natural learners is not to imply that all demon-
terms, the human species is caleino sapiens, strate this capability to the same extent. People do
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learn how to learn and can become more or less in- willing and able to wait for meaning to come to
terested in learning and more or less effective in him—even if it comes very slowly, which it usu-
the process. ally does (12).

In the past century there have been thousands One of the places where there is substantial and
of studies of human learning. The vast preponderserious work currently underway to understand
ance of these studies has focused on learning isarning as a natural process is the Institute for
schools, and since a substantial proportion of theearning Sciences at Northwestern University.
population of school-aged children have prob-The Institute was established in 1989 with spon-
lems learning in school, it is understandable thagorship provided by Anderson Consulting and
much of the literature has been directed to the naxmeritech. The staff includes 21 faculty and re-
ture of learning pathologies. Much less attentiorsearchers, 42 content specialists and program-
has been devoted to understanding natural learmers, 50 graduate students, and 20 interns and
ing, or learning in those instances when the provisiting staff. The Institute is dedicated to the task
cess is not structured and regulated by others bt investigations of human learning as a natural
is woven into the life situation of the person. Inprocess and to make use of the knowledge ob-
these situations, learning occurs even thougkined from these investigations to construct new
there is not someone formally designated as teachneans for improving learning in the workplace
er directing the process. and then in the schools.

Ina small book written three decades ago called Roger Schank, the Institute director, along with
How Children Learn(12), John Holt discusses Chip Cleary, one of his graduate students, au-
how children learn when there is minimal or nothored a “hyper-book” which is available on the
adult intervention. Holt drew upon his experi- World Wide Web titled “Engines for Education.”
ences as a teacher in a fifth-grade classroom, borhis book presents their ideas about what is wrong
he was less interested in understanding how chilyith education, and the role of educational
dren learn when the process is prescribed to thepachnology in reforming schools. The book’s per-
by their teachers than in observing how childrerspective on natural learning is similar to Holt's.
learn when they are not required to follow rules of_ike Holt they see the type of learning which oc-
the process established by the adults in their enveurs in schools as dysfunctional:
ronment. Holt sums up his conception about the
natural learning style of young children in the fol-
lowing passage from his book:

In public schools from first through twelfth
grade, much of the classroom routine is shaped
by an emphasis on rote learning, a strict adher-
ence to standardized textbooks and workbooks,
and a curriculum that is often enforced with drill

The child is curious. He wants to make sense
out of things, find out how things work, gain

competence and control over himself and his en-
vironment, do what he can see other people do-
ing. He is open, receptive and perceptive. He
does not shut himself off from the strange, con-
fused, complicated world around him. He ob-
serves it closely and sharply, tries to take it in.
He is experimental. He does not merely observe
the world around him, but tastes it, touches it,
hefts it, bends it, breaks it. To find out how real-
ity works, he works on it. He is bold. He is not
afraid of making mistakes. And he is patient. He
can tolerate an extraordinary amount of uncer-
tainly, confusion, ignorance. He does not have to
have instant meaning in any new situation. He is

and practice. The methods and the curriculum
are molded by the questions that appear on the
standardized achievement tests administered to
every child from the fourth grade on. Success no
longer means being able to do. Success comes to
mean “academic success,” a matter of learning
to function within the system of learning the
“correct” answer, and of doing well at multiple
choice exams. Success also means, sadly, learn-
ing not to ask difficult questions. When we ask
how our children are doing in school, we usually
mean, “are they measuring up to the prevailing
standard?” rather than, “are they having a good
time and feeling excited about learning?” (36).
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Some caution must be exercised in overdrawan orientation which put the learner in control of
ing the distinction between school and non-schodhe learning process and which is compatible with
learning or in romanticizing the child as Holt the orientation of natural learning. Early examples
does. There are classrooms where what is happeofthese applications have appeared in the past few
ing for children looks much like a natural learningyears in the form of various multimedia applica-
situation, and it is much easier to know what igions.
wrong about schools than it is to do what is right. In his book called hings That Make Us Smart
Nevertheless, the conditions listed by Schank anf24), Donald A. Norman cautions that multimedia
Cleary such as standardized curriculum, gradéechnology can be used to provide applications
level expectations, as well as an increasingly exthat epitomize the worst of what is wrong with
tensive amount of information which teachers areschool learning or the best of what is possible with
expected to “cover” create an environment fomatural learning. Norman distinguishes between
learning which, too frequently, does create a situaschool learning and natural or informal learning
tion where there is so much to teach that there i€lable 1).
no time to learn. Norman cites the work of Mihaly Csikszentmi-

Itis not a coincidence that two recent books orhalyi who writes about “flow experiences.” Flow
learning and technology, one by Donald Normarexperiences occur when the person is totally en-
and the other by Seymour Papert, give consideigaged in the task at hand. Teachers may tell their
able attention to informal or natural learning. Forstudents to “Pay attention!,” and while such an ad-
those accustomed to “cruising the Internet,” “justmonition may cause the studentdok attentive
in time learning,” hypermedia, and virtual com- there is no assurance that the studentailitten-
munities, school or formal learning is far too con-tive. The flow experience can only happen when
fining. Interest in using technology in the goals and challenge of the task captures the
instructional applications is not new. Sixty-eightattention of the individual. Many observers of life
years ago S.L. Pressey published a paper called ‘i classrooms as well as teachers have expressed
simple apparatus which gives tests and scores ardncern about the lack of engagement of students
teaches” (31). In this paper Pressey described thewhat they are being told to learn. The lack of en-
plan for a machine which would be used as an “augagement of students in their instruction evident
tomatic teacher.” It makes use of a typewriter apin many formal learning situations, kindergarten
paratus to display questions and to providdghrough college, is the antithesis of the “flow ex-
feedback for correct or incorrect answers. Comperiences.”
puter technology enables the production of more Seymour Papert's bookhe Children's Ma-
sophisticated versions of Pressey’s “automatichine(29), is subtitled “Rethinking School in the
teachers.” These applications, while employingAge of the Computer.” Papert contrasts two differ-
more elaborate graphics and more advanced inteent orientations to education—"instructionism”
active procedures, are fundamentally similar taand “constructionism.” Instructionism is the be-
Pressey’s “automatic teacher” and many come outef that the way to achieve better learning is to
of a behaviorist, programmed learning, orientateach better. Constructionism, on the other hand,
tion. Increases in storage, display, and processingpnceives of learning as a manipulative and build-
power of computers systems provides developeligg process. It draws a direct connection between
with the capability to go beyond the design ofconstruction in the physical and mental domains,
teaching machines and to create “learning maand sees learning to be an activity involving the
chines” or, to use Papert’s term, “knowledge macreation of mental structures by the learner which
chines.” Such applications put in the hand of theorganize and synthesize the information and expe-
user arich informational environment which is ac+ience which the individual encounters in the
cessible in a way which accommodates the inteworld. Papert, similar to others who have dealt
ests of the user. “Learning machines” are based omith the topic of natural learning, emphasizes con-
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crete or experiential learning. He calls for learning sequently we exaggerate school learning com-
which is rooted in concrete experiences rather pared towhatis gained in the ordinary course of
than that which exists as free-floating abstrac- living. We are, however, to correct this exag-
tions. Perhaps one of the most radical of the as- 9eration, not by despising school learning, but
sumptions of this perspective is that children can PY l00king into that extensive and more efficient
be trusted to find the knowledge they need. If one [2ining given by the ordinary course of events
: : o e for light upon the best ways of teaching within
conceives of learning as an activity which is re- . )

L . . school walls. The first years of learning proceed
pugnant tq the individual or if one be!leves that rapidly and securely before children go to
that therg IS a pac.kage of cqntent which can and school, because that learning is so closely re-
must be installed into the minds of all students, |ated with the motives that are furnished by their
then trust in the learner is unwarranted. If these own powers and the needs that are dictated by
two conceptions are rejected, as they are by people their own conditions. Rousseau was almost the
like Papert, Holt, and Schank, then trust in the first to see that learning is a matter of necessity;
learner is quite appropriate. The task for those in- itis a part of the process of self-preservation and
volved with the education of the young, as Papert of growth. If we want, then, to find out how
presents it, is to see to it that children are sup- €ducation takes place most successfully, let us
ported materially, psychologically, and intellectu- 90 to the experiences of children where learning
ally in their efforts to learn. He contends, “The IS @necessity, and not to the practices of schools
kind of knowledge children need most is the Wnere itis largely an adomment, a superfluity,
knowledge that will help them get more knowl- and even an unwelcome imposition (7).
edge”(29). It is not remarkable that the contrast between

Holt, Schank, and Papert are only the most relearning inside and outside of schools has been
centof along line of persons to be aware of the dig2bserved by a long line of educational practitio-
crepancies between school learning and learningers and theoreticians since the differences are
as a natural human phenomena. Rousseau pu@pnspicuous to the reasonably careful observer.
lished Emile in 1762 and Pestolozzi opened aJohn Dewey’s disciples, most notably William H.
school at Yverdon in 1805. Rousseau as a theoreffilpatrick, attempted — and generally failed —to
cian and Pestolozzi as a practitioner gained a highave their cake and eat it too. They sought to im-
degree of recognition for their work. In both casesplement the conceptions of Dewey about natural
they presented a conception of learning whictand experiential learning while keeping intact the
placed emphasis on the interest and experience e$sential conventions of the system of schooling
the child and saw the learning of the child rathewvhich by the early part of this century was well ac-
than the didactics of the teacher as the key to theepted. As information technology causes more
process. Pestolozzi's school was visited by th@nd more of the agenda for learning in our society
czar of Russia and by the kings of Spain, Hollandto transcend the domain of school, the orientation
Prussia, Denmark, Wurtenberg, and Saxony. expressed by Dewey a century ago or by people

John Dewey, who had the misfortune of havindike Papert and Schank in recent months becomes
his work become popular mainly in the form of in-ever more plausible as a basis for the design of
terpretations developed by his disciples who “walearning experiences. The constraints of formal
tered-down” and sanitized his ideas, saw this issueducation do not hamper the person who is de-
clearer than most and presented it as forthrightlgigning learning opportunities for individuals in
as anyone almost a century ago: the workplace or the home.

What is learned in school is at best only a Th.is brief summary of thin_king on natural
small part of education, a relatively superficial 1€@ming leads to three key points. First, schools
part of education; and yet what is learned in do not own the child’s learning. Children are con-
school makes artificial distinctions in society  tinuously engaged in learning, and even though
and marks persons off from one another. Con- the learning which occurs in their life outside of
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school may be woven into their environment inTHE FUTURE OF LEARNING AND
ways which may make it less conspicuous thalsCHOOLING IN AMERICAN SOCIETY:
when they are sitting in a classroom with a teaches ONCLUSIONS AND IMPLICATIONS

standing before them presenting some concept Yhe 19th century was a period of institution build-

information, it. i_s_ 'ea?"“”g non(_etheless. Throughing. It was a time of a great changes in the United
the span of civilization _schoollng has been only, tates and a time when men and women believed
one of the ways by Wh'Ch. humans have_Iearne their power to create institutions to solve the
v_vhat_they neededto leam m_order to function. Unbressing problems caused by the changes. Prisons
u quite r.eice”.“y (when put in the context of hu'Would eliminate crime. Insane asylums would put
man civilization) the extent of the SChOOIQdan end to mental illness. Reformatories would

pogulano(r; \.N?S qu'i? l'T'teﬁ' | h ‘ gbolish juvenile delinquency. Schools financed
econd, information technology has generate y the state would stamp out ignorance, create a

interest in natural learning and provided means Fﬂterate populace, and mold upright citizens for the

create new learning environments. While there IRepublic. The state-supported system of schools

one cadre of developers and vendors of informa\?\/ould be the “melting pot” where children from

tion technology who are intent upon deveIOpingdiverse backgrounds would meet and be

uses of technology that fit into the existing Condi'instructed in a manner which would ensure the
tions, traditions, and procedures of schools as th%aintenance of the “American way of life.”

are, there is another and more important cadre who The reformers were successful in realizing their

are attempting to make use of the technology Wision of schooling throughout the United States.

promote learning with less commitment to WhereThey enacted the laws and policies which were re-
the learning takes place or how well it conforms

N tati t the educational establish nguired to institutionalize public schools. As a re-
0 expectations of the educational establiSNMErg, . ot the work of the reformers, schools became
as to its validity. This orientation emphasizes th

tivational. attitudinal ¢ of | a. Th etheplace—rathertha;mplace—designated by so-
motivational, attitudinal aspect of iearning. eciety to transmit the cultural tradition to each

student may not be able to V\.’alk ou_t of the borin uccessive generation. Public policy tolerated, but
class, buthe orshe can certainly switch off the borg;y encourage, the formation of alternate ap-
Ing mu_Itlmedla program. Info_rmanon technolo_gy proaches such as parochial or private schools. The
IS partlculgrly_compatlble with the non_llnearlty basic features of the schools put in place by the
anghgxg)erlentlal :]exture_ ofdnatureil Iflaarnlng. inth 19th-century reformers have endured, much to the
Ird, many who are inadequate learners in .%hagrin of scores of later-day reformers. The dura-
school context seem to have no partlculardlsabllbi”,[y of the American system of schooling is a

ity when they are learning in out-of-school CON"f1nction of an architecture which was particularly

texts. The ability to learn is not an esoteric hum_a'ﬁarmonious with the ideological context of the

characteristic; it is quite normal. The high inCi- . os But times have changed.

denche of Iﬁ‘r’l‘mm? gathqtlﬁgles n SC.hOOIi has Information technology is the principal force
much, much [ess 1o do with any organic or unc'generating the great transformation of economic,
tion disability of learners than it does with what

tudent told to | d how th told olitical, and social life in recent years. Informa-
students are told to fearn and how they aré 1old th, , ha5 pecome central to every domain of human
learn it. Designers of educational materials using

i tion technol ; their atteni fe and pervasive in every venue of human exis-
information technology can focus their attentionyq y.q -y man beings have always had the task of
on the learning requirements of the users rath

th th d d ) ts of th e(5btaining, integrating, and using information as a
an on thé neeas and requirements ot In€ orggy, g for their thoughts and actions, but at no point

nizations within which the learning is supposed 19 human history has day-to-day life for the pre-
take place.
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ponderance of the population put them in suchestablished in a number of states. Television has
proximity with the informational resources of the become the dominant source of learning about the
culture. The economic and social value of beingvorld. Millions of people are using the Internet as
informed was never greater than it is now andh means of accessing information and learning
there is no reason to expect this to abate. The printbout an almost infinite variety of topics. There
ing press did not turn everyone into an author, buteem to be few people, beyond the circle of public
it did substantially expand the number of such pereducators, who contest the idea of establishing
sons. Not even desktop publishing and networkschools apart from the control of local educational
will turn everyone into information producers, butauthorities.
we are already experiencing an explosion in the The belief in the power of institutions is not as
numbers of persons who are producing and pulprevalent among the citizens of the later part of the
lishing information, and more access to thes@0th century. Much of the rationale for the estab-
tools can only further expand the percentage of thishment of the American public school sym
population who will produce as well as consumestemmed from the belief that a state-supported
information. Within this context, schooling and system of schooling which educated the rich,
learning take on a different character than has begoor, immigrants and established middle class
the case in the past. The role of schooling in genewas the means to insure a common culture conge-
al and the American public school in particular arenial to American political, social and economic
being changed. life. The extent to which the American public
As discussed earlier, one of the consequencexhool achieved this mission is a topic of debate
of literacy was the establishment of schools as erbetween those who believe it did serve to bring the
claves separated from the ongoing economic andiverse sub-groups of American society into a
social life of the community. Learning was “de- cohesive entity, and those who believe it served
contextualized” and provided in terms of genericthe purposes of a white Anglo-Protestant middle
skills or as information to be stored in one’s mindclass. The optimism of people in the 19th century
for later use when the individual was again enabout the power and value of institutions over-
gaged in activities outside of school. The fundastated the case, but the pessimism of the current
mental implication of an information technology generation about institutions probably is also
culture for learning and schooling is that learningoverstated; nevertheless, the “melting pot,” “the
becomes “contextualized” and becomes part andommon school,” and standardization are not
parcel of daily life. This does not mean thatthemes which resonate in contemporary America.
schools will disappear, but it does mean that thelow “choice,” “diversity,” and “deregulation” are
will no longer have the dominant presence in socithe bywords.
ety with regard to the transference of the culture The landscape of American education in the
from one generation to the next. Schools personater part of the 20th century is looking more and
nel who do not understand this new world of learnmore like it was in the colonial period through the
ing within which they live are likely to lead their early days of the Republic. The variegation which
own organizations into oblivion or irrelevance. so characterized the approach to education ap-
More specifically with regard to the American pears much more compatible with the nature of an
public school, it is becoming ever more clear thatnformation society than does the uniformity and
we are experiencing a deinstitutionalization oflinearity of the conditions engineered by the 19th-
education in the sense that the public school is legentury reformers. The parent who is concerned
and less accepted as the essential and principabout his or her child’s intellectual development
instrumentality of educating American youth.is able to buy learning materials at the mall or
While home schooling is not a mass movementthrough a network service. School personnel who
a considerable number of children are being eduare committed to the welfare of the young people
cated in their homes. Charter schools have bedhey serve need to be comfortable working with
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other organizations and purveyors of learning reimplement the changes. This was not an easy task,
sources as partners rather than as the agent iodt corporate leaders did not have to get the gener-
charge. al public to accept the fact that they would find a
Most people realize that information technolo-strikingly different environment when they
gy needs to become part of the schools in somwalked into an automobile manufacturing plantin
way. People expect to see computers in clas€990 as contrasted with how the plant would have
rooms and believe that students should spenidoked in 1950. The general public does not have
some of their time in schools working with them. detailed beliefs about what it means to be a good
School boards and parent groups have seen tofdctory apart from the belief that a good factory
that there are computers in schools. There are feturns out a good product. The general public does
schools in the United States where one does nbiave beliefs (or, to use the terminology of the ear-
find computers in classrooms, media centers, dier discussion, “rational myths”) pertaining to
computer labs, and it is not difficult to identify schools which are often strongly held. The beliefs
teachers, here and there, who are making interestbout the nature of schools and schooling held by
ing, and in some cases, powerful instructional usparents, citizens, and policymakers whether artic-
of computers. Unfortunately, there are still an apulated or not set the parameters for what is per-
preciable number of proponents of technology irceived to be legitimate and appropriate activities
the schools who seem to focus more on gettingn classrooms. The crux of the crisis for schools is
computers used in schools than they do on ththe discordance between existent beliefs about
educational value of how the computers are usedchools and schooling and the conceptions of
Success ought not be measured by how marknowledge and learning engendered by develop-
computers there are in schools, how often they amaents in information technology. A new rational
used, or how well they can be integrated into existmyth needs to be created.
ing curriculum content—much of which is irrele-  The history of audio-visual technology in
vant or antiquated. There is nothing to be gainedchools has established a precedent that needs to
by using information technology in the schools tobe overcome. Radio, telephones, audio tape, film-
become a more efficient anachronism. The dangestrip projectors, slides, television, etc., were all
of this is real since many proponents of technoloseen as means to be used by teachers to assist them
gy in the schools have a 21st-century conceptiom improving teaching. A popular shibboleth is
of technology and a 19th-century conception othat the computer is a “tool.” While computer ap-
knowledge and learning. The challenge is to uselications are tools, the idea that computers are
information technology to create in schools an enjust means to an end is a serious misunderstanding
vironment conducive to the development of indi-about the extent to which information technology
viduals who have the capability and therepresents essential changes in the creation and
inclination to use the vast resources of informatransmission of the culture. Those who wish to de-
tion technology in their own continuing intel- termine the extent to which schools are using in-
lectual growth and skills expansion. Schoolsformation technology to change more than merely
should become places where it is normal to sethe cosmetic aspects of schools need to begin by
children engaged in their own learning. asking school personnel what they no longer do or
Bringing schooling into an information what they have eliminated from the school be-
technology culture is a much more difficult task cause of their use of information technology. The
than doing so for businesses or factories. Whatext question is: What is happening in this school
was required of American industry to make thewhich did not, or could not have happened, in the
changes necessary to survive in an informatiopast without the use of information technology?
age was for the leaders of corporate America td@he leastimportant question is: What was done in
understand the nature of what needed to be dortke past and is now being done in a different way
and to work with others inside the organization to
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because of the availability of information technol-nize this reality because there is less benefit
ogy? gained by remembering knowledge and more
At the heart of the way schooling has been carbenefit to those who can produce it, find it, or use
ried out for the past century and a half is a concept.
tion of knowledge as an historic product. In this The 19th-century reformers were inventors.
formulation, knowledge is something which They saw themselves in the tradition of the other
comes from the past work of scholars, scientistgyreat inventors of their day who had constructed
and artists rather than being a work in progressnachines to do wonderful things. The conception
The dissemination of knowledge using print hasof schooling which they established involved the
obscured the dynamic and even disorderly naturimvention of a social mechanism which they be-
of the process by which it is created. The schodieved would do what it was constructed to do with
curriculum carves knowledge into subjects and arthe same assurance as the other inventions which
ranges the content of the subjects in a sequentialiere transforming American life. Their social
hierarchical order corresponding to the grade levmechanism was a carefully crafted system which
els. Teachers in the first grade know what mathwould produce an educated populace for society.
language skKills, etc., they are supposed to teacBystem is no less a popular word in educational
and they understand that they are not to infring@arlance in 1994 than it was a 150 years ago, and
on what will be taught in second grade. The systhe term “systemic reform” is also fashionable.
tematic processes of curriculum standardizatioryet, the analyses presented in earlier pages of this
and age grading of instruction, as well as the egaper suggest that it is time to move beyond the
tablishment of diploma requirements, is based osystem metaphor. Certainly, from a social science
the assumption that there is a collection of factsperspective, the concept of the school as a social
concepts, and skills which need to be installed intsystem remains a useful analytic framework with
the minds of students and that this needs to b&hich to define the key structural elements and the
done in a orderly manner which conforms to theroles and relationships of the people who maintain
logic of the discipline. the system. Yet, system, in the context of schools,
Information technology shifts the conceptionbrings with it much “baggage” which is dysfunc-
of knowledge from something one has learned tdional. It keeps us linked with the 19th-century re-
something one uses. This is not a hew way oformers’ belief that it was possible to create a
thinking about knowledge. The great philosophesystem of schools within which a proper arrange-
and mathematician Alfred Whitehead referred tanent of the elements of the system and an effec-
knowledge as only something one had to learn antive pedagogy could ensure the accomplishment
which had no utility for the individual as “inert of the expected instructional objectives. There is
knowledge.” Whitehead wrote with great passiomothing to be served by continuing a quest for the
about the need for learning to have connection tMagic Fountain of Schooling, since there is none
the lives, interests, and contexts of the learneto be found. The time has come to abandon the
“Ideas,” he wrote, “which are not utilized are posi-idea that it is possible to create a social mechanism
tively harmful. By utilizing an idea, | mean relat- which can act on the students who are in it in ways
ing it to that stream, compounded of sensevhich ensure the desired outcome.
perceptions, feelings, hopes, desires, and of men- Efforts which approach the task of school re-
tal activities adjusting thought to thought whichform from the perspective of the design of envi-
forms our life” (39). In Papert’s terms, this is aronments offer a better footing for an attack on the
constructionist point of view. The work of indi- problem than those which set out to figure out how
viduals such as Whitehead and Dewey make io substitute one system for another. More of the
clear that a dynamic and utilitarian conception oimentality of the architect is needed to design envi-
knowledge is not a recent understanding, but inrFonments which incline those who share these
formation technology elevates the need to recogplaces to create learning communities which take
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full advantage of personal productivity and net-bility, designers of learning resources will have
working resources. lronically, the surest way tothe resources they need to develop attractive and
increase the likelihood of desired outcomes magffective learning environments. The federal gov-
be to concentrate on the design of environmenternment, states, and the private sector need to
which make desired processes more likely. Thinkwork together to support the development of net-
ing about schools in this way requires less comwork resources for children and youth. Children
pulsiveness with regard to content objectives andf reasonably affluent parents will have access to
more focus on the factors which support learningnetwork resources, but the concerns, frequently
activities. Such environments would be placesaddressed, of a bifurcated society based on in-
which no longer fought the losing battle to enforceformation access are real. There is ho one solution
an unnatural form of learning. Touting this to the problem of the gap between the rich and the
orientation would be an act of futility (as it was for poor with regard to access to information, but pub-
Dewey and Whitehead) were it not for the fact thatic policy needs to be continuously attentive and
there are serious and increasing efforts to develogsponsive to this problem.
learning processes which understand the central- It is impossible to conceive of how to bring
ity of the learners’ own interest and involvementschools into the information age without a very
in their learning and which respect the natural prosubstantial expansion of equipment available to
cesses of learning. These efforts are centerddarners. Computer labs or the availability of a few
mainly outside of formal education and are led bymachines in classrooms are hardly adequate.
those who are interested in reaching the market fdviany schools have had to struggle to provide a
learning in the home and the private sector. Thoseelatively small amount of equipment, and they
concerned about learning for children in our socihave been provided little funding for applications
ety should also participate in the exploration ofsoftware, support, maintenance, training, or up-
new forms of learning environments and re-grades. Unless one expects very significant new
sources. money to come to school districts (an expectation
In the 1950s and 1960s, in the era of the ascemvhich few hold), the money needed to make in-
dancy of broadcast technology, there was fear dbrmation technology a dominant element in the
an informational monolith as three powerful tele-lives of children in classrooms is not available
vision networks emerged and as fewer cities hadiven existing conditions in school districts. Spe-
more than one newspaper. In the 1990s, in the edal millage or bonding initiatives to purchase
of network technology, these fears no longer prehardware represents a way for schools to take a
vail. Developments in the use of information significant step forward, but special funding does
technology over the next years provide a growinghot address the issue of maintaining information
number of new educational alternatives. There isechnology as a major and continuing element in
no doubt that there will be great progress in thehe operation of the schools.
next decade in the development of learning re- The option of having a sufficient deployment of
sources which make use of the capabilities of thenformation technology so that it becomes main-
technology. Commercial networks such as Prodistream in schools while maintaining everything
gy and America On-Line carry educational offer-else schools currently fund is unrealistic. The
ings for young children. They will be joined by funding for substantial increases in technology on
other networks bringing learning opportunitiesan ongoing basis can only be accomplished by
wherever there are children. The quality of the ofchanging the way the existing funds are being
ferings will vary. Some, possibly many, will be spent in a substantial way. This may also include
poor, but there are certain to be very appealing arldbor costs. The painful reality faced by other or-
effective resources as well. With increasing capaganizations which have moved to make informa-
bility in networks and with the development of tion technology a major aspect of how they
small, inexpensive devices with multimedia capafunction is that the technology is purchased with
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the money recovered from reduced labor costssions of the type of rich learning environments
Any changes in the way in which school districtsdiscussed earlier.
spend their money will be sharply contested by The creation of colleges of education was a
teacher unions and, in many cases, by parents andnsequence of the school reform movement of
other residents of the district. If public schools dathe last century. The perceived value of colleges
not find ways to move in this direction they will of education was contentious at the point teacher
find themselves in competition with other educa-training entered the university and has remained
tional entities such as private schools, charteso to the present. The radical changes which in-
schools, educational networks, and the other neformation technology is generating in American
organizations which provide technology-basededucation creates a need and opportunity for col-
educational services for children. The restructurieges of education. Within colleges of education
ing of the public schools and especially the rethrough-out the United States there are individual
structuring which entails the effective use offaculty members who are involved in efforts to
information technology can only occur if school make new technology improve the lives of chil-
leaders have the courage and political skill to acdren and youth. Unfortunately, there are fewer
complish the task of fiscal restructuring. examples of colleges of education which have
The availability of applications software with grasped the significance of information technolo-
regard to learning opportunities for children andgy for how they are to function and for the viabil-
young people is a mixed situation. There are twadty of their future.
kinds of applications which children and youth  There are two elements to the formation of a fu-
need to encounter. One type is the various produtdre for colleges of education. The first is that col-
tivity and information utility applications such as leges of education need to be involved in the
word processing, quantitative modeling, biblio-development and use of information technology
graphic and informational data bases. Of coursegs it improves the educational opportunities for
the quality of these applications continues to im-children in the broad array of venues wherein this
prove and children and young people need to hawsill occur. For the most part, colleges of education
access to them as a conventional element in theiirave been “colleges of schooling.” The econom-
education. The only problem which needs to becs and ideology of the past have forged a tight
solved with regard to this type of application isconnection between them and schooling, which
seeing to it that children and youth have access twas usually public schooling. The value of col-
the same tools as those being used in the world beges of education will be even more suspect if
yond the schools and not antiquated applicationghey attempt to hold to an orientation to education
The other type of applications pertains to thosevhich is less and less an accurate depiction of real-
programs which are devised as learning resourcety. A misplaced sense of loyalty to formal educa-
for children and youth. Most of the programstion will not even serve the needs of schools since
which are marketed as learning resources for chilschools are faced with the need to function within
dren and youth are of poor quality, even whera new educational world. Colleges of education
judged on their own terms as quite conventionaheed to be seen as places where knowledge and
drill-and-practice or tutorial programs. Even moreskills reside to assist schools in making effective
problematic is the situation with regard to innova-use of information technology. If colleges of
tive materials which begin to exploit the designeducation are “on the sideline” on the unfolding of
opportunities provided by equipment of increas-informational technology in teaching and learn-
ing capability. Private as well as public funds needng, then the future of colleges of education may
to be provided to support the development of apbe increasingly tenuous.
plications which furnish concrete and usable ver-



Appendix A Schooling and Learning in an Information Society | 55

The second element pertains to the long-stand-8. Gelsinger, P., Gargini, P., Parker, G., and Yu,
ing complaint about the disconnection between A. “2001: A Microprocessor Odysseyech-
the training which occurs in colleges of education  nology 2001: The Future of Computing and
and the realities of life and learning in the places CommunicationsDerik Leebaert, Ed. (Cam-
where teachers and other educational personnel bridge, MA, MIT Press, 1991).
work. Information technology provides a basis for 9. Gilder, G., Life After Television Revised
a reconstruction of teacher education. There are (New York, NY: W.W. Norton & Co., 1994).
obvious but not fully realized implications of the 10. Goody, J.The Interface Between the Written
use of networking as a means of establishing link- and theOral (Cambridge, MA: Cambridge
age between colleges of education and schools University Press, 1987).
and other places where education occurs. Alsd,l. Hackforth, R.Plato’s Phaedrugindianapo-
colleges of education which produce credible and lis, IN: Bobbs-Merrill Company, Inc., 1952).
useful research or development products ca@2. Holt, J.How Children Learn4th Ed. (New
make use of information linkages to enable their ~ York, NY: Pitman Publishing Corporation,

products to be used. 1969). -
A new era of the human condition has begun13. Hyman, A.Charles BabbaggPrinceton, NJ:
This transformation will bring with it problems  Princeton University Press, 1982).

and opportunities. No area of human existencd4. Kasson, J. FCivilizing the Machine(Har-
will be more affected than the processes of educa- Mmondsworth, England, 1976).

tion. The question of how well the resources of in15. Katz, M. B., “The Origins of Public Educa-
formation technology will be used to improve the  tion: A Reassessmentistory of Education
lives of our children is as yet unanswered. The re- Quarterly16(4), (1976, Winter, pp. 381-407).
sponsibility to begin the construction of the 16. Langworthy, H., “imaging Capabilities in the

answer to this question falls upon this generation. ~ 21st Century,Technology 2001: The Guture
of Computing and Communicatioix Leeb-

aert, ed. (Cambridge, MA: MIT Press, 1991).

APPENDIX A REFERENCES 17. Leebaert, D., “Later than we think: How the
1. Bolter, J.D.,Writing Space: The Compulter, Future has Arrived, Technology 2001: The
Hypertext, and the History of Writingills- Guture of Computing and Communicatipns
dale, NY: L. Erlbaum Associates, 1991). D. Leebaert, ed. (Cambridge, MA: MIT
2. Carter, J.GEssays Upon Popular Education Press, 1991).
(New York, NY: Arno Press, 1969). 18. Mangun, V. L.The American Normal School:
3. Clarke, A.C.How the World Was WaiNew Its Rise and Development in Massachusetts
York, NY: Bantam Books, 1992)., p. 224. (Baltimore, MD: Warwick & York, Inc.,

4. Cremin, L.A., American education: The 1928).
Colonial Experiences, 1607-1783st Ed. 19. Mann, H.,Third Annual Report, Together
(New York, NY: Harper & Row, 1970). with the Report of the Secretary of the Board
5. Cremin, L.A.,American Education, The Na- (Washington, DC, 1940).
tional Experiencel783-1876 1st Ed. (New 20. Messerli, JHorace Mann: A Biographylst

York, NY: Harper and Row, 1980). Ed. (New York, NY: Knopf, 1971).

6. Cremin, L.A. American Education, The Met- 21. Meyer, J. W., and Rowan, B., “The Structure
ropolitan Experience, 1876-198New York, of Educational Organizations,Organiza-
NY: Harper & Row, 1988). tional Environments: Ritual and Rationality,

7. Dewey, J.School of TomorrowiNew York, J. W. Meyer and W. R. Scott (eds.) (Newbury

NY: E. P. Dutton & Co., 1915). Park, CA: Sage Publications, 1992).



56| Education and Technology: Future Visions

22.

23.

24,

25.

26.

27.

28.

29.

30.

Meyer, J. W., Scott, W. R., and Deal, T. E.
Institutional and Technical Sources of Orga-

nizational Structure: Explaining the Structure31.

of Educational Organization§rganization-
al Environments: Ritual and Rationality

(Newbury Park, CA: Sage Publications, 32.

1992).
Morton, M.S. (ed.)The Corporation of the

1990s (New York, NY: Oxford University 33.

Press, 1991).
Norman, D.A.Things That Make Us Smart:

Defending Human Attributes in the Age of the34.

Machine (Reading, MA: Addison-Wesley
Publishing Co., 1993).

Norton, A. O.The First State Normal School
in America: The Journals of Cyrus Peirce and
Mary Swift(Cambridge, MA: Harvard Uni-
versity Press, 1926).

Ong, W. J.Interfaces of the Word: Studies in

the Evolution of Consciousness and Culture37.

(Ithaca, NY: Cornell University Press, 1977).
Ong, W. J.Knowledge and the Future of
Man; An International SymposiuniNew
York, NY: Holt, Rinehard and Winston,
1968).

Pangburn, J. MThe Evolution of the Ameri-
can Teachers CollegiNew York, NY: Co-
lumbia University, 1932).

Papert, SThe Children’s Machine: Rethink-
ing School in the Age of the Computiiew
York, NY: Basic Books, 1993).

Journal of Education54(1), October, 1976,
pp. 3-20.

Pressey, S. L., A Simple Apparatus Which
gives Tests and Scores—and TeacBehpol
and Society?23(586), 1926, pp. 373-376).
Proclaim the Word: The Lectionary for Mass
(Washington, DC: United States Catholic
Conference).

Provenzo, E. F., J¥ideo Kids: Making Sense
of Nintendo(Cambridge, MA: Harvard Uni-
versity Press, 1991).

Rheingold, H., The Virtual Community
(Reading, MA: Addison-Wesley, 1993).

. Rothman, D.JThe Discovery of the Asylum;

Social Order and Disorder in the New Repub-
lic (Boston, MA: Little, Brown, 1971).
Schank, R. and Cleary, CEngines for
Education (Institute for the Learning Sci-
ences, Worldwide Web, 1994).

Scott, W. R., “Introduction from Technology
to Environment in John Meyer and W. Rich-
ard Scotf Organizational Environments:
Ritual and Rationality(Beverly Hills, CA:
Sage Publications, 1983, pp. 13-17).

. Stowe, C.E., Report on Elementary Public

Instruction in America. In Knight, E.W. (Ed),
Reports on European Education, (New York,
NY: McGraw-Hill Book Co., Inc., 1930, pp.
248-316).

39. Whitehead, A. N.;The Aim of Education

(New York, NY: The Macmillan Co., 1929).

Powell, A. G., “University Schools of Educa- 40. Zuboff, S.In the Age of the Smart Machine

tion in the Twentieth Century,’Peabody

(New York, NY: Basic Books, Inc., 1988).



Appendix B
Learning and
Teaching in 2004
The BIG DIG B

hen we consider the confluence of trends and pace of
change in the economy, society, and technology, it is
relatively easy to envision systems of schooling, learn-
ing, and teaching a decade hence that are very different
from those of the past 100 years. It is not clear, however, whether
all current educational reform movements are consonant with
such a vision.
Our vision of teaching and learning 10 years hence is informed
by current and past experiences of technology-using innovators
within education, combined with trends outside of the education-
al system that drive the requirements and opportunities for learn-
ing and teaching. One set of external drivers includes global and
national trends in economy and demographics (31,32,79). An-
other set of external drivers includes the rapidly changing in-
formation technologies and information infrastructure (11).
These changes in the larger society are imposing requirements for
change in the skills, knowledge, and learning capabilities of citi-
zens (17, 78, 83). Consonant with the requirements is the trend
within education toward constructivist approaches to learning
and teaching (65, 80).
Nearly every element of our future vision exists today for some
people at some times and in some places. What makes our vision
different is the pervasive extent of participation and the seam|esd=——
interaction of the human, institutional, and technological compo- by
nents. In reality, the shape this convergence of trends takes will bt Beverly Hunter and
the result of political leadership and policy decisions over this  Bryce Goldberg
coming decade.
A general theme of our vision is that learning, teaching, and
schooling all will have a closer relationship and interaction with
people, places and knowledge outside of schools than has been | 57

Bolt Beranek and Newman
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typical in the past 100 years or so (103). The structured on-the-job training. This approach,
“learners” and the “teachers” are people of all combined with school-based learning, can be
ages, in all walks of life (17, 40). In this vision, ev-  very effective in engaging student interest, en-
ery person considers himself both a learner and a hancing skill acquisition, developing positive
teacher. Some people will play a teaching role work attitudes, and preparing youths for high-
only part of the time, while others will be  skill, high-wage careers.
employed as professional teachers.
Numerous reports from stakeholders as varie% , . . .
: , . oth public and private enterprise must be agile to
as mathematics teachers and industrial Ieadeﬁs : : .
) . . -deal with rapid changes in markets, customer and
have directed our attention to various facets of this;. . : ,
Client, and community requirements. Innovation
general theme. Most recently, for example, there uires ranid adaptability. Agility must be
U.S. Congress, in the School to Work Opportuni- q P P Y- AQIY

ties Act of 1994, addressed many of the cuIturalaChIe\./ecj.by a combination of technological ano_l
. . . ._organizational changes. One important change is
economic, technological and cognitive factors in

o the delegation of substantial autonomy to reconfi-
its findings: .
gurable, relatively autonomous teams of workers

= three-fourths of high school students in the U.S(46). Work reorganization and new technologies
enter the workforce without baccalaureate dePropel employees and citizens to take more re-
grees, and many do not possess the acadenfigonsibility, cooperate more with each other, un-
and entry-level occupational skills necessary té¢lerstand their roles in the production system, and
succeed in the Changing U.S. Workp|ace; act on that knOWIGdge (17, 40, 79) Rather than the

= a substantial number of youths in the U.S., stypredetermined curriculum sequence of the indus-
dents of diverse racial, ethnic, and culturaltrial era, people need to learn new subjects and
backgrounds, students with disabilities and esskills at the time they are needed on the job or in
pecially disadvantaged students, do not comcivic life.
plete high school;

= the workplace in the U.S. is changing in re-VIGNETTE: “THE BIG DIG”
sponse to heightened international competitioiWe illustrate key elements of our vision through
and new technologies, and such forces, whicla vignette that takes place in the year 2004 in met-
are ultimately beneficial to the nation, areropolitan Boston. The Big Dig is a real project.
shrinking the demand for and undermining theBoston’s Big Dig—or Central Artery Tunnel
earning power of unskilled labor; (CAT) project, as it is officially known—is the

= the U.S. lacks a comprehensive and cohererairgest single civil construction project ever un-
system to help its youths acquire the knowl-dertaken in the United States. A 10-year, $7.7-bil-
edge, skills, abilities, and information aboutlion effort, it willinclude depression of the Central
and access to the labor market necessary thrtery an elevated highway through the heart of
make an effective transition from school to ca-Boston construction of a new system of off and on
reer-oriented work or to further education andramps, and the construction of a third tunnel under
training; Boston Harbor. Today, in 1994, the project is

= students in the U.S. can achieve high academicheduled for completion by the year 2004.
and occupational standards, and may learn bet- The “Big Dig” educational vignette presumes
ter and retain more when the students learn ithat in the mid-1990s, educators began to build a
context, rather than in the abstract; and significant body of exemplary learning resources

= the work-based learning approach, which isand activities based upon the Central Artery Tun-
modeled after the time-honored apprenticeshimel project. Through existing and emerging
concept, integrates theoretical instruction witheducational reforms, telecommunications net-

In an increasingly globalized environment,
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works, and the evolving National Information In- organized learning activities. Advances in com-
frastructure (NII), an educational collaborative ofmunications technology had helped break down

teachers and learners of all ages was built. some of the walls. That was what first got Mer-
cedes going. As technology coordinator in her
O Vignette Prologue school, she worked on a project initiated by the lo-

It's a beautiful spring morning in April 2004. Ten cal _phone company to start the first school voice-
mail system in the Boston area. The system

years ago, Massachusetts began its evomtiona@/nabled arents to more easily communicate with
effort to restructure the entire way it organized, de; P y

livered, and financed education. It's also a speciatf1e|r childrens tea}cherg The next step was a log-
day in Mercedes Banzon’s life. ical one- connecting this phone_system with com-
puter dial-up access. At that point, parents could
Crossing the street to the Boston Museum ofise their computers to access local social service
Science, Mercedes reflects on some of the changegencies, discover employment possibilities, and
she’s seen and undergone over the past 10 yearsnhance their own education. In the late 1990s,
She smiles and shakes her head. Ten years agsusinesses in Massachusetts had begun donating
she was “just a teacher"—a self-disparaging and loaning computers to workers and parents as
phrase she often replied with when asked what shgart of a major “ lifelong learning” initiative that
did for a living. Nowadays, in 2004, almost everyevolved out of a convergence of federal and state
job involves at least some teaching and a lot oprograms. These programs included: Goals 2000,
learning. Every industry and public organization statue and urban systemic initiatives, enterprise
now routinely employs teachers. Mercedes recallgones, and a bipartisan Massachusetts industrial
one of the most revolutionary aspects of Massaecompetitiveness effort to make the state more at-
chusetts’ belief statements of the Goals for theractive to business and industry.
Next Century document: “In the world of the year
2000, there will no longer be possible or desirableE
the radical separation of civic life, work and con-
tinuing education. Education must cease to be a
institution, and become instead, a way of life.”

The creation of the Boston Metropolitan
ducation Region (BMER) was an institutional
outgrowth of these initiatives. Many school sys-
tem jurisdictions found common ground with the
“lifelong learning” initiative proposed by indus-

Mercedes is now proud to proclaim that she igry-education partnerships and coalitions in the
an “educator.” The transformation telescoped irarea. The BMER was funded by a combination of
her mind. Ten years ago, she volunteered on these federal, state, industry, and local funds. It is
Goals 2000 school/community committee in Dor-highly dependent upon the CWEIS (Community
chester. Today is her first day as Chief EducatioWide Education and Information Services)
Officer for the Boston Metropolitan Education formed in 1994 to take advantage of computer net-

Region (BMER). Her visit to the Boston Scienceworking in the region.

Museum will help remind her how all the changes
in education over the past ten years have tak
root in the lives of students, teachers, parent a
community members—in short, everyone.

Mercedes recalls that as its first pilot project,
MER issued a Request for Proposal to students,
achers and community members inviting them to
design a nine-week project that would engage all

Mercedes remembers that 10 years ago, teachihe participants in collaborative projects without
ers and students spent all their time in “schoolregard to the political boundaries of their school
buildings,” sealed away from the vital life of districts. Mercedes organized a group of teachers,
learning and information their communities of- parents, community center leaders and profes-
fered. On the other hand, the majority of adultssionals from health and human services. This
were not a part of the formal educational systengroup developed a winning proposal and con-
and thus had little opportunity to participate in ducted a successful community-wide educational
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project called “Using Your Brain,” that took ad- newcomers at this session. They begin with
vantage of many resources across the area includntroductions:

ing television, radio, computer networks, and
newspapers. This was one of several projects tha
achieved city-wide citizen awareness of the
educational value of many different institutions
and groups.

+ 20 children, ranging in age from about 10 to 16,
who attend three different schools in Boston,
Charleston, and Somerville;

= an undergraduate teacher-in-preparation from a

local college;

= a graduate student in engineering from MIT;

an engineer from Bechtel, the Big Dig contrac-

tor, and parent of one of the children;

another teacher from Elaine’s school;

a member of the exhibit staff of the Boston Sci-

(1 The Tunnel Team

Mercedes walks through the front door of the Bos-
ton Science Museum and sees the brightly coloreg
sign “To the Dig” directing her down the hallway ,

on the left. ence Museum;

Fourteen-year-old Azikwe Jackson-Hu has, 5 staff member from the Metro Boston Transit
also arrived early at the Boston Museum of Sci- Authority (MBTA):

ence this Monday morning. There’s a special all,,
day work session with his Tunnel Team. By 9 a.m.
about 30 people have arrived. .
The session facilitator is Elaine Corzini, a
teacher from the Mather school in Boston. She
introduces the goals for today’s work—preparing,,
for their Tunnel Team exhibition at Big Dig Week
to be held next month. Several thousand visitors
are expected at this Boston-wide event. It will also
be viewed by many more people through televi-
sion and computer networks. Because Azikwe's mother has to leave the
To set a high standard and expectations for thmeeting by 10 a.m., it is agreed that they will be-
Tunnel Team’s exhibit, Elaine shows a brief videogin with the demonstration. Azikwe is impatiently
of last year’s exhibition. In it, one team had develwaiting to get started. His mother says,
oped a mathematically interesting analysis of “Azikwe and | would like to show you some
hourly carbon monoxide and temperature readparts of the tunnel simulation and control system
ings at several points in the tunnel, over an eightthat | have been working with as an engineer for
year period. The large poster display of theithe CivTech company. We are subcontractors to
insightful charts and graphs had resulted in exterBechtel for tunnel monitoring and maintenance.
sive publicity and, eventually, in improvementsBy the way, Calvin is our contract monitor—Hi,
being made in the tunnel ventilation systems. Calvin. Calvin might explain to you later how we
Elaine reminds the group that this exhibition ismanaged, after three years of fighting our bureau-
an important opportunity to get feedback andcracies, to get permission to make this tunnel
evaluation for their work on the tunnel project. simulation software publicly available on the net-
They need to make careful plans to take advantageork.”
of this opportunity to assess their progress in While his mother is talking, Azikwe has been
learning. operating the computer, getting the tunnel simula-
Although this project team has been workingtion program up on the large screen in the front of
together for many weeks, there are as usual sontlee room next to the video conference screen. The

a faculty member and student from Roxbury
Community College;

a member of the Urban District Assessment
Consortium, who specializes in student assess-
ment; and

also present via video conference are teachers
and students from four schools in the Boston
area, and Azikwe’s mother who is on travel at
her company’s office in another city.
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teachers and students at the remote locations usik their teeth into this program. Is it okay for me
a shared workspace tool on their computers st introduce it to them?”
they can see the same computer screen that Mrs. Hu says, “I think that that'll be okay...I'm
Azikwe is demonstrating. sorry, | have to leave for another meeting right
She continues, “Azikwe, if you will put the now. I'm sure Azikwe will tell me tonight what
main screen up there, I'll explain the four mainyou decided. If you do decide to work on this,
components of this system. Then we’'ll take a lookhere is a new engineer here on our staff who is just
at the structural design part that | use in my work.learning this system. He might volunteer to help
About 20 minutes into the demonstration, oneyou learn along with him. Bye, all. See you at the
of the children asks, “Mrs. Hu, can | ask you aairport at six tonight, Azikwe.”
guestion? How come your tunnel looks really dif- The session suddenly becomes chaotic, ex-
ferent fromour tunnel simulation? Isn’t this the ploding with a dozen simultaneous conversations.
same tunnel? The only thing that looks the sam&he teachers and students on the video screen look
to me is that the tunnel is made of 300-foot-longconfused, since they can’t understand what any-
tubes.” one is saying. Mrs. Corzini tries to get more disci-
Azikwe's mother replies, “Meera, you ask anpline into this creative firestorm.
excellent question. Azikwe has shown me your “Let’s capture all these ideas in the collabora-
team’s tunnel simulation many times, and | knowtive notebook, right now,” she says. “Make groups
that these programs do look very different fromof four or five people and enter your ideas into the
each other. This is because we have different punotebook file Tunnel Session Nine.”
poses, and are using different software. Your team About eight small groups form spontaneously,
has been building your tunnel simulation to helpentering their ideas into their notebook computers
you learn and understand and share your undeat the work tables. One of the students gets the col-
standing of the design principles, and the mathdaborative software up on the large screen so ev-
matics and physics needed to understand theryone can see the emerging comments. Mercedes
design. My program, on the other hand, is used bgotices one small group that includes only youn-
professional engineers responsible for monitoringier children and asks Lew Girshalt from the
and maintenance. So we engineers need differeMBTA and Ana Julia, a teenager from Sometrville,
information than you do. Azikwe, would you to join them.
show the cross-section view again? Notice, for ex- The teachers and students at the remote sites
ample, that we have much more detail about thgin in from their own computers, so everyone can
electrical system in this cross-section than yowshare in the swirl of ideas, exclamations, argu-
would need in your simulation.” ments, sketches.
Several children, and adults, are now waving Here is a sampling of the comments the groups
their hands for attention. Andy preempts the othare entering into the collaborative notebook:
ers. “Mrs. Hu, | have an idea for our exhibition. “What about our traffic data? We wanted to
We could have two screens side by side where waake a game where people have to correlate traffic
show the differences between yours and our simustatistics with days and times.”

lation.” “Mrs. Hu’s program is too complicated for the
Mrs. Hu starts to reply but Jewelle interrupts,younger kids.
“But we can't do that! Her program is too compli-  “We could connect her tunnel program to our

cated! I don’'t even know what any of those iconsGIS maps of the neighborhood.”

mean up there.” She runs over to the screen and “I could help the students ferret out assump-

points to the icon menu across the bottom. tions in Mrs. Hu's model about the structural
The community college professor speaks up, “properties of the tubes and compare it to the one

have some students in my classes who are techrihey’ve been using.”

cians with the transit authority. They could really
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“We were going to videotape the inside of theing, communication and collaboration, and many
tunnel and show how to image process a comparspecialized tools for their particular work and
son with our simulation.” pleasure. In 1996, the BMER had recommended a

“We don't have enough time to learn her pro-common core suite of tools, and had taken steps to
gram before the exhibition. And besides,make the software available at very low cost

Azikwe's just showing off.” across the area, in all community centers, schools,
“Does anyone realize that that system cost théibraries, homes, government offices. This action
taxpayers two million dollars to develop?” was the landmark event that enabled the rapid de-

“That program will not demo well at a public velopment of fluency in computer use and in-
exhibit. The screens are too busy and complicatedormation literacy among most people.
the user interface is arcane, we’'d need a full-time

engineer to handle the booth, who could explain Aiter lunch, Elaine famhtates_a_s the group dis-
it?” cusses the goals for the exhibit. On the large

“We wanted to show the hypermedia we madeScreen she points one by one to each of the com-
where we took that old Big Dig video from 1994 ments made earlier in the collaborative notebook.
@\s the group discusses the merits of each of those

and showed how things really are now, and all th . X X
g y ideas, they record these additional considerations.

mistakes they made back then.”
“We built a model of traffic congestion, and  As Mercedes sits back and watches Elaine’s
compared the behavior of our simulated trafficskillful facilitation and recording of the group’s
jams to real traffic jams in the tunnel. We want todiscussion, she recalls the BMER meeting four
make an exhibit of our program.” years before when the very contentious issue of

Mercedes observes with pride the skills, knowlScheduling had come to a head in the BMER. It
edge, creativity and insight reflected in thesehad been extremely frustrating to try to conduct
spontaneous comments. She walks from group fty-wide learning activities that were constantly
group, observing the contributions being made byompeting with the rigid class schedules of the
different members of the team. She reflects uposeparate schools. The separate schools were also
those early attempts at project work 10 years agcat & point of crisis about scheduling because they
So many of the prerequisite skills-both so-called®lso were attempting to conduct interdisciplinary
“basic” as well as metacognitive skills—were project-based learning activities that could not
simply not present back then, in either teachers ofunction in the 45-minute class periods. It was at
students, so project work was painfully slow andhat meeting, while they were recording their dis-
often unproductive. Attention to “basic” skills cussion in the BMER collaboratory notebook,
came first. Clear and concise formulations ofthat they realized the technology they were using
what students should know and be able to do-stargould free them from some of the time constraints
dards—were combined with strong strategies foof their school traditions. Nearly everyone—
implementing these ideas within school settingdeachers, students, administrators, many par-
This prompted more complex assessments and eeRts—had become fluent in using project
abled teachers to tie instruction to the diversedatabases, collaboratory notebook, videoconfer-
needs of their students. Now, even the youngegncing, project management tools, people direc-
member of this team has had several years of eferies. Thus it was now thinkable for people to
perience and training in teamwork, investigation,participate in project teams without having to be
observation, analysis, synthesis, and communicgshysically present at all face-to-face meetings. If
tion. Even the oldest adult had by now severaéveryone would take responsibility to ensure that
years' experience in using many computer-basedll project discussions, decisions, materials and
tools including those they used for writing, multi- products were carefully documented, they could
media creation, data storage and analysis, modelfree themselves from some of the tyranny of sched-
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ules. So, for example, at today’s Tunnel Teamwith stories of his work life underground in the
workshop only 40 of the 100 members of the teamnnel. The Science Museum exhibit designer is
are physically present, another 40 are present viavorking with the tunnel team as part of her official
video conference, and the others would have twork duties, as the museum is an educational con-
use the electronic recording to participate vicari- tractor to the CAT project and is the main organiz-
ously at a time convenient to them. Hencegr of the Big Dig Week.
Elaine’s careful attention to the recording of all  The groups put their draft plans and sketches of
discussion here at the workshop. the exhibit booth in their Tunnel Team workspace
The group decides on four main themes forP" the network, so that everyone on the team.—
their exhibition, then divide into four smaller Parents, teachers, students, and other community
groups to hammer out a plan of work for each offembers—can access and work on the plan.
the parts. Mercedes and the other teachers each©One of the teachers, the student assessment
work with one of the groups. Mercedes’ main Con_spe_mallst, and one of the chlldren_ form a group to
cern is that each member of the team make a cofféview and formalize the evaluation plans. They
tribution to the exhibition, and that the evaluation®€gin by locating the assessment archives from
plan addresses at least one of the learning goals 86t years’ Tunnel Team exhibitions. They see
each team member. She helps the group addrelfere were some complaints from parents last year
these issues systematically by referring to théhat the evaluators had too narrow a focus and
electronic records of their learning developmeninissed some important evidence of the team’s cre-
plans and the BMER assessment guides. ativity and communication skills. They decide to
The experts from MIT, Bechtel, the Transit Au- avoid that problem by having two levels of evalu-
thority, and the Science Museum rotate among thétlon of the exhibition. They call the two levels
groups, serving in their accustomed consultingQuick” and “Deep.” The “Quick” evaluations
roles. They are all volunteering their time and exWill be made by interviewing visitors to the ex-
pertise for different reasons. The MIT engineer idhibition, who would have unpredictable kinds of
focusing her graduate studies on new methods ¢fackgrounds, skills, and interests but who would
designing supports for underground structuresiepresent a wide range of viewpoints. The “Deep”
She is gaining valuable background knowledgeevaluations will be made by a panel of 10 people
through her work with various Big Dig education- chosen from the CWEIS school communities’ da-
al teams. The Bechtel engineer, rather than optin@gbase of teachers and expert reviewers.
for early retirement, has accepted as one of his In creating the evaluation plan, the group
new job responsibilities the management of thénakes links in the database to the individual Tun-
Big Dig education programs. He has been invalunel Team students’ personal development plans,
able in helping the team locate data, videos, softhe Tunnel Team’s educational goals, and the
ware, and other historical records of the CATemerging exhibit component groups’ plans. From
project’s 10-year history. As lead contractor forthese sources, they create packets of background
the CAT, Bechtel also oversees a major portion oihformation and draft assessment assignments tai-
the designated educational fund. The Transit Aulored for each of the 10 panelists. Each panelist is
thority technician is working on the Tunnel Teamasked to evaluate particular dimensions of the ex-
as part of his continuing education program, andhibition, depending on their specialty areas—
is receiving community college credit for this learning, basic competence, communications and
project. All government employees are expecteaollaboration, personal management, information
to spend 5 percent of their time in educational actimanagement, mathematics, engineering, inquiry
vities. While his own learning objectives are in themethods, etc. They compose electronic mail mes-
area of data analysis techniques, he has also begsges to the panelists, inviting them to participate,
a lively mentor for the children, fascinating themproviding pointers to their packets, and requesting
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a videoconference three days hence to discuss the“Today’s session was productive, but | wish
plan. The student member of the evaluation teamwe’d been able to hold it three weeks ago as we
takes on the responsibility to coordinate with thehad originally planned,” Elaine says. “ | just don'’t
panelists and keep all team members informed &fee how we are going to get everything done in
schedules and progress. time for Big Dig Week.”

Just as they are about to finish their work forthe “I know,” Mercedes agrees. “Until today’s
day, a group of students and a teacher from Somemeeting, | didn’t realize just how much incredibly
ville High School appears on the large videorich activity had been taking place in the Tunnel
screen. “Can we talk about this assessment planTéam this year. These students have enough mate-
they ask. rial for many high-quality exhibitions. I've been

“Yes!” hearing reports of similar progress from other

The Somerville teacher explains, “We haveBMER project groups, like the Harbor Ecology
been reading your draft evaluation plan for the exteam and the CAT Economics group.”
hibition, and the students have a concern about it. “I'd like to hear more about those groups.”
They've spent a lot of time the past few weeks “Next week, WBGH airs on national PBS a
learning how to develop this tunnel simulation,story about the work of the children, teachers and
learning how to use the simulation authoringparents on the ecology of the harbor around the
tools, and they fear your assessment instructiortsinnel. A substantial amount of the material used
to the panelists do not reflect this.” in this television show is based on data, videos,

The assessment specialist replies, “I'm not surand writings of the students themselves. As fol-
| understand you...aren't the students using thiow-up to the PBS story, students in Boston will
same simulation program that was used by lagake people around the world on a vicarious field
year’s Tunnel Team?” trip through their simulated tunnel and neighbor-

“No, that's our point. When we started this hood, using video archives from the past six
year’s Tunnel Team, some of the students had ajears.”
ready learned how to use SimMaker, and they “Whatwas that you were saying about the CAT
wanted to create their own simulation. Everyoneéeconomics group?”
agreed, but this made the project much more chal- “You might remember that for several years, in
lenging than last year’s. Some people have beem social studies course called “Building Consen-
developing some very important skills in model-sus,” students from several Boston communities
ing and in mathematics that don’t seem to be rehave been interviewing their parents and local
flected in this evaluation plan.” business people to learn first-hand how the project

“Would you then please revise the assessmerfias affected their businesses and how they partici-
assignments, and be sure to include a note that ypated in the Big Dig decisionmaking processes
have provided this input to the plan?” back in the mid-1990s. Today, students are post-

"Sure. The kids and | will work on this tomor- ing on the CWEIS Big Dig forum the results of
row morning. It will be a very appropriate activity their interviews with Haymarket pushcart ven-
for our modeling seminar, and more interestingdors. Their advisor helps them locate a similar set
than the exercises we scheduled to do anyhowf interviews with Haymarket business people
When the students reflect on how much they haveonducted by Globe reporters in 1995, and asks
learned, | think they’ll be surprised.” the students to identify, describe and explain dif-

By 4:30, nearly everyone has left after a proferences between their methods and findings and
ductive and exhausting day. Mercedes and Elainthat earlier study.
stay a few minutes to exchange some of their ob- “Some high school seniors who worked a sur-
servations and concerns. vey of Haymarket vendors back when they were
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freshmen are writing their senior project on the “Did you ever imagine the day would come
economics of the Big Dig. Because they have beewhen we would be complaining because our stu-
working with Big Dig concepts and data for sever-dents are doing so well?” Elaine smiled as she said
al years, and because they have personal knowit: “But it's true. We're seeing an explosion in pro-
edge of many aspects of this project in whichductivity. The ratio of adults to children in the
they’ve grown up, it's possible for them to tackle projects keeps growing, now that all the govern-
this very complex problem. They've identified all ment agencies, social services, and businesses
direct sources of funding of the Big Dig construc-have begun actively encouraging or requiring
tion itself—federal, state, and local governmentsheir clients and employees to show continuing
and private funds—over the past 15 years, andducation progress, and the BMER started award-
also identified several alternative economic moding formal credit for participating in its projects.
els to use in describing effects on jobs, businesseNow that so many more adults are involved in
industry, individuals and communities. Their children’s learning, it is not just a few privileged
work will be evaluated by a team composed oktudents who get to engage in complex, exciting
teachers, economists, academic standards speciglojects. Nearly every child in the Boston area is
ists, and students, as part of their qualifications fogpending at least two hours a day in these chal-
graduation.” lenging activities. Many children spend as much

“Well, they do have a couple of Harvard andas six or seven hours a day because they work from
MIT students working on it with them. In fact, | their neighborhoods and homes as well as school.
was talking with a world-renown economics pro-Most rewarding to me is to see the teenagers who
fessor at Harvard who says this is a precedent-satow get recognition for their energy, creativity
ting analysis of such a large public works project'sand focus, instead of being thought of as trouble-
economics.” makers.”

“Like the student journalists who stirred up all  “\\e||, there was that gang that built a video-
the controversy last week with their investigationgame in which the winner blows up the tunnel,”
of some politically questionable financial recordspjercedes sighs, “but two of them got hired away

of the Big Dig?” Elaine grins. by a videogame company so | guess they’re out of
“Adolescents have been stirring up trouble forgyr hair for awhile.”

years about the Big Dig. Students across the city
have been publishing a weekly newslett
P g y J Jd1A Few Weeks Later . . .

Digger, on the CWEIS. The students’ material ha _ _
contributed to many stories in the Boston Globel he Tunnel Team teachers, in a videoconference,

and local community newspapers.” discuss the evaluation results from the Big Dig
The Science Museum staffer reappears, listerexhibition. They are concerned about some
ing to their stories and adding one of his favoritesweaknesses in their students’ mathematical
“A history class has been studying nativeunderstanding as reflected in their project work.
American artifacts collected from the Harbor Is- One member of the teaching team suggests
lands prior to the building of the Harbor Tunnel.these students need more work with combinatorial
They digitized many of the artifacts such as theproperties of patterns and representations of three-
3,000-year-old spearhead found at Spectacle Islimensional solids.
land, and have put these on the CWEIS Web with Another teacher searches the Big Dig learners’
the guidance of a graduate student archaeologitisk bank. The Big Dig educational task bank has
at a local university. They've been correspondingpeen accumulating over the past nine years, with
on-line with several native American historianscontributions from teachers, students, parents,
and students to discuss the dating and interpretgrofessionals in the community, and various edu-
tion of these artifacts.” cators. The task bank began in 1995 with a grant



66| Education and Technology: Future Visions

to the Metropolitan Boston Community-Wide dents’ progress with the activities over the next

Education and Information Services (CWEIS) fortwo weeks.

a r_nulti—c_:hannel, multimedia edu_cationgl pr_oject. The Big Dig educational task bank has evolved

This prc_)Ject launched the educ_atlon_al Big Dig .COI'and accumulated over 10 years. Itis a very rich re-

laborative that has been_ growing since that t'mesource, but the quality and appropriateness of the
She locates three activities that might be help

ful. The others look at th ity d it materials for any given situation or learner’s
ul. The others look at the activity descriptions oh,qq g s variable. Individual teachers often have

their own computer screens. These are geometycr ; e ; ;
. : Ifficulty identifying task materials suitable for a
tutorials developed back in the 1980s and the Y fying

don't take advant fthe d i three-di articular learner or group. For instance, spatial
ontlake advantage ot the dynamic three- Imenéense, geometry, and visual representations have
sional solid modeling tools the students are al

been focus of renewal in mathematics curriculum

rea_dy accustomt_ed to using. T_he teachers are Nhce the 1989 publication of the NCTM Stan-
entirely happy with these tutorials, although they, ¢ (64, 90). But even in 2004 it is still difficult

agree they are worth trying. to find appropriate learning materials in this

One teac_her"tunes_her network agent to 9€0Myreq, especially in an interdisciplinary context.
etry education,” and finds the Geometry Forum at

Swarthmore. Live at the Forum at the moment is One of the many issues surrounding the task

a small group of high school teachers talking withbank—and all materials in the Big Dig distributed
a researcher in math education. information base, including student work—has

“Excuse me, may we interrupt for just a fewbeen the changing rules and customs about intel-
minutes to ask for some advice?” (She typesectual property rights for these materials. Hence
instead of using voice, so she will make a less odhe “fair use” policies are explicitly explained in
trusive interruption of their apparently informal the CWEIS, and each task package includes in-

meeting.) formation about the developers, evaluators, users,
“Sure. What's up?” they say, using voice.  and fair compensation policy.
She introduces herself and her team, and ex- i i
plains their situation. [J Same Time, at the Community
“Could you point us to a sample of the students’  Learning Center
work, and the panel critiques?” Mrs. Maturana, a recent immigrant from Cali,
“Sure. Tell your navigator to go to tunnel- Colombia, has learned from her daughter that
team.bigdig.cweis.boston.ma.us.” there are jobs available on the Big Dig project. At

“OK. We'll take a look later this afternoon and the community learning center where she is taking
leave you some notes there. | recall a group in thiessons in English as a second language, she learns
Bay Area of San Francisco was working onabout the jobs databank that is provided by

something similar with one of the technology CWEIS. High school students in information sys-

labs. We'll check it out for you.” tems apprenticeships have been working with the
“Thanks! Talk to you soon.” metropolitan Central Artery Tunnel administra-
“You're welcome. | assume we may point sometion to keep the job bank updated. A Spanish-

other educators to your project?” speaking volunteer at the center explains to Mrs.
“Yes. Our fair use policies are described at theMaturana the different programs available.

CWEIS home page.” Mrs. Maturana is interested to learn more about
“Thanks. Bye.” this, both so she might find a job, and because she

The third member of the teaching team, an apwould like her high-school age daughter to have
plied mathematician at the civil engineering firmsuch a learning experience.
working for the city, agrees to follow up with the  The volunteer doesn't really know much more
Geometry Forum advice, introduce the Tunnelbout the high school apprenticeships, so she
Team to the new activities, and monitor the stutunes the CWEIS navigator to the CAT adminis-
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tration building. The office building is also a proj- Let’s find a time next week-1'm here Monday and

ect-based center for high school youth in aMednesday afternoons !”

school-to-work program for a certain number of

hours a day to work on information systems proj—-l_E'A‘Cl'm\IG AND LEARNING:

ects. A receptionist appears not to be very busy, dNDERNEATH THE BIG DIG

the volunteer asks in voice, “Hello, we're over The Big Dig vignette weaves together many

here at the Somerville Community Learning Cen-strands of institutional change, learning activities,

ter. Can you tell us about the CAT high school inteacher roles, and technology applications. All

formation system apprentices?” these components currently exist in some form in
“Oh yes, there are always at least a couple 01994, although they are not yet integrated as wide-

them around, day or night. I'll see if | can get ondy and deeply into a community as the Big Dig vi-

of them to talk to you.” gnette portrays.
“Wait. Can you find someone who speaks Why the Big Dig theme? We use this organiz-
Spanish?” ing framework because it helps us think in a con-
“Sure, | think so. Hold on.” crete way about several elements of reform

A few seconds later a teen-ager appears on theidvocated for education. One set of concepts that
screen. In Spanish she describes the apprenticean help tie these elements together is embedded
ships and the jobs bank. in the term “authentic.”

The metropolitan planning authority, of which
the CAT is one part, is working on revitalizing the [l The Meaning of “Authentic”
inner city. It has Big Dig Jobs opportunities The notion of authentic instruction is related to
created to permit learning to go on simultaneouslypur understanding of how people learn. People
with the work. So, for example, you might get anbring their prior experience and concepts to new
unskilled labor job to begin with, and take classesituations, and construct their knowledge out of
to increase the skills you want to develop. Thergheir interaction with the world (4, 12, 65, 80, 91,
are opportunities to use these new skills so that02). A community-based scenario such as the
you will not be doing menial work without a fu- Big Dig spotlights the interaction of everyday life
ture prospects once the CAT project is completedand learning. The Big Dig as an educational theme

Mrs. Maturana, still trying to understand all and context, draws on individual and group expe-
this news about her new city, asks how such a sysiences at home, in their neighborhoods, from
tem of working and learning is possible. Whotheir newspapers and television, so that the
pays for it? construction of new knowledge flows naturally

The student explains that his is a joint effort offrom the everyday realities of life.
the city government, private industry, and educa- The CAT projectis avery large endeavor affect-
tional institutions. Industrial firms benefit as well ing in different ways the lives of nearly every per-
as government agencies. For example, there as®n in a metropolitan area. Hence as a theme and
some job openings at the plant where concrete secentext for learning and teaching, it draws upon
tions are made for the underground highway. Th¢he real-world experiences of children, profes-
workers there are learning a new concrete moldionals, parents, workers and politicians across
manufacturing technique from the onlinethe diverse neighborhoods of a city. It acknowl-
manufacturers extension service (61). edges the great diversity of people, and the fact

“Well, Sra. Maturana,” the teenager ends,” Ithat they bring different backgrounds and experi-
think that you and your daughter Ana Julia shoulcences to a learning situation(10). Such an empha-
make an appointment to come down to the CATsis and respect for diversity is a key step to
building. | can help Ana Julia apply for an intern-equitable educational opportunity in our increas-
ship here, while you look for jobs in the databaseingly multicultural society. A city-wide context
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for learning is not the only possible approach tanental readiness, or curiosity, or social pres-
creating a culture of lifelong learning that offerssure—rather than in a preset curriculum sequence.
universal and equitable opportunity for everyoneThis is very difficult for learners and teachers to
One could, for example, focus on a global contextachieve without the support and accessibility of
or on a virtual community of people who share aexperts and a large repertoire of instructional ma-
common interest and background irrespective oferials (12). The combination of the Big Dig and
their geographic location (11, 82). the technological and informational infrastructure
Authentic means working on projects andprovides a set of conditions that make just-in-time
problems of intrinsic interest to the learner or dearning plausible, if not consistently achievable.
group of learners, rather than learning what everyin the tunnel team vignette some students needed
one else of the same age is expected to learn at ttee advance their skills in mathematics to make
time; working collaboratively with peers and progress on their tunnel simulation. The teachers
mentors; closer relationships between people inwere able to draw upon expertise from national
side schools and outside in the “real world.” Thissources (e.g., the Geometry Forum), local indus-
cannot be accomplished unless there is a sustaingg (applied mathematician from a CAT contrac-
motivation and interest on the part of all thetor), higher education, and the CWEIS itself (Big
people involved. The CAT project is so large it af-Dig task bank) to create appropriate just-in-time
fects nearly everyone’s life. It is multidimensionallearning opportunities for these students.
and of long duration (decades) so that it provides Authentic means continual learning. A basic
a sustained motivating context. The CAT projectpremise underlying our vision is that everyone
involves local, state and national politics, historyneeds to be learning in our rapidly changing
ecology, finance, engineering, mathematics, sciworld. Recently, many studies have found far too
ence, social science, journalism, media, businesmany adults to be woefully lacking in basic lit-
and jobs. eracy (19). At the same time, highly trained
Authentic means working in a hands-on modeprofessionals, such as engineers, need constant
with the physical and social world, in addition to upgrading of their skills and knowledge.
and in interaction with abstract symbols and Authentic learning often occurs in an interdis-
words, and electronic representations such as teleiplinary context, rather than in separate subjects
vision provides. The Big Dig offers a wide variety and isolated topics; working on a problem in
of places and phenomena for students and teachetspth, rather than covering many topics superfi-
to conduct empirical investigations in their owncially (3). Thematic, interdisciplinary investiga-
neighborhoods—physical construction, utilitiestions and project-based learning are becoming
infrastructure, wildlife, vehicle traffic, people’s more common in schools today. They are usually
opinions, newspaper and television and radio, hisaf short duration and there is not enough time to
torical artifacts. Rather than using electronic medevelop the deep underlying concepts or the skills
dia in a way that removes people from theireeded to achieve strong discipline. Therefore
physical and social community, the Big Dig sce-many attempts at project-based learning are super-
nario uses electronic media and tools to help reficial, lacking in deep understanding of underly-
connect people to their hands-on world. Thisng concepts or analytical discipline.
focus on the learner’s interaction with the physical The long duration of a Big Dig theme could
world is important both from the perspective of in-provide the years needed to build a coherent inter-
dividual cognitive development and the from thedisciplinary curriculum and repertoire of high-
standpoint of the health of the planet. quality learning materials. In the Big Dig
Authentic means learning something at thescenario, students build an increasingly complex
time a learner is ready and motivated to learn it—and deep understanding from year to year. A stu-
perhaps because it is needed to solve a problem dent gathering opinion data from local business
complete a project, or perhaps just from developpeople may not have all the skills needed to ana-



Appendix B Learning and Teaching in 2004: the BIG DIG | 69

lyze that data meaningfully in a short project. Induct meaningful, complex projects requiring a
the Big Dig scenario, that student might revisit thewide repertoire of skills and knowledge.
cumulative data on business opinions the next In 1990, over 74 percent of women whose
year, and would then have opportunity to learryoungest child was between the ages of 6 and 13
more advanced statistical analysis concepts analere working or looking for paid work (58). One
skills in the context of data with which he alreadymight speculate that the best social arrangement
is familiar and personally invested. Because théor lifelong learning of both the child and the par-
real world of the tunnel project keeps changingent is a community-based structure that supports
(e.g. perhaps opinions of the market merchantall ages of people in highly flexible ways—in-
change in a year due to changes in the parking sitatuding opportunities for adults and children to
ation), the project could remain fresh and alive—earn together. “Over the coming years, society’s
unlike having to repeat a chapter in a textboolability to adapt to the changing needs of working
(89). mothers and their children will be increasingly es-
Authentic means working directly with people sential to the health and vitality of families and to
from other places and cultures, rather than only inthe well-being of their children” (58, p.23).
directly through books (85). In today’s large met-  Authentic means producing something of real
ropolitan areas, there are different neighborhoodgalue to someone. In our vignette, for instance,
made up of people from a range of places and custudents produced a CAT jobs databank that has
tures. Typically there is little interaction amongreal value to their parents and others in the com-
these separate neighborhoods. A metropolitarmunity. Other students produced an exhibit that
wide theme as encompassing as the Big Dig couldias visited and enjoyed by thousands of visitors.
be used to provide opportunities and motivatiorOthers produced a newspaper that provided in-
for learning from each other. For instance, stuformation to many others across the metropolis.
dents in Cambridge might ask students who livélhe ability of students and teachers to produce
beside the entrance to the tunnel to collect sampldsiowledge that is of real value to a larger audience
of traffic data for their study of the changing trafficis perhaps the single most important change in
patterns over time. With the National and Globaleducation, and is the change most directly facili-
Information Infrastructure, students can alsatated through electronic communications technol-
reach outside their geographic region for collaboegies and the information infrastructure (70, 81,
rations and resources. The history class studying6).
native American artifacts could correspond di- Authentic means using the real tools for intel-
rectly with native American and indigenous lectual work that are used in the workplace, rather
scholars and students around the hemisphere. than oversimplified textbook techniques. A real
Authentic learning often requires teamwork.context such as the Big Dig could make it possible
Different members of the team have differentfor educational purposes to draw upon real-world
skills, interests, and knowledge to contribute taools such as the tunnel simulation software, the
solution of a complex problem (25). In a contextjobs data-bank, data analysis tools, that were de-
such as the Big Dig scenario, teamwork is naturaleloped for work in the community. As we
and logical because the learners bring a wide rangevinced in the Tunnel Team vignette, the tools
of backgrounds and capabilities to the task. Teamised by professionals are not the same as, and are
work is becoming more typical in modern corpo-not always directly transferable, for use by chil-
rations and business situations (8, 22, 24, 46). ldren or novices. But the existence of and commit-
typical schools of the industrial age, where learnment to a long-term project such as the Big Dig
ers are segregated by age and everyone in a clagsuld make it feasible to invest the time and effort
is expected to be achieving the same educational learning, modifying, and applying these real-
objectives at the same time, it is difficult to con-world tools to education.
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Authentic means basing assessment of student In 1994 we have many pioneering projects and
progress on performance of real tasks rather thaeachers who have created learning environments
artificial tests. In 1994, many groups are workingthat enable students both to develop skills in using
on new methods of assessing student learning aslvanced technological tools and to apply those
demonstrated in exhibitions and portfolios (14,skills to the production of valued products for
21, 43, 54, 55, 56, 59, 60, 61). This has proved ttheir community (6, 38). For instance, Randall
be a very challenging endeavor but as illustrateRaymond, a teacher at Cass Technical High
in the Tunnel Team vignette it becomes moreSchool, is Project Director for “Urban Environ-
feasible under the circumstances of a large, cormental Education in Detroit.” Working with busi-
tinuing, and community-wide theme. The hypo-nesses, government agencies, community
thetical assessment specialist in the Tunnel Tearvlleges, universities and research institutes in the
was able to draw upon previous years’ experiencéetroit region, he has developed community part-
the specialized knowledge of diverse panelistsperships and outreach programs. These partner-
the voices of learners and teachers, and an accessitips enable his students to develop skill in
ble base of information about the educationahpplying Geographic Information Systems (GIS)

goals of individual learners and teams. technology to problems and projects of impor-
tance to the partners. The students conduct demo-
[0 New Roles for Teachers graphic studies for small businesses, perform

In all these instances of “authentic” learning,resource mapping and planning for local units of
teaching roles are richer and more vibrant thagovernment, design school transportation sys-
teachers now occupy. Teachers are guides arl@ms, develop a complete GIS-driven manage-
mentors and learners, rather than mere dispenséRgnt system for the entire Detroit Public School
of knowledge. The Big Dig is a real-world eventSystem, digitize the Detroit Public Library sys-
that keeps growing and changing, thus it provide(¢m, provide GIS training for urban teachers and
opportunities for teachers to continue their ownmembers of the community, and participate in in-
learning. Teachers build a web of contacts in théernships that help make a productive transition
community outside of schools to which they canfrom school to work. The students’ involvement
turn to help them in their own and their studentsin local environmental issues has created many
learning. opportunities to build and apply skills such as data
These new roles are already evolving. A 1990&nalysis and spatial analysis.
example is the work of Nick Haddad, a teacher in Information resource facilitator, assessment
Fairweather Street School in Cambridge, MA,specialist, technology expert, team manager and
who has been collecting data from the Boston Harfacilitator, child development expert, subject mat-
bor for seven years. His “Boston Harbor Datater specialist-all these multiple roles teachers are
Sheet” included weekly statistics on species ofiow beginning to assume must be understood as
fish caught, imports and exports, ships and theiunfolding within a team environment. Not every
cargo, water and air data, and learning activitiet¢eacher need be an expertin each role. What is nec-
that integrate the study of the Harbor into schoolessary, however, are changed expectations for, and
ing. He worked with over 100 teachers fromconditions within, the profession of teaching.
around the city, and with MASSPORT authority  First, the isolated world of the self-contained
experts. He works with a group of teachers frontlassroom must give way to a more open learning
around the city, and with Harbor authority expertscommunity in which teachers have a chance to
developing educational activities that draw uporwork with, observe and learn from each other as
these data. His own continuing learning about thevell as from professionals in other fields. These
changing ecology and technology of the Harboteachers (and their students) will most likely re-
sustains his motivation for this work. main with each other over a period of years.
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Therefore, just as families will need more powercollaborating on the development of highly dis-
in exercising choices over their children’s educatributed information services. Gradually over the
tion, so teachers will need to exercise increasenhid- and late-1990s these diverse institutions
choice regarding whom they wish to teach withwould have developed the technical infrastructure
and under what conditions. and skills in order to contribute to and benefit
Second, teachers must be adequately preparé@m the metropolitan-wide knowledge base.
for the new roles they will occupy, not only Mercedes’ “Using Your Brain” module could
through academic pre-service education buhave evolved to the point where the nine-week
through significant clinical pre-service experi- project module was commonplace across the met-
ences as well. Those coming into the professioropolitan area. Every student might participate in
will need more supervised experience with aat least one such cycle during the year. Since the
group of accomplished mentors than that afforde@rojects were designed to produce and not merely
by present mostly hit and miss induction experi“reproduce” knowledge, they were considered
ences (26). Project centers such as CWEIS angalue-added.” Communities might find that the
BMER can function as professional developmenprojects made good economic and civic sense.
schools for these prospective teachers. Workplace skills were being developed early; the
Third, a restructured teaching profession andpplication to real-life examples immediate.

workforce will need to be created. This workforce  Support for the project cycles came from the
willinclude people who come to teaching via non-Boston Metropolitan Education Region, a quasi-
traditional routes (some of the experts in the Bigpublic organization modeled after a metropolitan
Dig, for example), as well as different incentivestransit authority or the TVA (Tennessee Valley
for those who occupy differentiated roles. We will Authority, a regional organization). Evaluation of

return to this point later in the paper. the projects were an ongoing concern of the

BMER. Now, it was not only students and teach-
DISCUSSION: GETTING FROM ers who were being evaluated; it was also the
HERE TO THERE effectiveness of the various players who collabo-

A new social compact is assumed in the Big Digated with the students and teachers. What was it
vignette. In the interim, what happens to schoothat they all agreed was important for students to
districts organizationally as technology reduceknow and be able to do? How were they to mea-
the need for geographic continuity within a Dis-sure it? And what was their own responsibility in
trict? In our vignette, the school and district orga-seeing to it that adequate resources and opportuni-
nization is in a transition phase. School districtdies were created to achieve the purposes stated?
exist in their traditional form, and they also partic- With help from the state and federal govern-
ipate in a metropolitan collaborative based on thénent, the BMER-supported projects also marked
CWEIS. This metropolitan collaborative would the beginnings of a new approach to educational
not have evolved without the concurrent developfinance. No longer tied to the property tax, every
ments in the digital telecommunications infra-family is given a base educational “learning
structure across the area in the late 1990s. Theccount” to apply to a portion of its educational
CWEIS of 1994 had laid the organizationalservices. This community learning utility is sup-
foundation across the city to take advantage of thported as part of the partnership agreement be-
evolving telecommunications infrastructure. tween government and the private sector within
Thus by 2004 the organizational and informationthe Boston Metropolitan Education Region.

al mechanisms for such collaboration were well Financing these innovations in learning and
established. Many community leaders, televisiorieaching and collaboration and knowledge-build-
and radio stations, businesses, libraries, local govag might have been a constant struggle over the
ernments, universities, and schools were alread}0 years from 1994 to 2004. The Big Dig theme
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could provide a great deal of financial leverage, irschooling. In fact, we believe one of the more seri-
several ways. The television, radio, and newspasus problems facing contemporary education is
pers invested in the development of a vast array dhe lack of adequate social capitél10). That is
information and educational material simply be-one reason why we support community-oriented,
cause the Big Dig topic was of great interest t@roject-based education with its long period of so-
their customers. Schools and community learningial and intellectual apprenticeship. We question
centers could have built upon that naturally develwhether traditional schools, with all their existing
oping corpus of multimedia material. In addition, social and organizational baggage, can any longer
school students and teachers would have been aldecommodate the profound changes technology is
to add to the materials because of their first-handlready having on our world while enhancing our
experience with the phenomena. They could havehildren’s ability to learn, live, and develop com-
gathered information from local citizens and ex-fortably within it.

perts for free through interviews and questionnair- The task of public policy, then, is not one of ex-
es. They could have gather empirical data from thercising unbridled imagination or passion in pur-
physical construction sites and surrounding areasuit of some technological garden of Eden.
without cost. Perhaps most important is that thénstead, it is a more difficult one—that of sustain-
students’ work would have value to the communiding critical public engagement with the present
ty. In 1999 there might have been enough commuwhile simultaneously creating incentives that
nity and school interest in the Big Dig theme formight bring to scale those fledgling developments
education that they were able to get the CAT auwe decide as a society are most in accord with
thorities to agree to invest 5 percent of CAT fundswhat is possible and desirable.

into education and training.

Is our vision a utopian one? After all, there isD Three Contexts For Change
nothing new in arguing that technology is soon ta

exert a profound influence on the institution OftBasefd on ouLex?erllegc;n utilizing tec??ﬁ'?%to
schooling. The literature is replete with boastful ransform schools (18, 39), we suggest that there

predictions of major changes that somehow nev re three distinct but related contexts for change
materialized. What is new, we have argued, is asezaat are critical in transforming the rosy vision we

of circumsta.nces that méke this argumen’t mor@resent to one that is attainable. The first context
compelling than similar ones of the past. First, thé> that of integrating new technology tools and the

use of technology within the society is rapidly be_dheveloplng |n1;orsmat|or(1j mfra_structure gf %N T;Ch
coming ubiquitous and necessary for econom;¢eY are a part. Second, are issues and challenges

survival. Second, the kinds of technologies beingissociated with incorporating novel approaches to

developed and deployed are, unlike their antece eaching ar_ld learning made possible by the new
ents, of a kind that exemplify authentic andtools and infrastructure. The third context for

sconstructivist” approaches to teaching and Iearn'g:hange concerns the creation of a hospitable polit-

ing. Finally, the new technologies, especially'cal’ econotrm((:j anclj orgaglzatl?qal tﬁnvw_o_nmer?t
within the communication field, have already N€c€SSary o develop and sustain the visions in-

demonstrated the potential to transform thd©'™Ming the Big Dig.
boundaries of teaching and learning.

All this, however, remains speculative. Unlike Institutionalizing Change:
Lew Perelman’School'sOut(77), our scenariois Technology Tools and Information
not depicting a world of isolated and terminal-How to integrate tools and information infrastruc-
bound individuals pursuing an isolated, atomistidure? All the separate technological tools being
vision of “life-long learning.” We do not chal- used in the Big Dig vignette are in use in 1994, al-
lenge the need for the underlying “social capital’though their use today is not as seamless as we
currently being provided for by the institution of portray in the scenario. The first major difference,
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then, between 1994 and the Big Dig scenario is te® the tunnel simulation software demonstrated by
be found in the seamless environment of technolo- Azikwe and his mother; reference data on the

gy and information infrastructures, and the fluen-

various components of the tunnel simulation,

cy with these tools are used to design and enhance such as specifications on performance of mate-

learning experiences.
Thetechnological infrastructurencludes such

components as computers, local area networks,

telecommunications, and the equipment that con-
nects all of these to metropolitan, national, and
global networks. This infrastructure is just now

beginning to change the landscape of Americam
education. Client-server technologies, for exam-
ple, now make possible decentralized control over
the local educational environment. In particular,=
integration of LANs and WANSs, combined with a

new generation of servers that are user-friendly,
now allow teachers and students to more effec-
tively design and manage their own educational
environment. .

The information infrastructureincludes the

technological infrastructure plus the information=
and organizational arrangements that make the
educational environment of the Big Dig vignette

possible. “Information” is used in its broadest

sense, to include such things as: "

= the Big Digger newsletter published by the stu-,
dents;
= the 10-year archive of interview data from Hay-

market vendors; the database management sys-

rials;the students’ tunnel simulation and the
simulation-building tools used to create it;

the shared workspace software tools that enable
local and remote participants to observe
Azikwe’s computer screen during his demon-
stration;

the collaborative notebook used for brainstorm-
ing and documentation in the Tunnel Team
workshop;

the assessment archives from last year’s Tunnel
Team exhibitions; the database of expert re-
viewers willing to participate in assessing stu-
dent work; students’ personal development
plans; the Tunnel Team’s educational goals;
the Big Dig educational task bank of lessons
and learning activities;

network agents and intelligent navigational
agents that enable the teacher to locate the Ge-
ometry Forum; the people and information pro-
vided by the Geometry Forum

the “fair use policies” agreed to by the CWEIS
community; and

the Big Dig jobs bank maintained by high
school interns and the city CAT authority.

In our scenario, nearly all of these information-

tems that enable users to create the cumulatived learning components have been constructed

archive of interview data;

through the collaborative efforts of citizens as a

= the pictures and annotations of the Spectacle I¥yproduct of their learning activities.

land artifacts on the CWEIS Web; video mate-

In reality, in 1994 there exists very little ad-

rials gathered by students on the ecology of theanced development efforts that would create and
harbor; deploy the kinds of resources, tools, and services
the economic data on the CAT project, and reneeded to support the Big Dig vignette. The kind
lated scholarly papers on economic models besf information infrastructure that is implied and
ing used by the students for their senior thesigieflected in the vignette is nearly opposite to the
data analysis tools used by the students to an&inds of “Information Superhighway” develop-
lyze and interpret such data as the vendor intement activity underway in 1994 by the telecom-
views and the economic data; munications and entertainment industries, and
the software and locator directories that make ibther commercial enterprises that control the
easy for the Tunnel Team to connect via videoevolution of the infrastructure. In general, these
conference with Azikwe’s mother’s office and developments aim towards a view of people as
the other schools in metropolitan communitiesiconsumers of information rather than producers of
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knowledge. Funding is practically nonexistent fors the CAT teenager’s ability to explain the orga-
the development of services, tools, resources, and nization of the Big Dig Jobs Bank and the insti-
know-how that would provide the appropriate un- tutional context for that effort.
derpinning for educational experiences such as
those reflected in the Big Dig. Every individual .

) . . Collaboration
project and community has to develop such infra-

structures on its own, and none have funding for the ability qf people t(_) spontaneously form effi-
cient working teams;

such purposes, if those services and tools are ac- : e .
cessible at all. Localities and states do not fund de- teachgr Elaine Sm'th s ability to chopse t_he ap-
propriate collaboration tool at the time it was

velopment of software advances. The federal needed for efficient work in the dav-long meet
government has almost no mechanisms at all for . y-long

funding of software development or deployment mg,ta?d the ab'“tydOf th,?h Wfrkfh‘?tﬂ ﬁartlc"
in the context of supporting reform of civilian pants 1o access and use the tool with fluency.

education.

Analysis
Institutionalizing Change: Teaching and = The high-level analysis skills of teachers and
Learning with Technology students capable of formulating a comparison

Integrating learning tools with an information ~ Petween this years’ interview data and prior
infrastructure requires a different view of what Years’ study methods and findings;
constitutes a “learning curriculum.” The Big Dig * A student’s ability to envision the usefulness of
participants’ information handling, problem- @ side-by-side comparison of two simulation
solving, and higher-order thinking skills perhaps ~Systems representations in the tunnel simula-
provide the most dramatic difference between ton system;

1994 and the scenario for 2004. In the vignette® A student’s ability to conduct a critical analysis
such skills are exemplified in the following ways: ~ Of the user interface of the simulation system in
relation to the requirements of a large public ex-

Quality hibit; and
= the quality control processes built into the sty The ability of the Somerville teacher and stu-
dent newsletter effort, such that the students’ dents to make a quick critique of the draft as-

work is usable by professional journalists sessment plan, see it's major flaw, and
intervene in a timely manner.

Design
= the assessment group’s ability to formulate aviedia

two-pronged strategy for this year’s exhibit as-= the students’ skill in producing high-quality
sessment, taking advantage of different kinds digital images of the native American artifacts,

of input available. suitable for publication on the Web and enab-
ling analysis and commentary by distant schol-
Communications ars;

= the ability of both children and adults to com-= the high-quality videos produced by students
municate effectively in writing, speaking, and documenting the tunnel and artery traffic; and
visual media; = Student fluency with image processing tech-

= the teaching team’s ability to communicate niques enabling them to conceptualize how to
their needs to a distant expert in geometry compare current digital images and images
education; and from a 10-year-old video.
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Information Retrieval to integrate the use of technology in teaching and
» The ability of the student assessment specialigéarning so that it becomes an everyday occur-
to locate relevant archives of information con-rence in everyone’s life.
cerning individual students, teams, educational At present, this integration is the exception, not
objectives, historical assessments, and assegbe rule. More often, as in drill and practice soft-
ment panelists; ware or traditional ILSes (Integrated Learning
» The teaching team’s ability to search the BigSystems), technology is employed to do what
Dig educational task bank for materials rele-textbooks now do. Alternatively, technology is
vant to the Tunnel Team’s needs in mathemateften used exclusively as a “tool” without regard
ics, and to make a quick evaluation of thoseto the quality of the learning it is meant to en-
materials; hance. In the former instance, the curriculum
» The ability of the volunteer worker at the com-remains traditional, wed to scope and sequence-
munity learning center to teach Mrs. Maturanaoriented subject matter, often with a deadening
how to use the jobs databank, and how to makemphasis on drilling in the “basic skills.” In the
a live visit to the CAT administration building. latter instance, the technology applications can be
quite advanced and “constructivist” (email, hy-

Investigation permedia, etc.), but lack sufficient depth of engag-
» the complexity of the economics project under4ng content or context to justify the effort. In both
taken by the high school seniors. instances, the source of the difficulty is not the

technology; it is the curriculum.
Learning and Cognition Changing the curriculum so that technology
= A community college teacher's recognition of €an be employed productively is not easy. The na-
the utility of the tunnel simulation system for tional standards movement could prove useful
his technician students: here-providing it results in frameworks that resist
= The engineer’s recognition of the similarity be-dilution and in assessments that resist simplifica-
tween a new professional engineer’s learningion- Also helpful is widespread interest in the de-

task and the learning task of a group of schoolVélopment of project-based curriculum that
children: require teachers and students to orient their dem-

= A child’s ability to envision the use of tunnel onstrations of learning to significant “out of

traffic data to create an interesting game foChool” contexts. Emphasis on “school-to-work”
adults: and transitions might also expedite the kinds of curric-
= Ateenager’s ability to assess the complexity otllum changes that require a more significant in-

the tunnel simulation in relation to the capabili-tegration of technology. _
ties of her younger teammates. The unremarkable “ordinariness” of what this

technology use might look like in both the content
and setting of “real school” is what we attempted
éo depict throughout The Big Dig. The education-
. . . o : al reform efforts of the mid-1990s share a
tunnel simulation for identifying assumptions profound shift in emphasis from the content-

about structural properties of the tunnel tUbeSm morizin radiam of th th radiam of
and her understanding of the value of this activ; emorizing paradigm of fhe past 1o a paradigm o

= Ateacher’s ability to see how to create a perfor- 9, u 9, 9 b ’

mance test of student understanding of physicgﬁﬁggge ITl?i;thiat;OQée?In:ngren gr?iilécgog fﬁfn_
by using an operational simulation system. ge. P y

damental rejection of the belief that only a few
Yet getting from here to there will not be easy.educated people are required for an industrial
One of the more difficult areas to address is hoveconomy, to the belief that everyone must be fully

Science and Engineering
= A teacher’s insight about the usefulness of th
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educated to participate in a knowledge-based soojiests that there might be a permanent “bottom
ety. half.” We reject this notion. As Stevenson and
In reality, the Big Dig scenario reflects a high Stigler have pointed out in their 1992 compara-
level of cognitive and social functioning with the tive study of American and Japanese and Chinese
support of appropriate technologies-a level uneducation, the poor achievement level of Ameri-
likely o be achieved by 2004. In 1994 there existgan students has more to do with our culture of
almost no research that would lead to the theoretlearning than with any presumptive inequities in
cal and empirical knowledge base needed as ianate intellectual endowment (92). Setting high
foundation for these educational changes. Publistandards and expectations for all people, es-
monies that currently are being expended in thipecially in the early grades, instituting a more
arena are for deployment and implementation, naigorous and challenging curriculum, and em-
research. The Big Dig scenario implies all sorts ophasizing “effort” over “ability,” will help raise
understandings that simply do not exist in the curthe “bottom half” more than measures whose net
rent state of the art-understandings of cognitioreffect is to exacerbate, not solve, inequity. In
and learning and instruction in the context of veryshort, there is no reason to believe that there is a
complex, information rich, dynamic situations permanent bottom half.
that ha\_/e_,\ rarely been the_context for educational Thinkers such as Howard Gardner have pointed
or cognitive research. For instance, currently ther

is no research on how learners become fluent wit ut that schools, with their narrow range of indi-
. Vidual options and scope and sequence curricu-

image processing or the role of such fluency Num. often tap into only a limited range of

novices’ development of understanding of dy"‘intelligences” and by so doing, miss the opportu-

ggg;fh %rr?ggrs\;zs o(g’agl)r.oTrri]:trg t:)solasl;r(;(r)itcnr;i% E::rjities to engage and develop the talents and procli-
y hprop vities of many students (20).

construction of dynamic models and simulations Authentic Learning: As Opposed to What?

consirucion. roncally, i the fme ocal, state and121GING the curticulum does not mean tha
' Y ’ eaching and learning will thereby become effort-

federal education agencies are spendm_g m|II|onF; ss. We have been careful not to romanticize
to connect schools to the NIl and to acquire reIateEf

computing equipment, there is almost no researceaming' When, for example, Azikwe's mother
puting equipment, . ) . - “points out to the student Meera that the software
on acquisition of information handling skills in

the context of very large information space ancprogram used by professional engineers is differ-
. )t Very large inforn pace, anc, i than the students’ program, the underlying rea-
their appropriate incorporation into school curric-

ula and oractice. Human-computer interface is_son is that the students’ program has been created
P ' 1-comp . to reflect a controlled learning environment—an
sues such as understandibility and standardization

of iconic representations are de facto resolved benvironment that s not, nor cannot be, completely
software Eblishers on the basis of idios ncrati(‘:yaumentic" from the perspective of a professional
N pub L 0sy engineer. Similarly, the utilization of the Swarth-
intuitions, with no grounding in empirical re-

search. There is no research underway that Woul%l]Ore Geometry Forum by the Tunnel Team teach-

help to inform or establish the kinds of communi-erS 'S meant to show that there will be times at
¢ -vside educational assessment and quali assuWhiCh specialized instruction (in this case, Geom-
Y quality .~ etry) is necessary, though the manner in which it
ance processes and standards reflected in the

. o . . occurs (its “just-in-time” quality, for example)
L?;(r)igmatlon infrastructure of the Big Dig sce distinguishes its use from traditional scope and se-

quence pedagogy and curriculum.
How inclusive can this ambitious curriculum  Learning is not always fun, engaging, or relent-
be? Reviewers asked, will it work for the “bottomlessly faithful to the real world. It can on occasion
half” of teachers and students? This question sugrequire the repetitive performance of tasks or in-
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tellectual battle with concepts and theories that are Phasing in Technology Uskis not always de-
unfamiliar, removed from “reality,” even some- sirable to begin in a technology-rich environment.
what contrived. That is one reason we believe thaDur experience in the Co-NECT restructuring
paying attention to standards, to what students aggoject, in fact, has been the opposite. Unfamiliar
expected to know and be able to do, is critical. Untechnology can have a “smothering” effect on stu-
like past attempts at making education “relevant,’dents and teachers. It is often better to phase in its
contemporary preoccupation with authentic learnuse, so that the instructional, social and physical
ing is grounded in the belief that there should benvironments have a developing and organic rela-
explicit habits of mind, competencies and corgionship to one another.

knowledge that all students are expected to mas-

ter. Institutionalizing Change: Politics,

The Tyranny of Time and the “Schedule.” Economics and Organization
What goes on in most schools is often determined Communities, Unions and Politicsvho will
by the school schedule (62). Forty-five-minutesupportthe vision? There are a number of different
periods, bus schedules, and rigid work rules imeomponents to this question:
posed by teacher contract, can disrupt the flow of ) First, what makes us confident that there
time in which active and engaged learming 0CCUrSyre ‘enough “experts” out in the community
Until this changes, it is unlikely that significant \ynq are willing and able to spend the kind of
numbers of students and teachers will be able tgme with students that the vignette’s experts
incorporate technologies in a more challengingengineers, public officials, college professors)
curriculum. We have already suggested that MO\yere willing and able to spendn fact, we are
ing some of the work of schools to outside thégtconfident that this will occur on the scale nec-
school will help free students from the strangle-essary to realize our vision. To be sure, there will
hold of the daily schedule. always be a certain number of individuals who

But more is needed. In order to make technolopappily and selflessly devote their time to educa-
gy an integral and institutionalized part of learn-jon Byt we also believe that incentives will have
ing, schools must take seriously the notion thaf, he created to bring this vision to scale.
people learn in different ways and at different pemographics could prove key in making
rates. Arbitrary assignments of students based Qfiese incentives salient. For example, consider the
age must cease, and more flexible grouping anghjiowing demographic projection: While the
teaming practices must become commonplace. goth population (10 to 17) is shrinking from 34
central point of our Big Dig scenario is the cre-percent of the nation in 1970 to 25 percent in 2000,

ative use of computer and communicationyhere is a corresponding rise in the over 65 popula-
technologies to help overcome the tyranny of timgjon from 20 million to 40 million during that

and the complexities of scheduling group work. same period of time (and a rise to 65 million in the
Professional Developmeritinless there exists year 2030) (31, 32). Healthy and still productive,
a requisite level of proficiency with (and accessthe over-65 population will most certainly want to
to) the various tools and applications, they will notextend its stay within the workforce.
be used at all, much less creatively. Professional From a public policy standpoint, therefore,
development must be continuous; it must haveneasures should be considered that might aid in
immediate use in instructional contexts; and ithe restructuring of the educational workforce and
must, ultimately, be localized within the learning at the same time, meet projected workforce reali-
community. Tools used in professional develop4ies facing corporations, public entities, and insti-
ment must be available for use within the commututions of higher education. It is possible, for
nity when and where they are requested. example, to imagine a new category of “semi-re-
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tired” personnel whose benefits remain intact, butlifferentiated pay ushered in through the National
whose workloads and salaries are adjusted to aBoard for Professional Teaching Standards, etc.).
low for C|V|c—or|_ented contributions, suph as be- \what will happen to school districts as the vi-
coming educational mentors. A combination ofgj, | nfolds?

tax incentives and the resultant opportunity to re- '

structure their workforce might prove attractive to &) A system of schools rather than a school

both the public and private sectors. system The organizational context enabling in-

b) Will teacher unions buy ir? Not likely, giv- structional changes like those above, requires less
yin: Y, 9 control and more facilitation from the school dis-

en the present political infrastructure of American_. :
trict central office.

education. As long as the agenda of local collec- : o
tive bargaining is determined by the existing polit- This ‘move toward greater decentralization
(school-based management, charter schools, etc.)

ical and institutional framework of education miaht. as mentioned. eventually result in a radi-
(school districts, outdated labor law, etc.), there is gnt, ’ y

little likelihood that unions will abandon “hours, cally different institutional context for education.

! o . In the short run, however, increased use of
wages, and working conditions” as their central . . T )
: : . technology in education will raise, as it has done
purpose or that they will welcome the inclusion of: . .
X . : . in other areas of government and business, serious
non-dues-paying community experts into their : . L
ranks questions regarding privatization, the role of

At least two changes will have to occur to altermlOIcIIe management and the possibility of de-

. - : o centralized accountability. In general, we believe
union opposition. First, the political structure : .
) . oo that schools organized around shared educational
upon which union structure is mirrored—e.g., lo-

. ) .~ visions will be more productive than those that are
cal school districts—will have to be reconceived. rouped together on exclusively aeoaraphical cfi-
And second, there will need to be created positiv% P 9 y geograp

incentives for unions to change their basic orienta~ & (30).

tion and purpose. b) Restructure administration: At least in the

As to the first change, we already see the emefl€@r term, school districts will remain the primary
gence of alternative political structures within @dministrative organizational agents responsible
education (such as charter schools and expand&f Schools. If so, much needs to be done immedi-
public school choice) as potentially significant de-ately to avoid inefficiency at the central office lev-
velopments. These alternatives have begun to egl- Technology planning and implementation is
ert decentralizing pressure on centralized unioffteén plagued by archaic central office structures.
rules and regulations as well as school board ruld§ particular, facilities, instruction and adminis-
and regulations. Simultaneously, school financdrative functions are often maintained by separate
is undergoing taxpayer criticism and extensive relin€ and staff structures.
view. As states seek funding alternatives to their When this occurs, inefficiency results. Hard-
systems’ present reliance on the local propertyjvare is ordered centrally without regard to the re-
tax, it is conceivable that some of the local focugluirements of the applications it will be running;
of economic and political decisionmaking mightfacmtles renovation is planned without account-
shift as well. If this occurs, the focus of local ing for the telecommunications or video needs of
unions interest might change. The second chandgb® local educational program; technology ac-
necessary (new incentives) might occur in meaqU|S|t|on/m_a|ntenance is placed in budget c_atego-
sures such as providing greater teacher decisiofi€S and lines that make them susceptible to
making and influence in the area of professionay®ar-to-year fluctuations in funding, rather than
developmentin return for a relaxation in union dePeing placed in fixed line items such as utilities.
termination of “hours, wages, and working condi-  c¢) Integrate administrative and instruction-
tions,” new pay schemes (pay for performanceal technology The history of technology in edu-
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cation has been a bifurcated one: Administrativelent to work in a flexible structure that
technology has developed in isolation from itsincorporates the creative use of technology, if
instructional use. Most often, the central officewhen that same student moves during the course
has been the “data processing shop.” Instructionalf the year, her new school incorporates a tradi-
use of technology (electronic portfolios, access tedional pedagogical structure and schedule. Itisim-
databases, etc.) has arisen independently. portant, therefore, to seek ways in which
Today, it is important to combine these twocontinuity of educational experience over time
functions so that: decentralized learning commupersists across traditional attendance boundaries.
nities have access to information when and whericreased parental choice, appropriate transporta-
they need it; (health records, budget, car registraion arrangements and use of networks for conti-
tion, milk count, etc., as well as educational), renuity of experience from one educational setting

porting requirements are made helpful, noto another are examples of the kind of thinking
burdensome, to these communities; and we avoiflecessary to solve this problem.

the inefficiencies of separate and redundant

. f) Many places for learning In our scenario,
technology infrastructures.

_ " people are physically located in many different
d) A school is not a building Or at least not  pjaces throughout the city as they participate in

the egg crate carton structures that have beconigarning activities. The technology enables great
identified with school facilities. The new technol- fiexipility of place.

ogies require facilities and infrastructures that can o will this vision be financed®e have al-

have schools equipped for the 21st century but dgjancing of elementary and secondary education

signed for the 19th (insufficient wiring, inade- yjj| have to be reconceived if the vision of The
quate, dysfunctional space, etc.). Over half th%ig Dig is to become generalized. In what fol-
existing school buildings in the country were built|, s we elaborate on these.

in the 1960s, with an expected shelf-life of 35 5,y will the teaching workforce be structured
years. They were built in a fairly standarc_jlzedand supportedThe lion’s share of every educa-
manner and without regard for the eventual inclugjo 5 institution’s budget is consumed by person-
sion of technology. School districts, especiallyq| costs. There are at present some 2.5 million
ones that no longer design schools according t@ 15 eachers. By and large, these teachers have
the principle that “one size fits all, “ will need help ) o “trained” and compensated as if they were in-

n effec]'flnég da tra_msforn;le;tlon (.25)' Tfhe Zepart'terchangeable parts. The kinds of technology-
ment o ucation and/or private foun at'onsintensive, project-based education we have

should consider reestablishing a “Educational Faéketched will require a fundamental restructuring

,[Cr']“tlgs Iaall__a orat(;)ri/_ (s:jmll_ar t?hthﬁ qlr:f cr?ated b{cof the teaching profession. We have already dis-
€ rord rounaation duning the buliding renzy ole  sceq the various new roles that individual

;gfma(st?(frz ;2 dorrdoer;i;?n d';i%g?i:cenecxrgggn'c:'l:“teachers" are now occupying and willincreasing-
P 9 ly do so. The structure and composition of the

?n%‘?éggt;czfrzofrlr?- rgysmgﬁ\tlvPriC?;ra!’ ZaC'rlg\'stworkforce as a whole will also experience radical
P g PP change. More specifically:

by Congress for FY 1995 is a small step in the
right direction. = There may be fewer “professional teachers” re-
e) Student mobility: Another impediment to quired. Instead of 2.5 million K-12 teachers, it
creating structures that are amenable to sustainedis possible to imagine a situation in which the
flexibility in the learning environment is student  profession is restructured to accommodate a
mobility, a situation particularly acute in many ur-  permanent “teaching force” far fewer in num-
ban areas. It can be counterproductive for a stu- ber. This number would command significant-
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ly higher average salaries than at present, meet ly useful products and/or services, and the leas-

more rigorous entrance requirements (certifica-
tion as opposed to simple licensure), and held
accountable for student results.

They might be supplemented with a large num-
ber of people who would be paid substantially

less. These people (engineers, scientists, writ-

ing of space.

Industry (biotechnology, finance, software,
etc.) support for these entities as training and
school-to-work transition centers.

How will space for project-based education be

ers, artists, etc.) are the experts with whom thépund and financed? A number of possibilities ex-
teachers and students work directly. As a groud,St:

we could expect that these individuals would,
have their basic health and retirement benefits
covered by their existing employers.

College graduates who attend college on for-
giveable loans might constitute a third element
of a restructured workforce. Upon graduation,
these individuals would be employed as interns
in various educational settings. After a number,
of year’s service, the debt incurred from their
college loans would be forgiven.

This restructured three-tiered work force would
require significant use of technology. The
widespread availability and use of different
kinds of technology allows for a more efficient
deployment of personnel, greater use of econo-
mies of scale, and increased personalization.

How will new organizational structures be

created and financed? The Big Dig envisioned the
creation of a fictional entity, the Boston Metropol-

itan Educational Region, as a cooperative venture

of local, state and federal government with private
industry. If, as suggested, school districts give ris@
to organizational structures more attuned to out of

school learning and common academic purpose,

entities like BMER might become typical. These
entities could be financed through a combination
of various means:

The expenditure of monies drawn from “life-
long learning” accounts—that is, accounts

Satellite learning centers In Dade County,
Florida, a few large businesses built public
educational facilities on their premises. By do-
ing so, they have provided many of their em-
ployees with an additional benefit and
incentive—that of being more directly con-
nected to their children’s education.

Shared use facilitiesOne possibility is shared
use of space by constituencies other than K-12.
These facilities could be shared, for example,
by ongoing community services (such as li-
braries and other municipal buildings) or cor-
porate job re-training centers.

Revitalization of the inner city: Through mea-
sures such as enterprise zone legislation, it
would be possible for boards of education to
enter into partnership with redevelopment au-
thorities. They might lease and renovate ne-
glected buildings to be used as educational
project spaces or cooperative centers by public-
private partnerships.

A federal agency or department (HUD, Depart-
ment of Education, etc.) or a national founda-
tion might establish a National Educational
Facilities Laboratory, whose purpose would be
to disseminate best practice and advice on the
renovation and construction of new school de-
signs.

How will we organize and finance the research

created and made available to citizens at birtland development needed to make informed use of
and expended throughout an individual’s lifethe considerable technological potential available
by enrolling in any number of various learning/to us for educational purposes ? What little educa-
project centers. tional research has been supported over the past
The ability of entities as nonprofit educational 100 years was conducted in a context of incremen-
corporations to earn revenue by creating sociakal improvement of learning, very modest restruc-
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turing of learning environments, and minimal use The institutional framework of education will
of advanced technologies. Such an enterprise ghift from an emphasis on “schools” to an empha-
practically irrelevant to the rapidly changing so-sis on “communities.” The primary functions of
cial and technological conditions at hand. Be-schools to date have been custodial and adminis-
cause education and schooling are seen to be gative. Economic and civic changes demand that
lagging in the technological change processes urthe institutional framework of learning be wid-
derway in other sectors of society, policymakersened so that these key functions be accommo-
decisionmakers and grass-root innovators are tadated. Communities are the natural place to locate
tally focused on issues of deployment and implethis institutional framework.
mentation at the exclusion of development of a This trend is already underway. For example,
base of knowledge that would enable more ratiomany have argued that it makes more sense to
nal and cost-effective implementation. Federal'educationalize” the agenda of social service
agencies are supporting “demonstrations,” “sysagencies than to integrate yet another function on
temic initiatives,” and “scaling up” activities, top of the academic mission of schools. Itis a short
rather than accompanying these with a focusedtep from this argument to one that calls for an in-
quest for understanding and knowledge buildingtegrated community-wide structure that can ac-
Given these current political conditions, thecomplish all the myriad missions connected with
only plausible strategy we can think of for sup-youth (health, employment, etc.). The technology,
porting the creation of new knowledge and an unmoreover, is now in existence to effect the com-
derstanding of learning and cognition in themunication necessary to make these new struc-
context of educational technologies and reform isures operationally effective.
to attempt to do so as a part of implementation The financing of education will shift to an em-
projects. Government agency programs that arphasis on “lifelong learning.” Everyone is agreed
supporting innovative projects involving learning that school finance must change; the question is
and teaching and technology could require thahow? While this will not be easy, the time has
some meaningful percentage of the effort be decome to create lifelong learning accounts. Educa-
voted to systematic investigation of learning andional opportunities will be defined to include ac-
teaching processes in the context of their innovacess to the technologies upon which they will
tions, and to the widespread dissemination of sucimcreasingly depend. The origin of these accounts
knowledge. This strategy makes the quest for ummnight be initially located within community, re-
derstanding an integral byproduct of operationgjional or state entities.
and could result in a more secure foundation than "Teaching” will be ubiquitous. The role of

is presently being built. teachers is already undergoing profound changes,
and this trend will continue. Teachers will be inte-
SUMMARY gral to virtually every aspect of social and eco-

Technology serves a dual role within educationnomic life. With the intellectual distance between

First, it can be used to support lifelong teachindearning and work disappearing, teaching will no

and learning that is “authentic,” and, second, it catonger be considered an occupation relegated to

catalyze the institutional changes necessary tany one institution. Providing for a continuity in

usher in authentic teaching and learning. The Bigducational experience that is no longer institu-

Dig reflects both tendencies. tionally based, teachers will need to demonstrate
The seeds of technological change have alreadgchnological proficiency in order to accomplish

been planted, and as a result, the system of edudaeir tasks within a wide variety of settings.

tion as we know it will become radically trans-

formed in the coming years. In particular, we

believe that:
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Appendix C
The Future

of Teaching

“Education is not preparation for life, it is life itself.d3ehn Dewey

ovember 7, 2005. You are a member of a Program Quali-
ty Review panel for the California State Department of
Education. The panel is beginning the first formal re-
view of one of the most successful school districts ap-
proved under the Charter School District Initiative of 2000.

Over the past five years Pacifica school district has become a
model of how changing teacher-student and school-community
relationships can create positive learning environments. Unlike
other models that begin by changing instructional practices, in
this design it was the job of teaching that was the primary focus of
change. This Charter District radically altered the roles and re-
sponsibilities of all positions from teacher to superintendent.

PLANNING OFFICE OF CENTRAL ELEMENTARY

Your day-long assessment begins in the planning office at Cen-
tral Elementary School. The panel is now meeting with the Senior
School Planning Team composed of four master teachers at Cen-
tral Elementary: Barb Milner, Nancy Broyles, Ben Barrel, and

]

1This paper is written primarily in the “voice” of teachers to reflect their central rolein -~ by
educational change. My experience with educational technology has reinforced my belief .
that it strongest potential is as a communication tool to amplify the voice of teachers and Marg aret Riel
students. Without their voices, there can be no significant educational change. As much as
possible, | want to share the visions that have evolved from my work with some of the best
educators in the world. This paper is more about the process that took place among the
players in this scenario than it is the end result. For a much detailed description of how
current reform efforts are supported by exemplary use of technology, see M. Riel, “Educa-
tional Change in a Technology-Rich Environmedgurnal of Research on Computer in
Education vol 26, No. 4, pp.452-474

Interlearn

| 89
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Josie Rowe. Barb and Nancy are co-principals anesota, California, and other states led to some
Central. Ben is working on a curriculum commit- limited success in educational innovatforin

tee at the State Department of Education. Josie ihese schools, teachers, parents, and members of
part of the district's Superintendent Team. You aré¢he community could develop plans for an indi-
listening to Co-Principal Bab Milner describe the vidual school without having to follow all of the
history and rationale for setting up a Charter Dis- established state or district regulations. But these
trict model. efforts divorced the school from valuable district,
Barb Milner : By the end of the 20th century, it State, and national services. The “Star Schools Ini-

was clear that schools designed on the “industrid|ative” in the early 1990s helped science teachers
model” to transmit knowledge were no longer0me up with “action plans” for science educa-
serving students, teachers, or our communitiedion, but these innovations were not well inte-
But it was hard to find models for change. Theredrated with other aspects of school learning.
had been more than one “education president,P”Vat'Z'”g public education was marginally suc-

and “education governors” had led many statescessfully when the “public” children came from
Some of these leaders believed that technologielatively privileged backgrounds. But these

was the answer; they set up models to “infuse thechools did not provide the promised “quick fix"
school” with advanced technology, hoping stu-0 address complex social problems faced by

dent skills would rise dramatically. But researchSChools across the country. They often concen-
showed that while students were able to learn hojated on low-level skills with a focus on test tak-

to use the technology, there was no significantim"d- These isolated attempts were neither
provement in academic achieveménReal cost-effective nor efficient in providing quality

educational change required changing the relg@ducation to all childre. _
tionship among teachers, learners, information, N the midto late-1990s, the rapid growth of the
and experience. National Information Infrastructure pushed teach-

As you know, the first attempts at changing®'s t© the limit with new responsibilities. Before
these relationships were mostly isolated. For ex!Ong teachers everywhere were overwhelmed with
ample, the “Charter Schools Initiatives” in Min- electronic mail and conferences on every topic.

2 0ne the most dramatic efforts of infusing schools with technology is the “Apple Classrooms of Tomorrow” project. The extensive research
on student achievement in these classrooms show that the students did about as well as they might have without all of the technology. That is, that
they were able to learn how to use a complex set of tools without and loss of school achievement. But this research failed to validate an assump-
tion that and infusion of technology would be the simple answer to the problems faced by schools. Dwyer, D. (1994) “Apple Classrooms of
Tomorrow: What We've LearnedBEducational Leadershjpol 51, No. 7, pp. 4-10.

3Many of the school reform initiatives suggest that the failure of schools is directly related to existing power relationships in schools. Specif-
ically these views can be found in S. B. Sarashe.Predictable Failure of Educational Refor{®an Francisco: Josesy-Bass Publishers, 1990)
and in S. SarasoQulture of the School and Problem of Chan@oston, MA: Allyn and Bacon, 1982).

4 For more details on the charter school initiatives and their process across the U.S., see, Bierlein, L. and L. Mulholland (February, 1994).
Charter School update: Expansion of a Viable Reform Initiaieenpe, Ariz.: Morrison Institute for Public Policy. For a discussion of the
California Charter Schools, see Diamond, L. (1994) “A progress report on California’s Charter $thamtional Leadershjwol. 52, No. 1,
pp. 41-45.

5 The current experiment, Education Alternative Inc. (EAI), headed by John Golle, has not succeeded in raising test scores of students in
eight Baltimore schools even with dedicating 30 minutes a day to taking drills in math and reading that are similar to those used in tests. Recently
the U.S. Department of Education concluded that EAI is not providing special education students needed services in their mainstreaming ef-
forts. There are similar concerns that money allocated for disadvantaged student is not being used for this purpose. The Edison project has set
higher educational goals with a longer school day and a longer year but they have yet to demonstrate that they can reach their goals in a cost-ef-
fective way. For more information on the issue of privatization of schools, watch for a new book by Thomas Toch, senior editor at U.S. News and
World Report, or read T. Toch “Privatization: News form the Frémiferican’s Agendavol 4, No. 3, pp. 12-17, 46.
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We were wasting too much of our most valuableconsensus about an ideal teacher was surprisingly
educational resource—teacher time. And studenifficult. And most of our designs were so over-
were wasting classroom time on undefined explowhelming that without changing salaries or ad-
rations, looking just to see what was there. justing the demands placed on teachers, we knew
As we approached the 21st century we knewthese “super” teachers were unrealistic. So, we
that a revolutionary plan for changing teachingtook a different approach and decided to develop
and learning was necessary. That “revolutionarya role for teachers with differing strengths and
change came when we understood that we neededilities. We wanted to develop a system that rec-
to create schools wheohange was an ongoing ognized achievement but also provided opportu-
procesgather than an end state. Once we accepteatties for people with different talents to play a
thisidea, it was clear that we would have to changmle in education. One of the most difficult cir-
the way a teacher spends his or her day. And on@&imstances constraining us was a very lean school
we got started, we realized that this would only bdudget. Our current plan has evolved from think-
possible if we changed our educational system. ing about our options and working together. While
it hasn't always been easy, it has been a great expe-

[J Overview of Changes rience.
in Leadership Roles At this point, Barb pauses and looks toward the

Barb Milner : Before we visit the Learning Cen- other master teachers. The exchange of glances
ters, we want to give you a brief overview of theS€e€M to underscore the last statement. Ben Barrel

changes. It has been only five years since we init°ntnUes.
ated our new plan, although we began planning iBen Barrel: We realized that our visions and tools
the mid-1990s. Before the shift, we kept trying towould have to work within the organizational cli-
come up with the right mix of interpersonal andmate of schools. And that climate needed to be one
intellectual skills to define our conception of theof collaboration. Teachers and students, their rela-
“ideal” teacher. Some of us experimenting withtionships to one another and to sources of in-
models of “school site management” wantedformation and patterns of thought, could not
teachers to be curriculum developers with leaderemain insulated in classrooms. The changes you
ship roles in organizing the school. But somewill see today came from increased communica-
teachers saw these new roles stretching teachdisn and partnerships among teachers and through
too far and moving them away from the classroonmelationships we developed with students, librari-
at the cost of student learning. They wanted to foans, museum curators, publishers, developers,
cus on students’ learning styles. And then therscientists, and researchers both near and distant
were teachers who had “had enough.” They werand at all levels of school leadership. These con-
tired of having every social problem dumped atections between the classroom and the world
the classroom door, being asked to work at thé@ave been the path of educational change fér us.
pace of a hospital emergency room without sup- We started with changing the teacher’s role be-
port and then being “held accountable” for all fail- cause we knew that we could not ask a teacher to
ures. They didn’t want another meeting on anydo any more without changing the dimensions of
topic! the job. We were just stretched too thin. We need-
We were getting nowhere. There were so mangd to design a system where a teacher’s expertise
different skills that defined teaching that reachingn working with students was rewarded and re-

6 Case studies of changes that have taken place when school administrators move toward transformational leadership patterns can be found
in Leithwood, K.A, & R. Steinbach. “Indicators of Transformational Leadership in the Everyday Problem Solving of School Admiriistrators
Journal of Personnel Evaluation in Educatieal 4, No. 3, pp.221-244.
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spected. But we also wanted a system where thmove from small intense groups to larger groups
rewards for good teachimtd not resultin leaving both for lessons and for project work.
the classroomWhile | enjoy my work developing While learning guides were the only complete-
curriculum on our state committee, | do not wanty new position we created in our district plan, all
to give up teaching. positions have been significantly altered. Maybe
We began to evolve a new plan for teaching andome personal history will help you see this. | was
learning as a community. We were well underwayan assistant superintendent in this district at the
when the Charter School District Initiative wastime we began the process of change. | had been
announced. It provided the perfect vehicle to tesh teacher and | loved teaching and experimenting
our ideas. We were the second district to have owith different approaches. Ironically, it was my
charter accepted. | had been doing grade-levelxperience working as a teacher/researcher on a
“team teaching” for a number of years and the ideaniversity project research team that pulled me
for Learning Centers evolved from our work. At away from the classroom. | found it so intellectu-
first | teamed with two other teachers. The hardally stimulating to be a team member with my uni-
part was finding time for planning. At the sameversity colleagues that when the project ended, |
time we were involving students in more indepenwas no longer happy only teaching students.
dent project-based learning using telecommuwhile | loved teaching, it was not enough of an in-
nication and multimedia tools. Initially, our tellectual challenge. | found | missed the learning
School Site Council provided some funds for aand especially the collaboration with colleagues

long-term substitute teacher who provided somenat had been a part of the research project. There
flexibility, but what we needed was what we nowjyst wasn’t enough time in a day of classroom

call “Learning Guides.” Josie, are you planning toteaching to think!
describe learning guides now or later? | took a break from teaching and went back to

Josie RoweWe only have time for a brief descrip- the university to get an administrative credential
tion now. Later, when we meet in the business ofand some computer skills. | was rehired by the dis-
fice, | will give you some charts that will help us trict as a computer coordinator and then principal
discuss the economic issues of staffing. Learningf Seaside Elementary. From there | was pro-
guides are para-professionals who help student§oted to assistant superintendent of school ser-
learn, but they do not have all the added responsyices. But from the time | left the classroom, |
bility of teachers. They are not expected to develmissed my time with the kids. | had often consid-
op curriculum or plan the overall design of theered leaving my district position and returning to
Learning Centers. Learning guides supervise anthe classroom—even considering the cut in pay!
facilitate independent and group work by stu- The teachers who proposed that all administra-
dents. Since they move through the Centers witkors teach expected resistance. They were sur-
the students, they get to know the students wefrised to find out how many of us missed
and create a consistent set of expectations for apgaching. Our administrative duties are now
propriate Center behavior. spread over four master teacher-superintendents
As you will see when you visit the Centers, weinstead of the one superintendent and two assis-
encourage students to take responsibility and cortant superintendents of the past. Each master
trol of their projects and activities. This makes itteacher-superintendent is assigned to two schools.
possible for teachers to work with smaller groupd/Ne also work very closely with the co-principals
while larger groups of students are working undeat each school. A master teacher-superintendent
the supervision of learning guides. Some demorrotates to a different pair of schools each year and
stration or performance lessons by our mentor aiakes on slightly different duties. In our superin-
master teachers are designed for the whole Leartendent meetings, we collectively bring with us a
ing Center, or close to 100 students. Studentich and extensive knowledge of our district
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schools because all of us are teaching. And wgou a brief overview of our instructional pro-
work closely with all of the teachers who havegrams.

been central in evolving this new model. In some

ways, our work is that of creating and managind_] Overview of Learning Centers

a culture of professional reflection among péers.Nancy Broyles Many of the ideas for our plan

Quality Review Panelist Don’t you find it hard have come from our work online with schools
to move back and forth between district officesaround the world. Working with distant teachers
and school sites for teaching? | would think youhas resulted in many new ideas that | don’t think
would waste a lot of time traveling. we would have had without electronic connec-

tions. One of our major concerns was that in the

j[Jr? S'g. Fio.vze\éf\(ell, the elasyflrésvxf[er IS 1o, bec?us?ast students were asked to master discrete low-
€ district otlices are located at every one ol Oul, o1 okills and learn isolated facts. We wanted

schools. With computer telecommunications, W&tudents to master subject matter in depth, learn

realized that common physical location was N9 ow to develop and apply problem solving skills,

longer an issue with most of our “meetings tak'and most of all learn strategies and develop inter-

ing place every day online. We sold the OIISmc'[ests that would help them throughout their lives.

buildings and used the Income to build an Oﬁ'(.:elt was this thinking that led us to create Learning
complex at each of our eight schools. You W'”Centers instead of classrooms

have a tour of these buildings after your visit to the The Center curriculum is based on the new

Centers. By locating offices at the schools, W& jitqrnia Frameworks for Theme-Based Instruc-
could share equipment and resources which SaV6Hhn 8 Ben and some of our district mentor teach-

money and provided better services to teachers.ers were on the state committees that developed
Quality Review Panelist What about group these new curriculum plans. We are very proud of
meetings? our participation. By making it possible for our
teachers to work with the larger educational com-

Josie RoweWe often meet in groups of different munity, they have developed expertise in national
sizes and the meetings are held at different Y, ey P b

. X atnd international arenas which enriches their
schools. Sometimes | travel to these meetings, blt'eaching and brings many rewards to the whole

| also have the option of teleconferencing which . ..
district.

v_vorks almost as we_II. We have so Many More ob- v are now in the second year of our experi-
tions for collaborative work than we did in the : . .
past. men_t with a new way of grouping kids. We have
multi-age learning teams with an average of 85
Nancy Broyles Access to district offices here at students to a team. We moved away from age
the school is a real benefit for us as you will se@rouping because the competition too often re-
when you visit them. But let's move to the topicsulted in kids who gave up trying to learn. We
of Learning Centers. We want you to be in thefound that student interest makes it possible for
Centers as the school day begins, so | want to giveds of different ages to work together as partners.

"For more discussion on the role of administrators to create and manage collaborative cultures, see Fullan, M. G., “Visions that Blind,” and
Hagstrom, D., “Alaska’s Discovery School” and Schmuck, P., “Educating the New Generation of Superint&tilematsdnal Leadership
vol. 49, No. 5, 1992,19-20; 23-26; 66-71.

8 These documents do not exist but they would be the natural extension of the excellent curriculum frameworks developed in California.
Many of the current frameworks celebrate a theme-based structure for learning. But beyond the content, | want to highlight the collaborative
process involved in writing these guides. Educators, writers and resource experts work together to create a plan for instructional innovation.
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Our emphasis is on participation and accomplish-thropology Center can contribute on a regular ba-
ments and not competition and comparisdiis.  sis to two different schools each year supporting
find this cross-age grouping very effective forall of our schools equally. Books, CD’s and other
both younger and older students. Our studerlearning materials move across schools. This
teams move to a new Center after a 12-week termmeans there is a less need for duplication of mate-
with the exception of the five-year-olds team whorials. We have almost all of our educational mate-
stay in the same Center all year. Here is a copy ofals in constant use at one of the schools so we
our school schedule showing how our studenheed less room for storing materials. Teachers
teams move through the Centers (table C-1). Theork together across schools to coordinate and
students are just returning from our first termshare resources and experiences.
break. The other handout s a list of the curriculum All teachers help in planning the overall design
themes for this year (box C-1). Our primary pro-of the learning environments in the Centers. But
gram and our intermediate program are describethere are different roles. Each Center has a curricu-
in this chart. lum coordinator for the humanities and language
All student work is directed toward the Centerarts strand and one for the science, technology and
exhibitior® which is listed at the end of the term. math strand. They are “content” experts who coor-
The whole community looks forward to thesedinate the local and distant resources for design-
days, they are heralded in the local papers and, likag Center activities. “Team” teachers and
parades or fairs, there is a strong feeling of comlearning guides stay with the same group of stu-
munity investment and pride. Local businesseslents all year, moving with them to each Center.
provide resources and business partners join thelthey work closely with students and bring a
students to see the end result of their educationatrong knowledge of “student skills and interests”
help. These “events” are public portfolios of stu-to the collaborative planning. Other teachers are
dent work—and of the help provided by our com-“resource” teachers, who can provide special
munity. The students are motivated to do wellwork in a particular area or for a particular group,
because their friends and neighbors and onlineor example, bilingual or technology resources.
partners will see their work. Parents sgkat Planning the Learning Center environment means
takes place in their school and they are encouragedordination of expertise in academic disciplines,
to evaluate what they see. | wish you could be herknowledge of the student team, and integration of
for an exhibition. They are a very impressive demresources. But now it's time to see how this works
onstration of community support as well as an imin practice. School is about to start.
plicit forum of parent education.

Quality Review Panelist Do all district schools VISIT TO THE OCEANS
have the same themes at the same time? LEARNING CENTER

Nancy Broyles No, we rotate the themes. SomeYour group walks from the school planning office
repeat on a three-year cycle, others have similatown an outdoor walkway past the school-yard
form but take different content each time. Thisfull of the noise of kids finding each other and
helps with our use of school and community retheir early morning activities. Nancy offers to take
sources. We usually share themes with two othethose who are visiting the primary program. Barb
schools each year. This means that communitieads the rest of the group. You are reviewing the
partners like our Pacific Aquarium or the An-intermediate program and will visit the Oceans

9 These school exhibitions help make the school the center of the community and learning a valued activity. Students contribute to the com-
munity by creating these evolving museums. The term “exhibition” comes from Ted Sizer’s book: Sizer, T., (1992), Horace’s School, Boston,

Mass: Houghton Mifflin, which has influenced many of my ideas on school reform.
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TABLE C-1: Central School Schedule, 2005-2006

173 days of Center Instruction

5 days of Orientation and Assessment
6 days of Student Exhibitions

3 days of Reelection & End of Year
186 days of school for students

Learning Centers\Terms
Entry Program
Tadpole Center
Primary Program

Sept. 5-9 Team Orientation Week
Student skill assessment
Sept. 12-Dec. 16 Term 1 (12 weeks)
Sept. 12 Term 1 begins
Oct. 10 Columbus Day
Oct. 24-28 Half Term Break (one week)
Nov. 24-25 Thanksgiving Break
Dec. 9 Term 1 ends
Dec. 11-Jan. 2 Term Break (2 weeks), plus one-week holiday
Dec. 10, 12 Exhibition Days
Total Center Instruction Days = 57 days
Jan. 3-Mar. 30 Term 2 (12 weeks)
Jan 3 Term 2 begins
Jan 16 Martin Luther King Day
Feb 13-17 Half Term Break (one week)
Mar. 30 Term 2 ends
Apr. 4-14 Term Break (2 weeks)
April 1, 3 Exhibition Days
Total Center Instruction Days = 58 days
Apr. 17-July 14 Term 3 (12 weeks)
Apr. 17 Term 3 begins
May 29-June 2 Term Break (one week)
July 4-5 Independence Break
July 14 Term 3 ends
July 15, 17 Exhibition Days
Total Center Instruction Days = 58
July 16-20 School Reflection and End of Year Activities
School year:

Term 1 Term 2 Term 3
Sept.-Dee. Jan.-Mar. Apr.-July

—Team K all year—

The Lands Learning Center Team P-1 Team P-2 Team P-3
The People Learning Center Team P-2 Team P-3 Team P-1
Our Imagination Learning Center Team P-3 Team P-1 Team P-2
Intermediate Program

The Oceans Learning Center Team Il Team 1-2 Team |-3
Time Machine Learning Center Team 1-2 Team I-3 Team I-1
Inner & Outer Space Learning Center Team 1-3 Team Il Team |-2
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‘ BOX C-1: Curriculum Themes

Primary Program Center Themes

The Lands Learning Center In this theme, students explore the different continents, regions, and
states, climate and weather patterns, creatures big and small, plants and food cycles, energy, adapta-
tions, transportation, and communication. Many of the Center activities are drawn from the theme cur-
riculum of the National Council for Geographic Education.

The People Learning Center: This theme looks at the organization of people into families and so-
cieties They look at how different geographic regions result in different adaptations with respect to
food, clothing, family structures, health, and issues of local and regional security. Students will be con-
nected to people in very different living conditions throughout the world, including students who live in
homes dug under the ground in the desert heat of Copper Pedy, Australia.

Our Imagination Learning Center: This theme celebrates our ability to think and write about things
that “might be” or “might have been”—the idea is to explore ideas that stretch reality. The work in this
Center includes a comparison of games and toys used by students’ parents with those that are popular
with students today. Students will read, write, direct, create and produce. An accomplished poet and
artist will help students create images to extend the present into the future.

The Intermediate Program Center Themes

The Oceans Learning Center: This theme focuses on all forms of animal and plant life in our
oceans, from the kelp beds to the whales, from the depths of the ocean to the shallow waters of the
wetlands and marshes Students will become partners in local environmental projects concerning the
preservation of the Batiquitos and San Elijo Lagoons.

The Time Machine Learning Center: Time Machine is a journey through time. The students and
teachers will identify a number of places and times to visit and transform the classroom appropriately.
Students will research these periods and then act in the role of characters and customs of the past, For
the Egyptian period, papyrus is currently growing in our school garden so that students can make pa-
pyrus rolls for keeping records.

Inner & Outer Space Learning Center: This theme takes students from microscopic cells mostly
inside the human body to the very large expanse of the universe. The work in this Center will include
discussions of major systems within the human body including reproduction. Students will also examine
systems of planets and stars m space. The students will be working with partner scientists from the
Space and Science Museum.

Learning Center. You wonder how it is possible
for kids of such different ages to work together in
one setting.

Barb Milner: This brightly colored area is the
Tadpole Center. It is for the five-year-old students.
In thisfirst year, teachers focus on getting to know
the students and assessing their skills and their in-
terests. In this first year the students remain in the
same Center all year. It is atransition year when
students are able to seethe structure of elementary
school from the comfort of an environment simi-
lar to their early childhood experiences.

Two of your team members leave to review this
program. As you walk to the other Centers, Barb
describes the buildings.

Barb Milner: You will notice that the buildings
are not new. We wish we could have started over
with a brand new school, but we did not have that
luxury. Our school was built during the middle of
the last century. The classrooms were well
constructed and earthquake-safe so we had to
work with the constraints of the old building. As
you can see, they are rectangular rooms built
along corridors.
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When we were planning for our Charter Dis-
trict, we wanted flexible |earning spaces—places
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We were stuck on the idea of groups of studentsin
an auditorium with a large presentation system.
But as display systems became less expensive, we
realized that a number of smaller monitors around
a common space was a better solution. This
shifted our thinking. Instead of trying to construct
alarge place to move to when needed, we just took
out the connecting walls between three class-
rooms and created a Learning Center of flexible
dimensions. We replaced the permanent walls
with those wonderful new inflatable walls that roll
down from the ceiling. Have you seen them? Lots
of hotels have them for conference rooms. They
are strong enough to lean on but they can disap-
pear amost completely. And the new sound-proof
covering is perfect for when we need more quiet
Spaces.

This area is for the intermediate Centers includ-
ing the Oceans Learning Center. The intermediate
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They will have six more weeks to complete their
Center work.

As you approach the classroom, you can see
that only the door to the Center room is open and
that a few students have paused in the doorway
watching you. As you approach, a gregarious boy
offers a greeting.

Michael: Hello Dr. Milner! Are these the visitors
you told us about?

Barb Milner: Yes, are you going into your Learn-
ing Center? Maybe we can follow you.

Michael: Sure, I'm Michael and this is my friend
Rio. We'll be happy to show you around.

Y ou follow Michael and Rio into a very large
room (see diagram above). At the right end of the
room there are two large tables with trays con-
taining science tools and microscopes with video
display monitors connected to them. There are
sinks built into each of the tables and some pans
of water connected by tubes. Near the front win-
dows are rows of plants with labels, Thereare a
three or four kids watching the fish in a large
aquarium. Another smaller aquarium has marsh
plants. In the corner of the room are several large
cardboard boxes, partially completed signs, and
other project materials.
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Directly in front of you is one of the three porta-
ble multimedia computer carts and an assortment
of tables. The rectangular ones have been grouped
together to provide seating for 16 students. There
are four students intently working with laptop
computers. Off to the side are round tables where
a small group of students are working with paper
and props. From the ceiling are stuffed paper
scale models of whales, dolphins, sharks, and oth-
er much smaller sea animals. Along the side are
shelves with an assortment of writing and art sup-
plies, including a large row of graph paper and
about a dozen calculators, some partially
completed dolphins, and meter sticks. Thereare
students taking things out of brightly colored
drawers labeled with student names. In the front
left corner of the center are two printers and a vid-
€0 tape deck. There is a small group of kids scan-
ning pages that are coming out of a printer. To the
right of the door you just entered is a library area
with books and magazines, CDs and other re-
sources.

At the left end of the Center is an open area with
a brightly colored circular rug. There are kids,
some with computers, sitting on the rug with back-
packs thrown to the side. At one end of the rug
there is another multimedia computer cart. Along
the wall is a long cabinet with a work-top.

Everywhere there are pictures and murals of
fish, penguins, kelp forests and ocean robotics. At
various places there are monitors mounted from
the ceiling or on the walls. Throughout the Center
about 35 kids work in small groups or alone. The
printer is humming and the overall feeling is one
of respect for the work of kids.

Quality Review Panelist: Why are you coming
into the classroom before the bell rings?

Michael: | liketo seeif | got any persona mail.
Most of us have computers at home, but, like with
me, my older brothers never let me have anytime.
If we finish our project work in class, sometimes
there is time to check mail. But sometimes | get
too much mail. Lots of us get to school early and
we can come in when we want.

Rio: I’m here now because my group-see them
over there—we're working on our performance
for the exhibition. We are writing a play and we
had some new ideas to change it, so we decided to
meet before school to get more time. | better check
in—I think I'm late.

Rio goes past the multimedia computer cart
and turns to see his image appear on the screen.
He types a few keystrokes, glances at the screen,
and joins his group. Michael tells you that Rio has
just checked in. You watch Michael flash a grin to-
wards the small camera over the computer and
type The computer returns with:

Welcome to the Oceans Learning Center,
Michael. You are in Mr. Phillips’ discussion
this morning, then you have time to work with
your distant partners on the wetlands project.

push return for more. ..

Michael: This computer lets the office know I'm
here, and it tells us where we are supposed to go
or what to do if we forget. But | aready know what
| am doing.

Quality Review Pandlist: What if you type in the
wrong code?

Michael: If the code doesn’t match your picture,
like, if you look into the camera instead of me (Mi-
chael leans to the side of the computer and types
mml1), see what happens?

| am sorry | didn’t recognize you. Will you
please type your name.

Seg, it didn’t work. We have to make sure we
aresigned in. That's our job.

Michael opens the cabinet below the computer
and pulls one of the notebook computers out of the
recharging unit while Barb continues the descrip-
tion of the attendance procedure.
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Barb Milner: After the second bell rings, the  Michael, seeing that your attention shifted to
computer displays pictures and names of any chiladult conversation, took the notebook computer to
dren who have not completed this check in. Thehe nearest table and was now reading the screen.
guide or teacher only has to doublecheck for th&ou wander over to see what he is doing. He has
missing kids and the attendance process is coniegged on to the server and is checking his mail.
plete. You apologize for the distraction and ask him to

A round-faced, middle-aged man has left aexplaln what he is doing.

group of students and is approaching you. Michael: | am checking my personal mail. You
an't read personal messages during class time.

ider I . O :
Carl Side: Welcome to the Oceans Center! | heardgee’ here are project messages and this is my mail

you might be visiting our Center this morning'slot. During Center time, my personal mailbox
Dave Brott asked me to tell you that he will be her‘?/von‘t open. | have to re:ad mail before or after
soon to talk with you. Please look around and Echool or diJring our free times

will be happy to answer any questions. until he ar- . .
rives. You ask Michael about the messages listed.

Barb leaves you with Carl to meet the two cen- | @M working with one of the biologists at the
ter teachers, Noel Phillips and Marilyn Quinsay, San Elijo Lagoon. They are creating preserves for
and team teacher Dave Brott. the California least tern and the western snowy

plover. Look, here are their pictures. Rio and | did
Carl Side: As you can see, some kids are still out-some observation shifts at the site with binoculars
side, others have checked in. | like to open theyer the break. See, we sent a message to Dr. Coo-
room as soon as | get here because | like the kigser recording our observations, but he hasn’t writ-
to see this as their space. They know the rules; tbn back yet. There are more birds coming now
they are too rowdy, | just ask them to leave untikhat their nests have been restored. We are study-
the bell rings. It works OK. The students Onlying Wet|ands’ oceans and |agoonsl you knOW, wa-
have five more weeks until their exhibition andter’ with kids in other p|aces_ But in my persona|
they are very excited about it. You can see theimail slot there are messages from kids. | have been

projects taking shape all over the Center. sharing game hints with a guy in Alaska.
Quality Review Panelist What are they doing  You leave Michael reading a message marked
over there with all those tubes and pans? “Yeall! Trek gold finally found” to see what other

Carl Side: The kids are experimenting with dif- s_tudents are doing. Within a_short_ time, a bell
rings outside and the room fills with students

ferent ways to convert salt water to fresh water.

And next to it are plants that can tolerate some salt " mor\:e through the Centﬁr Wi;h i_(sjense ?‘f pur-
in the water. One group of students is trying to figP0S€- There are now more than 20 kids on the rug

ure out what properties make it possible for a plan n the west side and Qarl _is reminding them_ t_hat
ey need to keep their voices down. Mr. Phillips

to live in salt water and what happens to plants a . :
the amount of salt in the water changes. That ignt_ers from the west side of the Center. Carl quick-
why some of those plants don't look so great.y !n_troduces each of you. Y(?u learn that Mr.
These experiments are supervised by Dr. Hugghllllp_s, one of Ocean Center’s tw_o_ curriculum
from the university. See the tall girl with the pony c00rdinators, oversees the Humanities and Per-
tail, that's Merica. Her group is doing the first partformlng Arts strand.

of a genetics experiment that will be continued alNoel Phillips: Hello, welcome to our Center. |
year by each of the teams. Over there, Rio’s groupope you had some time to look around. Did you
is working on a play. See Vincent and TamarZee any of the student projects? If you geta chance,
They wrote the play and are directing the youngeyou should ask Tera’s group to show you their
kids, including Rio, whom | think you met. multimedia display of the effect of the moon on
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the tides. They are doing a great job. They can aldwelp in any area. If you will excuse me, | have to
show you what would happen to the earth if theget started. | just saw Dave in the office. He is the
moon wasn't there. It is a pretty impressive preteam teacher for these kids, and he said he will be
sentation of their understanding. What | find soon his way over in a few minutes.
exciting about multi-media is not the presenta-
tions, but the fact that kids can work with their
own understandings by creating their own mov
ies, presentation and prografis.

Today, we're going to have one of our “big

Mr. Phillips walks to the far side of the Center
and picks up a conch shell and blows into it. More
‘students move to the rug area. He glances at the
computer and sees that Ricky and Kalani are mis-

ideas” di i h q « h hsing. Kalani's picture is dim which means her par-
ideas” discussions. The students know that t Ents have already called in. No one has seen Ricky,

Whale_s Wi” s‘f)on be visible off_the cqast. Theso he pushes return and attendance is over. A pro-
question is—“Why do whales migrate instead of rammed call is placed to Ricky’s parents.
hibernate like bears?” Students have been asked oReaching to the wall, Mr. Phillips flips a

come with their hypotheS|_s about why whales MPFswitch. There is a mechanical whir and what looks
grate, what factors would increase or decrease t

e _ e a carpet roll drops slowly from the ceiling. It
whale migration, and why they don't hlbernate'unwinds like a large projection screen until it

feaches the ground separating the circle area from

have a discussion. | encourage them to talk ity o5t of the Center. Then it slowly inflates to be-

parents or try to find resources in the NetWorld or. ) 1o 4 rigid wall, leaving only a small doorway.

%he sight and sounds of the student group are
what we found out and what we think. The youn- Sl sounas stu group ar

: ) Rone and the Center becomes smaller.
ger kids often ask the type of qu_estlons that pus Meanwhile, on your side of the new wall, stu-
all of us to really understand the issue. To help angonis are collecting small packs from one of the
swer tough questions, | check the National TeacI”EI

i . bablv K osets and talking about who will take what.
er Online Resource List. You probably know gqme kigs are arguing about where the nets are,
about it; companies or businesses donate a fe

h ; I ) q h Who gets to take the Batiquitos Lagoon CD
ours of employee time to respond to teachey ;ijes and which micro-sensors will need to be

questions. | found an email address of a researqll, o, Within a few minutes another teacher ap-

team at Scripps that will respond to teacher quesse s checks the computer screen, and finds all
tions11 | can generally find someone who can

10Recently George Lucas, renowned movie director, testified before the U.S. House of Representatives Subcommittee on Telecommunica-
tions and Finance on his ideas about reaching for a technology-enriched educational system of the future which he calls “Edutopia.” He is pro-
ducing several movies set in the future that will provoke teachers and student to envision the use of the multimedia tools in new ways. But the
central thesis of this paper is that the construction of a vision and the work to implement it will need to be repeated by the students, teachers, and
school leaders in each school. Itis in the design process that is critical in constructing school reform. The George Lucas Educational Foundation
(Box 3494, San Rafael, CA 94912) publishes information leading toward his vision in a newsletter called Edutopia. There is no cost for a sub-
scription and it can also be found online (Gopher: glef.org; http://glef.org).

11 There are many projects that are working on finding ways to connect subject matter experts to schools are resources. In the Passport to
Knowledge project, on which | am currently working, television and telcomputing are used in parallel to take kids on electronic trips to remote
“fields” of science. One component to these field trips is that the scientists agree to respect to questions that students have with responent to their
scientific work. Trevor Owen has created “Electronic Writers in Residence” which connects professional writers with students through comput-
er links to help them develop their voice through writing. Judi Harris, from the University of Texas in Austin, has been designing a project
“Electronic Emissary” in which subject matter experts are matched with classrooms where there is interest in a specific area of expertise. Using
the computer, these outside experts become both teachers and learners as they work electronically with students who share their interest. Re-
cently on the Internet, research groups have offered services to schools like “Ask a Geologist” to field questions that student or teachers may
have on issues related to the Earth. Similarly, a university professor has organized his students to provide an “Ask a Mathematician” service.
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her students have checked in. Marilyn Quinsay i&c comeback now that we are preserving more of
introduced as the Ocean Center math and sciendie wetlands. (Looking toward a student standing
coordinator. After a quick round of introductions, alone at one of the tables and raising his voice
she turns to her students. slightly)—Eric, you need to use this time produc-

Marilyn Quinsay: | assume that all of you have tively. (Turning back to you)—Sorry. They are

your data recorders, any micro-sensors you nee llowing the work of scientists involved in re-

and your sketch pads. Your group should have foring the Batiquitos "%”d Sqn El_ijo Lagoons.
camera, binoculars, and their guides. The grou ome students are working on individual learning

leaders should have the data recorders and tif@ntracts. Oh, perfect, here comes Dave Brott, he
youngest member should take the binocular<£an answer your questions. | need to get back to
(Then, turning back once more to the visitors) € students.
Too bad you don’t have time to join us on our field  Carl introduces you and then moves over to

trip, but | hope that you enjoy your visit. Eric’s group. Dave explains the roles of the center

About 16 students kids leave the room in group8taff:

of 3-5 students. Marilyn waves goodbye and repave Brott: I'm not sure how much you heard
minds you that you will have time to talk later. Thisahout how we divide up responsibilities. | am the
leaves a group of about 25 kids working arouncdteam teacher for all of the kids at this Center. Carl
the different areas of the room. Carl makes the |a5énd | stay with this group eva|uating their perfor-
check of the attendance chart, looks around thénance in different learning contexts and across
room, and then comes back to talk with you.  Centers. We work with the Center teachers, who

Carl Side: You just met our two Ocean Center SPend all year in the same Center organizing the
curriculum coordinators. Let me show you curriculum and making project options available.
around. The room to the right is our “lab,” this Marilyn and Noel coordinate the participation of
central area has mostly tables and chairs, and tipgher teachers and outside experts both online and
discussion room is now hidden by the wall. Teachthose that come to the Oceans Center. They are the
ers can decide which space is best for the type ogontent experts” making sure that we have the in-
lessons they teach. Inflatable walls make it easy ti¢llectual resources to expand on and extend the
divide the space. The six ceiling-mounted monij-2cademic interests of our students. But the trade-
tors have replaced blackboards and display whaff is that they have fewer opportunities to observe
is on the screen of the multimedia Center. If westudent performance across settings. On the other
have the whole group lesson, we separate the&and, as the team teacher, | watch student perfor-
rectangular tables for more seats and use the circfé@nce across settings and find ways to encourage
tables and rug area. The teacher stands over thétemotivate the students to take advantage of dif-
by the multimedia cart. The monitors make it easyerent learning opportunities in each Center. To-
for each student to see without crowding. If someJether we provide a good balance between a rich
students are not participating in the lesson, we cdarning environment and a personal connection
separate off the science lab area and they can woith each students.

with me. The three multimedia computers are por- pgye gives a quick overview of the Center acti-
table and can be moved wherever they are needglies for the day and then the discussion turns to

Quality Review Panelist What are the rest of the issues of student assessment. You want to know
students doing? how learning is assessed.

Carl Side: Different things. These kids over here Dave Brott: Assessment is what concerns most
are creating their own designs for desalinationpeople when they see kids involved in group proj-
And this group is examining a colony of fairy ects, especially kids of different ages. We have
shrimp, a species that has recently made a dramapent a good deal of time talking abatty and
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what we assesd he result of our discussion is a accomplished. Parents can see how their child’s
different processof assessmefg The functions work compares with that of children of different
of student assessment are complex and some fureges and abilities. The exhibition provides stu-
tions conflicted with our goal of promoting life- dents an opportunity to teach their parents. We ask
long learning. We don’t use assessment to sodur visitors to comment on what they see in the
students according to their “intellectual skill.” We Center and to compare it to their expectations for
create multi-age groupings to avoid tracking stufearning. These Center assessments often provide
dents for success or failure at very early agesa view into the work accomplished outside of
Grades were used in the past to motivate studensshool, in homes, and in the community.
by creating an external reward. Extrinsic rewards The final measure is a “process” report from the
are not effective and this can be seen by the fa@enter teachers. Here is where technology has
that parents often had to find additional extrinsicplayed an important role by providing an efficient
rewards or bribes to motivate their children. Lowway for our team to make, store, and share ob-
grades can be very destructive. We find that creaservations about students. Did you notice the clip-
ing a museum exhibit that is enjoyed by the comboard that Carl was carrying? We all have one. See
munity and provides more intrinsic motivation to the microcodes by student names on this clip
learn. We think it is important for all of us, stu- board? As | notice things while they are working,
dents and teachers, to know how we are doing. Wemake notes that are automatically added to their
try to encourage a sense of self-improvementomputer file. For example, from here | can see
through learning that we hope will become a life-that Patrick and Kerwin are working on the mea-
long habit. surement of a blue whale. Patrick is using the ruler
Our past methods of assessment involved usingnd calculator with ease and finding the length and
student memory for content information to indexconverting it to the scale we are using. He is also
learning. It was an easy but inaccurate measurexplaining it to Kerwin who is attending, but not
Now we use the intersection of three measures tmaking any of the measurements himself. So, |
assess student learning: self-assessment, comnuse this touch screen to scan Patrick’s code, then
nity comments, and teacher feedback. Studerihe project name “fish scale,” and then the code
performance on national standardized tests is usedat describes his behavior. | can do the same thing
as feedback to the teachers. for Kerwin. | can develop my own system of
So let me explain the process of student asses$enchmark” codes for different aspects of the
ment. At the end of every session, the studentssks from academic to interpersonal issues. If |
spend time reflecting on their work as they getwant to add a new comment, | touch here and then
ready for the exhibition. They select their bestgo to one of the Center multimedia stations and
work to display in the exhibition. But they also type the comment. If | touch a group code, the
have to see how they measured up to the goals thegmment goes to each student’s file as well as to
set for themselves. | help them set realistic goalthe group file. Because the comments are codes,
and then we all work to help them achieve thahe students cannot see or tell from this sheet what
goals. So the first form of evaluation is the stu-notations | am making. This keeps the system very
dent’'s written reflection on their accomplish- private. In fact, if | hand this to you, you will not
ments and success in reaching the goals they sdte able to enter anything as | have to scan this mi-
The exhibition provides a time for parents andcrocode on my ring to use it.
community members to see what students have

12 For more information of function of grading, see A. Kohn, (1994) “Grading: The Issue is not How buEd{ioational Leadershiypol.
52, No. 2, 1994, pp. 38-41.
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All of us have these clipboards but we don’'t us€Quality Review Panelist Does this mean that the
them all of the time. However, when we see someparents can see the comments that you and the oth-
thing that we want to share with the team, this i®r teachers make about their child?

an easy and efficient way to do it. Because of thg,, e grott: No, not in real time as we make them
ease of representation, we can use the informatiqy) . eventually ’they will see a summary “proces’s
in many different ways. Marilyn might search for o4~ ot the end of the term. I take all of the ob-
all comments that are related to the measuremegl, ations that are made on a student and organize
task and look to see if & t{?lSk IS apprgprlgte_f(_)r Athemintoa report card. | can display the frequency
age group. | sp_end more time reviewing '”d'V'O_'“_'of different comments and create a picture of stu-
a_ll student profiles across different Center actiViyant strengths and weaknesses. Most of the time,
tes. , . comments across teachers are similar and | just
An advantage of this system is that any of Ugyeate the report. But sometimes they are very dif-
can note patterns among the comments. For examyent For example, one teacher might appreciate
ple, if 1 notice that there are more comments abouf, reative skill in humor, while another might
either boys or girls in one area, | can alert Otheraefine the behavior as disruptive. We meet as a
and we make a point of watching the other grou%:oup and come to a consensus on how to present
more closely. In the p_ast, at re_port c_ard time, ther ese abilities. The process reports together with
were always some kids who just slipped throughy,e exhibitions of student work give parents a

the system because they escaped the no'qce 8fear picture of their child’s school performance.
overworked teachers. Every week a printout iden- Each term, | compare process reports with stu-
tifies kids who have the least comments in an aregant self-assessments. If they match, then we

and we all make a special effort to watch these styy )« out a set of goals and perhaps a personal con-
dents more carefully. We all try to make studenty, .+ for some work to be accomplished during the
observations as they happen because we Kno¥g, session. If they are not in line, then | call for
how quickly memory fades. a parent/teacher/student conference to arrive at a
All student records are stored on the computer, oo understanding of expectations and be-
You saw the kids ch_eck in. Their daily schedule_ isnavior. Students who are doing well have more
on the computer. Did you know that parents Withy. oo 4om to explore areas they find of interest. In

access to the NetWorld can access their child'§, o \vays, students earn their intellectual free-

school schedule from their computers at work%om Giving students more responsibility for their

This way they are better able to ask questions %arning seems to be the key that changed stu-

follow the work of their child in school. If a child j.ts \We seem to have many more “gifted” stu-
is giving a special report at school or practicing adents.than we did in the past.

performance, we sometimes have a parent who gopqq) assessment takes place in the first part

Wan'hs to watch frorr;] Work.dWe can dfocus these,t september when we compare our students with

small cameras on the students and parents Caj\,jents from around the nation on the National

watch. Of course not all parents have th'SﬂeX'b”'Standards Assessment Task&ou will be able

';y or acccfiass. kStudents can slso bring tapes fro%see these scores later in the office. Our students
ome and make a copy so that parents can watgl, very well in these tasks as the learning center

their child’s speech or presentation Ia_lter. Thesgtructure help them take knowledge learned in one
performances demonstrate student skills.

13These don't exist now but | believe they are a reasonable projection from the current debate and work on creating National Standards. For
more information see National Council on Educational Standards and T&stisigg Standards for American Educati¢washington DC:
U.S. Government Printing Office 1992.
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setting and apply it other settins. The teachers ugelling students that over 92 percent of the salt wa-
these scores to identify areas of concentration. ter marshes on the West Coast have been de-

You and your team member move around th troyed and encouraging them to see their work as

room reading the reports on the wall and looking€/PINg to understand how to preserve these
over the shoulders of students. Most children ar@'€2S: Then astudent from Oregon asks Dr. Noorg

working on projects but some students are work@ duestion about the data they have collected.
ing with computer programs that look like math Soon one of the Oceans Center students is summa-

fging their work. Carl has moved nearby, avail-
able but not intrusive. Interested in the topic, you

o stay here for some time listening to Dr. Noorg and
Student | am practicing math facts—mostly ine student groups.

times tables. | guess | take too Iong to figu're things vour attention is pulled away by students com-
out, so Mr. Brott wants me to see if | can improvéng through the small door in the temporary wall.
my speed. We can invent our own ways t0 SOV, phjllips is organizing students into small
math problems and | am real good at that, but Miy,ops at the round tables with some materials.

Brott says | will be even better if | know these by\yjthin a few minutes another teacher enters and
heart. My personal goal is to get to under 11 MiNgays something in Spanish and a dozen or so stu-

utes a race. | think these computer race car gamggnis follow this teacher into the discussion area
are dumb, but | just broke 12 minutes so | think Lypere My, Phillips had been working earlier. But

will be fast enough soon, then | can get back 19, attention is diverted by a low whistle from a
work on my project. student working with notebook computer. You
You watch for a few minutes, thank the studentyant to know what he is doing.

and continue through the Center. Mary StamleyStudent | am reading the research journals from

the computer expert, enters the room and goeI§aul Smith, who is in Antarctica. He didn’t send

over to the multimedia computer in the lab area.
. a message last week because they were lost on the
She asks the students if they are prepared for their
- .ice for three days before they were rescued,
teleconference, reminding them that Dr. Noorg is .
. sounded pretty scary. Now they are stuck in anoth-
volunteering to help and they need to take advan- : .
. . er storm. I'm glad | can do my ocean work in the
tage of this opportunity. She opens the conferencs 14
. . classroom!
ing program and exchanges a few words with Dr.

Noorg and then leaves. You can hear Dr. Noorg Leaning over, you read the screen:

and language games. You ask one student wh
she is doing.

14This is part of a much longer message by Paul Smith shared on the Passport to Knowledge, “Live from Antarctica” electronic field trip.
The students were able to follow researchers, pilots, weather forecasters, camera crew, a teacher, a 17-year-old student, as well as others as they
set foot on the distant continent of Antarctica and began their explorations and work.



Last week | went south to Robbo’s and had
a fantastic time quadding around the islands.
We climbed through icebergs, said hello to
Weddel seals, climbed up to Opaque Lake (so
called because the water is full of penguin
waste) and laid hands on the Vanderford
Glacier without an enormous chunk breaking
off and squashing us. There are about 13
islands down that way and although we didn't
get to all of them we covered a lot of ground.
One place I'd like to go back to is Herring
Island where the seals come to give birth in
October. As is so often said about Antarctic
weather-beautiful one day, really horrid the
next--we were stuck in Robbo's hut for the
next day with the strongest blizz recorded this
year blowing outside. Angie read the hut log
and found out how, in its early days, it had a
tendency to snap guy ropes and move the hut
several meters. It didn't this time but not for
lack of trying on the weather’s part. i thought
I'd just open the door quickly and peek out.
Bad move. Sort of like getting all your daily
fresh air in about two seconds, plus a shower
once the snow’s finished melting..

‘Push RETURN

At that momenta small boxed message appears
at the bottom of the screen from the school office.

Ms. Johnson, our parent/artist, will be here
in five minutes to help students with the ocean
mural. Those involved should finish up their
work, log off, and gather their materials.

At the same time, Barb Milner returns to the
Center and explains that for the next hour the stu-
dents will all be in skill clinics of different types.
This is the time when almost all teachers are in the
Centers working with groups of students. You
again raise the issue of differential skill levels and
ask how this works.

Barb Milner: Using the assessment profiles from
the beginning of the school year, students have
areas of concentration identified. These can be
areas of student expertise or areas of weaknesses.
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Students have individual goals and the skill clin-
ics are organized to help students in these special
areas. The composition of these groups is one of
the continual topics of teacher discussion in our
staff meetings. There is no perfect formula for bal-
ancing the comfort level of learners in homoge-
neous groupings with the challenge that comes
from working with heterogeneous groups. Each
group of Center and team teachers tackle skill
clinics in their own way.

You stay and watch the lessons until Barb indi-
cates it is time to visit the business complex. You
would have enjoyed more time in the Center, but
you also want to find out how this district made
the transformation from the traditional hierarchy
to this collaborative arrangement. You are in-
trigued by teachers who move in and out of the
classroom so easily. One of your questions is how
teacher unions and job protection issues are han-
dled in this new arrangement. You follow Barb to-
ward a modern structure of wood and glass as she
describes its history. The other members of your
panel are already there.

VISIT TO THE DISTRICT/SCHOOL
OFFICES

Barb Milner: A professiona career path for
teachers necessitates a place of work other than a
classroom or Center. So, we did some creative
thinking and eventually sold the district offices.
With some help from a bond passed by the com-
munity, we were able to build a smaller office site
at each of the eight schools in the district. You saw
the school planning office and the school secretary
in our earlier meeting, but now | want you to see
the rest of the office complex.

On the other side of the school planning office
is a medium size office and a small workroom with
office equipment, file drawers, and some video
and electronic equipment including a large Sili-
con Image system. You meet Alan who is the office/
district manager at Central. He works directly for
Josie and handles district records. He introduces
you to several other people working in the office.
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Alan says they are mostly supported by grants andiay we deal with most issues of limited resources
contracts held by mentor teachers. in our district.

_You walk down a short hgllway. To the right iSQuality Review Panelist Since you mention
a library conference room with a number of hard-j;ieq resources, I notice that some desks have

wood tables pushed together to form one Iarg%Om uters. others don’t. How does this work?
table and a set of padded office chairs. To the left P ’ ' '

you can see a lunch room with some people taIkinBarb Milner : Just like you saw in the Center, the
and waiting in front of a microwave. You walk pastNotebook computers are chargmye (she opens
these rooms into a modern looking office compleffe cabinet under a multimedia computer similar
divided into modular units. Room dividers createt0 the one in the Learning CenfeAll teachers
anumber of different-size offices, some with doorgave their own private “card” drives, and of course

open, others are closed. You are curious abougPace on the office network. But these notebook
who gets larger or smaller offices. computers make it easy for us to share resources.

) . Of course, we would love the new “Power Paper”
Barb Milner : (laughs) Well, it isn't always the comnyters with those “crystal image” screens, but
easiest decision and it changes from year t0 yegfe just don't have the funds to upgrade. I think it
but we try to be as fair as possible. Sometimeg; ha nature of schools to have to work with yes-
mentor teachers prefer to share a larger spaggyqay's technology but at least we have portable,
among two or even three teachers because they ai&jless computers. During the heaviest use time,

not here all the time. In some cases they are WorlGar-term and term breaks, we borrow computers
ing on the same project, other times they are jusfom the Centers.

friends who find it easy to share a large space. Oth- ) )

er teachers would rather have a small space fguality Review Panelist Who works at those
themselves. Another factor is the nature of a projd€sks along the wall?

ect. For example, Marilyn Quinsay is working onBarb Milner : Those open stations are primarily

a math multimedia program for Educational De-for the entry teachers. Since they spend almost all
signs. You may have noticed the Silicon Imagingday in the Centers, they tend to keep their work
System in the workroom? She uses a range of ditind materials in a Center desk. But these open sta-
ferent tools that take up space so we give her motgns provide a quick place for anyone to check
room. Her work makes it possible for us to havemail or type a letter.

new equipment. We are getting a new touch scre . . .
e%auallty Review Panelist | see phones. How
system for the Center as a result of her contract;

She is working with a national team of teacher tany lines do you have and how do you account

?
and students to develop a multimedia themesf—Or phone use?

based curriculum. With the Silicon System, weBarb Milner : There are phones on every desk, fi-
can use the Custom Courseware Service to desidlly, but no, they are not private lines. In fact our
and print classroom materials as we need them.limited budget still makes it necessary for teachers
to have calling card codes and limits on the copy
machine and printing supplies. The difference is
that teachers set the limits and monitor them-
Barb Milner: The actual decision is made by theselves. When teachers get grants and contracts
teachers in our school management meetings. Weom different groups, they include indirect costs
meet face-to-face during each term break to makef 40 percent for phone, mail, and other office ex-
decisions that relate to teaching and working. Bupenses. This is how we are able to maintain the of-
we have online interaction all of the time. We be-ice.

lieve that teachers must have the responsibility for We are headed for the conference library to talk
making the decisions that affect them. This is th@bout staffing. Josie is waiting for us and | think

Quality Review Panelist But who makes the de-
cisions about office space?
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Table C-2: Teaching Positions

Instructional Positions Academic Requirements

Average Time at this Level

Salary Range

Learning Guides = 2-year College degree with
a Learning Guide Certificate
or B.A.

+ B. A. and provisional

teaching credential

Entry Teacher

Mentor Teacher « Full teaching credential

* Other certification or
education will be necessary
for some activities.

* Administrative  credential
and usually graduate

degrees

Master Teacher

3-year renewable contracts,
security of employment after
second contract.

Up to 5-year contract with
tenure decision between years
210 5.

Advancement beyond a Mentor

$20,000-$25,000/year
$110/day

$25,000-$30,000/year
$120/day

$32,000-$50,000+/year

Teacher based on merit $175+Iday

determined by peer-review (unlimited)

process.

This is the top rank of educator. $55,000+
$235+/day
(unlimited)

she will have some information that will help you
understand some of the things you have been see-
ing. | will be at the school planning office and will
meet you there later.

You say goodbye to Barb as Josie welcomes
you. The topic of discussion is different roles, re-
sponsibility, and, most important, the costs of new
staffing positions.

OTeacher Roles and Salaries

Josie Rowe: | hope you enjoyed your visit to the
Centers. Now we have more time to talk about the
changes in the career path of teachers. There are
two critical components that make our plan differ-
ent than any that had been tried in the past. Oneis
the use of para-professional learning guides and
the other is the combining of outside resources
with public funding. | am going to describe the
teaching positions and pay scales (see table C-2).

Learning guides are para-professional posi-
tions. Learning guides don’t require a great deal of
academic preparation, but they need to have good
skills in working with and motivating students.
Basically we have two categories of people who
are attracted to this position. Some young people

who are looking for a way to earn money between
college and graduate school find organizing learn-
ing for students an enjoyable break from studying.
Some are considering a career in teaching or feel
that some experience working with kids will be a
good way to prepare for their role as parents.
Then we have another group that is generaly
older, some have had teaching experience. To be
very blunt, they are not interested in the intellectu-
al challenges that face teachers in our career plan.
They just enjoy working with kids. You met Carl,
right? He is terrific with kids. They take to him
like the Pied Piper. He wasn't great at organizing
academic lessons, but he gave life lessons that stu-
dents rarely forgot. In the past, he ended up with
a class of the most difficult kids in the school be-
cause he was so good at reaching them. But this
was unfair to Carl who was overworked, and it
was unfair to the students who did not have the
same learning opportunities of other students. We
were creating a school within the school, segregat-
ing students and not providing al students the
learning environments they needed.”Carl de-
cided he would rather be alearning guide than a
teacher. He finds the work fulfilling and enjoys the
freedom after school and during term breaks.

* Education tracking of students is not a productive strategy. For more extensive discussion of this issue see J. Oakes, Adam Gamoran &
Page (1992), Curriculum Differentiation: Opportunities, Outcomes and Meanings, In: Philip Jackson (Ed.) Handbook of Research on Curricu-
lum (New York, NY: Macmillan, 1992). Also see H. Mehan, Understanding Inequality in Schools: The Contribution of Interpretive Studies,

The Sociology of Educational vol. 65, No. 1, 1992, pp.1-20.
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Learning guides work from September to mid-vise learning. Without teachers, there is no learn-
July. During the one-week half-term breaks, theying to supervise.
have meetings and recordkeeping tasks, but they Our teachers did an analysis of how they spent
get the two-week period between terms off. Theitheir time in the classroom. They found that they
salary works out to about $13 per hour. They opespent an average of two-thirds of their time teach-
and close the centers each day. They are in the cang either whole group or small group lessons but
ters or on the playground seven hours a day witthat there were 20-minute periods throughout the
a 45-minute lunch and a 15-minute break. Butay when students were doing group work or indi-
they do not have to prepare lessons, write repoxtidual writing or reading. Children, unlike older
cards, or work on weekends. They are the onlyearners, cannot be left without supervision. The
group in our district that is still represented bylearning guides provide this supervision. But
traditional teacher unions. However we are alimaybe this will be more clear after | introduce our
members of the recently evolved Americandifferent levels of teachers. There are entry teach-
Education Assaociation (AEA). We believe this or- ers, mentor teachers, and master teachers—and
ganization represents the transformation that wthere are levels within each rank.

: 6
are working towardst Quality Review Panelist My concern is that the

Quality Review Panelist How do you react to daily rate you list for the different ranks of teach-
the criticism that you are de-skilling the role ofers looks very low, but you list a high yearly
teacher? What if you just kept increasing the timesalary. Can you explain this?

kids spgnt with learning guides versus teachersfosie Rowe Entry teachers are beginning teach-
Does this worry you? ers. In practice, most have full credentials, but
Josie Rowe Yes, this does worry us and we havethey can be hired with a provisional credential and
spent many hours discussing this very issue. Butnish their credential work while they teach.
we try to look at the whole picture. We wanted toEntry teachers are expected to spend five or six
arrive at a system that included those who wanteldours a day with students in the Center and the rest
a fast entry into working with kids, but also pro- of their time is spent working with Center or team
vided a system of rewards, a career ladder thaeachers. Entry teachers are paid during term
would attract talented men and women into théreaks like learning guides, and they are also paid
challenge of continually assessing and evolvingluring half term. Except for a day or so of super-
the best possible educational system. There argsing student exhibitions and attending team
many teachers in other school districts with lessneetings, they can structure their time during
skill than our learning guides who work with stu-term breaks, but the expectation is that they are
dents all year. We are trying itacreasethe level  working during this time. They do have some
of skill by not losing talented teachers to other cavacation time, one week at Christmas and one
reers. Because job opportunities for women haveveek during the summer, but the rest of the time
expanded, it is important to create incentives to athey are learning. Itis their time to develop an area
tract the level of teachers that we want in leaderef expertise. The difference between a learning
ship roles in education. Remember that learninguide and an entry teacher istime rather than
guides are not teachers. They are there to supanoney Entry teachers have much more time for

16 Trade unions were set up to protect the rights of workers from the abuses of management. Professional organizations are set up by mem-
bers to set standards, control certification, regulate members and provide channels of communication. With a shift from teachers as workers to
teachers as professionals should come a transformation of teacher unions to professional organizations. The American Education Association
does not currently exist but represents this evolution that | believe is vital to educational change. The new organization suggests a shift to shared
responsibility.
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planning and for developing ties in the professionbecause it is a new concept. But in our early dis-
al community of educators. It is these ties that willcussions of what made someone an ideal teach-
lead to professional work and pay. er—remember, we talked about that this
The transition to a mentor teacher will be baseanorning—we found that it wasn’t the particular
on the productive use of this time. Over the firstskill, like teaching writing, organizing innovative
five years of teaching, entry teachers have almosicience labs, or integrating technology. It was
a full year of professional development time.more the very fact that these teachers had worked,
Entry teachers, like all teachers, have flexible coneften on their own time, to develop a strong pas-
trol over their work. They can work in the schoolsion for some way of improving education. It was
office complex, at a resource center or library, othisprocess of learning-not what they learned—
at home. The normal career path has them contbat characterized our best teachers. So we wanted
up for a tenure peer review in their fifth year. Theyto develop a plan that would encourage teachers to
are evaluated in a peer review process in terms ke learners. And we wanted them to have a choice.
their teaching skills, their expertise in an area of Of course, like most choices, the options avail-
their choice, and their service to the educationadble are somewhat constrained by economic reali-
community. Entry teachers are encourage to ddies and regional opportunities. The goal is to have
velop professional ties but not to take on additionthis area of interest evolve into contractual work.
al responsibilities outside of Center teaching. Wef you decide to become a specialist in an area in
believe it takes concentrated teaching for aboutvhich there is little need, such as a bilingual spe-
three to four years to develop one’s style as aialist in a language that is not spoken here, it is
teacher. Most entry teachers begin as “team teaclgoing to be more difficult to find work in this area.
er” because this gives them the opportunity to colOn the other hand, if there is grant money avail-
laborate with three different sets of Centerable for environmental science or district and
teachers over the year. While these new teachessate opportunities for bilingual Spanish/English
are analyzing studentlearning, they are exposed 8pecialists, developing expertise in these areas
the teaching styles of our best teachers. This wayight make it easier to make the shift to a mentor
they learn the skills both from center participationteacher.
and observation. Team teachers prepare and teachMentor teacher positions are very different than
lessons in close cooperation with center teachergraditional teaching positions. Mentor teachers are
Once ateacher has demonstrated good teachipgid a slightly higher rate for classroom contact
skills, they are free to develop an area of expertisBours. But, again, the advancement to this level is
which will eventually lead to professional oppor-a shift in the amount of time spent in the class-
tunities. We provide the time and encouragememoom. The expectation is that they will spend up
for our teachers to pursue intellectual challenge®o two-thirds of a day teaching. However the other
outside of the Center. Since we did not have fundsne-third of their time is free for them to take on
to pay teachers an increasingly higher salary foother tasks that are related to their developing area
teaching, we have instead made it possible foof expertise. These might be consulting contracts,
them to essentially split a teaching position withdistrict resource positions, foundations and gov-
other work in the educational community. We giveernment grants, or work at the university either in
teachersimeto pursue intellectual challenges thatresearch or education. While teachers have written
we believe make them better teachers. and received grants in the past, they have been

Quality Review Panelist What counts as “an largely for materials or salaries of other people. In

area of expertise” and how do teachers decid@Ur district, mentor teachers can write grants

what to do in this professional development time?Vhich include up to 50 percent of their salary.
. . . If an entry teacher develops an area of expertise
Josie Rowe That is a good question and some

) . ) o early and is awarded a grant or receives a contract,
entry teachers find making that choice difficult y g
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he or she can ask to be reviewed for mentor statseas of education, and more than half of a year if
after two or more years of teaching. At the othethey choose to work over summer break. All of
end, an entry teacher must develop an area of e#iese work arrangements must be submitted and
pertise within seven years or they will not haveapproved through our contracts and grants office,
their contract renewed. Basically, we are sayingdput it provides an open-ended salary for teachers
that teachers are professional learners who watiased on achievement. Each of our teachers can
the intellectual stimulation that comes from fol- choose how hard they want to work. Some of our
lowing personal interesld. We have taken a teachers work year round using the term breaks to
strong stance in this district. We don’t think some-work on many exciting projects. They earn sala-
one can be a good teacher if they are not learninges that are comparable to other professionals
Ben Barrel (who enters the library to hear the IastSUCh. as university pr(_)fe_ssors, Ia\_/vyers, high-level
administrators. Our district benefits from these ar-

comment): And similarly, we decided that all . ;
p " rangements in three ways. One, and most impor-
school leaders should be “master teachers” as w ) .
ant, our teachers are intellectually engaged in

as master learners. This keeps the loop between

leading. learnina. and teaching closelv alianed educational issues which often enrich Center
9: 9, 9 y aligned. teaching. Two, the outside employment covers of-

Josie Rowe Hi, Ben, I'm glad you have time to fice and other “overhead” expenses which support
join us. I am describing the steps from an entryour office complex. And three, we rarely lose our
level teacher to a mentor teacher and then maylibest” teachers to jobs outside of the classroom.
you could continue with a description of the pro- Our district has one of the best records in the na-
cess of becoming a master teacher. tion for pulling in grant money. This is not surpris-
ing since we provide time and incentives for
Pleachers to write grants. Some of our teachers are
partially funded by grants—in fact you might
Josie Rowe A mentor teacher is in the Center have noticed the group in the Oceans Center work-
working with kids for three to four hours a day, ing with the vernal pool fairy and tadpole shrimp.
some more, some less, depending on lots of fad-heir work is part of Center teacher Noel Phil-
tors. Some of our mentors provide services thaips’s grant from the Wildlife Federation. | think
were in the past district positions. Our resourcesome of the highest-paid mentor teachers have
teachers help identified students intensely duringontracts with publishers designing electronic
inter-term weeks and sometimes between termsnaterials for home as well as education markets.
This way students who need extra help are not losSince up to 50 percent of a mentor teacher’s salary
ing regular instruction for their special needs likecan be negotiated by the teacher with other orga-
speech or language. nizations, a mentor teacher could, in theory, earn

A mentor teacher is guaranteed a minimamore money than a master teacher. However, |
salary for teaching two-thirds of each of the schoosuspect that this level of recognition of skills
days and participating in the three exhibitionswould prompt a review process and an early ad-
This leaves almost half their time for work in othervancement to master teacher level.

Ben nods as Josie continues with the descri
tion of mentor teachers.

17The professional development of teachers requires taking an active role in learning new ways of teaching. The change is more likely to
happen if their professional development is linked to their career advancement in their chosen area of expertise. For more information on the
multiple factors involved in professionalizing teaching, see W. Fireston & B. BRefiesigning Teaching: Professionalism or Bureaucracy?
(Albany, NY: SUNY Press, 1992).
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Quality Review Panelist Is there an issue of timedia programs and she wants more time to
travel? If teachers are working for people outsidevork on this.

of your district, don't they have to travel to meet- In the past, teachers such as Marilyn would
ings? have left teaching for the prestige and financial re-

Josie RoweWhile some of these projects involve wards of developing new materials. We give them

travel, teleconferencing helps keep teachers oWe option to sj[ay conne_cted and involved with
site most of the time. The rapid development irptudents. That is what | like about our plan. But |

groupware has made it much easier for thesgo have a concern. | am worried that if all teachers
teams and committees to work together. In fact, tay in education and become master teachers the

personally feel more productive in online meet_workmthe Center might become too fragmented.

ings, although I admit it is more fun to go and meeﬁight now we have an ideal mix of learning guides

with people face-to-face. However, there is plen'[)ftnCI entl?l, mbentor a;nd rlnaster teachecrjs gndl thngs
of time between terms to arrange for travel. '€ Working better than | ever expected. But | hope

| think I've said enough about mentor teachersthat this system will be able to develop along with

so | will stop and give Ben a chance to tell you hov\jeacher advancement.

mentor teachers progress to master teachers. Hesie Rowe Ben, you missed our discussion of
might want to address the issue of travel as he h#sarning guides and concerns of de-skilling the
a 50-percent contract with a curriculum commit-role of teaching. But | know these issues concern
tee at the State Department of Education. you.

Ben Barrel: Travel is not a problem as most of my Ben Barrel: Yes, we are charting new territory
work is done online. In fact, most meetings are aind it is difficult to see into the future. But we are
conferences that | would probably go to anywayhopeful that the creation of the Teacher Senate and
But let me describe the master teacher positionhe increased income to the school from master
The plan we have in place says that after five yeafgachers will be one of the resources that gives us
of teaching as a mentor teacher, a teacher can rgrore flexibility in dealing with problems as they
quest or be recommended for a peer review for therise. The system is not fixed. We know that
position of master teacher. Some teachers may nehange is part of the plan and we are hoping that
be ready after five years and that is fine. A mentopur new collaborative structure will be open
teacher can stay a mentor teacher for as long as Baough to design this change. The excitement of
or she wishes. There is no pressure for all mentajur teachers in having control of their lives in the
teachers to be master teachers. Being a mastgsacher Senate is big step forward.

teacheris away to reduce teaching responsibilitieauality Review Panelist Well. | want to know

to provide more time to pursue leadership roles |rr11 hi ; . t to th
a wide range of educational settings. ow Nis system compares in cost 1o the more

You have to be at the rank of master teacher t aditional plan of having one teacher for 30 kids.
be a member of the principal or superintenden can see that there are some savings with learning
teams. But master teachers don't have to be a@_wde_s, but h.OW many teachers d,? you _have and
ministrators. Because of the way we started curwhat is the pricetag of your payroll? How is teach-
rently most master teachers have either prmmpaﬁr student ratio computed?

or superintendent positions. But this year that willlosie Rowe | have prepared a chart so that you
start to change. For example, Marilyn Quinsay isan see how the number of teachers has shifted
up for review. She has developed an internationadt this school. In 1995, we had about 30 stu-

reputation as one of the leading developers of mudents in a classroom with a total of 18 teachers
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Traditional Model (1994)

Beginning teachers

Midrange teachers Highest teachers

3 full-time 4 full-time 11 full-time

3x%$25,000 4x$38,000 11 x$46,000

$75,000 $152,000 $506,000

3 teachers 4 teachers 11 teachers
TOTAL: 18 full-time teachers $733,000

New Model (using 1994 equivalent figures)

Learning guides

Entry teachers

Mentor teachers Master teachers

7 full-time 4 full-time 12 two-thirds time 4 one-third time

7 x $22,000 4 X $27,000 12 X $32,000 4 X $24,000

$154,000 $108,000 $384,000 $96,000

7 teachers 4 teachers 7.92 teacher equivalent 1,32 teacher equivalent
TOTAL: 20.24 full-time guides and/or teacher equivalents $742,000

(table C-3).”"The 18 classroom teachers were
mostly at the top of the teaching pay scale.

With our new structure, it is difficult to make
direct comparisons, because of all the differences.
We have seven learning guides (one for each Cen-
ter), four entry teachers, 12 mentor teachers, and
four master teachers. The Center time for mentors
and master teachers (two-thirds and one-third) is
an average and in practice it is different for specif-
ic teachers. This gives us, counting learning
guides, the equivaent of more than two additional
teachers, which changes the student-teacher ratio
from 30.5: 1 to 26.9:1. The payroll difference is
not significant given this reduction in student-
teacher ratio.

Quality Review Panelist: So, in table 3 you have
only listed the money that mentor teachers receive
for teaching. But they essentially have other jobs
that add to this salary?

Josie Rowe: Yes, some of the mentor teachers
combine Center teaching with work as resource
specialistsin a particular area of expertise. These
positions were covered by district funds and the
cost also remains about the same. Instead of one

teacher working across several schools, these re-
source positions are held by mentor teachers who
are at the school al of the time. They often have
the benefit of knowing much more about the stu-
dents they work with since they see many of them
in regular Center teaching.

Other teachers developed expertise outside
these certified school or district positions. Some
of these are funded out of public education funds,
such as Courtney Balboa who supervises student
teachers for the university. Also, | think we have
two mentors working with the State Department.
Is that right, Ben? (Ben nods.) Two or three are
participating in research projects and testbed acti-
vities that are funded by a combination of govern-
ment and foundation money. And then we have a
few that work with commercia firms, mostly
creating classroom materials. The most difficult
part is trying to keep up with the developments in
the lives of all of our teachers and organizing les-
sons and professional commitments into a single
system. | would be misleading you if | said this
system always works smoothly. But we feel the
benefits far outweigh the extra scheduling work.

“For the sake of this comparison, all salary estimates are based on monetary values of 1994. The salaries listed for the traditional model are
drawn from the California Statewide 1992-93 Average Saaries and Budget Percentages for School Accountability Report Cards. | have also
consulted with school district superintendents and school principals to assure reasonable figures.



TABLE C-4: 1994 Administrative Salaries

Salary for Superintendent $100,000
Salary for two Assistant
Superintendents ($78,000 x 2) = $156,000
Costs associated with School Board $60,000
Salary for eight Principals
($66,000 X 8) - $528,000
Total Cost $844,000

Quality Review Panelist: For the master teach-
ers, your chart shows only $24,000 which | as-
sume covers one-third of their time that they
spend teaching. How are master teacher salaries
covered?

Josie Rowe: Yes, that is a good question and that
leads into these other two charts which | have pre-
pared to compare our district administrative costs
to the past. Table C-4 shows our 1994 administra-
tive costs.

Table C-5 shows how things look in our current
arrangement. | have subtracted the teaching sala-
ries for master teachers as this amount is covered
in the teaching budget in table C-3. You can see
that our administrative costs have remained more
or less the same.

Quality Review Panelist: | see that you sub-
tracted the costs associated with the school board.
| read somewhere that you don’t have a board.
Don't you value community input?

Josie Rowe: We do! So much so that we wanted
to find a way to strengthen it, but we didn’t believe
that a school board, as it operated in 1995, was ac-
complishing this goal. The school board was set
up in the early part of the last century to make the
schools accountable to the public. The problem
was that, in practice, school board members did
not always have the background in education to
provide the level of leadership that was required.
Each newly elected board had be reeducated. The
more serious problem was that the school board
members had almost no links with the community
they represented. They made decisions as individ-
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uals and few people in the community had any
idea of what was going on in the schools.

Too often, well-intentioned people ran for
school board because they were concerned about
a single, controversia issue. But a school is a
complex system and any attempt to solve a single
problem without a systemic understanding of the
educational community causes problems. Every
two years our superintendent and her assistants
struggled to educate a new panel of citizens so that
they could make critical decisions that affected the
lives of teachers and students. The problem with
this model was that our school leader became a
school board tutor working overtime to educate
five people. This was problematic in two ways.
These five people had limited channels for gather-
ing community input. And we needed the time of
our superintendent to work with teachers to pro-
vide leadership and direction. Most of us felt
strongly that if we were going to have the leader-
ship that was necessary to be constantly evolving,
the decisionmaking power needed to be in the
hands of our teachers and not hastily trained out-
siders to education.

We actually do have a school board but it has
changed in name and function. The decisions that
used to be made by the board are now made by our
“Teacher Senate.” Each teacher at our school, re-
gardless of level, has one vote in the Teacher Sen-
ate. The voting takes place electronically. This
way our superintendents work with teachers to
create the best quality program possible. But |
don’t want to ignore the issue of community lead-
ership in education. We have arranged a luncheon

Table C-5: 2005 Salary for School Leadership

Five Master Teachers/

Co-Superintendents  (4x $82,000) $ 328,000
16 Master Teachers/Co-principals,
two per school, (16 x $65,000) +$1,040,000

Total $1,368,000

Master Teacher (one-third) teaching
salary ($2400,00 x 21 Master
teachers)

Total

$ 504,000
$ 864,000
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over this topic because we are absolutely interway to accomplish a task. Since any master teach-
ested in keeping the community highly involveder can represent our school, there are more people
in all decisions that affect their children. As youto be on those endless committees and task forces
will see, our community is entirely behind our de-and to be present at school functions. | can now
cision to put educational decisions in the hands dfiave dinner with my family on at least some week-
experts. day evenings. Ask any principal outside of our
district how many times he or she makes it home

Quality Review Panelist How would you de- :
for the evening meal!

scribe the benefits of your changes in teacher
roles and responsibilities? Quality Review Panelist What if a master teach-
Ben Barrel: Well, the teachers here are alive with€r becomes too busy to teach?

passionate interests and they have time and sUfgsie Rowe Master teachers must teach at the
port to pursue them. When they teach, they teaciary minimum the equivalent of one hour a day.
from what they are learning. Itis fresh and they argy ;+ this does not mean that a master teacher has
not bored. In fact, | doubt that you will find any- 15 teacn every day. One of our district master
one, teacher or student, who uses "bored” to dggachers does televised teaching and tapes all of
scribe what they do here. the segments in one term. We can teach summer
Quality Review Panelist | did find one child school, but we have to spend some time teaching
who said that a computer game she was workinthe age group we serve. That was one of our Char-
on to reinforce the times tables was boring. But irter District arrangements. | really enjoy my teach-
some ways it supports what you said because sliag.

was eager to return to her project work, or at lea

L
that's what she said. ﬁ\lancy Broyles By the way, mentor teachers also

_ have this flexibility. That'’s the headache in sched-
Ben Barre_l: All right, | probably do overstate uling we referred to earlier. We try to balance the
things a bit (laughter). But | am sure you see theequests of the teachers, but we also have to make
excitement that all of us here feel. | work with ex-sure that all of the Centers are well staffed with
cellent school leaders from all over the globe usteachers who are skilled in the appropriate areas.
ing telecommunication to explore new ideas. Andn the classroom arrangement, the principal used
| bring that excitement and the ideas back to into spend so much time sorting kids into class-
form my work with teachers and students. | ofteryooms and responding to parents’ complaints
share ideas that | learn with students when | teacbout placement decisions. Now the parents are
And I learn so much about leadership from listenmostly content because the student teams cycle
ing to students. | think the students enjoy beinghrough all of the teachers. The strain now is to
part of the design. They know that they are parthalance all of the teacher requests. But, like be-

ners with the opportunity to exchange ideas witlfore, things have to work out and they do.

everyone in our school community. ) ] ] i
Josie Rowe An important difference is that we

Co-Principal Nancy Broyles had entered thecan support each other informally. If | have a
room and been listening. She joins in the CONieeting to go to and it is scheduled for a time
versation. when | am teaching, | can check with one of the
Nancy Broyles | find having a principal team has Center teachers and just trade times or days. With
helped us make tough decisions. This is my semore people, there is so much more flexibility. |
cond year. This shifting responsibility within a remember my days as a classroom teacher when
partnership keeps us from either changing thinggou couldn’t go to the bathroom without causing
too drastically or becoming too fixed in a singlestaffing problems.
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Well, | can see that our lunch has arrived angchool board members did in the past. Their role
also members of our community advisory boardsis to provide community input to the district
| think we can shift to the topic of community Teacher Senate. One important service we per-

leadership and involvement. form after every exhibition is to collect the in-
formation from each school and publish a
[0 Parent and Community Interactions summary of results in local newspapers.

Atthis point, a number of people enter the roomamelia Leff: One of the things we do as part of the
and a buffet lunch is set up on one side of the roongouncil is to encourage all community members
As we bring our lunch to the table, Bill Parks (intg come to our exhibitions—even if they don't
afire fighters’ uniform) is introduced as the Chair-have children. We want them to see the school as
person of Central's School Community Counciltheir school. Everyone needs to be involved, not
with Amelia Leff, Bud Porter and Lensci Denny jyst parents. Some of the students take their pre-
as council members. Dee Sharp is Central's representations to hospitals and convalescent homes
sentative on the District Community Board. Josi€qr people who find it hard to come to the school.
excuses herself and leaves while Ben and Nanoye post signs and banners in stores and banks and
stay and Barb rejoins the group. CD rental libraries inviting everyone to come to

Barb Milner : Welcome and thanks to all of you school. We have found that our community is
for being here. Our guests have heard that we hayBore willing to support our schools and vote for
a different model of community involvement. school bond issues if they visit the Centers and see
They know about our community exhibition but how hard students work with such outdated equip-
we haven't said anything about Central’s Commuiment.

nity Council. Bill,  am going to let you talk about pee Sharp The Centers are a wonderful source of
this group. public education. They are like evolving mu-
Bill Parks: Sure, Barb, | would be happy to. Our seums with exhibits designed by kids. I really like
Community Council is a combination of our for- learning with my kids, and | feel so much more in-
mer PTA and school site council. We meet thre¢/olved when | see not only what my child is doing,
times during each term to discuss schoolwide isbut what teachers, other experts, and other kids are
sues. We form study teams to think about ways tdoing. | always look forward to the exhibitions.
solve different school problems and ways to supAnd | like seeing kids learning outside of the
port our Center teachers. One of our tasks is to ciglassroom in our community.

culate information before the exhibition and 0 Amelia Leff: Our community council has also

prepare community feedback forms for €ach exg,an the lead in solving a long-standing problem.

hibition. Because so many of the people in thgys oyt of school without parent supervision be-
community come to these presentations, we Usgyme a problem about 30 years ago when unpaid
this opportunity to get parent and community in-« s memaking” mothers moved out into the paid
put on issues that face our schools. This way N,y force. Some kids went off to organized pre-
one person or group has the say about what the.noo| programs, but many kids were left in
“community” thinks. Teachers have worked veryemloty buildings. ’SO over the past few years, we
hard to be responsive to our collective positionsSet up an after scho’ol community program on1 the
Dee Sharp Our District Community Board school site. We passed a bond to help with initial
works in much the same way. Each school comeosts. Basically, we created a contractual agree-
munity elects one person to serve on this commitment between the city and schools to work togeth-
tee. These elections are done during ouer to provide a community after school program.
exhibitions at the end of the year. Council mem-Then we scheduled a number of classes offered by
bers have much less decisionmaking power thapeople in the community. Some are routine like
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scouting and sports, but we added different opbut we don't exclude students. We have inter-
tions including clubs for hobbies like reading, school teams and tournaments in jump rope, track,
chess, gardening and kite making. One of the pasoccer, and basketball. Students can take classes
ents designs unusual kites and sells them worlde learn to be referees. And we have Science
wide. She offered to work with students for anOlympiad training classes for intermediate stu-
hour a week. dents during the spring to prepare a team for this
The most controversial issue, which | think isregional competition. This has been run by parent
finally worked out, has to do with religious educa-volunteers for seven years now. Also, Planned
tion. We understand the recent Supreme Court ruParenthood offers a course called “Our Bodies and
ing to mean that religious education can be held o@urselves” for our 11- and 12-year-olds. The
school grounds under the following conditions. school library/media center is open and Friends of
- . . . he Library sponsors storytelling and craft pro-
L Rellglou§ Instruction IS a parental choice ancgrams for our younger students. On our stage there
other options are _avallablg. - ._are often “dress rehearsals” and kids in the library
2. _Teachers are not mvolvec’i in the rel'g'o_L’Stra'nbrogram serve as an audience
ing because of students’ strong emotional at-
tachment to their teachers. Quality Review Panelist Who provides all of the
3. All religions are given an equal opportunity toteachers for these clubs?
provide classes. . Dee Sharp As you might guess, it involves a
4 A” expenses other than the_ use of school bUIId(':oordination of the efforts of a number of groups.
ings are covered by the religious group. The city pays small teaching stipends for teachers.

So, we have about 10 different religious train-Some teachers hold special education classes dur-

ing courses. There is also a values clarificationnd this period and these are funded with federal
and self-esteem program that is funded by the cdnoney. All religious education classes are paid for
alition for Religious Education in Our Schools. by their congregations. Some programs have
This is an organization of all the religious groupscommunity sponsorship. For example the Seaside
They felt it was important to offer a non-denomi- Botanical Garden Society is sponsoring the gar-
national discussion of basic social values for childening club and mostly retired people help kids
dren whose parents do not want religiougearn these skills. Some of the other clubs, like
education but would like their kids to think about Science Olympiad, are run by parent and teacher
difficult social problems. volunteers. The coordinator for the service com-
ponent from our high school arranged to send
, ; . about a dozen high school students to each of our
benefits of this program is that many of the SWUschools each afternoon. Most of the high school

dents who in the past we_re segregated in. religiousgtudents come on a once-a-week basis over the
schools are back in public education. This make§ear’ which fulfills their service requirement.

our community more integrated. This option de'Th : -
LA ey provide supervision for our sports tourna-
flated the effort to resurrect voucher initiations yp P P

ments and some coaching in both sports and

that took money away from public education. Theschool. We don't charge for any of the programs

effect on overall school climate has been great0 .
o . ut we do accept donations and many of our par-
And | think it is great to have such an extensive af- P y P

. . ents become sponsors of a club or program.
ter-school program provided by the community. P prog
Community services are so much more effectivfuality Review Panelist How many students
than police in reducing crimes. participate in these programs?

Bud Porter: | just wanted to add that one of the

Bill Parks: And, there are other class options.Bill Parks: Usually about 80 percent of our stu-
Some have more expenses associated with thedents stay on any given day, but | would venture
so we ask parents to donate the cost of supplie say that most kids are in some program. The
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kids who do not stay are usually kids who are inQuality Review Panelist | guess | would like to
volved in community programs that we can’t offerknow how you managed to get such a vibrant com-
at school, like swimming, gymnastics, club munity effort going.

sports, or other activities. Amelia Leff: | can respond to that because | think

Quality Review Panelist How do you deal with | have been involved in this school the longest.
the_ issue of equipment and classroom materialgly son is now in high school and comes back as
being taken or destroyed? part of his community service. | just consider it

Dee Sharp This was one of the biggest problemsmy community service to stay involved and | en-
in past programs, but we've had less trouble. oy it. But, you ask how we got from a detached
think it's because kids see it as school and they réchool to this new arrangement where the school
spect property just as well as they do during thés “central” to our lives.

rest of the day. Students are used to moving I thinkthe first step was when teachers starting
around and working in different spaces. For manyo teach integrated themes and they did not have
students, the program is just part of the school dagnough resources. So they appealed first to par-
The computer equipment locks into those rechargents and then to everyone in the community. Then
ing units you saw. The biggest concern is alway$1 1994 we received one of the “Service Learning”
damage to kids’ work and we deal with that thegrants and the kids moved out of the classroom
same way we do during the day. We want kids t@nd into community projects. They started pro-
learn to respect the work of others. | think it helpgducing information sheets and newsletters that
that we know exactly who is in which room eachwere available in stores and banks. Then | think
session so that there is some accountability. Ovewe started to move our displays into the communi-
all, we've had fewer problems in this area than wey. Our small airport let us use their hallways for
expected. our public education campaigns. Once the kids

Bill Parks: We are pleased with our success and'@d @ purpose, they were more geared into learn-
we are constantly considering new ideas as well9- And this relationship with the community
At every exhibition we show what we have ac-continued to grow as teachers pulled more of us
complished and ask students, parents, and corffito the classroom and the kids took more of their
munity leaders for their input on how to make the®arning out to the community.

school better. Right now, for example, we are ext ensci Denny Here is another example of this
ploring an idea for programs during term breaksseryice learning. One of our teachers, Clare De-
There has always been federal money to providgiin, took a survey in a local senior citizen orga-
special tutorial work for “at risk” kids and some pjzation about what their members would like to
special education programs. But we are workingearn about computers and specifically what ap-
on plans to provide inter-term opportunities for allyjications interested them. Then she had her stu-
students, like our exteno_led community schooBents learn how to use these programs so they
program, maybe on a sliding scale for cost. could teach them to the seniors. For one month the
Barb Milner : So, | hope this makes it clear thatseniors were invited to come to the school and
while we don’t have an elected school board maklearn from the students. This program was very
ing education decisions as in the past, we haveuccessful. But what Clare never realized is what
found other vehicles for keeping us connected powerful resource the seniors would be to the
with the community. This gives our educationalclassroom once they were computer literate and
leaders more time to deal with pressing schoainterested in what was going on in the school.
problems and we feel that these open exhibition¥hey have contributed in so many ways, both in
make us publicly accountable to our community.time and money; they gave us a big thrust forward.
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So, an attempt to help this others ended up helpingpme project and | can just leave the room know-
us. And | guess that is how it went. ing that the learning guide will supervise student

After more discussion, the lunch is cleared andvork. Since my work involves f[esting new C‘”F‘C‘ :
the community representatives leave. The reviewlum_,bllso][netlmﬁsée?cg spec;}al classes ml?kln_ghlt
panel returns to the school planning office to lookPOSSIDIe for scheduled teachers to work wit

over school records, student performance score§maller groups.
and tests, and other documentation. The tedClare Devlin: In contrast, | like getting here about
scores show a steady climb in averages but lots &:00 in the morning and working in the office for
student variation. Barb describes how some stuabout three hours. | have a grant to explore life-
dents who have done well in the past because tng learning which helps me bring the seniors
good memories are taking longer to adjust to thignto the school. | am working on an article about
new way of demonstrating their thinking. our project. Sometimes | stop by the Senior Center
Later in the afternoon, you meet with the entryon the way to school. Like Sand, | really enjoy the
and mentor teachers. They reinforce the samé&eedom to be at the school and not always in the
story that you had heard all day. Everyone haslassroom. | can come in here and just talk with
more time to engage in teaching and learningother teachers. We have planning meetings and
One of the mentor teachers is explaining why thisvorkshops during school hours! And | don’t mind
iS so important. filling in for other teachers or even helping out in

Michel Lickte: The most significant difference € office, especially working with Marilyn. |
from the past is that we have time—time to think "@ve learned so much about computer graphics
time to reflect, time for collaboration with others thgt : thmk my next project will be doing some-
making the important decisions that set the stagi!nd With her.

for learning. Most of us had an “area of expertise’Quality Review Panelist How would you char-
before these changes, but we had to develop dcterize the most significant change that has taken
while teaching full-time and we rarely receivedplace in your charter district?

the recognition or encouragement to really PUrsUgiarnando Borja: | know how | would answer
it. Being able to retreat to the office and make Prothat For me it is becoming part of a vibrant com-

fessional contacts during business hours—this 'Fhunity working collaboratively in the learning
a rare benefit for teachers. And the school Oﬁiceﬁenters at the school, and in the local community
ar_eha g;]reat plar(]:e to work,_ ! reallyhenjﬁy Work'r?gand across the country in the educational commu-
with other teachers on projects. The changes hayg, the collaboration is intellectually satisfying

e.ncouraged an entrep'reneurial sense to profes: me and to all of us. It provides many more op-
sional development which many of us have foung,q . nities for quality learning. We are all proud

very rewarding. of what the students are accomplishing in the
Sandi McCan: | love teaching but | also enjoy my learning environments that we have created to-
work testing, reviewing, and editing materials forgether. The rewards are collective rewards. In the
School Media Tools Service. And | enjoy doing past, there was always a bit of competition among
this work in the evening at home. | teach betweeteachers about who was the “best” teacher at a
9:00 and 12:00 and between 1:00-2:00. Since grade level, who had the best classroom. Parent re-
have extra time during the day, | sometimes helpguests caused so many conflicts as we tried to
a child who needs some individual help. And | anplace students in individual classes. But in this ar-
not the only one. We all have much more flexibil-rangement teachers as well as students work and
ity now that we don’t have to be with the studentdearn from each other. The multi-age teams are
all day. | can't tell you what a sense of freedom Wworking very well—kids are more supportive in
feel when | have all of my students working onhelping one another learn as there is not the under-
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lying assumption that everyone in a team shouldhow to use them to accomplish important educa-
already know something. We have always knowtional roles. In some ways, we no longer even
that teaching is one of the best forms of learninghink about the role of the technology separate
but it was much harder to arrange for it to happeifrom the activities because we are beginning to
naturally in traditional classrooms. But in the cen-take it for granted. But | think Hernando just gave
ters,teaching and learningre part of almost ev- the answer to your question. Access to informa-
ery interaction. tion resources in the Net World has been extreme-
And the other part of this is the shift in the rela-ly helpful, and we have a better match between our
tionship between teachers, principals and superineaching objectives and supporting materials. But
tendents. The decisions that effect our schools angle most significant change is the ability to work
our work as educators are made by us in the Teaclir groups with educators who share similar inter-
er Senate. We are all asking ourselves about whatts or face similar challenges. Everything from
we can do to improve education and we all havgeacher senate decisions to student group projects
a say in the answers to this question. We are motge facilitated by our communication tools. | can
concerned about creating a shared vision then fokay, without a doubt, that the rich network of hu-

lowing the education ideas of a charismatic leadefman resources is the most significant technologi-
The design of this school districtdar desigrand  cal advancement we have.

that is what makes it so powerfifl. ] )
The meeting draws to a close. You are im-

Quality Review Panelist How would you evalu-  ,ragsed by the strong sense of professional respect
ate the role of technology in the changes that havge teachers have for themselves and one another.
taken place? The Teacher Senate is more than a symbolic
Mary Stanley: As Central's technology coordi- step toward teacher responsibility for education.
nator, | can respond to that. The tools that we havdhe teachers themselves convey the feeling that
and the new tools that are available each year, ateeir advancement in the field of education is
incredible. But they are tools and we need to knownlimited 20

19The view of the school as a community with self-management by professional teachers is an ideal that many would like to see as reality.
T.J. Sergiovanni, in his bod¥oral Leadership: Getting to the heart of School Improver(E®82) (San Francisco, CA: Jossey-Bass, 1992)

advocates replacing strong centralized leadership in education and with collaboration communities. Collaboration is time consuming and it is

different to implement a high degree of teamwork without changing the existing dimensions of the role of classroom teaching.

20“you” is used in the plural in this paper to refer to two different groups, those who have read the paper and those who will read it in the

future. Many of the statements and questions of the review panelists have come from this first group of readers and | am grateful for their com-
ments and suggestions. For those of you who have just finished reading the paper, | would enjoy reading the report of your Quality Review
Panel. What did you think of this school and school district? Where do you suspect that they will run into problems? What are the strengths of the

program, and what policy recommendations would you offer to them? If “you” want to write the Quality Review of Central School, or of the
Pacific School District, | would enjoy reading it: Margaret Riel, InterLearn, 943 San Dieguito Drive, Encinitas, CA 92024, (mriel@web-
er.ucsd.edu).
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Year 2005:

Using Technology

to Build Communities
of Understanding D

igital information technology is changing how people
learn, teach, work, and play. By the year 2005, the capabil-
ities and the affordability of digital technology could cata-
lyze and facilitate the wholesale transformation of
education and the communities that support it. SRI Internation-
al’'s Center for Technology in Learning believes the effective use
of this technology could alter the relationships between homes,
schools, and workplaces and in so doing assist the creation of new
kinds of communities (29,32). In this paper, we offer one vision of
these new communities—communities that have learning and
teaching at their core and use digital technologies to foster higher
levels of community participation, enable deeper levels of cogni-
tive and social engagement, and structure new kinds of relation-
ships that support education. We analyze the social, pedagogical,
and technological trends that support the realization of this vi-
sion, and we discuss the implications for teacher training, school
accountability, and equity.
A community is a collection of individuals who are bonded to-
gether either by geography or by common purpose, shared values
and expectations, and a web of meaningful relationships (33). In
the communities that we envision in this paper—what we call
“communities of understanding”—education is the common pur- —
pose, learning is highly valued, and a high level of academic by
achievement is expected of students and their schools. Mutual re Robert Kozma and
spect, honesty, and fairness are basic values, and there is a cor Wayne Grant
mon dedication to see that each member of the community strives
and succeeds. These values are enmeshed in the everyday acti
ties and relationships of community life. There is a strong social
network in these communities and a high degree of commitment
to and involvement in the educational endeavor. This commit- | 121

Center for Technology in Learning
SRI International
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ment is shared by students, teachers, parents, asiidents’ everyday lives, and allow parents to be-
other members of the community. Although thiscome more involved in the education of their chil-
description may seem utopian, many of theselren and to have extended educational
qualities characterize successful learning environepportunities of their own. Connections between
ments in inner-city public schools of choice, Cath-school and work will allow students to learn in the
olic schools, and Asian schools of todaycontext of real-life problems, allow teachers to
(5,17,35,37). draw on the resources of technical and business
Clearly, these gualities can exist in a communiexperts, and allow employers to contribute to and
ty, independent of advanced technology. Andbenefit from the fruits of an effective educational
there can be communities based on geographgystem. Connections between schools, homes,
rather than values or on values different fromand the rest of the community will enable students
those described above. But in our vision for theo relate what is happening in the world outside to
year 2005, digital technologies are used to creat@hat is happening in school, will allow teachers
aweb of relationships, engagement, and participae coordinate formal education with informal
tion that transforms the educational enterprise ankarning, and will allow the community to reinte-
makes it the center of community life. Today,grate education into its daily life.
schools, homes, and workplaces function sepa- To make these connections pay off, this infra-
rately—connected by geography and circum-structure will be filled with effective and engaging
stances but infrequently by common purpose anthaterials and tools that challenge students, afford
collaborative action. But in our vision of commu- new activities, and motivate learning. When users
nities of understanding, digital technologies areaccess the superhighway, they will find rich, mul-
used to interweave schools, homes, workplacesimedia resources in mathematics, sciences, and
libraries, museums, and social services to reintdhumanities and rich contexts of authentic situa-
grate education into the fabric of the communitytions and tasks. They will have access to tools that
Learning is no longer encapsulated by time, placegllow them to communicate and collaborate with
and age, but has become a pervasive activity arathers, consider ideas from multiple perspectives,
attitude that continues throughout life and is supexpress their ideas in multiple ways, build mod-
ported by all segments of society. Teaching is nels, and explore simulations.
longer defined as the transfer of information, Asimportant as digital information technology
learning no longer as the retention of facts. Ratheis to our vision of the future, we have deliberately
teachers challenge students to achieve deeper leavoided the temptation to become overly techno-
els of understanding and guide students in the cotentric and speculative about cutting-edge devel-
laborative construction and application ofopments. Because we have chosen to limit
knowledge in the context of authentic situationsourselves to technologies likely to be in wide use
and tasks. Education is no longer the exclusive rean 2005, our scenarios of the future are actually
sponsibility of teachers but benefits from the parquite conservative on the technology side. The
ticipation and collaboration of parents, businessechnological capabilities we describe are fairly
people, scientists, seniors, and, of course, studerdgtraightforward extrapolations and amalgam-
of all ages. ations of the capabilities available today in ad-
How can technology support this transforma-vanced systems, which we believe will be
tion? First of all, the emerging information super-affordable by schools and homes in the year 2005.
highway (18,38) will connect schools with eachNo doubt, the cutting edge of technological capa-
other and with homes, businesses, libraries, mubility will have advanced beyond those presented
seums, and community resources. The connedn the scenarios that follow.
tions between schools and homes will help Ratherthan emphasizing cutting-edge technol-
students to extend their academic day, allowogy, we stress the collateral social change and
teachers to draw on significant experiences froneducational reform that must occur for this trans-
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formation to be realized. To realize the full impact= Valerie Spring, a senior teacher with a science

of digital technologies on our educational system,

degree.

there must also be massive changes in the largerSharon Gomez, a mathematics teacher.

social structures, relationships, and interactions
within which the education system is embedded.
The forces constraining educational transforma=
tion are not technological but pedagogical and so-
cial. Where we have been daring with this papes
is in developing a vision in which many of the

educational, social, and equity issues facing ous

George Shepherd, an apprentice language arts
teacher.

Christopher Lindsay, a school-work coordina-
tor.

Lynda Lucero, a 13-year-old of Hispanic de-
scent.

Mrs. Lucero, a design engineer at the Global

country have been addressed in systemic and posi- Car Company.

tive ways. In our analyses, we describe the needed Vincent Tracy, 14 years old and visually im-
social and pedagogical changes that can support paired.

and be supported by the emerging technologicad Other children, parents, and community mem-
developments. When advanced technology is in- bers.

tegrated into a broad effort for school reform, then
educators, students, parents, and communitie(?r
will have a powerful combination that can bring

Settings: Some of the events take place in chil-
en’s homes. Most of the events take place in the
necessary, positive change to this nation’s educMCAl.JIIffe Learning Center, W.h'Ch SEIVEs as the
, physical locus for formal learning, community ac-
tional system (21). tivities, and social services. McAuliffe is divided
Our optimism is tempered by an acknowledg- T L .
into a variety of spaces specifically designed for

ment of all the earlier technological revolutions echnoloav-supported learning. Facilities include
that failed to change the classroom (10). On th 1010gy-Supp ng. )
earning-team pods, each with a workstation and

other hand, our enthusiasm is buoyed by a grow roject resources (microscopes, fabrication mate-
ing number of policy discussions, community ex-Prol Pes,

, . . . ._rials and tools, etc.); small-group meeting rooms,
periences, and educational experiments in social, . ) : group' g
ach with collaborative technologies, a flat-panel

pedagogical, and technological change at Iocafgi lay, and personal interaction devices; multi-
state, and national levels that seem to suggest thr%i%iay, rodugtion and editing suites: and’a larae
our visions are not outside the realm of possibility. ~ . pre L g ' 9
Nonetheless, what we present is atsion of multimedia auditorium and performance center.

communities of understanding; it is not a preoIiC_These resources are used by students and teachers

tion. We do not assert that this will happen, onlygg:'sngrfge ?cii/ asmg[ iﬁecﬁiemngg f:ergrggg'g/_gem'
that it can and should. group :

With that introduction, welcome to the year

2005. [J Social Perspective: Connecting

Learning to the World

An important motivation for learning comes from
membership in a community. The meaningfulness
of a learning activity is increased by relating
events that happen in the larger world to things
= Steve Early, a 14-year-old African-American. that are happening in the student’s world. The
= Nelson, a 17-year-old living in South Africa; need to understand these events and do something
Steve’s electronic pen pal. about them creates a context and a motivation for
= Carmela Zamora, 15-year-old of Philippine de-learning. Connecting the informal experiences
scent. and learning of the outside world with the formal
= Mr. and Mrs. Zamora, Carmela’s parents. learning of the classroom makes the knowledge

A VISION OF THE YEAR 2005

[J Characters (in order of appearance):
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BOX D-1: Scenario One: Connections to the World

As he does every morning, Steve Early eats breakfast in front of the teleputer. While he watches a
news program m one window, his personal communication service relays a video message from his
South African friend, Nelson, m another window. Nelson's vid-message is about a train derailment near
his hometown that caused a huge hazardous-fuel spill, made people sick, and now endangers a wild-
animal preserve. Nelson explains. “I am afraid the chemicals will poison our water and hurt the ani-
mals “ Steve clicks on a button that Nelson embedded in the message and activates a “knowbot." This
software agent presents the news story as it originated m Nelson's community and then goes off to
search for additional information about the train accident on the GlobalNet. After Steve checks out the
Net pointers, he constructs his own agent to search the local and national video news servers for other
stories about the accident He Instructs his agent to find video clips that run less than three minutes,
sort them chronologically, and store them on the school server so he can access them later, As he fi-
nishes his breakfast, Steve watches the video that the agent retrieved.

Meanwhile, another student, Carmela Zamora, is flipping through channels to the Hispanic MTV-
News and hears about the South Africa train derailment. A budding naturalist, she is alarmed by the
news and wants to do something to save the animals. When her dad comes in to remind her about
getting off to school on time, he sees the news and they talk about it. Carmela shares her concern and
asks, “What can we do to keep this from happening?” He tells her, “We all have to help. The telecourse
I'm taking is to learn a new manufacturing process that will make the rail cars my company builds stron-
ger and less likely to crack open if they are hit or fall off the tracks Maybe you'd like to come to the
plant sometime and see how they're made *“

Walking to school, Carmela meets Steve and asks whether his South African friend knows any-
thing about the accident. “Yeah, he's worried. It happened close to his town, " he says In the play-
ground, they meet up with three other members of their learning team, the Falcons. This morning, they
must present an idea for a project to their teaching team. Carmela launches in, “I saw a report on the
news this morning about an accident in South Africa. There was a fuel spill from a train near a wild-ani-
mal park | want to find out what can be done to save the animals.” “Me too, " Steve says, “My friend
Nelson lives nearby, and | watched some video clips this morning that we could use. Let's ask the
teachers if we can figure out how to stop hazardous spills from hurting the environment. ”

The other three students agree. In the project planning room, teachers Valerie Spring, Sharon Go-
mez, and George Shepherd and the five students gather around the teleputer and open their project
planning tool. Valerie Spring starts off, “OK, let's fill in the goals for the project. What do you kids have in
mind?” The students chime in with their ideas.

“Your ideas about reducing hazardous spills sound interesting, " Ms. Spring responds, “but what
would you like to do about it? What would you like to accomplish with your project?”

“1 would like to find a way to keep hazardous waste from hurting plants and animals, " Carmela
replies.

“1 think we should get a law passed that makes tank cars safer, ” says Steve.

“My dad’s company is working on that, Steve. Maybe we could talk to him about that, " she says

“1 think that's a good idea, " says Ms. Gomez Always looking for a way to bring math into he con-
versation, she asks, “What other kinds of things might reduce the risks connected with transporting haz-
ardous wastes?” Carmela puzzles for a moment and then offers, “In addition to making tank cars safer,
what if we reduced the number of cars needed to transport fuel?” Steve adds, ‘(I wonder how many car
loads of fuel are delivered in a year. ” Excited by the prospect of a solution, Carmela volunteers, “What if
we Increased the efficient use of fuel by 10 percent?” “We wouldn't need as much fuel, " Steve replies.
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BOX D-1: Scenario One: Connections to the World (Cont'd.)

“Wouldn't it also reduce the number of cars on the tracks?” asks Ms. Gomez. “if we reduced the
number of cars, wouldn’t that also reduce the chance of accidents?”

“Yes, and it would also make the air cleaner, ” Carmela shouts, “Let's think of ways to increase fuel
efficiency”

Hanging on the wall is a large, color, flat-panel display for plotting the project. The use of pointing
devices with the display makes it easy for students and teachers to rearrange the software symbols and
objects that represent their developing ideas. Working with the display and the software planning tools,
students and teachers develop the project's organization, timeline, and goals, as well as each student’s
learning objectives and tasks, As the discussion progresses, the teachers check the goals that stu-
dents suggest with those listed in the curriculum. They also look at learning-history profiles that show
each student's current knowledge in terms of the goals. The tool lets them see the skills, activities, and
subject matter that past projects have emphasized The teachers suggest activities that will help the
students gain the skills, knowledge, and experiences identified as absent from their learning profiles.

For example, in her planning tool, Ms. Gomez Indicates that the new project will help the students
strengthen certain mathematical skills and concepts, including measurement of liquid volumes, graph-
ing number relationships, and making mathematical connections to real-world problems. She also lists
science facts, skills, and concepts appropriate to the project, including thinking critically and logically
about the relationships between evidence and explanations, understanding ecosystems and organ-
isms, and describing transformations of energy. Like most of her colleagues, Ms. Gomez has become
adept at thinking in terms of broad, ambitious goal statements established by her school and district.

As a result of the discussions, the students decide to make an interactive multimedia report as
their final product “You need to think about your audience for the report, ” comments Mr. Shepherd,
their language arts teacher, “and what they would want to know about your topic. ”

“We need to think about why our report would be important to them, ” adds Steve.

“If someone dumped fuel in your backyard, you would want to know how to stop it, ” replies anoth-
er team member. “Maybe we should show what happened to Nelson’s neighborhood and then look for
spills in our neighborhood, too, " adds a fourth member.

“But we need to find a way to stop it, " demands Carmela.

The students decide they will interview Steve’'s South African friend Nelson and ask his school-
mates to collaborate with them by gathering video images and other local information about the train
accident that can be integrated with the information they create. They will also talk to community mem-
bers in the McAuliffe neighborhood and see whether there have been any fuel spills in the area during
the past year. Finally, they will come up with some suggestions for how to stop fuel spills. They will store
their report on the community video server and make it available through the community-access cable
channel and send it to Nelson and his South African classmates. The report will conclude by taking
viewers to the Environment Chat Room on the GlobalNet, where they can talk to scientists, environ-
mentalists, and others about the problem and potential solutions.

Each student has an assignment and downloads the project plan into a personal digital assistant
with a beginning set of pointers to resources both inside and outside the neighborhood. “1 think we
might really make a difference here, ” Steve says. “1 can't wait to tell Nelson. ”

acquired more useful and the world outside more  increasing the authenticity of learning activities.
comprehensible. Today’s technologies—television, telephones,

Technology helps motivate learning by bring-  computers, electronic mail, and videodisks----of -
ing the world into the learning environment and  fer ways of infusing real-world issues into con-
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ventional, discipline-based curricula. However,or group interest and the generation of activities
the usefulness of these technologies is limited bgnd products that will accomplish the goal or
a paucity of interactivity—there is not much thesolve the problem (4). Within this framework, stu-
student can do with this information. As technolo-dents pursue solutions to nontrivial problems, ask
gy evolves during the next decade, a host of peland refine questions, debate ideas, design plans
sonal communication and information servicesand artifacts, collect and analyze data, draw con-
will become increasingly understandable, affordclusions, and communicate findings to others. Be-
able, and accessible to consumer and educati@ause they bring problems in from their own
markets. personal lives, students are more motivated to
An interactive connection with the world can pursue a deep understanding of a cluster of topics
dramatically increase learning resources. Teachacross related domains. This approach contrasts
ers and students can get access to expertise andwith the current practice of superficial coverage of
formation not otherwise available. More many topics in a single domain.
importantly, students cado somethingwithin The project is also a way of valuing and inte-
this technological environment. They can interactjrating knowledge from multiple perspectives
with and influence other people. They can exploreind multiple disciplines. Naturally occurring
far-off continents, and they can add to the contentgroblems are not compartmentalized into mathe-
of far-off libraries. They can share a museum visitnatics, science, and language arts. Furthermore,
with their schoolmates or take a field trip withoutproblem solutions benefit from the multiple ex-
getting on a bus. Scientists can come into thgertise, perspectives, and modes of expression
classroom, and students can go off into spacehat come from multiple members of teams—both
They can identify people with similar concernsteams of students and teams of teachers. No one
and find others who can help them solve theiperson is likely to have the solution to complex,
problems. This interactive web of people and rereal-world problems, and differences among stu-
sources can become a foundation for building thgents in expertise and experience are valued.

community of understanding. Project-based learning, particularly projects
that emerge from student-identified interests,

[J Pedagogical Perspective: makes planning and accountability more com-
Project-Based Learning plex. The challenge for teachers is to begin with

In recent years, consensus has evolved aroundtRese student-generated interests and guide the de-
set of National Education Goals to improve stuvelopment of a particular project to make sure that
dent learning. By the turn of the millennium, thestudents are challenged and ttety accomplish
individual states and local school systems are likeimportant educational objectives. They must
ly to implement these goals into an extended set dfuild on individual strengths and accommodate
standards that students must achieve (for exanthe individual needs of students within the group.
ple, see references 6 and 7). These will serve admaddition, they must work with students to gen-
focus for the design of learning environments anegrate productive activities and provide them with
activities. Prominent among the National Goals isaccess to useful resources.
the objective of increasing student ability to solve Technology can help both teachers and students
problems and demonstrate competency over chatanage the complexities of project-based learn-
lenging subject matter, particularly in mathemat-ing. In the scenario above, teachers and students
ics and science. In our vision, the “learninguse project software to help theéwaep track of
project” is the mechanism used to accompliststudent progress with respect to curriculum goals.
these goals. Teachers use the software to support students in
Project-based learning involves students in thatructuring their projects by providing students
identification of some problem or goal of personalwith access to resources and activities they can use
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to accomplish their goals. And students benefiby stepping them through the planning process,
when they externalize their ideas by representingsking them to define their goals, prompting them
them explicitly as concrete objects with whichto select activities to accomplish these, guiding
they can interact more easily. Finally, bo#hch- them to resources, and structuring their assess-
ers and studentsan use the environment to sharements. Students begin to use these prompts social-
experiences and resources with others. ly with each other, and ultimately the skills
become internalized and they can use them on

[ Pedagogical Perspective: Scaffolding their own. While s_tudents work on th_ei_r project,
. the tool keeps their goals and plans visible so that

“$caﬁo|ds” are external aids that provide C09N"they do not lose track of them while in the thick
tive and social support for people new to a task 0%¢ their activities.
knowledge domain, much as scaffolds on a
construction site support workers and material . .
while a building is erected. These external aidi] Te-chnologl.cal Perspectives .
consist of questionsl promptS, or procedures prdn this scenario, a number of teChnOIOglcaI tools
vided to students that more knowledgeable peoplénd softw_are utilities support student learning and
have internalized and provide for themselves. Bygonnect it to the experiences, resources, and
performing part of the task, scaffolding allows People in the outside world.
students to manage tasks that are more challeng-
ing than the ones that they could do on their owfomputer-Based Planning Environment
(41). When these aids are a normal part of the Although pedagogically appealing, project-
classroom discourse, students can model thedmsed learning and scaffolding present new chal-
skills for each other and get assistance from thkenges to teachers and learners. Teachers need
teacher and others in the group (25). As studentselp to ensure that open-ended, bottom-up, proj-
refine and internalize these new skills, the supect-based approaches provide a comprehensive,
ports are gradually withdrawn and students perbalanced education, and learners need help in
form more of the task on their own. planning and executing their projects. Technology
Problem solving and critical thinking are par- can provide this help.
ticularly challenging curricular goals for young Embedded coaching systems and intelligent
students. They must learn to analyze problemesritics that assist users while they are actively car-
and specify goals, identify information and planrying out their tasks are beginning to appear in
activities that will help them solve the problem,commercial products (for example, Apple Guide
identify the products of their work and specify cri- in Macintosh System 7.5) and will become much
teria that will be used to evaluate them, and worknore common in learning software environments
as a team to accomplish their goals. The use afi the next 10 years. These approaches are particu-
scaffolding helps students work through thesdarly effective for open-ended exploratory envi-
cognitive and social processes. By using theseonments (14) that emphasize the discovery
processes repeatedly across projects, students willocess as well as project design and develop-
come to generalize them, take them out to the reahent. These software coaches and critics will pro-
world, and apply them to problems they encountevide timely curricular support for teachers, and,
there. along with the teachers, scaffolding for students.
In our scenario, students use a combination of In this scenario, teachers and students use a
technological and social supports to scaffold theiproject planning tool that helps provide students
problem solving. They use a computer-based projwith guidance and feedback on the design, devel-
ect tool along with the guidance of teachers andpment, and execution of their projects. By
each other to design and manage their project. Thmnstructing a “learning-history profile,” or mod-
tool and the teacher team scaffold students’ workl of each student’s current knowledge state, the
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project planner functions as an assessment todeal and the failure to pass federal telecommu-
that enables teachers, students, and parents to seeations reform legislation, the complementary
areas that past projects have emphasized, as wellpabilities of communication companies contin-
as the objectives a student might address in thée to make them attractive partners (1,36), as wit-
current project. In the process of constructing theinessed by the recent Intel/AT&T deal to develop
project plan, the students and teachers work witkervices for corporate video phones (39). Extrapo-
the tool to decompose each activity into its condating these trends, it will not be long before an
stituent curriculum objectives. The tool makesarray of familiar consumer products can be used
suggestions for improvements to the project by reto send and receive digital messages in a variety
ferring to similar cases and draws from a databassf forms with a variety of devices at prices similar
of activities known to have been successful in thgo those currently charged by cable providers, tele-
past. A record for each activity in the databasghone companies, and other information utilities.
contains a description of the activity, a set of links  |n this scenario, when Steve checks the person-
to useful content, and a list of technologies thesgl communication service on his television for
students will need to use to meet their learning obyid-messages, he does not leave the television ex-
jectives. Over time, the use of such tools, in thgerience and go to a desktop computer to enter a
context of project-based learning, supports deepommunications mode in a different medium (that
engagement in problems and content without sags, text). Because of windowing and multitasking
rificing the comprehensiveness of the curriculumseatures offered by his “teleputer, “ he mixes the

L. . informational perspectives Nelson sent him from
Integrated Personal Communication Services  gouth Africa with those available from his local

Current approaches for exchanging electroni¢,a\ys service. These capabilities allow him to

messages assume that users send, receive, affre seamlessly intermingle South African per-
store messages WIFhIn a sm_gle information u““tyspectives with local ones and to connect these per-
(such as the on-line services CompuServe oLy tives with other information available in the

America Online). These electronic communica-gystem Nor does Steve have to interrupt the train

tion services are separate from services for comys thought he developed durihgs news viewing
municating by voice and from other information experience to log on to an information utility. The

services, and these differences create d'ﬂ'cu"'eﬁtegration of services frees the cognitive capacity

and barriers for users. Several trends suggest Siﬂbrmally used to operate different systems and al-

nificant changes by 2005 that will integrate thesefowS a deeper engagement with the ideas con-
services, and make them easier to use.

. tained in the messages.
For the past few years, telephone services have g

expanded to include voice mail (voice messaging)

and personal telephone numbers (unique addressmart Mail, Intelligent Agents, and

es). The telephone companies are increasing tf¥ogramming by Example

capability of their infrastructure to transmit text As aresult of the integration of information and
and high-quality audio and digital video, and, ascommunication services, the amount of informa-
a consequence of recent FCC rulings, they are b#on and the number of people available on the net-
ginning to offer these services on a limited and exwork increase dramatically. Tools will be needed
perimental basis. Similarly, trends in the cableto make this mass of information useful and us-
television industry suggest that, besides video-orable. Smart mail, intelligent agents, and program-
demand, cable providers plan to offer messagming by example will increase the power of
services and access to the kinds of databases cepmmunication, decrease the difficulty of finding
rently carried by information utilities. Despite the and using information, and make the system easy
falling through of the proposed TCI/Bell Atlantic to operate.
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General Magic has recently organized a consofformation of a certain kind. Construction of this
tium of companies—including Sony, Motorola, agent is easy because these are the kinds of things
Apple Computer, AT&T, Philips, and Matsushi- Steve usually does with information, and the
ta—to develop personal communicators and adagent knows that (see box D-2).
vanced communication software and services to
be offered at prices geared to the average consurmit Social Perspective: Connecting
er. The heart of these services is a communication- Learning to Work
oriented programming language called Telescrip
In Telescript, each message is an agent, or
“knowbot.” The agent is a small program that ca
perform functions besides just expressing a tex
message, such as searching, collecting, organi

ing, and distributing information to certain peoplesuch asAmerica’s Choice: High Skills or Low

at certain times. In the future, scripting Ianguage%ages!(m) rang the alarm that the United States
like Telescript will enable users to add computa-

. S . Is not providing an education that prepares young
tional capabilities to their messages (27). . : )
For this technology to be broadly successfulpeOple for productive careers in the technology

o dependent and highly competitive 21st-centur
the ability to construct a smart message cannot ey P . gnly b y
; o . ork environment.
quire a user to learn a difficult programming lan- School-to-work transition programs  should

guage or ertg lines of code._New approe}‘ch(_as:slrﬁelp students acquire the conceptual underpin-
simplifying this task by allowing users to V\.mte nings of the skills they learn without becoming
a program by example (11). In programming bytrapped in training on specific procedures or

example, a software agent monitorsauser_as he8 uipment, much of which will be outdated by the
she performs a task, such as constructing an[ e the students enter the adult work world.

sending a message. The agent forms a model f eally, students should be exposed to both the

mg?tthr? dlésr:tra:rsl ddsoterg ?::eggc.f It'lllsof?ec;qgizr:: )Practical contexts and the meaningful tasks of
ttlhu i in th fpt THI Wlb Dl adult work as well as the conceptual knowledge
outthe actions In the future. Thus, by SIMply pers, generalizable skills normally associated with

forming a task, the user creates a program that ﬂ}Srmal learning (31). The teacher guides the trans-

system can implement under similar fut_ure Cir'fer of knowledge between these two areas and
cumstancesBy 2005, such approaches will be SOhelps students reflect on their experiences.

evolved that users will be able to construct agent . tic approach, students should be chal-
scripts so naturally that they will be completelylengecl by tasks that: ’

oblivious to the fact that they are “writing” a pro-
gram. = Have analogs in adult work, but also reflect stu-
The “smart” message Nelson sent Steve in- dents’ interests.
cludes a set of computer scripts, which, when trigs Are complex and open-ended, requiring Sstu-
gered, link Steve to more information. Nelson dents to work through the definition of the
wanted Steve to see the train derailment and problem and regulate their own performance.
chemical spill from a South African and other per-= Relate to practical situations so that experiences
spectives, so in his message he inclualégper- from work and daily living provide important
media link that Steve can follow to see the South information, strategies, or insights.
African news clip and an agentthat Stevea@ih = Can be accomplished in multiple ways, typical-
vate to search for information about the train acci- ly with more than one good answer or outcome.
dent on the GlobalNet. Steve also constructs his Are performed by student teams, with different
own agentto search for and organize additional in- students taking on different specialized roles.

tSociety is recognizing that students must be better
repared for productive jobs within the competi-
ive world market and that those skills and knowl-
dge could be better obtained if academic work
frore closely resembled authentic work. Reports
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BOX D-2: Scenario Two: Connections to Work

Later that day, Carmela and Steve join one of their other learning teams the Cheetahs which is
designing a car to compete in the National Cyberspace Derby against cars created by students from
other communities around the country, The team is preparing for the regional competition; the winners
compete in the national finals. Students are coached by school-work coordinator Chris Lindsay and
math teacher Sharon Gomez, Chris Lindsay starts the meeting: “There are two designs you folks have
been working on; we need to decide which one we will use to compete in the regional, ”

“Lynda and | want to race our fastest car, " explains Vincent Because he is visually impaired and
cannot see the car being designed, Vincent relies on auditory and tactile feedback provided by the
computer system, As he traces his hand over a flat-panel display, the system provides auditory informa-
tion about the coordinates he is interacting with, He has learned to use this information to build an
image of the car in his mind At the same time, graphic and text information is fed to a Braille printer so
he has documented information that can be used in the future and shared with other blind students, “I
like this design, ” he says, “Now that we have modified the spoiler and tuned the manifold, this should
be the fastest, ”

“Remember, the race rules state the best overall car wins, ” replies Ms. Gomez, “What other fac-
tors do you think you need to consider, given that rule? What might the judges include in determining
the best OVERALL?”

Carmela responds, “Well I've been thinking about a new hazardous-waste project that Steve and |
are working on, and | think building the most fuel-efficient car will be safer for the environment “

‘(Yes, and thinking about it from a business view, what about the cost of production? You do need
to make a profit, right?” offers another team member

With these ideas in mind, the student team consults with an engineer who works at the local office
of Global Car Company, an automobile manufacturer and one of the race sponsors, The engineer is
also the mother of team member Lynda Lucero. For weeks, Ms. Lucero in person and remotely re-
sponds to students’ questions as they encounter problems with their designs, The students use a high-
end workstation and computer-aided-design (CAD) program supplied by Global Car, The students’
CAD tool has all the basic features of professional design tools but runs on less powerful and less ex-
pensive computers than the one in Ms. Lucero's office. However, the two machines are connected so
that the same image appears on both screens and can be altered by both the students and the engi-
neer,

.Are performed with the same information and
the same kinds of technology tools (though not
necessarily identical tools) that are used by pro-
fessionals.

Networked communications and collaborative
software can be used to create new relationships
between work and school. As reflected in this sce-
nario, teachers and experts from various profes-
sions can jointly design realistic activities based
on authentic tasks that motivate the learning of
generalizable skills and concepts. Teachers pro-
vide an overall structure, assess student work and
create ways for student self-assessment, and point

out linkages between project activities and the
concepts under study. Mentors work with students
on specific tasks, providing guidance and assis-
tance when students reach an impasse, modeling
the way practitioners in the field solve problems
and providing guidance that is not associated with
the grading process. All of thisis supported by the
electronic infrastructure and a set of software
tools.

OPedagogical Perspective: Modeling

There are two meanings for the word model
( 15)—an “of’ meaning and a “for” meaning—and
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BOX D-2: Scenario Two: Connections to Work (Cont'd.)

Ms. Lucero’s image appears in a small window in the corner of the screen next to the large win-
dow that displays a wire-frame model of their favorite design. Back in her office, she uses her stylus to
lower the roof line on the model, and the students see the results on their monitor “If we make the roof
line lower, it looks better and it will reduce friction—or what we call the drag coefficient—which results in
increased fuel efficiency, However, manufacturing a sleek racing car can be expensive, and you have a
limited budget for your design, This is what your teachers mean when they talk to you about
‘constraints’ in design. You are going to need to think carefully about whether to spend that money on a
better engine, a more comfortable interior, or reducing the drag. " The team discusses these and other
complex issues with Ms. Lucero.

The cars the students create are not static drawings but functioning models that they can test on
a simulated cyberspace race track. So after they make changes to their cars, Ms. Gomez has the stu-
dents conduct simulations to test each change scientifically by running the car and studying the effects
of their changes on speed/fuel consumption comparison graphs. To increase their understanding of the
issues, working with Ms. Lucero, she introduces them to velocity and acceleration graphs. The students
begin to see that there is a lot of math and physics as well as artistic talent revolved in making a car that
is attractive, fast, and fuel efficient,

At the end of the mentoring session, each student uses a personal digital assistant (PDA) to re-
cord new information and knowledge and a reflection on the day’s activities in a “learning log, ™ Mean-
while, as they work with each learning team, the teachers use their PDAs to keep track of new skills the
students have demonstrated and their impressions of how well the exercise fosters collaborative skills.

“OK, team, " Ms. Gomez announces, “everyone please put a note in your PDAs so you'll remem-
ber to have the people in your family conduct a simulated test drive of the prototypes by next Monday
You'll need their comments on how each car handles. Ask them to compare each design to the cars
they drive Remember, customer satisfaction counts, too. ”

“The race is just two weeks away, " Mr. Lindsay reminds them. “You must decide on the final de-
sign by the end of the week so there’'s plenty of time to prepare your multimedia reports and rehearse
your presentations. You will have to explain why you designed the car the way you did, Remember,
we've invited families and neighbors to watch the race, so you need to be sharp. ”

both are relevant to new pedagogical approaches.
In the first sense, models are constructed, symbol-
ic artifacts that simulate the “real thing” in some
important ways. These artifacts may be scale
models, flow charts, or computer simulations that
display or operationalize the structural or func-
tiona relationships of a physical system, such as a
mechanical device, or of a conceptua system,
such as Newton's laws of motion. By building,
manipulating, and explaining the design of such
models, as illustrated in the scenario, students
come to understand these structural and functional
relationships (42). When modeling a phenome-
non, students must represent their understanding
of the world in an explicit way, as the students did

with their design of fast, fuel-efficient carsin the
scenario above. By representing these phenomena
explicitly, students may uncover weaknesses in
their understanding that they can work to correct.
If students operationalize their understanding in
computational models, they can compare the be-
havior of these models with the behavior of real-
world phenomena, using these to judge the
validity and reliability of what they know.

In the second sense, a model is a symbalic rep-
resentation of something that is intended to be-
come real. In this sense, behaviors, practices, and
attitudes are modeled with the intent that students
will come to be like these models. In cognitive ap-
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prenticeships, an expert carries out a task so thaburse from teacher-initiated questions, followed
students can observe and understand the procesfgsstudent responses and teacher evaluation, to
that are required to accomplish the task (9). Thia pattern of teacher- and technology-supported
modeling requires the externalization of cognitivediscourse in which students initiate inquiries,
processes and activities that are usually performearovide responses, and evaluate each other’s con-
internally. In the scenario above, Ms. Lucero wadributions. That is, the focus of education shifts
modeling how designers think, solve problemsfrom teaching to learning.
and use their tools. In demonstrating the process Technology can be used to structure and facili-
by using the shared CAD tools, she not only modtate this collaboration. Currently, there are several
eled the use of the tool but the decision processéschnology-based learning environments that il-
and procedural knowledge that are used to desidastrate this capability. Scardamalia and Bereit-
cars. er’'s (30) computer-supported intentional learning
Technology can be used to help make these irenvironment (CSILE) is structured so that the stu-
ternal processes external and observable whildents use a computer to collaboratively build a
students are working on their authentic task. Asext and graphical database of information on top-
well, the system can keep track of students’ proics of mutual interest. In creating this database,
cesses and make these traces available to both sstudents engage in electronic interactions in
dent and mentor. These traces can become thhich they pose problems, ask questions, and
focus of cognitive mentoring in which both stu- share their understanding. Pea (26) provides a
dents and mentor examine the thinking processegaphical simulation environment with which
behind specific decisions. Thus, the studentsgroups of students construct ray diagrams that
thinking processes themselves, as represented fiaplicate actual or videotaped experiments illus-
these traces, can become a direct object of mentdrating principles of light and vision. White (42)

ing. designed a simulation environment with which
students formulated and tested hypotheses about
[0 Pedagogical Perspective: force and motion. Environments such as these,
Collaborative Problem Solving and the CAD environment in the scenario above,

‘when used along with appropriate educational ac-
éivities, transform the roles of students from recip-

lents of transmitted facts to active participants in

Jknowledge-building communities.

Traditional school learning emphasizes individu
al achievement and solving problems without th
aid of other people or resources (28)though
this approach works when learning facts and sol
tions to simple, contrived problems, it is insuffi- ) )
cient for the application of knowledge to solve thel] Technological Perspective
complex problems of the adult work world. In theln this scenario, the school's computers provide
real world, complex problems are frequentlyprocessing power sufficient to render and manipu-
solved by teams of people who bring to bear a variate CAD graphics and run simulations. The soft-
ety of perspectives and expertise. Preparation fovare enables students to create powerful project
this environment involves learning to collaboratedocuments quickly and easily. In addition, the col-
and to use a variety of tools and resources. laborative software, coupled with a broadband
Collaborative learning focuses on problemsnetwork infrastructure, makes school-work men-
rather than topics and engages students in actiiering a reality. These capabilities enable new
ties where they produce and promote theories, irrelationships, new levels of participation, and new
terrelate ideas, and explain how things work orctivities that support connections between
how they are caused. This shifts the pattern of disschool and work.
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High-Performance Workstations will need only the functionality pertinent to that
According to “Moore’s law, “ the density of mode, as narrowly defined. Therefore, a user who
computer chips quadruples every three years. Thigants to add pictures and sounds to a document
trend is expected to continue until the year 2000must move back and forth between several other
when extrapolation suggests that a single memorgoftware packages (such as a graphics or sound
chip will store 256 million bits. The 256-million- package) and deal with the operation of these oth-
bit figure may be slightly optimistic, however, er programs.
since Meindl (22) predicts that growth will slow  Document-centered approaches assume that
down sometime in the near future. Using Meindl'susers will want access to different tools all the
projections, the density of chips will grow at 20 totime. Thus, document-centered approaches en-
35 percent per year through the year 2111. If thatapsulate functionality in software components
trend—and a similar trend of increases in prothat users can access within any document. For ex-
cessing speed—holds, computers developed arample, instead of working with a word processor,
priced for consumer and education markets will belrawing application, or spreadsheet, users can
able to process data at speeds approaching 40®rk within generic documents and import into
MHz by 2005. those documents the specialized capabilities
While power and speed quadruple every thre@eeded to perform specific tasks. This capability
years, historically computer hardware prices dropvill make systems easier to operate and tasks easi-
by half. Following similar trends, prices of RAM er to perform. As with integrated communications
and VRAM will continue to fall and enable learn- technologies, a document-centered approach frees
ing environments to upgrade workstations so thahe cognitive capacity normally used to operate
they can render and manipulate detailed graphiddifferent systems and allows users a deeper en-
images at speeds greater than those afforded lgggement with their ideas.
today’s dedicated graphics workstations. Addi- In this scenario, document-centered ap-
tionally, the cost per megabyte of storage will drogoroaches enable students to easily import dynamic
to enable storage systems for low-end workstamodeling capabilities into their designs, so that
tions to reach into the gigabytes. their cars can actually race in cyberspace. They
Consequently, in this scenario, students usean also export components of their design docu-
what would be considered, by today’s standardspent into their multimedia report document, so
a high-end graphics workstation to develop theithat they can demonstrate design features as they
cybercars. These students and teachers take gutesent the rationale for their design.
vantage of this processing power by working on
authentic and appealing car design problems tgimulation and Modeling

learn physics and math. The opportunity to model a phenomenon offers
students a significant new way to represent and
Compound Documents operate on their understanding of the world—in

Supported by trends in object-oriented pro+his case, a world of cars, what makes them work,
gramming, software developers are moving awaynd how they are designed. Document-centered
from current applications-centered models Ofapproaches enable students to import “smart ob-
software development toward document—centereﬂectsn from a car design object suite into their proj-
approaches. Applications-centered models focUgct document. The objects themselves “know”
on separate task clusters, like writing or budgetnow they can interconnect. And because these ob-
ing, and design software with functionality thatjects are fashioned in view of an overall model of
corresponds to these clusters, such as word pregyy cars operate, when interconnected they can

cessors and spreadsheets. This model assum&stribute to critiques of students’ evolving car
that users enter a task mode (such as writing) and
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designs. These objects also “know” about properems that teachers do not have the expertise to
ties of the world in which cars operate. tackle, and she collaborates with teachers to create
Consequently, when students carry out simulaauthentic tasks and experiences for the students.
tions, they receive feedback about performancén this way, the technologies enable new kinds of
and efficiency. For example, in this environmentrelationships and new levels of participation that
students can even carry out wind tunnel simulaean support learning.
tions, which, with the help of visualization, enable
them to assess the aerodynamic efficiency of thejssistive Technologies
designs. Thus, the technologies that support mod- Advances in computer and other technologies
eling constitute a learning environment thathave long offered the potential of enhancing the
involves students in a systematic process of recueducation of children with disabilities, and in the
sive design—a process that requires them t@ast decade, many applications of software, com-
construct a grounded understanding of physicguter peripherals, and other technologies have
and math while simultaneously developing abeen developed or adapted to increase the partici-

mental model of systematic inquiry. pation of these youngsters in learning experi-
ences. Because of the increasing awareness and
Collaborative Computing acceptance of disabilities in our society, and the

Currently, researchers are focusing a great deshpidly accelerating pace of technology develop-
of attention on workgroup computing, also knownment, we foresee an increasing range of assistive
as groupware or computer-supported collaboratechnologies by the year 2005.
tive work environments. These are hardware and The full range of children with disabilities who
software environments that connect people, peran benefit from technologies is too broad for us
haps at different sites, to work on shared taskdo address in this paper. For this reason, in our sce-
These environments allow users to exchange anthrio, we have selected just one area on which to
work on shared documents, in synchronous ofocus attention—visual impairment. Currently,
asynchronous mode. The connections may prahere are a number of assistive technologies de-
vide for the exchange of formatted files, voicesigned to help persons with visual impairments.
messages, graphics, or video. The environmerithey include fully speaking, hand-held dictio-
scaffolds collaborative problem solving and de-naries, screen readers with audio feedback that al-
sign. Computer-supported cooperative learnindow the user to get an audio “dump” of a computer
environments are just beginning to spin out ofscreen, Kurzweil readers, Braille printers, and so
these technological developments (26, 30, 31). on.

Because they have access to collaboration ca- In our scenario, assistive devices designed for
pabilities, when students in the scenario abovéhe visually impaired and specialized interfaces
reach a stumbling block in their approach, theyfor technologies used by his fellow students en-
can connect to a car design expert who shares theible Vincent to share his learning experience and
document space. Ms. Lucero not only sees the deeduce the isolation his disability imposes. For ex-
sign that the students are creating, she can manigmple, students with no visual impairment might
ulate this design on her workstation. The studentbe using a graphical user interface (GUI) to inter-
can see and hear Ms. Lucero and see what shedst with the software; Vincent would use speech
doing with the design, and they can work togetherecognition technology and an interface that uses
on its development. The collaboration environ-the same graphic metaphors but presents them in
ment also records a history of the group’s designyords (40). In addition to recognizing his speech
so that Ms. Lucero can see earlier versions of thimput, the technology provides Vincent with the
design and review the design process. The expesame information that others can read on a screen
collaborates with students to solve special probas text or graphics. This can be done by translating
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this information to voice, so that Vincent can heatearning process report feeling more compelled to
what is on the screen instead of seeing it. In ounelp, report that they understand what their child
scenario, we have also projected that Vincents being taught, and rate the teacher higher in over-
could use a touchscreen to enable him to visualizall teaching ability and interpersonal skills.
graphics or schematics, the information being When parents are involved with children’s
provided to him by voice according to the coordi-learning, teachers maintain higher expectations
nates that he touches on the screen. These powésr students and report stronger, more positive
ful assistive technologies not only increase thdeelings about teaching and their school. They
participation of disabled students but provide stualso are less likely to make stereotypical judg-
dents with environments of equivalent experi-ments about poor, less-educated, or unmarried
ences that enable new relationships betweeparents than other teachers do.

disabled students and their nondisabled friends Mostimportantly, the children of involved par-

(see box D-3). ents—especially students from low-income fami-
lies and ethnic minorities—earn higher grades and
[1 Social Perspective: Connecting test scores (16). Schools also perform better when
Learning to the Home parents are involved at school. It is estimated that

A key factor in building “communities of under- when as few as a third of the parents become ac-
standing” will be the extension of learning envi- tively involved, a school as a whole begins to turn
ronments to include home and parents. Althouglaround (16). The performance of all children in the
most parents want to be involved in their chil-school tends to improve, not just that of the chil-
dren’s education (13), a number of factors makelren of those who are more involved. The highest
this difficult. The rise of single-parent and dual-level of student achievement happens when fami-
career families has reduced the amount and flexlies, schools, and community organizations work
bility of time that parents have to assist theirtogether.
children and communicate with teachers. Some The increased presence and connectivity of
parents are inhibited by cultural differences, feeltechnology in the home can increase the level of
ings of mistrust, or their own lack of education.parental involvement by making it easier, more
Unfamiliar curricula and recent developments inconvenient, more interesting, and more produc-
knowledge make it difficult for some parents totive. Connections with the school can not only ac-
draw on their own education to help their childrencommodate parents’ time constraints, but they
As aresult, parents of all educational backgroundsituate parents’ interactions with teachers in the
believe they are ill-equipped to help. Several nacomfortable, familiar context of home experi-
tional surveys of parents of all income levels havences and tasks.
found that they want schools to tell them how to In this scenario and the first one, a number of
help their children at home, and they want moreschool programs and technological capabilities
information about their children’s performance insupport parental involvement and communication
school (16). between the school and the home. Connections
Teachers face similar constraints on their timebetween school and home allowed Mr. Zamora to
Many lack training for dealing with parents or participate in Carmela’s experience even though
have difficulty relating to culturally different fam- he could not attend. He is also able to help her and
ilies. But studies show that school programs thaher classmates within the constraints of time and
support parental involvement affect participationplace. Finally, he is able to use technology to ex-
more than other factors, including the parent'dend his own learning. Other activities and ser-
race, education, family size, or marital status, anstices facilitated by these connections could be:
even student grade level (13,16,23). Parents
whose children’s teachers involve them in the
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BOX D-3: Scenario Three: Connections to Home

Four weeks later, the families of the students and other community members gather to cheer on
the student teams as they pit their cars against others in the finals of the National Cyberspace Derby.
Steve and his parents walk into the performance center where the other students and neighbors are
gathered. Excitement is thick in the air.

“Thank you, everyone, for joining us this afternoon, ” Mr. Lindsay, the school-work coordinator,
says. “We appreciate Global Car Company’s sponsorship of this race and providing the students with
our engineering mentor, Ms. Lucero. In the finals, the winner of the race will be the car that is the fastest
while getting at least 40 miles per gallon of fuel. All cars have raced in series of regional qualifying runs,
and now the best 12 will compete in today's final race. These cars have already rated high on tests of
user satisfaction and have come within production budgets. ”

On the large projection screen, the audience sees the race from four perspectives. In one win-
dow, there is an overhead view of the entire track and the position of each car. Another window displays
the track from the driver's seat as students maneuver among their competitors. A third view focuses on
the car’'s instrument panel of gauges showing speed and fuel consumption. Because each car is a
computational model, the students can tap into any car on the track, read its gauges, and display them
in a fourth window

Lynda, Vincent, Steve, and Carmela huddle around their teleputer as the voice of the announcer
comes through the speaker. “Good luck, everybody. Ready, set, GO!”

As the audience cheers, the McAuliffe Cheetahs accelerate their car around the track, moving to
the front of the pack

“You're off to a good start, ” Ms. Lucero cheers

As the cars lap the cyberspace track, two cars from other communities pull ahead. “Look how
much fuel they've used, " yells one parent, pointing to the projection screen. The audience watches the
indicator drop quickly as the car in the lead bursts ahead. “See our fuel gauge; we still have plenty left, ”
Steve shouts.

The community audience groans as the cars reach the finish line. Two cars cross the line ahead
of theirs. Then the voice of the announcer says: “While the first two cars that crossed the finish line were
the fastest, the winner is the car that is both fast and fuel efficient, so our winner is the car that crossed
the line third: the McAuliffe Cheetahs!”

Later that night, those from the community who couldn’t attend the race live can access a replay
of the race on the community’s dedicated learning channel. Carmela returns home with her mother to
find her father finishing up his latest telecourse lesson. “Congratulations!” he beams. “1 watched the
results in the background while | was working on my lesson. Great job!”

Carmela smiles back, “1 knew we could win if we made it more fuel efficient. We checked the fuel
efficiency every time we changed the car design. Keeping track of fuel efficiency is really important. We
are using it a lot. Ms. Gomez asked us to enter the fuel efficiency of our family cars in the class data-
base for our project on hazardous spills. Can you help me transfer the data from our car's computer?”

Mr. Zamora reaches for the family PDA and calls up the database for their car. The database is
automatically updated by wireless communication every time the car pulls into the garage, so the family
can keep track of its efficiency and catch problems before they become big ones. “Let's link these data
to your classroom database, like this, and it will automatically be updated, too. Let's sit down tomorrow
night and go over the data together. We can look at why some cars are more fuel efficient than others “

“Dad, will you mentor this project?” Carmela asks. “The kids want to see how the rail cars are built
so they don't spill hazardous waste “

“Sure, let's send electronic mail to your teachers asking how | can help, " he says. “But first, let's
replay that winning race!”
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= Videotext service and dedicated school video Allowing learners of disparate knowledge,
channels that provide continual updates of learning styles, challenges/impairments, and
school activities. language to be equally engaged in the assess-
= Electronic mail or voice-mail messages that al- ment process.
low parents and teachers to discuss studemt Archiving the learning process, draft materials,
progress asynchronously, at times convenient and finished products.
to each. = Recording time spent on tasks and tracking
= Video programs that explain student assign- scaffolding.
ments and provide tips for how parents can par Supporting “remote” evaluation of student
ticipate and help. work.
= Computer-based assignments, educational Publishing student work and making it avail-
projects, and multi-player games that parents able to parents and others in the community.
can do with their children.

= Extended video-based programs or mini-[J Pedagogical Perspective: Multiple
courses that supplement parents’ knowledge of Representations and Visualization

arange of topics from parenting skills to sChoOk, 4o 4| representations are the primary means by

sul_)Jects. . . . which people come to understand a phenomenon
. SWltched_, interactive video so parents and othe& concept and express this understanding to oth-
community members can tutor children from

: ers (20). We use words, pictures, sounds, dia-
their homes. _ grams, numerals, and other symbols to construct
Community-access video servers that allowyege representations and convey meaning to oth-
parents to share personal photos and audio a%qs_ Each type of symbol, or symbol system, ex-

video recordings of historical note or personalpresses the meaning of a phenomenon or concept

meaning. in a different way. A picture of a car racing down a
track says something different from the equation

[1 Pedagogical Perspective: f=ma, yet both say something about motion,
Authentic Assessment force, acceleration, etc. Making connections

Paralleling several other developments describeBCroSS Symbol systems or representations is im-
above, there is a national move to change studeRPrtant; in fact, the ability to make these connec-
assessment so that it reflects knowledge as it £2NS IS frequently what we mean when we say
used in the world rather than knowledge in the>°Meone “understands” something. For example,
classroom. Authentic assessment moves from thePmeone understanfisma when he or she can
recall of facts and the computation of “answers” td€2d & paragraph about speeding cars and use the
the application of knowledge in situations similar€duation to determine which car will go fastest or
to those in which knowledge will be used in the"€€d the least force to accelerate.

real world. Correspondingly, judgments are made Technology can be used to support understand-
on authentic processes and products, and the “cdfd Py providing students with one or more sym-
rectness’ of these assessments moves from beif§!ic representations of a phenomenon or concept.
the sole responsibility of the teacher to being the>tudents can acton these in some way and observe
shared responsibility of those who participate irthe results. These multiple coordinated represen-

and are affected by the application of knowledget.ations can make difficult concepts more accessi-
ble to students, and students can build a deeper

= Authentic assessment can be supported bynderstanding of the concept by combining the
technology in many ways, including: different information provided by each represen-
= Designing multimedia assessment tasks thattion (19,20). For example, a student could enter
present richly textured scenarios. an equation and the technology could provide a
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graph of the equation. As a consequence, the staapacity is increased by a variety of software and
dent has a deeper understanding about both equaardware compression and decompression utili-
tions and graphs. Or the technology can build oties. The network is connected to networks around
a student’s understanding as represented one whye world via satellite and microwave. Tapped into
to understand the phenomenon as expressed irttee network are a range of electronic devices that
different way. act and look sometimes like telephones, some-
“Stepping on the gas” is a common, everydaytimes like televisions, and sometimes like com-
experience for students. In the scenario providedyuters, but they all communicate with each other.
the students can manipulate the graphic object @ometimes they are combined into a single
a racing car so as to “step on the gas” (that is, irinformation-entertainment “teleputer.” This net-
crease the force), thus increasing its velocity an@vork interconnects the various devices we have
acceleration. Not only do they see the car speed wescribed and supports the connections between
(a consequence with which they are very familiar)school, home, and work.
they also see a numerical representation of its
speed and see this numeral change over tim€ersonal Digital Assistant (PDA)
They also see a graph of the relationship between Learners and teachers will have small, wireless,
force and acceleration. Thus, they can use theirery powerful information appliances at their dis-
understanding of speeding cars, as represented pgsal and within reach of their budgets in 10 years.
pictures, to understand force and acceleration, &apitalizing on trends in miniaturization,

represented by numerals and graphs. manufacturers are packing more and more com-
puter power into smaller and smaller cases. These
[ Technological Perspective developments herald a new class of computing de-

vice called a personal digital assistant (PDA).
Prices of these devices are dropping rapidly, and,
Networks well before 2005, their price points will meet
During the next 10 years, pressure from foukngse currently offered by more specialized game
market forces will drive service providers to yjatforms such as Nintendo. For example, most
support broadband (10 Mb/s to 100 Mb/s) ancgnalysts anticipate that prices for Apple Comput-
wideband (greater than 100 Mb/s) demands fog,'s Newton PDA will fall to $200 or less by 1996.
metropolitan-area networks (MANs) and wide- pgecause they carry their PDAs everywhere,
area networks (WANS): learners in our scenarios can work on their proj-
= Increases in computing power. ects regardless of their location. In addition to ap-

= The public's growing appetite for media-rich proaching the task in a structured way, students
work opportunistically, adding voice annotations,

information. : )
= Increases in workgroup computing (that is comments and ideas from friends and parents, and
groupware). 'pointers to new information that arise during dis-

= Performance expectations based on the broaguSsions. The major importance of these devices
band and wideband capabilities of local-aredS that they bring computer processing and com-
networks (LANS). munications to situations anytime, anywhere.

These capabilities will enrich many “informal”

Encircling the McAuliffe community of our (outside the physical school building) learning sit-
scenario is a switched, high-bandwidth, wide-areaations, such as those that occur in the home.
network composed of fiberoptic cable and high-
capacity video servers. The network is extendethteractive Digital Video
into homes, schools, automobiles, and offices by Cable service providers are scrambling to pro-
an amalgam of fiber, coaxial cables, wireless comvide interactive digital video services. As first
munication, and a few residual copper wires. Itsteps, they are putting in place the infrastructure
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to provide video-on-demand and interactive homeant purpose of providing a common experience to
shopping as a replacement for conventional suta large group of people. The community members
scriber TV. They are examining both the impactcan participate in the achievements of their chil-
and the requirements of such services in testbedben and share in the satisfaction of their accom-
across the country (27). And, fueled by customeplishments.

surveys that already underscore the attractiveness

of these offerings, companies are building the vidiMPLICATIONS

eo servers and set top boxes necessary to sUPPRiterating the point that began this paper, the vi-
these initiatives. One can already preview modesfion that we present has significant implications
examples of these capabilities in hotels that offefgr social change that go beyond the development
guests the option to select and watch a movie at@ advanced technologies. Some of these implica-
time that matches their schedule or check oufions we have embedded in our scenarios and their
through the TV without going to the front desk. gnalysis. Others are more pervasive and represent
The advent of digital video-on-demand, coupledthe |arger social context beyond school, home,
with the development of user-friendly agentang business connections and relationships. Mak-
technologies, will allow people to search videojng the vision that we present a reality will depend
servers for specific kinds of information and makegp, changes in the way teachers teach and use
selections just as people today search and retrieygchnology, on the way education is supported and
information from conventional databases. schools are held accountable, and on the universal

In this scenario, both the replay of the race and@yaijlability of the services we describe.
the telecourse that Mr. Zamora is taking are avail-

able on large digital video servers. Carmela and) Teachers and Teacher Training

her fellow students will also store their multi- Sheingold (34) concludes that the human side of
media reports on these servers. These and otht%r

; ; re available to members of th mm echnology introduction is a much bigger barrier
esources are available to members oTthe COMMy, , |4k of technology per se. To fulfill our vi-
nity as they are interested in using them.

sion, teachers would need to learn not only to use
the various technologies described in our scenar-
Large, Color Display ios, but also to design, structure, guide, and assess
It is likely that in the next 10 years flat-screenprogress itkearning centered around student proj-
technology will improve sufficiently to accom- ects.
modate modest display sizes in limited locations. This kind of teaching, which most teachers
The federal government has made a financiahave rarely experienced in their own education,
commitment to keep the United States competirequires wide-ranging subject matter expertise,
tive in this technological arena. For example, Xe<creativity, and intellectual confidence. Teachers
rox Corporation has recently received significanineed to help students design projects that will in-
amounts of government funding to develop flat-corporate important content and be able to provide
panel technology for the U.S. military. We expectkey ideas or strategies for helping students over-
that in 10 years, following this developmentalcome impasses encountered in their work. Teach-
phase, the prices of large (4-ft x 3-ft ) flat panelers need to be comfortable letting their students
displays will reach price points equivalent tomove into domains of knowledge where the teach-
today’s high-end consumer televisionsers themselves lack expertise; teachers need to
($2,000-$3,000). have the intellectual confidence to be willing to
In this scenario, the community has access tmodel their own reasoning process when they en-
this still-expensive technology through the multi-counter phenomena they do not understand or
media performance auditorium at the McAuliffe questions they cannot answer. Teachers need to be
Learning Center. This display serves the imporereative in finding ways to embed measures of stu-
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dent understanding within group projects, no easgr, unspecified range of content domains. Just as
task when multiple groups are working concur-business professionals employ a variety of
rently and different students assume differentechnology tools to increase their access to in-
roles within their groups. Teachers must be able tiormation and ability to make sense out of it,
roam from group to group physically and elec-teachers will need a range of technology supports
tronically, providing stimulation and coaching for designing learning materials, performing as-
without dominating the group process. sessments, keeping track of curricular goals and
This new role for teachers is challenging and reachievements, and communicating with other
quires a very different kind of teacher educatiorteachers, information resources, students, and
program, one in which prospective teachers arparents. No longer will teaching be the single pro-
taught in the way we wish them to teach, andession in which practitioners cannot expect ready
technology use is integrated into all preserviceaccess to a telephone. Teachers will need to have
education classes rather than treated as the topischnology tools available to them for their own
for a single, isolated class. Today's teachers neegk well as their students’ use.
a great deal of professional support for learning to  The teachers we describe, with well-developed
teach in new ways and to incorporate technolog¥kills as technology users and greater interaction
into these practices. They do not need the one- gfith the worlds of research and commerce, are
two-hour workshop that is so prevalent todaylikely to find an increase in their status and in the
They need regular blocks of time built into their number of nonteaching opportunities available to
work schedules in which they can plan projectthem. Side effects of this change in role could well
based, technology-supported activities and asnclude pressure to increase teacher salaries and a

sessment methods, as well as opportunities tgreater diversity among those who choose the pro-
observe classrooms where such work is going oRession.

They need a chance to interact with a professional
roup of colleagues interested in the same kind . .
gf insptructional S?’;\pproaches. and subject matter t@ Accountability and Public Support
get feedback on their new approaches, pointers forom a public policy perspective, accountability
useful information, and encouragement for getconcerns are a driving force in federal, state, and
ting over the inevitable setbacks. Technology catpcal education spending. Federal and state educa-
help develop such groups through electronic netion agencies are offering local jurisdictions more
works and through “video clubs,” in which teach-flexibility in their education programs in ex-
ers share and discuss videotaped excerpts froahange for accountability with respect to curricu-
their classrooms. However, administrators andum standards. Some might infer quite different
policy-makers need to provide the resources twisions of technology use from those described
support time for teachers to engage in these activitere, based on trends stressing curriculum stan-
ties and develop expertise in their new roles.  dards and assessment of student performance rela-
If learning and teaching change in the ways wdive to those standards. One could extrapolate
envision in these scenarios, the profession ofrfom the national Goals 2000 legislation to the use
teaching will change drastically. Teachers will as-of technology as the transmission mechanism for
sume a more executive role, setting goals and préapproved” instructional content tied to curricu-
viding guidance, support, and evaluation, buium standards and as a tool for collecting student
letting the students carry out most of the learningaissessments (for example, through computerized
activities. This new role entails curriculum devel-adaptive testing, which permits the coverage of
opment (as they work with students to design projmore content with fewer test items per student).
ects), team building, diagnosis of individual Many software publishers are looking forward to
learning needs, assessment of individual studerthe development and voluntary adoption of na-
progress, and exploration of questions in a broadtonal curriculum standards because they have the
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potential to create broader markets for instructionty of making widespread, fundamental changes in
al software tied to a single national curriculum,teaching practices, a strong body of research and
rather than the patchwork of state and local curricevaluation evidence supporting these practices
ula that makes software design difficult and frag-must be generated and disseminated to policy-
ments the market. makers and the public if the kinds of practices we
We offer a very different vision of technology describe are to be commonplace in the year 2005.
use, one in which the same kinds of technology
tools used in work settings and homes are availF] Equity and Access
able to students and teachers, and are incorporatefle piggest assumption in our scenarios is that
into challenging learning activities where stu-gdents and their families will have near-univer-
dents design projects around their own interestgy) access to high-end technologies. As technolo-
with guidance and support from their teachers andly connects learning environments and homes, it
outside mentors. We have notignored these policijecomes increasingly important that differences
concerns, however. We suggest that sophisticateq socioeconomic status not create an electronic
software tools can be developed to support teaclisrm of school segregation between the techno-
ers in injecting important curriculum content into |5gical haves and have-nots. Government and
student projects and in keeping track of studengchool programs and regulations will need to as-
achievement of instructional goals. This technogyre the accessibility and affordability of at least a
logical aid is quite feasible, provided that teachersgyinimum form of network service for all homes.
have the training and time for its use. Although the growth in the number of comput-
Whatis perhaps less clear is public acceptancgrs and video-based technologies in schools has
of this approach to learning and of a system Opeen exponential (2), the number of hours per
assessing students in the context of authentigeek that individual students have access to
group projects. As Cohen (8) points out, the Magechnology is still very low in most schools.
jority of the public adheres to a very conventionalyigreover, those schools serving children from
model of education as knowledge transmissioRconomically disadvantaged homes have less ac-
and assessment as performance on standardizggss to technology than do those serving more af-
multiple-choice tests. In many cases, departuref,ent communities (3) and, when they do have
from conventional content, téaching practices, ohccess to computers, are less likely to use them in
assessment are seen as attempts to avoid higlyys other than drill-and-practice (12). In some
standards. Parents want to know where their chilstates, school budgets are stretched so tightly that
dren stand in relation to other children and whergy,dents must share basic texts; under such cir-
the student body of their school stands in relatiogmstances, teachers have a hard time building
to those of other schools on traditional academignthysiasm for learning to use new technologies.
subject matter. _ There are positive signs, however, that the issue
Our scenario for the future requires a reabyf equity is getting more attention. School financ-
change in this perception. It will come about onlyjng mechanisms that leave areas with low proper-
if there is increased dialogue between educatorg yalues with very limited per pupil educational
and the community they serve, as well as strongnging are being challenged successfully in
evidence that project-based learning activitiegnany states. At the same time, federal compensa-
support the attainment of higher skill levels andyory education programs are focusing more on
that authentic assessments provide informatiogcnools serving the largest proportions of poor
that is at once educationally usedmldpredictive  chjldren. Federal guidelines are encouraging
of how well students will perform future tasks of gchoolwide programs and supporting the acquisi-

interest, whether college performance or ability tqjon of technology and implementation of parent
function effectively on the job. Given the difficul-
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involvement programs as part of the effort to im-and children come together to engage in learning

prove the educational prospects for children at riskctivities, the learning environment can become

of school failure. the center for building communities of under-
Corporate support for education programs, parstanding.

ticularly programs that incorporate technology, is

at an all-time high and is likely to continue. ThegONCLUSION

business community has become much mor _ _
aware of its dependence on a well-educated work:N€ téchnological developments that we have dis-

force and of the changing cultural, gender, an@ussed will be driven to a large extent by the b_usi-
ethnic composition of that workforce. Many cor- N€SS and consumer markets and funded by private

porations are making a particular effort to reactf@pital. There is an important role, however, for

out to schools serving large numbers of childrerdovernment leadership, regulation, and support.
from less affluent homes, where computer Central to our vision of communities of under-

technology is usually absent. standing, of course, is the community. Communi-

Current trends are not sufficient to reach our vify l€aders will play a pivotal role in making
sion, however. Stronger efforts are needed on theducation the focus of community life and in
part of federal, state, and district education agerfiourishing the values that support education.
cies to make sure that schools serving larger con- State and federal governments also can facili-
centrations of students from poor homes have ndéte the development of communities of under-
only equal access to equipment, but also equity iftanding in the policies and regulations that they
terms of the quality of technology-supportedMake related to the emerging National Informa-
learning activities. tion Infrastructure (NII). Current models of the

The concentration of government resources foN” envision schools connected to each other and
technology in schools serving larger proportiond0 libraries and museums. This level of intercon-
of children from low-income homes will not bring Nection is insufficient to realize our vision;
real equal opportunity, of course, if the students d§chools must also be connected to homes and
not have the same kinds of home resources us&¢Prkplaces. As state and federal agencies review
by other students and their caregivers. Our scenafegulatory policies, they should require telephone
ios assume that a rich array of broadband servicé®mpanies and cable companies to provide
will be as commonplace and low in cost as televiphased-in universal service as they install ad-
sion or the telephone. Without something apvanced technologies, much as telephone compa-
proaching universal access and perhaps speci@ies are currently required to provide universal
rates for low-income households, we will not seevoice services. At the same time, policies should
the kind of across-the-board parental participatiofe structured so that service providers are respon-
described here. sive to community needs, much as current struc-

Another way to make technology accessible tdures require cable companies to negotiate with
parents is to make school equipment and servicdgcal communities around the terms of their fran-
available during nonschool hours. Part of the sceshise. Policies and funding should encourage and
nario takes place in a technologically and sociallysupport the experiments of local communities to
rich community center located in the school. Thenterconnect schools, homes, and workplaces to
coordination and co-location of community support education.
groups, social services, and educational programs In forming policies, it is vitally important that
can increase the impact of these services and ighfferences in socioeconomic status not result in
crease their efficiency. Making these resourcean electronic form of segregation between the
available to parents and students during nontechnological haves and have-nots. Policies will
school hours can further increase impact and reirbe needed to assure accessibility and affordability
force educational goals. As a place where parentsf at least a minimum form of network service for
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Appendix E
Public School
Teachers Using
Machines in the
Next Decade

tis hard to be clever about the folly of making predictions. |

could cite instances of those who have predicted everything

from the end of the world to the end of printed books. I could

cite others whose business is forecasting the immediate fu-
ture as, for example, Central Intelligence Agency executives who
missed the collapse of the Soviet Union. Or | could turn to those
who saw a revolution in schoolteaching with the invention of
film, radio, television, and computers. None of these is clever or
even amusing.

| prefer candor to cleverness so, with the risks of forecasting in
mind, | will create three plausible “futures” of teachers using
computers, CD-ROMs, modems, and other telecommunications
in their classrooms. These scenarios will have a patina of credibil-
ity because they are anchored in what exists now and are seasoned
with the experiences of both partisans and opponents of teachers
using these machines in their classrooms. | then will identify the
most likely of these three scenarios to occur in teachers’ class-
rooms. | am reasonably confident which scenario will material-
ize, although the less courageous side of me surrounds the likely
“future” with at least one qualifier.

So, I want to be clear at the very beginning of this essay that my
“prediction” is no more than an educated guess based upon the
claim that schools are unique organizations, the fabric of social

]
by

Larry Cuban

) ) Stanford University
1 For recent prophesies about the end of printed books, see D.T. Max, “The End of the

Book?,” Atlantic, vol. 274(3) September 1994, pp. 61-71. For forecasts on electronic ma-
chines’ impact on public schools, see Larry Culi@achers and Machines: The Use of
Classroom Technology Since 192w York, NY: Teachers College Press, 1986).
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beliefs woven around public schools, and whatnto consideration dominant popular beliefs about
has occurred in the past when practitioners facedhat teaching is, how learning occurs, what
electronic machines. knowledge is proper in schools, and the teacher-
In this paper | will argue that the spread of telestudent relationship. These traditional beliefs in-
communications in businesses, industries, théorm mainstream views of a proper schooling. It
military, and other organizations make compari-is, however, the engineering approach, not the re-
sons to getting teachers to use computers in thedlesign approach, to getting teachers to use tele-
classrooms facile but misguided because theommunications that currently dominates the
classroom as a workplace, the nature of teachingopular and research literature on teacher use of
groups of children, and public expectations fortechnologieg.
schools differ substantially from other institu- There are very good reasons why the problem
tions. of limited teacher use of technology is framed less
Such casual comparisons, | will argue, are drivoften in design terms. Previous school reforms
en more by a mind-set that frames the problem ahat swept across the nation largely ignored tech-
snail-like progress in getting teachers to use th@ology. Moreover, the entangled impulses that
technology as an engineering problem. Thatis, therive reformers to press teachers to use new
organization is basically in good order; what ittechnologies seemingly mirror those very same
needs is a heavy dose of efficient managing anignpulses in manufacturing, banking, medical sci-
quality control. If teachers are not using the damrence, the armed forces, and other organizations
machines, get more of them, train the teachers tat have automated many of their essential opera-
use them, provide continuous hardware maintetions. Engineered solutions worked there. Why
nance and technical assistance to teachers and, Byt in schools?
God, there will be more students on those ma- | then turn to three scenarios that | constructed
chines. Framing the problem this way is populaias credible alternative futures and assess which
and dominates the thinking of many advocates fogne is likely to occur. To make this entire argu-

telecommunications in schools. _ ment concrete and coherent | will concentrate on
A less popular way of framing the problem isteacher use of computers.

seeing the very slow (and, as partisans would say,

unimaginative) use as a problem of poor desig
and stubborn traditional beliefs. That is, the preslﬂ-HE SPREAD OF COMPUTERS

ent school structures (e.g., age-graded school%élg\I SCHOOLS: CONFUSION OVER
and cultures (e.g., norms of teacher self-relianc CCESS, USE, AND INNOVATION

rather than collaboration) that dominate the teachSchool use of computers has spread swiftly, wide-

er's workplace need to be redesigned with teachy, and, on occasion, deeply. In 1981, for example,

ing and learning kept foremost in mind for there were, on average, 125 students per comput-
innovative technologies to be used in classroomsr; in 1991, there were 18. As new schools are

routinely. Second, the redesign will have to takebuilt that are wired for information technologies

2 See, for example, U.S. Congress, Office of Technology AssesdPoevdr On!: New Tools for Teaching and Learni@JA-SET-379
(Washington, DC: U.S. Government Printing Office, 1988); Office of Technology Assessment, “Project Proposal: Teachers and Technology,”
1993, pp. 1-12.
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and the ratio of machines to students drop to 4:ihg to reform the conduct of teaching and learning,
or even less, hopes escalate for wider and more sthen, is much less than meets the eye. And that has
phisticated uses of the machirfes. been the case with earlier technologies groomed

A closer inspection of those and other figuresas tools for reforming traditional classrooms.
commonly used to display the swift penetration of

the technology into schools, however, reveals thf ECHNOLOGIES AND SCHOOL REFORM
frequent confusion between access and use. FQynhat is curious about current information

those individual students who use computers (angchnologies and their earlier incarnations is that

not all do) they spend, on average, a little morg,qne were associated with national reform move-
than one hour a week (or 4 percent of all instrucients. If there is any pattern at all in the move-

tional time). Moreover, what students do With mens 1o reform schools that have swept across the
computers varies greatly. For 11th grade studenis,iion since the middle of the 19th century, none
who use the machines, to offer another exampl§yere dependent upon instructional technologies

computers were seldom used in subject areageyond a teacher, blackboard, textbook, and pen
where they were used, the purpose was 10 teaghq paper.

about computers. An Office of Technology As-  \jig-nineteenth century common school lead-
sessment (OTA) study concluded that studentgrs Horace Mann, Henry Barnard, and others
from high-income families have far more accesgoygnt to make schooling accessible to all stu-
to computers in schools than peers from low-inyenis regardless of ethnicity or class. They created
come families. Black students use computers ifyosands of schools where students could attend,
schools less than white, especially in elementaryyepared teachers for those schools, and installed
schools. Pupils whose native language is not Engy common curriculum accessible to those who at-
lish have even less access to computers. Finallyanged. Although instructional technologies were
low-achieving students are less likely to use mazpsent from such a movement, a managerial tech-
chines to enhance reasoning and problem S°|Vi”|90|ogy—a systems perspective—was present in

and more likely to use them for drill and practice. e organizing of age-graded elementary schools
What appears as a rampaging innovation threaten-

3U.S. Department of Commerce, Bureau of the CeSgatistical Abstract of The United States, 1684shington, DC: U.S. Government
Printing Office, 1991), p. 150; Quality Education Data, “Technology in Public Schools, 1991-1992: Extract (Denver, CO: Quality Education
Data, 1992), pp. 1-2. For examples of new schools there is the $19.6-million Quince Orchard High School in Montgomery County (Maryland)
where there are 288 computers for 1,100 students. Or the Juan Linn School in Victoria (Texas) where a computerized Integrated Learning Sys-
tem (ILS) provides instruction to 500 students and records daily their work. See “Computers in School: A Loser? Or A Lost Opportunity,” Busi-
ness Week, July 17, 1989, p. 108.

4 Power On| op. cit., footnote 2, p. 6. These figures, however, obscure the imaginative applications of computer technology to instruction in
special education where blind, deaf, and multiply-disabled students are able to read, write, and communicate in ways that heretofore were un-
available and of new software for drafting courses, auto mechanics, business, and other vocational courses. See The Alliance for Technology
Access, a network of resource centers that specializes in using computers to help individuals with disabilities. They publish an occasional news-
letter,CompuCID the Computer Classroom Integration Project; also see Susan Russell, Rebecca Corwin, Janice Mokros, and Peggy Kapisov-
sky, Beyond Drill and Practice: Expanding the Computer Mainstream (Reston, VA.: The Council for Exceptional Children, 1989).

Such figures also ignore the massive computerization of administrative work in districts and schools previously done by typewriters and
telephone. Computerized data processing, for example, has converted the making of district bus schedules, high school course selections, pay-
roll operations and the reporting of grades into routine activities that take a fraction of the time formerly used for these tasks. Increasingly, teach-
ers use software to prepare lessons, notes to students and parents, classroom newsletters, attendance and grade-report records. In libraries, card
catalogues are electronically available. The overall picture after the introduction of the personal computer a decade ago and persistent efforts to
improve schooling suggest, at best, that computers are an expanding but marginal activity in schools with wide variation in administrative,
teacher, and student use.
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and subject-centered, departmentally-focusedomputer-assisted instruction in the 1960s and
high schools with their multi-period daily sched- 1970s), but the center of gravity to any of these na-
ule of recitations$. tional reforms was nontechnological. Machines
A half-century later, another generation ofwere mere blips on the outer edges of reformers’
reformers sought to transform schools into instruradar screens.
ments of social reform. These progressive edu- This has not been the case in the 1980s and
cation reformers wanted schools to turn millions1990s. With massive technological changes in the
of immigrants into Americans and reduce theworkplace and daily life, school reformers
corrosive effects of slum housing, urban crimethroughout the last decade increasingly have
and poverty. Moreover, reformers wanted theseurned to putting computers in schools as a high-
schools to focus on more than the child’s mindtech, engineered solution for ineffective, even
their psychological and social development wergrimitive, teaching by textbooks. Hundreds of
part of the educator’s responsibility. Furthermoreformal reports from corporate leaders, founda-
what children studied had to change because thejons, professional associations, and federal agen-
learned best when their interests were harnesseddfes consistently have underscored how schools
what occurred in the home, community, and nahave failed in achieving their academic purposes
tion. Throughout the early 20th century, progresand how, in that failing, have contributed to the
sive educators sought ways of transforminghation’s economic declirfe.
schools to secure these aims. Many educators in Thys, in the 1980s and early 1990s, strong im-
pre-World War Il schools saw the invention of thepylses to introduce higher quality control into
motion picture and radio as useful tools to helgyublic schools moved these coalitions of reform-
achieve their aims. But these new technologiegys that included corporate executives, public of-
were marginal to their vision for new forms of ficjals, foundation officers, school administrators,
teaching and learnirfy. _ and teachers to embrace computers and telecom-
Since World War 11, a series of national reformynications as a way of unfreezing the perceived

movements to improve schools included raisingnefficiencies and rigidities of American school-
academic standards in the 1950s, desegregatifgy

schools and creating open classrooms in the

1960s, and instituting back-to-basics and minima
competency testing in the 1970s. Newinstructionl'\/“:)ULSES FOR USING LATEST

al technologies were mentioned and even proTEC|'”\IO|-OGIES IN SCHOOLS

moted temporarily (such as television andBasically, three impulses converged in reforming
programmed learning in the 1950s and 1960s ansthools through electronic technologies. Al-

5 For the common school movement, see David Tyack and Elisabeth Haasagers of Virtu¢New York, NY: Basic Books, 1982); Carl
Kaestle, Pillars of the Republic (New York, NY: Hill and Wang, 1983).

6 For general history of progressive movement in education, see Lawrence Cremin, The Transformation of the School (New York, NY:
Vintage, 1961); for the penetration of these ideas into schools and classrooms, see Lartydubaachers Taugh2d edition, (New York,
NY: Teachers College Press, 1993) and Arthur Zilversdhignging Schools: Progressive Education Theory and Pra@@iago, IL: Uni-
versity of Chicago Press, 1993).

7 For post-World War reforms, see Diane Ravifthe Troubled Crusad@ew York, NY: Basic Books, 1983).

8 The Nation at Risk1983) report, for example, forged the linkage between economic decline as a nation and decline in standardized
achievement test scores. The report recommended a half-year of computer science as a high school graduation requirement. See National Com-
mission on Excellence in EducatigxiNation at RiskWashington, DC: U.S. Government Printing Office, 1983), p. 26. Also see, for example,

David Hornbeck, “Technology and Students at Risk of School Failure” in Arthur Sheeke¥@dation Policy and Telecommunication
TechnologiegWashington, DC: U.S. Department of Education, Office of Educational Research and Improvement, 1991), pp. 1-2.
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though | offer them separately, they are entangletheir own understanding. Neoprogressives view
and technological enthusiasts often combine onstudents as active learners creating knowledge
or more of these impulses in their advocacy for dhat makes sense to them. They want schools
particular technology. where such knowledge is shared by all members
First, there is the drive to bring schools technoof the community; schools where diverse mixes of
logically in step with the workplace because of theadults and children work easily together in varied
fear that students will be unprepared both to comgroupings. Hence, interactive computers and tele-
pete in the job market and adjust to the changingommunications are mind-tools that help students
marketplace where bank teller machines, bagrasp concepts, use all of their senses, and practice
codes on products, answering machines, and otheshat they have learned creating self-directed
electronic devices prevail. The computerizedearning communities, according to such advo-
workplace and the ubiquity of telecommunica-catest©
tions in daily routines outside the home have con- Finally, there is the impulse for productivity.
vinced advocates of modernizing schools thaf his highly prized value of making teaching and
students must become familiar with electroniclearning efficient is historic and, when harnessed
technologies. Computers, in other words, are th& electronic technologies, unrelenting. The lure
future and schools must prepare students for it. of productivity—teaching more in less time for
A second impulse has come from a diverse coess cost—can be traced back to the origins of pub-
alition of academics, educators, and foundatiotic schools in the early 19th century and has been
officials who have neoprogressive values of chil-a consistent goal for schooling ever sikte.
dren engaged in self-directed learning. This coali- Advertisements for computers make similar
tion, leaning upon the work of American (Johnpoints today without hesitation or subtlety. IBM
Dewey and Jerome Bruner), European (Maridhas run an ad for the last few years that has a clever
Montessori), and Russian (Lev Wgotsky) scien-set of photos showing the same teacher working
tists and educators, seeks to overhaul classroomsth different students in her class simultaneous-
where learning is tediously absorbing knowledgdy. The caption reads: “With IBM, there’s a prac-
largely unconnected to daily life. They wanttical way for teachers to be everywhere at once.”
schools where teachers help students constru¢he ad copy says:

9 In examining the impulses driving recent reform coalitions, | read the reasons reformers used in explaining why new technologies were
crucial in improving schools. | merged reasons that | felt were close enough to be cousins and, in doing so, probably created both ambiguity and
mild confusion, if not annoyance, for some readers who wanted clarity. For a more exact delineation of the specific impulses for computers in
schools, see Israel Scheffler, “Computers at Schodéathers College Recqréi7(4), Summer 1986, pp. 514-528.

10| use the word “neoprogressive” to link the ideas of these reformers with those of a century earlier who were pedagogical progressives
challenging the then-inflexible ways of teaching, learning, and organizing schools. The ideas of Francis Parker, John Dewey, William H. Kilpa-
trick, and such diverse practitioners as William Wirt and Ella Flagg Young were applied to schools and classrooms in the decades before and
after the turn of the century. Notions of active engagement of children in what they were learning, group work on projects, and focus on both the
mind and emotions of children as they developed were central to this earlier generation of reformers. See LawrentleeCreansforma-
tion of the SchoqINew York, NY: Vintage, 1961); David Tyack, The One Best System (Cambridge, MA.: Harvard University Press, 1974).
For instances of these ideas in print, see Howard Gaildreetynschooled Mind: How Children Think and How Schools Should (leesh
York, NY: Basic Books, 1991; John Seely Brown, Allan Collins, Paul Duguid, “Situated Cognition and the Culture of Lefaduiogtional
Researche(Jan.-Feb., 1989), pp. 32-41. For a clear portrayal of the neoprogressive view insofar as using computers, see articles by Judah
Schwartz, Sylvia Weir, and the writers for the Laboratory of Comparative Human Cognition in “Visions for the use of Computers in Classroom
Instruction (February 1989) and “Responses to ‘Visions for the Use of Computers in Classroom Instruction” (MayH&88ydEduca-
tional Review59(3), pp. 206-225.

11 see, for example, Carl Kaestle, (Etbseph Lancaster and the Monitorial School Mover(iéetv York, NY: Teachers College Press,
1973); Raymond Callahan, Education and the Cult of Efficiency (Chicago, IL: University of Chicago Press, 1962) Arthur Melmed, “Productiv-
ity and Technology in EducationEducational Leadershjg=ebruary 1983, pp. 4-&ower On! op. cit., footnote 2, pp. 171-172.
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With an IBM network, teachers are discover- commodate varied groups of students in
ing how to do the impossible: deliver quality, in-  classrooms, seminar rooms, and individual work-
dividual instruction to every student. It is  gpace. The technophile’s vision driving such
possible because students are working with @ gchools is anchored in making teaching and learn-
tool that is infinitely patient . . . teachers are free ing far more productive and meaningful than both
to evaluate student progress and help when a are now.13

d arised? ' . .

?ee anse . Better machines and software are central to this
Faster, better, and cheaper” is the drumbeat Qfjsjon; they are seen as tools for both teachers and

the productivity impulse. students to liberate themselves from inflexible
These interlocking impulses have fueled theyays of teaching and learning. Students will come
surge in school purchases of information technc_)lf0 rely on the machines and one another to teach
ogies in the 1980s and early 1990s. But as the figsach other; teachers will become coaches to help
ures cited earlier revealed, teachers’ use ofy,qents with what needs to be learned. Frequent
computers and telecommunications have y'eldeﬂectures, recitation, textbook assignments, and

mixed results. _ _ _ 50-minute periods will be as implausible as dino-
Some obvious questions arise. Is the growing s in a zoo

number of new schools devoted to using cCOMput- e strategy for achieving the vision is to create

ers and telecommunications a sign that these argy,| settings that have a critical mass of machines,
indeed, schools of the future? Or is the apparentlyqsyare, and like-minded people who are serious
marginal use of computers in classrooms a Sigjgers of the technologies. Technophiles believe in

that this technology is going to be used just liken,king big changes swiftly rather than creating
earlier ones, that is, peripherally, seldom disturb:

; ! X pilot programs in schools or incrementally buying
ing customary ways of teaching and learning? OL ta\v machines at a time.
is this marginal use of computers in schools a sign

of steadily growing acceptance of the newg

technologies and that, within time, most classy,ier may help make the scenario vivid. Consid-

rooms will become more machine-friendly? o\ firt 4 productivity-driven version of the scenar-
These questions ask about the future so | wﬂjo that emphasizes, in a phrase favored by

sketch out three scenarios of what might be 1 dvocates “instructiénal delivery systems.”

years from now. Each storyline is plausible an ’ _ -

has substantial evidence to support it. After de- A student would take his paper to a writing

scribing each 1 will pick one that | believe is likely ~ Center where he would be asked by a terminal to
to be dominant a decade from now. type his name, his teacher’s name, and the title

of his paper. Having done this, the computer
screen will then ask him to input the first symbol
THREE SCENARIOS that the faculty member has written on his paper.

[ The Technophile's Scenario: Here the student might type CS or rule #42, and

. the screen would say, ‘John, this is the third time
Electronic Schools of the Future, Now you have missed a comma splice. In your papers

A decade from now schools will have enough ma- entitled ‘My Most Embarrassing Moment’ and
chines, software, accessories, and wiring to ac- ‘An Analysis of Two Poems by Emily Dickin-

Two examples of the technophile’s vision in-
pired by mixes of the three impulses described

12The School AdministratpMay 1989, between pages 15 and 18.

13What I call “technophiles” Thomas P. Hughes calls “technological enthusiasts.” His study of American inventions and growth of systems
for using technology (electrical industries, manufacturing, etc.) between 1870 and 1970 makes clear that the present moment of vibrant hope for
the future that technophiles aspire to is part of a larger enthusiasm that is typically American. See Thomas RrikrglaasGenesis: A
Century of Invention and Technological Enthusigilew York, NY: Viking, 1989).
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son’ you had comma splices, and you have not
yet mastered what a comma splice is. | am going
to explain it to you once again, give you some
drill and practice until you have mastered it, and
urge you not to make this mistake again. . . .’

At the end of each instructional period in the
computer center, a list will be given to the teach-
er which divides the students into various group-
ings of approximate ability as of that day. Thus
the teacher will be able to work individually
with groups that are quite close together back in
the classroom. The [computer lab] managers
will also generate individual seatwork on a high-
speed printer that the students can take back to
their rooms with them. Thus, while some may be
working with teachers in individual groups, oth-
ers might be doing individualized seatwork with
problems generated to their precise level at that
moment. . .14

Other technophiles offer neoprogressive flights
into the future to dramatize how new technologies

'Yes, sir, | sure am! Laura relaxed as she be-
gan to talk about her projects . ‘I'm inter-
ested in long-range weather planning and its
implications on international relations .’
Laura handed Mr. Martin her disk as he acti-
vated the laser wall display. As the images of her
data began to appear, she described in detail the
steps she had taken in the completion of her pre-
diction simulation. . .

'Well, Laura, you've done a good job. Tell
me about some of your other activities in
school.’

‘| did my first rotation when | was eight. It
was at the Materials and Manufacturing Cluster.
We compared the differences between bread
baked in a bakery and bread baked at home. Boy,
did we eat a lot of bread!” Laura showed Mr.
Martin the IBM floppy disk that she had kept all
these years . .

Laura left the interview with a good feel-
ing. ... She knew he appreciated her computer
skills. She just hoped he looked at the hologram

can create student-centered schools. One examplegg he could see all the other things she had

will give a distinct flavor for this version of the

scenario. In this instance, a high school senior

donel5

a job at a TV station.
She looked through her portfolio for the hun-

Maintaining While Improving Schooling

In this scenario, policymakers and administrators

dredth time. She hoped she had everything that ,;t computers and telecommunication technolo-

she needed and that the battery on her notebook
computer held up. She had her early work from
the other clusters too. She had even brought her
ID disk, in case Mr. Martin wanted her to see the
hologram that showed the paths she chosen to
reach Mastery [in the curriculum].
‘Come onin, Laura. . ." Laura sat nervously

on the edge of the chair next to Mr. Martin.
“Well, Laura, how are you? Are you ready to

gies into schools largely to improve productivity
but not to alter substantially existing ways of orga-
nizing a school for instruction. While some teach-
ers and administrators use these technologies
imaginatively and end up being profiled by the
media, most uses are fitted by teachers to the dura-
ble grammar of the classroom and school.

The vision buried within the preservationist’'s

show me what you've accomplished?’ story is one of schools continuing to do for society

14pustin Heuston, “The Future of Education: A Time of Hope and New Delivery Systems,” unpublished paper, WICAT systems, Orem, UT,
1986, cited in Royal Van Horn, “Educational Power Tools: New Instructional Delivery Systems” Ph{ &gt March 1991, pp. 527-533,
guote is on p. 533.

15 pDraft of Texas Technology Model for 2061 Projeld@91, pp. 2-4; For another example of older students using technologies in an early
21st century “school,” see Christopher Dede, “Imaging Technology’s Role in Restructuring for Learning,” in Karen Sheingold and Marc Tuck-
er (eds.Restructuring for Learning and Technolo@¥ew York, NY: Center for Technology and Education, Bank Street College of Education,
1990), pp. 51-52.
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what they have historically done: pass on prevailsteady but very slow movement towards funda-
ing values, and accumulated knowledge to thenental changes in teaching and schooling. Advo-
next generation, improve ways of teaching andates of this scenario see it occurring slowly but
learning the prescribed curriculum, sort out thosénexorably, much like a turtle crawling towards its
children who achieve academically from thosepond. Itis slow because schools, as organizations,
who do not, and give taxpayers as efficient gake time for their teachers to learn how to use
schooling that can be bought with available fundscomputers to guide student learning. It is inexora-
Skepticism towards major changes, hammereflle because, as Allan Collins says, “[T]he nature
out of these traditional aims for schooling, leadsf education must inevitably adapt to the nature of
to adding-on to what exists ndW. work in society.”8

Much evidence makes this scenario plausible. Here again appears reformers’ productivity-
Some examples: mandating computer literacy agriven dream of efficient machines freeing
another graduation requirement; adding computestudents from the tedium of traditional teaching—
science courses to the curriculum; creating combut in this scenario enthusiasts for faster, better,
puter labs where teachers bring their classes; plagnd cheaper instruction and learning need to be ul-
ing one computer in each classroom; buyingra-patient. A competing neoprogressive picture
software that is part of a textbook adoption; final-of the future also rests within this story: schools
ly, a school buying an integrated learning systemgan become small learning communities where
(ILS) that centralizes daily math and reading lesstudents and adults teach one another through a

sons for_each student with results of the studentgjeliberate but slow application of technologies to
work being reported the next day. schooling.

In this scenario, computers and other forms of There is some evidence for this scenario.

technology are seen as important but peripheral titroducing a half-dozen computers into a class-
the main business of teaching students. The resiom or creating micro-computer labs, over time,
is that new technologies reinforce what schoolgters how teachers teach (e.g., they move from

have done for over a century. teaching the entire class as one group to using
. L . small groups and for example, David K. Cohen,
[J The Cautious Optimist’s Scenario: “Educational Technology and School Organiza-
Slow Growth of Hybrid Schools tion,” in Raymond Nickerson and Philip Zodhi-
and Classrooms ates (eds.)Technology in Education: Looking

In this scenario, cautious optimists believe thaffoward 2020(Hillsdale, NJ: Lawrence Erlbaum
putting computers into classrooms will yield aAssociates, 1990), pp. 231-264. Cohen examines

16 The essays of David K. Cohen describe well this scenario. He has analyzed elegantly why electonic technologies are marginal to the
conduct of schooling. See, for example, David K. Cohen, “Educational Technology and School Organization,” in Raymond Nickerson and
Philip Zodhiates (Eds.) Technology in Education: Looking Toward 2020 (Hillsdale, NJ: Lawrence Erlbaum Assosiates, 1990), pp. 231-264.
Cohen examines the fit between innovative technolieges—in general—and the scarcity of incentives for changes within public education. Hls
emphasis on the social organization of the school mirrors my own and has enriched my anlaysis. Also see David Tyack and Elisbaeth Hansot,
“Futures That Never happened: Technology and the Classrdesucation WeeglSept 4, 1985, p. 40. My first foray in this subj@eachers
and Machinesoffered an argument and evidence for this scenario also. Brian Winston makes the preservationist’s point by his “law of suppres-
sion of redical potential.” A new technology that can substantially alter organizational routines and practices, he argues, is viewed by members
of an organization as a way of accomplishing more easily and efficiently what thay are already ddifiguSeerstanding Medi€Cam-
bridge, MA: Harvard University Press, 1986).

17 power On! op. cit., footnote 2, pp. 201-202.

18 Allan Collins, “The Role of Computer Technology in Restructuring Schools” in Sheingold and Resiucturing for Learning with
Technologyop. cit., footnote 15, p. 36.
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the fit between innovative technologies—in gen-and student-centered instruction, proliferate in
eral—and the scarcity of incentives for changethis scenariol®

within public education. His emphasis on the so- Hybrids also can be found in individual teach-
cial organization of the school mirrors my owners working alone in their classrooms. Teachers
and has enriched my analysis. Also see David Tyreport how they wove computers into their regular
ack and Elisabeth Hansot, “Futures That Nevework with students:

happened: Technology and the Classroom,” Telecommunications has helped studentsin my
Education WeelSept. 4, 1985, p. 40. My first for- French classes use the language they are learning
ay in this subject, Teachers and Machines, offereith a meaningful context. We have written collabo-
an argument and evidence for this scenario als@ative stories with students in other schools, ex-
Brian Winston makes the preservationist's pointthanged ideas on pollution and the French
by his “law of suppression of radical potential.” A Revolution with students in France, participated
individualized options) and how students learnin an international conference based in Paris, and
(e.g., they come to rely upon one another andonsulted French travel databases in the French
themselves to understand ideas and to practiddINITEL. . . .20

skills). In schools where the numbers of comput- Now, which of these scenarios is likely to oc-
er-using teachers and hardware reach a criticalur, that is, has a 75 percent chance of happening
threshold, different organizational decisions gein most schools across the countdy?

made. Teachers from different departments or

grades begin to work together and move towardg@/HICH IS THE LEAST

changing the regular time-schedule. Schoolwidg |KELY SCENARIO?

decisions on using technologies become routinegy,
as do decisions on nontechnological matters. Hyg,
brids of the old and the new, of teacher-centered

e least likely scenario is the electronic school of
e future. While such schools will be built, they

19 Denis Newman, “Technology’s Role in Restructuring for Collaborative Learning,” (Paper presented to the NATO Advanced Research
Workshop on Computer Supported Collaborative Learning, Maratea, Italy, September 1989. David Dwyer’s work at Apple Computers in re-
searching and evaluating Apple Classrooms of Tomorrow (ACOT) has yielded a number of studies, in particular, schools that support this neo-
progressive vision of teaching, learning, and slow change in organizing of instruction. See Jane David, “Partnerships for Change,” ACOT Re-
port #12, Apple Computer, Inc., Cupertino, CA, 1992; Robert Tierney, Ronald Kieffer, Laurie Stowell, Laura Desai, Kathleen Whalin, and
Antonia Moss, “Computer Acquisition: A Longitudinal Study of the Influence of High Computer Access on Students’ Thinking, Learning, and
Interactions,” ACOT Report #16, Apple Computers, Inc., Cupertino, CA, 1992.

A hybrid of neoprogressive and behavioristic influences can be seen in recent generations of ILSs. One of the most sophisticated that | have
seen (as of 1992) is RAMA 3, a multi-subject computer-assisted instructional program for grades 1-8 created at the Center of Educational
Technology in Tel Aviv, Israel. Earlier versions of the ILS are being used by over 100,000 students, or almost 10 percent of the total school
population. The system not only includes powerful computers and software programs but printed booklets, continuous staff development for
teachers, and a large maintenance department. See Luis Osin, “A Computerized Learning Environment Integrating Prescribed and Free Student
Activities,” Proceedings of the East-West Conference on Emerging Computer Technologies in Education, Moscow, April 1992; Centre for
Educational Technology, “Annual Report,” November 1992, Tel Aviv, Israel. Also see Trish Stoddart and Dale Niederhauser, “Technology and
Educational ChangeComputers in Schoo(2/3) 1993, pp 5-22.

20Karen Sheingold and Martha Hadley, “Accomplished Teachers: Integrating Computers into Classroom Practice” (Center for Technology
in Education: Bank Street College of Education, September 1990), pp. 1, 13.; Also see Decker Walker, Bruce Keepes, and George Chang,
“Computers in California High Schools: Implications for Teacher Education,” (unpublished paper, 1991) and their designation of teachers who
were “pioneers.”

21 As | said earlier, “predicting” walks the thin line between risk and foolishness but, for purposes of prodding discussion, | will do so. In
doing so, | assume that no major political, economic, or social trauma dramatically alters popular perceptions about the expected role or orga-
nization of schools in this culture. Were a serious political upheaval in the national government to occur, a severe economic depression, or grave
urban disturbances requiring sustained military intervention, popular views of what schools ought to do would probably alter and calls for fun-
damental changes in the purposes and organization of schools would ensue. Under such conditions, the notion of “likely scenarios” would be
foolish.
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will remain exceptions and, in time, will probably trators found that the machinery was either unused
disappear as the next generation of technology, irby teachers, obsolete, or could not be repaired af-
variably cheaper and improved, comes of ageter breakdown32
Thus, although such schools exist now, | find it These reasons suggest strongly that districts
unlikely for two reasons that they will spreadwill be reluctant to make major investments in
within districts or to most other schools. new hardware beyond a model program or demon-
First, technophiles typically underestimate thestration school. Thus, the technophile’s scenario
influence of the age-graded school organization iiis least likely to occur.
shaping teachers’ workplace routines. Further-
T i e boue of s00b°HOW LIKELY ARE THE
important functions in society. Beliefs that teac“%ﬁ?ﬁ?%@é%ﬁf&égg CAUTIOUS
ing is telling, learning is listening, knowledge is :
subject matter taught by teachers and books, anthe other two scenarios are most likely to occur
the teacher-student relationship is crucial to anyut there are important differences between them.
learning dominate much popular and practitioneBoth are basically the same story of modest com-
thinking. Most parents expect their schools to reputer use in schools, but each scenario stresses dif-
flect those centuries-old beliefs. ferent facts and, from them, derives entirely
In not paying much attention to the age-gradedlifferent meanings.
school, technophiles fail to see how this century- Preservationists argue that schools are durable
old form of school organization shapes classroonstitutions, taking any new technology and tai-
practice with its self-contained classrooms sepaoring it to fit millennia-old social beliefs about
rating teachers from one another, a curriculum dithe nature of teaching, learning, and knowledge.
vided into segments of knowledge and skillsThus, when IBMs and Apples appear in schools
distributed grade by grade to students, and they get drafted to continue what is deemed im-
schedule that brings students and teachers togetpertant. Even when a few teachers creatively use
er to work for brief periods of time. These struc-computers, preservationists acknowledge such
tures, profoundly influencing how teacher teachpioneers but see them as mutants, exceptions far
how students learn, and the relationships betwegiemoved from the evolutionary trajectory of
adults and children in each classroom are especidkchnology in schools.
ly difficult to alter after a century of popular and  Preservationists also point out how the popular
practitioner acceptance. Because of these factordge-graded school not only persists through re-
school practitioners have learned how to tailoform after reform but offers many advantages for
technological innovations to fit the contours of thea democracy seeking to educate millions of stu-
age-graded school and the self-contained classients from diverse backgrounds. Such schools
room. For the most part, technophiles disregarthave moved wave after wave of immigrants
these beliefs and organizational traditions. through a system with much-admired efficiency,
Second, previous experiences of instructionapreservationists argue. Such schools have learned
television, language laboratories, and proo customize technological innovations to fit the
grammed learning in the 1960s and 1970s suggesontours of the age-graded school and its self-con-
caution to policymakers. Districts built new tained classroom. Thus, this scenario will contin-
schools, purchased and installed hardware fawe for the immediate future, given the power of
those technologies. In less than a decade adminisecial beliefs and organizational forms.

22 Cuban, op. cit., footnote 1, pp. 27-50.
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Cautious optimists, however, reinterpret theof teacher-centered and student-centered instruc-
same facts, giving them a breezy, sunny-day spitiion that optimists point to with pride reveal teach-
The optimists’ version of the story displays muchers working differently with their students, more
patience with the time that it will take to make as coaches and helpers, and, in doing so, ever so
schools technologically modern. Conceding thaslightly altering school structures.
there are many instances of technologies being Finally, optimists know that schools adapt ev-
used to reinforce existing practices, optimists shifery innovation to fit organizational imperatives,
their attention to the slow growth of technologicalbut they also know that administrators and teach-
hybrids, those creative teacher mixes of the ol@érs have brought new technologies into class-
and the new in schools and classrooms. rooms after putting their fingerprints on them.

Optimists point to hybrids of teacher-centeredThese practitioner-made hybrids are instances,
and student-centered instruction and see them aptimists argue, of the power of practitioners to al-
the leading edge of an evolving movement—rathter their circumstances and make students grin
er than mutants—that eventually will bring rather than groan over school work.
schools more in sync with the technological
imperatives of the larger society. These hybrids of(y\HICH SCENARIO IS MOST LIKELY?
teacher-centered and student-centered instructiong g e that the preservationist's scenario will con-
the optimists say, are early signs of the near and Vi e in the immediate future for high schools, and
tal future, not instances of powerful machines bege cautious optimist's scenario will emerge for
ing used for trivial purposes. Thus, the currengiementary schools. My evidence for both scenar-
reasons for the fumbling incorporation of high-ios occurring at different levels of schooling
tech machinery mtp schools—e.g.,_ not enf)ugf}jerives from how schools are organized for
money to buy machines, teacher resistance, inadgysiryction at the two different levels and my stud-
quate preparation of teachers, and little adminisigg of how teachers have taught over the last centu-
trative support—gradually will evaporate as the,,
hybrids slowly spread and take hold. Itis an evolu-" p pjic elementary and secondary schools differ
tionary scenario using a clock that measures titharkedIy in the complexity of content students
by decades rather than years. - _ face in classrooms, teachers’ formal training, al-

If preservationists assume the familiar realitie§ycation of time to instruction, and external ar-
of popular beliefs about schooling and age-gradeghngements imposed upon both levels from other
schools as permanent and make straight-line prgsiitutions23
jections into the future, prudent optimists recog- cnildren in elementary grades learn basic ver-
nize that these familiar realities continually bal, Writing, reading, and math skills. Content is
undergo imperceptible changes. They acknowlgecondary and often used as a flexible vehicle for
edge that the age-graded school needs to be trangz ching skills. But in the upper grades of elemen-
formed into a more flexible, ungraded, (41, school, and certainly in high school, not only

collaborative organization. They see it occurringyre more sophisticated skills required of students,
steadily albeit at a glacial pace. All of the hybrids

23 Note that | use the phrase “secondary schools.” In doing so, | refer to both middle (or junior) and high schools. | draw sharp distinctions
between elementary and high school because the structures, roles, and teacher cultures are obviously different. For those middle schools that
have embarked on fundamental changes, i.e., eliminated departments, created interdisciplinary teaching teams, teacher advisers, and large
blocks of time where students and teachers work together, then they have recreated an elementary-like school. For such middle schools, what |
say about elementary schools applies. Many middle schools, however, have adopted only one or two of these reforms and still resemble a junior
high school or a miniature version of senior high school. Such places, then, would be counted in my analysis of high schools. See Larry Cuban,
“Why Reforms Last: The Case of the Junior Highrfierican Educational Research Journsimmer 1992.
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but these skills are embedded in complex subjegiressures on teachers and students derive from
matter that in and of itself must be learned. Litermeeting the demands of Carnegie units, College
ary criticism, historical analysis, solving ad- Boards, Scholastic Aptitude, Advanced Place-
vanced math problems, quantitative analysis inment, state and national standardized achieve-
chemistry—all require knowledge of complex ment exams, certifying agencies, and other
facts and their applications. High school teachersxternal constraints.
therefore, university-trained in subject matter, While some urgencies press teachers and stu-
often turn to didactic methods because conteridents in the lower grades, especially in getting stu-
often drives classroom teaching practices. dents ready for the upper grades, flexible
Also, student and teacher contact time differesponses are possible. Grades (e.g., fourth and
markedly at both levels. While the self-containedfifth) can be merged. Groups within a class can in-
classroom remains the dominant form of deliver<lude a range of ages and performance. Whole
ing instruction at both levels, elementary schoodays and even weeks can be set aside for special
teachers generally spend five or more hours witltoncentration in academics or other events. Not so
the same 25 or more students. They see far mone high schools.
of a child’s strengths, limitations, capacities, and These four structural differences—emphasis
achievements than a high school teacher who sees subject matter, teachers’ prior training, contact
five groups of 25 students less than an hour a dagime, and external pressures—may well account
Over a nine-month school year, the elementaryor why | found many shifts in elementary school
school teacher sees her 25 children nearly 1,00@aching practices and fewer changes in high
hours; a high school teacher sees 125 studengshool classrooms.
about 200 hours in class during the year, or about My research into how high school teachers
one-fifth of the time that elementary school col-have taught subject matter since the 1890s clearly
leagues spend with pupils. Contact time becomesupports the preservationist's story. High school
an important variable in considering organizationteachers, bound by a social organization of
al issues of grouping, providing individual atten-instruction that includes teaching two or three dif-
tion, varying classroom tasks and activities, anderent subjects and seeing 150 to 200 students dai-
rearranging furniture. ly in five or more 50-minute classes, have created
In elementary schools, tpetentialto make or- a durable, practical pedagogy that researchers
ganizational changes in these and other areas lisve documented consistently in English, history,
present because the teacher has more contact timgience, and math over the last centdry.
with the same children than high school teachers In elementary school classrooms, | also found
do with their students. Whether such changes o®vidence of this practical pedagogy but | also
cur in the lower grades is, of course, an entirelfound strong evidence of substantial changes in
separate issue, but the organizational difference iteaching practices that resembled the hybrids that
allocation of instructional time allows for changesoptimists identified. | found, for example, that in
in elementary school classrooms. the 1890s, the one form of grouping for instruc-
Finally, external pressures from accreditingtion in both elementary and secondary school
associations, college entrance requirements, aradassrooms was teaching the entire group of stu-
job market qualifications have a far more directdents at the same time; within three decades, un-
unrelenting influence on high schools than onder the insistent pressure of progressive educators,
lower grade classrooms. In the high school, strong

24 CubanHow Teachers Taughtp. cit., footnote 6; Also see Ernest Boy#igh Schoo(New York, NY: Harper and Row, 1983) Theodore
SizerHorace’s Compromis@Boston, MA: Houghton-Mifflin, 1984), and Arthur Powell, Eleanor Farrar, and David C®herghopping Mall
High SchoolBoston, MA: Houghton-Mifflin, 1985).
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newer forms of grouping began to appear in eleeal hybrids slowly changing the conduct of
mentary schools to teach reading and math. Achooling?®
growing array of instructional materials made it The point that | wish to make is that how the
possible for teachers to tailor teaching to studerdge-graded school is organized for instruction at
differences. A century later, elementary schoothe two levels determines to a large degree which
teachers routinely use a mix of whole-group,scenario will most likely occur. The preservation-
small group, and individual options in their class-ist's scenario is most likely in high schools where
rooms. While some high school teachers do usacademic subjects reign, teachers’ training was in
varied groupings in their classes, dominant pracelisciplinary content, and the number of classes
tice remains teaching the entire whole group foand students teachers teach remain high. The cau-
fifty-minute periods. tious optimist’s scenario is more likely to occur in
Also teachers’ repertoire of classroom practic-elementary schools where organizational differ-
es have broadened over the last century. In thences make shifts in practice possible and where
1890s, lecturing, using the textbook, questionindhybrids of teacher-centered and student-centered
students on what they know, assigning homeinstruction have, indeed, evolved slowly over the
work, and tests were the primary tools of the clasdast century®
room teacher. A century later, these tools persist There are, however, emerging national policies
as standard practice in secondary school acadentitat may influence both the pace and direction of
subjects. In elementary schools, however, thatese scenarios materializing in the 1990s. One is
teaching repertoire has expanded with the addihe current movement (and legislation) for nation-
tion of visits to community institutions, new ma- al goals, standards, and testing. If the movement
terials and technologies. While field trips, films, continues its momentum, especially in its con-
videocassettes, television, and computer labs magentration on national examinations with strong
not yet be mainstays of most classroom instruceonsequences for individual students’ futures and
tion, they testify to the slow growth of instruction- school funding, the movement may largely chan-
al hybrids. Such instances of changes imel new technologies to fit existing patterns of
classroom practice provide additional evidencdeaching and learning because what fuels the drive
for the cautious optimist’s scenario of technologi-

25CubanHow Teachers Taughop. cit., footnote 6, pp. 135-136; 199-200.

26 One way to assess this prediction of what will occur in high schools, for example, is to compare the penetration of computers into college
and university classrooms. High school teachers are much closer to college professors in their training and allegiance to subject matter than
elementary school teachers. Hence, one would expect, given my interpretation, that professors would use computers for their classroom teach-
ing about as much as high school teachers, which would be less than elementary ones.

While there is much evidence that individual professors across most disciplines, including the humanities, have adapted with gusto the use
of the computer for their writing (as word processors), research (for statistical analysis), and communication (e-mail, internet bulletin boards)
there is much less evidence that in their weekly teaching the presence of the computer has altered traditional lectures or seminars. See Donald R.
McNeil, “Technology in College: Where Is the Impacttie Chronicle of Higher Educatipdune 7, 1989, p. A44; Robert Jacobson, “As
Instructional Technology Proliferates, Skeptics Seek Hard Evidence of Its VEhegChronicle of Higher EducatipMay 5, 1993, p. A27.Ina
survey of its 32,000 members, the Modern Language Association found extensive computer usage among its English and foreign language
professors in preparing manuscripts (95 percent) and routine correspondence (84 percent). Almost 80 percent said they used the computer to
prepare teaching materials. But there was no category for responses of whether professors used computers in classroom instruction—an amaz-
ing omission. Se€he Chronicle of Higher EducatipApr. 21, 1993, p. A27. Stanford University Professor Patrick Suppes, an early advocate of
computer-assisted instruction in the 1960s and a teacher whose courses in logic and math were taught wholly by computer in the 1970s and
1980s answered a reporter’s question about the future impact of the machine on teaching at Stanford by saying it would be “substantial over the
next half-century.” When the reporter expressed surprise at the length of time, Suppes replied: “[T]he actual structure of universities is extraor-
dinarily conservative.” The Stanford Univers@@ampus Reportlan. 12, 1994, p. 4. In short, for all the organizational and governance differ-
ences between colleges and high schools, there is a striking similarity in the limited use of computers in both sets of classrooms.
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toward national goals, standards, and testing is thEhe most likely scenario is the one predicting
lure of increased student productivity. Concentraslow but dynamic changes in both teaching and
tion on quantitative standards reinforced by highschool structures that will occur as more hybrids
stake test results usually diminish practitioners'of old and new forms of instruction are merged
appetites for taking risks in classroom and schoakith the next generation of computers. Those
innovations. My guess would be that continuecchanges will seem glacially slow to impatient re-
national pressure would bolster the preservationformers but, perhaps, just the right pace for those
ist's scenario forboth elementary and high aware of the complexities of changing unique

schools, while limiting innovations in informa- places called schools.

tion technologies that might not meet the standard

of higher test scores such as the ones pushed %PENDIX E REFERENCES

neoprogressive reformers.

SUMMARY
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learning, and proper knowledge are and how
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There are at least three plausible stories for6.
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