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#Collins and Halverson offer a bold vision for bringing schools into the digital age—
and for how technology can promote education beyond the schools.”
—Adam Gamoran, dean of the University of
Wisconsin-Madison School of Education

“School is a troubled concept; Collins and Halverson are very clear about why and
what we can do about it.”
—Roger Schank, former professor at Yale and Northwestern, and author
of Tell Me a Story and Lessons in Learning, e-Learning, and Training

“Drawing on their decades of research in and out of schools, Collins and Halverson
develop a penetrating and sweeping analysis of how technology is creating new
challenges and opportunities for education today. A must read for parents, educa-
tors, or scholars interested in preparing future generations for this technology-soaked
world.”
~_Kurt Squire, University of Wisconsin-Madison, author of
From Content to Context: Videogames as Designed Experience

“Rethinking Education is a tour de force. The authors cover wide terrain yet manage
to synthesize their materials both broadly and deeply, providing sweeping (some-
times breathtaking) insights into the current predicament of education—the veri-
table tug-of-war being waged between the technology-rich everyday life of the
digitally privileged and the backward-leaning industrial model of learning we call
schools. I recommend this text for anyone serious about education not just as a topic
in history, but also as an aspiration for future generations: education and sociology
scholars, teachers, parents, designers, and lifetime learners themselves. Collins and
Halverson may very well be the new ‘Horace Mann’ for today’s increasingly glo-
balized, networked, diverse ‘flat’ (Friedman) world.”

—Constance Steinkuehler, University of Wisconsin-Madison, author of
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“Rethinking the nature of education as it may blossom and grow outside of schools
for all learners and throughout a lifetime is one of the central design challenges of
our new century, In their charting of a dawning second educational revolution,
Collins and Halverson illuminate how the values and opportunities of deeply social
designs for technologies should and will expand learning environments beyond

mainstream concepts of “schooling’. Anyone who cares about education should read

their book.”
—Roy Pea, Stanford University, and author of
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Foreword

Before the industrial revolution, much of our education occurred at
home or in schools that were often nothing more than one-room school
houses. Teaching had not become a profession, and learning was a bit hap-
hazard. I am nostalgic perhaps, but I find the notion of the one-room school-
house still intriguing and, ironically, suggestive of what learning in the
networked age of the 21st century could more closely resembie than the
schools of the industrial age.

In a typical one-room schoolhouse the students were both teachers and
learners. Part of the time students “taught” those in the grade below and
part of the time they learned from those above. The teacher, since she or
he had all class levels together, couldn’t really instruct as teaching is thought
of today. She had to be an orchestrator of small learning communities—
kids learning together from and with each other—and as such, learning
was social, not didactic. As is well known, there is no better way to learn
something than by teaching or explaining it to someone else.

The rise of the industrial revolution along with vast immigration to
America put new demands on education. Since factories were the new order
of the day, a factory-like form of education developed, staffed by profes-
sional teachers, which could scale and provide universal education. Edu-
cation became systemized. This factory model of education actually worked
relatively well in a world where change wasn’t constant and skills learned
could be applied for a lifetime.

But, in today’s world, one of accelerating change, in which many skills
become obsolete nearly as fast as they are learned, both schooling and learn-
ing are under siege. The factory model is struggling and the computer-
based instructional technologies that showed such promise never really
lived up to our expectations. If we shift our focus, however, from teaching
to learning as well as from instruction to productive inquiry, the new so-
cial media and social networks start to allow a large-scale form of peer-
based, social learning for the world of today’s students. I am not saying
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that this kind of learning will replace schooling, but it does allow new forms
of both formal and informal learning to emerge around the edges of for-
mal schooling. Productive inquiry is now more possible than ever. What-
ever your particular interest is, there is some niche community already
formed on the network that you can join. The Internet provides a nearly
infinite set of resources, in many languages, both visual and textual, to
explore. These resources not only provide facts. They are also tools you
can use to build things to tinker with, to play with, to reflect on, and to
share with others. And most importantly, you will learn from other peoples’
comments and from what they do with your creations.

I predict that these learning “edges” will cluster around the core of
formal schooling, both informing and influencing each other, producing a
form of co-evolution. With luck, from this interplay we will see a new cul-
ture of learning emerge, one that will set the foundation for learning in the
21st century, or as this book beautifully details, the second educational
revolution.

John Seely Brown
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Preface

| have not even intended to judge whether this social revolu-
tion, which | believe to be irresistible, is advantageous or di-
sastrous for mankind. | have acknowledged that this revolution
is already accomplished or about to be so and | have chosen
among those people who have experienced its effects the one
in which its development has been the most comprehensive
and peaceful, in order that | may make out clearly its natural
conseguences and the means of turning it to men’s advan-
tage. | confess that in America | have seen more than America
itself; | have looked there for an image of the essence of
democracy, its limitations, its personality, its prejudices, its
passions; my wish has been to know it if only to realize at
least what we have to fear or hope from it. (de Tocqueville,
pp. 23-24)"

Like de Tocqueville, we set out to describe an American revolution. It
is the second educational revolution to occur in America, following almost
200 years after the revolution that took us from apprenticeship to univer- -
sal schooling. It is brought on by all the new technologies that have been
invented in recent years and it brings a challenge to schooling as the major
venue where learning occurs. The revolution is by no means a finished
work, just as democracy in America was not a finished work in 1831 when
de Tocqueville visited America. Again like de Tocqueville, we try to look
at this revolution with all its challenges and its promise. The revolution is
advancing globally, but America appears to be at the leading edge, just as
it was during the democracy revolution.

Who will benefit, ultimately, in the aftermath of this revolution? In
America there is a commercial push to sell educational products to

il
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consumers who are looking for an edge up in the race for success. This
means that technological products and services are popping up all over
the American landscape. Education, once viewed as a public good with
equal access for all, is now up for sale to those who can afford specialized
services and computer programs.

The trouble with being in the vanguard of such a revolution is the
problem it causes for people who are unable or unwilling to cope with
the changes. As America stumbles ahead, new inequities and commer-
cialization are creeping into the education system. Because of increasing
disparities in income, we are seeing technological advantages to the
wealthy that exacerbate their social and cultural advantages, which were
already so apparent.

We have been advocates for advancing the use of technology in schools
but this book is about how we see the very definition and experience of
education radically changing under the pressure of a developing techno-
logical infrastructure. We recognize our biases from working as foot sol-
diers in the transformation of education in America, but we have stepped
back from them in this book to take a big picture view.

We think schools have served America and the world very well. We
greatly admire the teachers who have dedicated themselves to helping
children from different backgrounds learn and thrive in a changing world.
Schools have made invaluable contributions to the world’s development,
and we think they will continue to do so well into the future.

However, we think it is time that educators and policymakers start to
rethink education apart from schooling. Education is a lifelong enterprise,
while schooling for most people encompasses only the years between ages
5 and 18 or 21. Even when students are in school, much of their education
happens outside of school. We all know that technology has transformed
our larger society. It has become central to people’s reading, writing, cal-
culating, and thinking, which are the major concerns of schooling. And yet
technology has been kept in the periphery of schools, used for the most
part only in specialized courses.

We argue that there are deep incompatibilities between technology
and schooling. Thus, it is no surprise that technology’s main impact on
learning is occurring outside of school. In consequence, we believe that
policy leaders must rethink education both inside and outside of the
school context.

The central challenge is whether our current schools will be able to

| adapt and incorporate the new power of technology-driven learning for
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the next generation of public schooling,. If educators cannot successfully
integrate new technologies into what it means to be a school, then the long
identification of schooling with education, developed over the past 150
years, will dissolve into a world where the students with the means and
ability will pursue their learning outside of the public school.



How Education Is Changing

We have all heard the stories about how education is changing:

The parents of a young mathematical whiz decide that he is not getting
anything out of school. So they decide to teach him at home while letting him
take gym classes in school. A retired engineer from AT&T is enlisted to
introduce him to the wonders of educational software. He introduces the kid
to many different software programs, such as Geometer’s Sketchpad and
Mathematica, where the kid can push his mathematical knowledge to the
limits. When he grows up, he represents the United States in the Mathematics
Olympiad.

Seymour Papert, a technology visionary, tells the story of how when his
grandson was 3 years old, he developed a passion for dinosaurs. So his parents
bought him lots and lots of videos about dinosaurs. He watched them over and
over. As Seymour put it, “Before he could read, he learned much, much more
about dinosaurs than I will ever know!”

| ‘ A mid-career employee in an insurance firm is told by her boss that she would be
a candidate for advancement to a managerial position if she got an MBA. So she
decides to work for a master’s degree at the University of Phoenix, an online
university that now has more than 100,000 students. She works on courses at
night and, after 2 years, completes her MBA degree, which enables her to move
into management.

Michele Knobel tells the story of a teen whose passion is to make “animé music
videos.” He participates actively in the AniméMusicVideo.org web community,
where he learns programming skills from fellow members. He is gaining

ik something of a following online, as shown by the high number of YouTube
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views of his “Konoha Mewmory Book,” remixed by animating music with scenes
from the Japanese animé Naruto. The skills he is learning prepare him for
careers in the digital and recording arts.

Korean teens flock to Internet cafés in order to play online games such as
Lineage. They fuel a lucrative virtual economy, practice virtual trades, and
engage in clan-based warfare. The South Korean government grows concerned
when Lineage clan conflicts spill over into real-life sireet fighting.

Brigid Barron tells the story of a boy named Jamal in Bermuda, who got excited
when he took a computer science course in high school. He read several books on
web design, and corresponded with one of the authors over the Internet. After
he completed the course, he decided to start a business called Dynamic Web
Design. An adult friend offered to share his office, and so Jamal designed a web
page for him. The friend thought Jamal had real talent and encouraged him to
pursue his business dream.

A teenager drops out of high school because he is bored with school. He
decides to get various accreditations from Microsoft and Cisco, so that he can
work as a computer programmer. He goes online to take courses that will
prepare him for the accreditation exams, which he passes. These enable him to
get a job in the programming department of a large bank in his city, where he
studies the banking business from software modules that the bank developed
for its employees.

A retived accountant decides to study painting after she retires, which she has
wanted to do since she was young. She studies art through a correspondence
course and takes up painting on her computer using a paint program she
discovered through her course. After a couple of years, she is turning out
beautiful computer paintings, which she thinks might be worth selling, so she
sets up a web site where she advertises her work for sale to the world.

In his book Next, Michael Lewis tells the story of how a 15-year-old named
Marcus Arnold began giving legal advice on a web site called AskMe.com,
where a variety of self-appointed experts provide answers to questions from
people around the world. The 15-year-old had never read any law books, but he
loved the law and had watched many TV shows involving legal matters. His
answers were straightforward, so people found them more helpful than those by
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the many lawyers on the site. Eventually, he rose to be the top-rated expert on
the legal advice section of the site.

People around the world are taking their education out of school into
homes, libraries, Internet cafés, and workplaces, where they can decide
what they want to learn, when they want to learn, and how they want to
learn. These stories challenge our traditional model of education as learn-
ing in classrooms. These new learning niches use technologies to enable
people of all ages to pursue learning on their own terms.

At the same time, the public schools in America are facing a crisis.
The public is demanding higher standards from K~12 schools with poli-
cies thatlimit the variety of learning opportunities. And communities are
less willing to raise taxes for schools, because a smaller proportion of
households have children of school age. Children raised on new media
technologies are less patient with filling out worksheets and listening to
lectures. Parents worry about a peer culture where drugs and violence
are rampant, where the media market glorifies adolescent celebrities, and
where school learning is belittled. On top of these problems, the best
teachers are leaving high-poverty schools that need them most, because
they can earn more money and respect in other districts or even in other
occupations. Many teachers see little value in spending their time helping
students prepare for standardized tests that they do not think measure real
learning. Taken together, these stresses have pushed most schools to fol-
low practices that reduce learning choices at the same time that technolo-
gies widen options. ‘

Over the course of educational history, the success of universal school-
ing has led us to identify learning with schooling. Passing through school,
from kindergarten to high school to college, has become a badge of suc-
cess for countless Americans. The pervasiveness of schooling leads us to
overlook the fact that the identification of schooling and learning has only
developed in the last 150 years.

We see the question of where education is headed in terms of the sepa-
ration of schooling and learning. We're not predicting the collapse of your
local elementary school. Young people will not be forced to retreat behind
computer screens to become educated. Rather, we see the seeds of a new
education system forming in the rapid growth of new learning alternatives,
such as home schooling, learning centers, workplace learning, and distance
education. These new alternatives will make us rethink the dominant role
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of K-12 public schools in education as children and adults spend more time
learning in new venues.

The clash between schooling and the new technologies is rooted in the
historical emergence of universal schooling in America. The early institu-
tional history of American schooling resulted in a network of durable or-
ganizational practices, such as age-grading, separating elementary and high
schools, and admission and graduation expectations that protect a stable
core of teaching and learning practices. This network has proven amaz-
ingly adaptive in protecting the basic practices of teaching and learning
from changes in population, location, income, or size of school populations.

One chapter of this book provides a brief tour through the development
of public schooling in America to show how the educational system changed
radically during the Industrial Revolution of the 19th century. When people
started working in factories, the existing practices for passing on knowledge,
based on apprenticeship, broke down. The public schools in America were
designed to offer a standard educational program to massive numbers of
students from increasingly nonagricultural families.

In the mass-schooling model, the teacher is an expert whose job is to
transmit that expertise to large groups of students through lecture, recita-
tion, drill, and practice. The curriculum spells out what students are to learn
and in what order, and testing is carried out to determine whether students
have learned what was covered. If students have learned the appropriate
content, they are allowed to advance to the next grade, acquiring as they
advance a record of courses taken and grades assigned. The technologies
undergirding this system are the textbook with its scope and sequence, the

blackboard and overhead projector to support teacher explanations and

display student work, the copier machine to reproduce handouts and
worksheets, and most centrally, paper and pencil for recording and assess-
ing student work. Together these practices and technologies reinforce each
other and lead to an overall conservatism of practice.

Now we are going through another revolution on the same scale as
the Industrial Revolution. It is variously called the Information Revolution
or the Knowledge Revolution, and is fueled by personal computers, video
games, the Internet, and cell phones. While the imperatives of the indus-
trial-age learning technologies can be thought of as uniformity, didacticism,
and teacher control, the knowledge-age learning technologies have their
own imperatives of customization, interaction, and user-control. Knowl-
edge-age technologies emphasize access to allow people to pursue their
own interests and goals. Instead of accessing knowledge through visiting
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physical locations such as schools and libraries, peopie can find informa-
tion on practically any topic and communicate with others wherever they
are. They can also participate in games and activities that provide imme-
diate feedback on their performance. Online, people can control what they
do, who they communicate with, and even who they are.

The Knowledge Revolution has gradually transformed work over the
course of the 20th century. There has been explosive growth in the num-
bers of technical, medical, legal, and financial workers. Shoshana Zuboff
describes how a variety of jobs have changed to become much more
knowledge-intensive.! She describes how the job of pulp mill operators,
for example, has moved from steaming rooms where wood chips are made
into paper to air-conditioned control rooms where the operators have to
interpret what is happening by reading a variety of information displays.
The work has changed from hands-on to inferential, or from concrete to
abstract. Similarly, the job of secretary in many companies has changed
from typing documents for superiors to handling interactions with people
inside and outside the corporation. The job of farmer has changed from
plowing and harvesting to purchasing and operating machinery, carrying
out financial analyses, and marketing different products. The computer-
ization of work puts a premium on skills of accessing, evaluating, and
synthesizing information. Hence, in recent decades, the difference in pay
between college-educated and non-college-educated has been growing.?
To earn a decent wage in the future will require ]ifelong learning and ex-
pertise with information technologies.

At the same time the school system has become more stable, technology-
based learning venues outside of school have been expanding rapidly.
Modern technologies—in particular, video, computers, and networks—
have been changing the ways we produce, consume, communicate, and
think. These are having profound effects throughout the social, economic,
and political spheres of society.

They are having equally profound effects on the ways we learn. If we
look carefully, most of those changes in the way people acquire informa-
tion are occurring outside of schools. Children watch hours and hours of
television, where they can watch everything from Sesame Street to South
Park. The number of parents who are schooling their children at home has
exploded over the last 25 years. More and more parents are sending their
children off to learning centers run by private companies to help their
grades in school or to prepare for college entrance tests.? Home computers
are almost as popular as microwaves and televisions, and in many homes
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children lead the way, showing their parents how to use computers for
gaming, research, and networking,.

As students enter the work world, computers guide their training for
the different facets of their jobs. And they are more and more likely to take
courses at a local college or adult education program or on the web to help
them improve their skills or enrich their lives. Most of these things were
simply not happening in the middle of the 20th century. Technology is
moving education out of schools and into homes and workplaces, pre-
schools and post-schools, after hours and after-after-hours.

There are deep incompatibilities between the demands of the new tech-
nologies and the traditional school. Technology makes life more difficult
for teachers. It requires new skills that teachers often have not learned in
their professional development. Further, the lockstep model of most class-
rooms undercuts the power of the new technologies to individualize learn-
ing. Teachers can feel that the endless amount of information available on
the web undermines their classroom expertise. Much of what students pick
up from the web is of doubtful reliability, and there are few widely accepted
norms for how to evaluate it. Cell phones and video games are seen mainly
as devices that distract students from classroom instruction. At least with
textbooks and structured curriculum, teachers can know what the students
are supposed to be learning. Teachers who embrace new technologies in
their practice are regarded as mavericks, and are often left to seek out pro-
fessional and curricular support on their own. Even as schools rush to in-
corporate technologies into their buildings, the traditional school classroom
is very uncomfortable with these new subversive technologies.

As aresult, schools have kept new digital technologies on the periph-
ery of their core academic practices. Schools often provide computer labs,
tech prep courses, and computer literacy and programming courses to
help students learn about technology, but do not try to rethink basic prac-

* tices of teachlng and" learning. Computers have not penetrated the core

of schools, even though they have come to dominate the way people in
the outside world read, write, calculate, and think. Since these practices
are the bread and butter of traditional education, schools ignore comput-
ers at their peril.

The changes sparked by the Knowledge Revoluhon are neither all good
nor all bad. We see many benefits to the kinds of education that technology
affords, such as the ability of learners to pursue those topics of interest to
them and to take responsibility for their own education. We also see many
benefits in the successful history of traditional public schooling in America,
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which has provided extraordinary access to learning, status, and economic
success for millions of students over the course of the past 2 centuries. But at
the same time the roads to dystopia are also open. In particular, the new
technologies can undermine both Jefferson’s vision of educating citizens who
can make sensible public policy decisions and Mann'’s vision of a society
where everyone can succeed by obtaining a public education. Increasing the
ability to personalize educational opportunities makes it possible for learn-
ers to focus on their own self-interest and glves anatural advantage to those
who can afford the services.

Our fear is that social cohesion and equity inherent in the promise
of public schooling will be undermined by this second revolution. Para-
doxically, technologies that seem to create more opportunities for equity
in learning may well serve to reinforce the widening economic gap. The
challenge of technology-driven learning opportunities rests on the ques-
tion of access. More and more. people with means are able to purchase
the computer technologies that lead to new media literacies. One of the
great promises of the traditional school system was to engage all students
with common learning technologies. The different access in homes lim-
its the abilities of schools to equitably distribute access to new learning
technologies. We hope that by revealing the larger pattern of what is
happening, we will make it possible for society to ward off the dangers
and exploit the possibilities of new technologies.

THE STRUCTURE OF THE BOOK

Chapters 2 and 3 consider the debate between technology enthusiasts
and technology skeptics. We think that the skeptics are correct in that there
are deep incompatibilities between technology and schooling, but that the
enthusiasts are correct in that education must change to stay relevant in the
wake of the Knowledge Revolution. As we mentioned in the preface, wehave
been proponents of technology, and while we consider the skeptics’ points
fully, we also hope to convince readers of the opportunities and. value of
technology in learning. We see the response to the new technologies taking
place mostly outside of schools as they are currently constituted, and we
argue that we need to rethink schooling in the light of the new technologies.

Chapter 4 puts the current debate in context by considering the revo-
‘lution in education that occurred when America moved from an appren-
ticeship-based system to a school-based system. Our argument is that this
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earlier transformation of education was fostered by a number of events,
but it was precipitated by the Industrial Revolution. We are now going
through a social revolution of similar magnitude, the Knowledge Revolu-
tion, which is bringing on another transformation in education toward life-
long learning. In Chapter 5, we discuss the seeds of the new education
system that we see forming around us.

Chapter 6 describes critical differences among the three eras of edu-
cation: the apprenticeship era that preceded the Industrial Revolution, the
public schooling era that is slowly fading from the scene, and the lifelong-
learning era that we are now entering. Chapter 7 considers what may be
lost and what may be gained as we face a new future for education. Chap-
ter 8 describes how schools can best capitalize on the opportunities that
technology affords, and Chapter 9 describes what the educational revolu-
tion means more generally for society. Finally, in Chapter 10, we discuss
the different aspects of education that require rethinking as we move from
an education system centered on schooling to a system where people en-
gage in learning throughout their lives.

In this book, we appear neither as advocates nor opponents of the new
technologies. Rather, we want to observe what is happening, taking a his-
torical perspective on the relation of schooling, learning, and technology.
What will happen to the relation of computers and education is not in any
sense inevitable. In fact, it is at critical times of change that the actions of
particular individuals and groups have the most impact. The advent of the
industrial age opened a window for Horace Mann and his contemporaries
to shape the American education system of today. We again find ourselves
at such a window of opportunity, where there is a battle raging between
conventional and revolutionary venues for learning. There are many edu-
cational visionaries alive today. Not all of their dreams will succeed, but a
few may capture the moment with the right idea and the right approach to
change the future of education.

2

The Technology
Enthusiasts’ Argument

Developments in technologies have often played a critical role in
bringing about social and institutional change. Enthusiasts predict that
the sweeping technological changes experienced in the worlds of business
and entertainment must also take place in schools. Hence, many educators
and technologists have made predictions as to how the processes of teach-
ing and learning will be transformed by the new information technologies.
There are two arguments that technology enthusiasts make as to why new
technologies will revolutionize schooling. One is that the world is changing
and we will need to adapt schooling to prepare students for the changing
world they are entering. The other is that technology gives us enhanced
capabilities for educating learners, and that schools should embrace these
capabilities to reshape education. Enthusiasts have argued that embracing
these two ideas will radically transform the way schools educate students.

THE CHANGING WORLD

New technologies are transforming every aspect of work: reading and
interacting with the web; writing memos and sending email; computing
with spreadsheets and statistical analysis programs; analyzing problems
with data visualization tools; creating social networking sites; market-
ing with digital video tools; making presentations with PowerPoint. Read-
ing, writing, calculating, and thinking are what education is all about. Yet
schools are stuck using 19th-century technology, such as books, black-
boards, paper, and pencils. Computers are not at the core of schools. They
are used mainly for special courses in schools, such as programming, tech
prep, and business applications, or for basic computer literacy. Students

9
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do not do most of their work in computer environments, unlike workers
in modern offices and factories.

Enthusiasts argue that trying to prepare students for the 21st century
with 19th-century technology is like teaching people to fly a rocket ship by
having them ride bicycles. The technologies used at work and at school are
getting further and further out of sync, and enthusiasts think that this gap
between the old and the new technologies will force schools to adjust and
incorporate new methods into the core practices of teaching and learning.

How We Think Is Changing

Technologies have evolved over the centuries to make sophisticated
work more accessible to the common person. Some of the earliest tools, such
as the wheel and the plow, were used to grow-crops and make clothes. The
Industrial Revolution was driven by a new set of power tools (e.g., engines

and machines) that were used to enhance human muscle labor. The current.

Knowledge Revolution is driven by anew set of computer tools that empower
people’s minds rather than their bodies. As John Seely Brown argues, “Tools
drive science. Not theory, not experiment; it's the tools. And it’s this that has
made the computer such an incredible force for scientific innovation. For
example, the ability of the computer to crunch unbelievable amounts of in-
formation; to design and fabricate micromachinery; to link disparate tech-
nologies into networks; to create new materials with new properties; and to
visualize what's going on in complex interaction has completely changed
the speed and nature of innovation.”! These new tools are reshaping the
nature of work from a reliance on physical labor to cultivating the intellec-
tual ability of ordinary people to interact with sophisticated symbol systems,

Enthusiasts like Brown argue that competent adults will need to mas-
ter computer | tools to accomplish their tasks in the future. Much of human
knowledge has already found its way onto the web. People will need to
develop skills to find the information they are looking for, to evaluate its
usefulness and quality, and to synthesize the information they glean from
the different sources they locate. Basic composition is being replaced by
production of multimedia documents, which include text, graphics, photo-
graphs, video, animations, simulations, and visual displays of data. Work-
ers will need to learn how to understand and produce in all these different
communication media. Calculating has already moved from pen-and-
paper computation to designing spreadsheets, managing complex data-
bases, and using statistical analysis programs. One complex computer tool,
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Mathematica, carries out all the algorithms that are taught up through gradu-
ate school, much more efficiently than students ever will. In fact, most think-
ing in the world, whether it is making airline reservations, controlling
airplanes, troubleshooting complex equipment, designing new artifacts,
exploring massive datasets to find patterns, and producing artistic prod-
ucts, is enhanced by computer tools. They are instrumental in all the ac-

~ tivities that are central to thinking and learning.

Computer tools greatly extend the power of the ordinary mind in the
same way that the power tools of the Industrial Revolution extended the
power of the ordinary body. No one will be able to solve complex prob-
lems or think effectively in the coming world without using digital tech-
nologles The presence of new technologies in the Workplace has pushed
productlon in unanticipated directions by creating a culture of technology
dependence and innovation. Integrating new technologies in the workplace
created a cycle that established the conditions for subsequent new tech-
nology adoption. Just as reading was made necessary by the printing press
and arithmetic by the introduction of money, so computer technologies are
changing the very ways we think and make sense of the wofld.

How We Communicate Is Changing

One of the longest-running trends in history is the movement from
communities of place to communities of interest. Traditionally, community
refers to the town or neighborhood in which you live. This is the notion of
a community of place. It is the only community with which most people
interacted up through the 1600s. For example, in the Middle Ages, people
seldom traveled, and rarely had much contact with people who lived more
than 10 miles from where they were born. People got to know one another
very well, and spent their whole lives with others who shared the same
experiences, values, and beliefs about the world. Communities of place rely
on familiarity with folkways and circumstances to make communication
rich and localized.

Communities of interest, such as scientific societies, teacher unions,

“orchid fanciers, and rock musician fan clubs, have arisen as a new basis

for communication. They are not bound by locality—indeed, many have
members around the globe. Technologies loosened the place-based com-
munity boundaries. The horse and stirrup started taking people farther
afield, and that distance was extended successively by the carriage, the ship,
the automobile, and the airplane. The book and the letter began to bring
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knowledge about faraway places to more and more people, engendering
both new ideas and a longing to travel. The telephone, radio, and televi-
sion have greatly extended our knowledge and contact with the rest of the
world. And in recent decades, the Internet is further extending people’s
contact with a world beyond their local community.

Consider the typical American professional at the turn of the 21st cen-
tury. Let us say Kate is an engineer, but she could be a lawyer, researcher, or
consultant, and she might work for a corporation, partnership, university,
or nonprofit organization. We assume Kate represents where the world is
headed. She works with people from many different cultures (e.g., Finland,
China, Lebanon), often communicating with them at a distance through
phone, email, and video conferences. She has her own web site and she ac-
cesses much of the information she works with from the web.

Much of her time is spent traveling to different places to work on spe-
cificjobs with other people from her organization. She belongs to professional
organizations and she regularly attends national meetings and occasionally
international meetings, with side trips to places she would like to visit. She
has changed jobs a few times, moving from city to city. Hence, many of
the friends she developed along the way now live elsewhere. In fact, she
has more close friends in other places than she has in the city where she
lives. But she keeps in touch by visiting them—for example, when a busi-
ness conference takes her near a friend’s home, by phoning when the mood
strikes her, and updating her Facebook page.

But what technology gives, it can also take away. The time Kate spends
communicating with people around the world may take away from her
participation in her local community. She does not interact much with her
neighbors, nor does she belong to any local associations or clubs. She may
well use Craigslist.org to shop locally for goods and enteértainment, or use
the web to find out the best local clubs, Even these tools, though, allow her
to explore her surroundings based on her interests, rather than based on
the familiarity of shared surroundings characteristic of a community of
place. She has become, in short, a person who interacts with the world, but
not with her local community. In this regard, she is just the opposite of the
person in medieval times.

Kate has to deal with people through a variety of medla, as well as
face-to-face communication. They have interests in common, but do not
share the same backgrounds. Often, in fact, she may have to work with
people from other cultures to accomplish projects in her work. Communi-
cation becomes more difficult because they do not share the same back-
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ground, and often the medium of communication is impoverished as com-

ared to face-to-face communication. Misunderstandings often arise in
emails and dating sites, because many of the cues people rely on in face-
to-face communication are absent,

As Mimi Tto, Kevin Leander, and Gail Boldt have argued, people are
now using networked digital media for their ongoing business and social
exchange.? Teens are leading the way in using new digital media to blur
the boundaries between personal communication, work, and learning,.
These authors argue that mastering digital media is giving rise to a new
media literacy. The new literacy extends the symbolic decoding and ma-
nipulation skills of traditional print media by integrating video, images,
music, and animation comprehension that give rise to new kinds of pro-
duction. Teens who are creating web pages with animated computer graph-
ics and sound, remixing images to develop music videos, participating in
web chats and forums, and writing their own blogs are engaged in devel-
oping a sophisticated media literacy not taught in schools.

- To prepare students to communicate in this emerging world reqmres
not simply the traditional reading and writing, but learning how to commu-
nicate using different media with people who do not share the same assump-
tions. Sometimes this means reading multimedia documents that come from
different sources. Other times, this means communicating with people via
the Internet in different contexts, such as design projects, negotiation, and
problem solving. Internet commtinication may involve email, social network
sites, chat rooms, video conferencing, and shared workspaces: Students need
to learn to communicate in all these different contexts. Many teachers are
working to integrate these new communities-of-interest technologies into
their classrooms. Teachers are beginning to use learning management sites,
such as Moodle, to create new opportunities for students to interact and do
homework, and blogs to reflect on lessons as they are taught. Technology
enthusiasts want schools to embrace the possibilities of new technologies in
the many ways that are occurring outside of school.

ENHANCED CAPABILITIES FOR EDUCATING LEARNERS

Enthusiasts suggest that putting students in situations where computer
tools will be necessary to solve complex problems will kickstart schools
to change basic instructional practices. Since simply putting computers
into schools, as in the 1980s and 1990s, did not produce the revolution,
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enthusiasts have now turned to more sophisticated implementation models,
such as the design of interactive learning environments. Learning environ-
ments are computer programs where learners are put in new situations and
given appropriate tools and supports to learn how to deal with those situ-
ations. Sometimes these are personalized tutoring programs and sometimes
several people may be learning together. There are a variety of capabili-
ties that these interactive learning environments bring to education that
schools cannot easily provide. We will consider a number of these, to give
the flavor of how technologists see education evolving.

Just-in-Time Learning

The notion of “just-in-time learning” is that whenever you need to learn
something in order to accomplish a task, you can find out what you need
to know. The mostbasic example of just-in-time learning is a well-designed
computer program help system, which gives the advice you need just as
you are engaged in a complex task. There are many examples of how the
< Internet can provide this kind of help. For example, you can learn to in-
vest in the stock market by taking a web-based mini-course on the stock
market. If you need to use a spreadsheet for a task you have to accomplish,
an online spreadsheet tutor can get you started and help you as you do the
task. If you want to buy a car, dozens of web sites offer prices, reviews,
comparisons, dealer locations, lease rates, and trade-in values, These ex-
amples illustrate how just-in-time learning can come in big chunks or little
chunks, depending on the learner’s needs and desires.

Enthusiasts argue for just-in-time learning as the counter to the school
strategy of trying to teach everything one might need to know someday.
Many Americans spend 15-20 years in school learning things that they may
or may not use later in life. In fact, we have been extending schooling gradu-
ally over the last 150 years, so that what is taught is becoming more and more
remote from the time when it might be used in some real-world context.

The evidence has been piling up in recent years that adults forget
most of what they learn in school. Philip Sadler found that when he asked
Harvard seniors at graduation, “What causes the phases of the moon?” only
three of 24 knew the correct answer. And when he asked, “What causes
the seasons?” only one of 24 knew the correct answer, even though this
was taught in elementary school.? Similarly, studies have found that only
a third of adults know how to convert between systems of measurement
and calculate with mixed units, such as hours and minutes. Nor can most
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adults add and multiply fractions, or remember when the American Civil
War occurred. These are all facts and procedures that we learned in elemen-

" tary or middle school, but with no reason to use the knowledge in every-

day life, most of us forget that we ever learned them. Just-in-time learning
attempts to tie what is learned to its use in the world. Of course, it may be
forgotten again, but it can always be relearned if needed, just in time.

The skills necessary for just-in-time learning are more skill-based than
fact-based. Cultivating the ability to ask good questions (maybe in the form
of a Google search!) is more valuable, from the enthusiasts’ perspective,
than learning a lot of basic facts. The idea behind just-in-time learning is
to develop the skills that allow learners to find the right information any-
where, not just in classrooms with teachers.

Technologies provide the just-in-time learner with the kinds of infor-
mation resources that can provide help when it is required. For example,
one graduate student we know learned about investment strategies from
a tutorial on the Motley Fool web site after inheriting money from a de-
ceased parent. Enthusiasts argue that integrating just-in-time strategies into
school curricula will loosen the rigidity of the traditional curriculum and
create a legitimate space for learning technologies in the classroom.

There are good examples of how nontechnological just-in-time learn-
ing principles are influencing the design of classroom learning. Textbook
designs, for example, have taken on the rich, mixed-media appearance of
web pages, and provide in-depth explanations of concepts, historical re-
minders, and illustrations of how the concepts discussed at that point in
the lesson might be used. Still, because most classroom feaching is done
without digital media devices, the textbook implementation of just-in-time
learning can become a bloated version of everything-at-once learning.
Enthusiasts argue that once computer technologies become ubiquitous in
schools, just-in-time learning strategies can come into their own.

Customization

One of the major effects of technology proliferation has been the abil-
ity to cater to individual preferences. People can download the music they
want to hear and the movies and videos they want to see from the Internet.
They can find almost any information they want on the web. More and
more, web sites use sophisticated data analysis and “push technologies”
to caer to the online identity of a consumer. From listservs to RS5 news
blogs, to E-bay and Amazon.com, sites offer people access to what they
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want when they want it. While major media sources still exercise signifi-

cant controlover what we see and hear, the Internet has loosened the hold

of radio, TV, publishers, and theaters on our information options. If tech-
nology knows your interests and abilities, it can provide help when you
need it, choose news and information of interest to you, and explain things
in terms you will understand.

Information technologies have greatly enhanced the ability to define
and exploit niche markets and connect people with communities and prod-
ucts of interest. The marketing information company Claritas has deter-
mined that most Americans belong to'one of 62 zip code—defined clusters
such as “Young Influentials” or “Smalltown Downtown.” In 2008, Young
Influentials, for example, were an ethnically diverse group of renters with-
out kids, had a household income of $48,000, liked to play racquetball, read
Vibe magazine and watched King of the Hill and Family Guy reruns. Such
information helps companies, political partles and special interests target
their messages to likely customers. :

Individuals also use information technology to customize their search
for knowledge and products. Amazon.com indexes your past purchases
against an immense network of other consumers to suggest products that
may interest you. Engaging in online commerce through sites such as
eBay.com allows customers to rate and review the reputation of vendors,
and for vendors to assess the reliability of customers. Visitors to epinions.com
can access other people’s opinions on a wide variety of topics, and have
the opportunity to vote on the quality of the opinions offered. Interac-
tive video systems such as Tivo remember the programs you watch in
order to suggest what you might like to see. Prior interaction helps the
technologies “know” your interests and abilities, provide help when you
need it, choose news and information of interest to you, and explain things
in terms you will understand. This kind of personalization of network
technology is in its infancy, but it will become more and more pervasive
as the new technologies mature.

In recent years, the web has expanded to include advice, information,
and opinion sites on almost any topic imaginable. The explosion of blogging |,
allows anyone to publish personal and topical thoughts on the web, and also .
provides a platform for people with mutual interests to share information.
As the speed of Internet connections increases, the traditional rules for ac-
cessing copyrighted media are brought into increasing conflict with Internet
traditions of open access to information. Even as centralized peer-to-peer
exchange sites, such as Napster, are shut down through legal action, decen-
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tralized sites, such as LimeWire and Kazaa, that share files directly between
computers, spring up to help users exchange digital media. Cable and tele-
communication companies are scrambling to create viable systems for down-
Joading whatever books, music, or videos you want.

Enthusiasts believe that customization offers great possibilities to en-
hance people’s learning,. For example, Charles Stallard and Julie Cocker in

s their book The Promise of Technology in Schools envision that 10 years from

now people will have their own computer-based personal learning assis-
tants, which store records about their learning history in order to guide

their learning. 5 They also believe that children growing up in a digital world

will be so used to making choices in their lives that they will demand
personalized learning choices. Hence, they seem to think that the days of
standards-based education are numbered.

Interestingly, the press for customization of learning in schools is com-
ing from another nontechnological innovation—special education. The
special education Individualized Education Plan (IEP) aims to custom-
ize learning to the needs of the individual student. From a technological
perspective, though, the IEP has several problems. First, the learning
customization is done for the student by interested adulis, and second, the
learning that is customized involves selecting from the regular school edu-
cation program. In short, the IEP does not yet achieve the goals of learner-
directed customization foreseen by technology enthusiasts, but it does
if-éprésent a step in the direction away from the traditional standardized
organization of classroom teaching and learning. Once technologies become
commonplace in schools, teachers can build on interventions like the IEP
to bring customized learning to more students.

One of the rules of adult education is that you can’t teach adults some-

. thing that they are not interested in and don’t see the point of learning,. Like

adults, young people are becoming less and less willing to learn what some-
body else thinks is best. They want to decide what is of value to them. They
are beginnin&to demand that they decide what they need to learn. Enthu-
siasts believe that the ultimate effect of customization technologies will be
to break the lockstep of school curricula.

Learner Control
Enhanced learner control is the counterpart of customization. Mod-

ern technologies, particularly the web, are moving control away from cen-
tralized sources. This is sometimes referred to as a shift from broadcasting



18 Rethinking Education in the Ags of Technology

to narrowcasting,. In the era when a few companies, such as Time, CBS, and
the New York Times, controlled the production and distribution of media,
content could be controlled at the source and distributed widely, so that
most people were reduced to media consumers. However, as sources of
knowledge are becoming distributed, many people become both produc-
ers and consumers. In the 2008 election coverage, for example, sites such
as fivethirtyeight.com, the dailykos.com, and realclearpolitics.com used the
perspectives of thousands of citizens who followed the candidates across
the country to make the news stories that were reported in the network
news hours. These blogging/news sites open up new possibilities for
participant-controlled news coverage.

Information technologies continue a long historical arc for freeing
access to information, When Luther rebelled against the Catholic Church,
he translated the Bible into German so that everyone could read it. He
believed that individual people needed to be able to interpret the scrip-
tures for themselves. Luther’s translation relied upon the invention of the
printing press, which made it possible to distribute his translation widely
to the people. In fact, the printing press helped undermine the authority
of the Church and began the long process of turning control of what was
learned over to the people.

Schooling was developed as an institution to convey traditional knowl-
edge to communities. Educators control what people learn by defining the
curriculum in schools. The standards and assessment movement that cul-
minated in the No Child Left Behind Act is the latest attempt to define what
everyone should learn. Enthusiasts argue that as new technologies, like the
printing press before them, enable people to take control of their own learn-
ing, people will decide what would be valuable to them and what they want
to learn. They can decide how long they want to spend and what help they
think they need. They are gaining more and more control over their own
learning, both in big ways and in small ways. Hence, the imperative of
technology is toward more learner control, and schools are fighting a los-
ing battle to control what students learn. Technology enthusiasts think that
as people decide to take control of their own education, schools will be
pressured to embrace the technologies that make learner control possible.

interaction

The interactivity of new media technologies provides a number of
capabilities that can enhance education. As is evident from the popularity
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of computer games, interactivity can be very engaging. In fact, this is why
drill and practice games, such as typing tutors and Math Blaster, can entice
children to learn content that they might otherwise consider “boring.”
Enthusiasts believe that by providing even more sophisticated dynamic
interaction, computer-based learning environments are likely to make
gducation much more engaging.

Interaction also allows learners to see the consequences of their actions.
In this way, they have their expectations and predictions confirmed or
disconfirmed, and can try different courses of action to evaluate their rela-
tive effectiveness. In fact, there have been studies by Colette Daiute that

* demonstrate that children using word processors write better, because they

can read their typed words, whereas they cannot easily read their own
handwriting. Hence, they get immediate feedback on how they are doing,
which they can easily modify using a word processor.® Engaging in online
writing activities, such as fan fiction sites, provides access to legitimate
audiences that challenge writers to improve their work.”

James Paul Gee’s work on learning with video games suggests that
computer feedback need not take the simple form of rewarding or punish-
ing actions. Complex games give users rich feedback on the consequences
of a series of actions or a strategy for interaction. To succeed in the games,
users need to comprehend what this feedback means, and take the lessons
of their experience into account in future play.?

Technology enthusiasts believe that when learners are given immedi-
ate feedback on their actions they are much more likely to learn what to
do correctly. Computer tutors, such as the algebra and geometry tutors
developed by John Anderson and his colleagues, observe learners carefully
as they work to solve problems, and give immediate feedback when they
are in trouble.” These tutors have been shown to be more effective than
classroom teaching due to their ability to provide immediate feedback to
learners. Enthusiasts believe that the interaction computers provide will
change expectatlons for learning in subtle ways that schools will need to
replicate.

- Scaffolding

Developing a successful learning environment often means provid-
ing scaffolding for learners to engage in difficult tasks. Scaffolding is the
support that a system provides learners in carrying out different activities.
For example, a system designed to teach electronic troubleshooting
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structured the tasks to increase slowly in difficulty and offered hints when
the student did not know what to do."” Another system designed to teach
multidigit addition and subtraction modeled the carrying and borrowing
of numbers with voice-enhanced animation.! A system designed to teach
algebraic manipulation carried out the low-level chores, such as arithmetic
calculations, so the learner could concentrate on the higher-level, execu-
tive tasks of deciding what to do. Scaffolding takes many different forms,
which enable learners to carry out tasks that are beyond their capabilities.
In the best-designed systems, scaffolding fades naturally, as students need
less support and they are able to do the tasks on their own.,

Computer games also excel at providing scaffolded task designs that
ease players into complex tasks. Games such as Rise of Nations, for example,
strip down a busy interface to allow players to master the basic moves of
game play, then introduce more options as players gain mastery. Enthusi-
asts argue that the design principles of such games could be adapted to
structure the learning of more traditional, schocl-based content.

The organization of schooling already provides many forms of scaf-

folding. For example, age-grading and curricula that gradually increase
in complexity take the capacities of learners into account. Textbooks also
provide initial help that fades with the increasing complexity of the mate-
rial. However, enthusiasts believe that with so many students to support,
teachers do not have time to provide the individual scaffolding that stu-
dents need. The recent movement for teachers to provide different kinds
of lessons based on assessments of student needs, moves in the direction
of individualized scaffolding. But even when such differentiation is done
well, teachers find time to work with individual students at the expense of
time needed for other students and tasks. Students who struggle at school
are sometimes reluctant to ask for help for fear of being stigmatized as a
slow learner.

Personalized scaffolding provided by computers comes without criti-
cism and without others knowing that the student needs help. Offloading
some of the instruction on well-designed computer tutors could support
learning at whatever level students need.

Games and Simulation
Computers enable technologists to create scenarios where learners are

given tasks in simulated environments that embody the kinds of knowl-
edge and skills the learners will need in the real world. Simulations allow
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players to practice risky behaviors with limited real-world consequences.
Through simulations, learners may have to diagnose a disease, troubleshoot
a malfunctioning circuit, or put together a television news program.

One such simulation, built by Roger Schank and his colleagues, teaches
genetics by having learners try to determine whether couples are likely to
have children with a genetic disease.' In order to advise the couples, learn-
ers must find out how different genetic combinations lead to the disease
and run tests to determine the parents” genetic makeup. There are scaffolds
in the system to support the learners, such as various recorded experts who
offer advice. Other simulations Schank’s group built support learners ina
wide variety of challenging tasks, such as solving an environmental prob-
lem or putting together a news broadcast about a historical event. These
simulations make it possible to embed cognitive skills and knowledge in
the kinds of contexts where they are to be used. So people learn not only
the basic competencies they will need, but also when and how to apply
these competencies.

Another kind of simulation occurs in Biologica, developed by Paul
Horwitz and his colleagues to teach the basic processes of genetics.!¢
Biologica presents a series of problems for learners to solve that involve
reasoning about how different biological levels interact (i.e., genes and
alleles, chromosomes, animal features such as wings, and populations).
The problems.involve fictional dragons that illustrate the basic rules that
Mendel first discovered with peapods. Biologica starts with simple prob-
lems, which gradually increase in difficulty.

Chris Dede and his colleagues have built a simulation environment
called River City, where learners guide an avatar through the city, trying
to figure out why people are getting sick.’® There are three diseases ram-
pant in the city: One is water-boime, one insect-borne, and one is infectious.
Learners can ask people they encounter what they know, inspect hospital
records and guestion health workers, collect data about insects and water
quality, and finally run tests to see what happens when they try to correct
a problem. This requires the learners to systematically collect data and form
hypotheses about what could be causing people to get sick. :

Enthusiasts argue that simulation is the key to letting learners explore
new situations. Simulations aliow learners to try out different courses of
action, and see the consequences of their choices. That is, they can ask “What
if?” questions, and explore different possible solutions to problems. In this
way, learners gain the ability to consider different possibilities and the flex-
ibility to deal with contingencies. Such realistic tasks force learners to figure
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out what to do. They allow learners to take on roles in novel situations,
something that is largely missing from school. These situations can be struc-
tured so that easier tasks arise before harder tasks.

Video games use the narrative devices of roles and plots to draw players
inwith the immersive aspects of simulations. Many games exploit real-world

situations and physical rules, but allow players to take on new roles and

engage in adventures outside everyday experience. James Paul Gee describes
how video games draw players intc roles that may conflict with everyday
values and encourage players to notice the gap with their own beliefs. In
games such as Mass Effect or Command and Conguer, for example, players take
the roles of different sides in complex wars. To succeed in the game, players
must understand the resources and capabilities of each side in the conflict,
and then switch sides to take on the perspective of the enemy. Such role
switching gives players the rare opportunity to see a conflict from multiple
perspectives. Kurt Squire’s augmented-reality gaming work takes interac-
tion to a further level by blending social interaction with GPS-guided learn-
ing. Augmented reality environments challenge players to use scientific and
historical reasoning as they solve local environmental and social issues.'®

The constraints of these simulations take on a new dimension when
players interact with one another in online play. Massively multiplayer
online games (MMOGs), such as World of Warcraft and Star Wars: Galaxies,
allow players to build characters and resources in sophisticated simulated
worlds with market economies and self-policing communities. The vital-
ity of these games depends upon players co-creating the world they inhabit.
This interactive “world building” requires a wide range of social behav-
iors necessary for game success, The emergence of social roles and inter-
action seen in MMOGs provides a laboratory for researchers to study the
evolution of economic and social systems.

Constance Steinkuehler’s research points toward how these environ-
ments require advanced players to use scientific reasoning and complex leadl-
ership skills to succeed. 7 Sites such as NeoPets and Club Penguin provide
simple video games that involve motor skill coordination and pattern match-
ing to immerse children in a virtual economy based on character custo-
mization. MMOGs bring video game play closer to real-world interaction,
and point to a future of how virtual-world interaction might be structured.

Enthusiasts such as Schank, Horwitz, Dede, and Gee argue that work-
ing with games and simulations makes learning more interesting. The tasks
can be made very engaging, and the conditions for applying the knowl-
edge are clear to the students. The enthusiasts contend that this is.a prob-
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: lem with schools, where students are learning thmgs that they havenoidea
how to apply.

Though innovative teachers often find ways to embed learning in
meanmgful tasks, much of school is like learning tennis by being told the
rules and practicing the forehand, backhand, and serve without ever play-
ing or seeing a tennis match. Students are taught algebra and parsing of

sentences without being given any idea of how algebra and parsing might -

be useful in their lives. That is not how a coach would teach you to play
tennis. A coach might first show you how to grip and swing the racket, but
very soon you would be hitting the ball and playing games. A good coach
would have you go back and forth between playing games and working
on particular skills. The essential idea in teaching skills is to tightly couple
afocus on accomplishing real-world tasks with a focus on the underlying
competencies needed to carry out the tasks. Although real-world tasks for
math and writing are difficult to re-create in schools, enthusiasts argue that
simulations allow students to feel what it might be like to write for a po-
litical campaign or build a bridge.

While tying skills to practical outcomes is one way to apply the les-
sons of simulations to learning, simulations demonstrate that immersion
in a complex, challenging environment can be valuable learning opportu-
nity in itself. The inherent attraction of most video games, for example, is
not based on possible practical outcomes, but rather on the fascination and
continuous challenge of competing in a rule-governed world. In his effort
to describe the psychology of optimal experience, Mihaly Csikszentmihalyi
describes “flow” as a state of consciousness in which the distinctions be-
tween the subject and the object are blurred through immersion in engag-
ing activity.'8 While parents decry the thousands of hours children spend
playing video games, players report that these simulations create flow-like
experiences that can be powerful learning opportunities.

Consider the contrast of watching a student do middle school math
homework with the same student playing the football video game Mad-
den. Working through the math problems is often a grinding task isolated
from either applying or understanding the “big concepts” of math. The
main goal of math homework is to get it done. In playing Madden, how-
ever, the student will use many of the same analytic skills to maintain a
salary cap, guess future player performance standards, and calculate odds
for success while assembling a football team roster. The flow state of game
play integrates skill development and usage in a seamless experience that,
unfortunately, masks the complexity of the skills required for successful
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game play. Enthusiasts argue that because schools explicitly draw out the
sub-skills involved in complex learning, the resulting learning environ-
ments limit opportunities for flow. The freedom to learn the constraints of
a complex world through self-guided exploration is a learning capacity that
remains out of the reach of our current system of schooling.

Multimedia

Bringing together print, video, and audio into multimedia presenta-
tions provides a new opportunity for communicating information. A num-
ber of writers have tried to characterize the shift that occurred with the
invention of the printing press as society moved from traditional oral cul-
ture to literate culture dominated by the printed word.'® Universal educa-
tion was a product of the printing press, and hence, education is centered
on. the major products of literate thought—namely, reading, writing, his-
tory, mathematics, and science.:

Enthusiasts note a contemporary transition of similar magnitude with
the blossoming of new communication technologies: video, computers, the
Internet, video conferencing, and so forth, all of which are merging into
one large network that will reach anyone anywhere, Henry Jenkins de-
scribes how new media have triggered a “cultural convergence” that blends
the roles of citizen with consumer and reshapes how people interact with
entertainment, work, and Jearning.?! More than just receivers of informa-
tion, people are turning media into technologies of expression, The term
multimedia is gradually being dissociated from mass media—we are expand-
ing from simply “media by the few for the many” to “media by the many
for the many.”* Even though the mass media are becoming more central-
ized, the Internet media are becoming more diverse. People are gaining
new voices and new ways of communicating with the world, as shown by
the proliferation of blogs and social networking sites. These new media are
likely to have as profound effects as printing, particularly on education,
as we move into a digital culture.

Each of the new media has different affordances and constraints.2 For
example, video conveys sense and emotion more easily than text, but it is
usually watched straight through, without stopping or going back, which
makes it less amenable to study. On the other hand, computers support
design and simulation in ways that text and video cannot. Enthusiasts as-
sume that all of the different media will play a role in the design of learn-
ing environments. These different media can enhance learning by
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addressing the different learning styles and abilities of students and by
using the media that are most appropriate for the material to be learned

* Ppublication

Student work in schools has always faced the artificial barrier of being
legitimate only within the confines of the classroom. When student work
is seen only by teachers, students do not experience the authentic feedback
that results from exposing their work to a real audience. In the case of ini-
tially learning a subject, insulating learning from external critique may
make sense. But enthusiasts believe that as student work matures, students
need opportunities to demonstrate their learning in legitimate contexts
outside the classroom. The development of the Internet makes it possible
for student work to become much more widely available to the rest of the
world. The web is the first mass medium that has open access, so that any-
one can publish his or her work in a place that potentially has a worldwide

* audience. This can provide a powerful motivation for students to produce
. substantial works that are meaningful to the community.

For example, YouthRadio.org is an award-winning site that provides
an opportunity for youth to report on current events through new media.
Youth Radio has trained thousands of underserved students in media-
related production and careers, and provides a broadcast outlet for youth
perspectives. The site includes user-generated election and political cov-
erage, Google mash-ups that link current stories with geographic displays,
reporting on significant events on the Internet (e.g., new viral YouTube.com
videos), and-audio feeds for three Youth Radio stations. The production
aspect of new media allows for channels through which user-generated
work can receive legitimate public exposure and scrutiny. Youth Radio
stories are heard by millions of listeners each year through National Pub-
lic Radio, iTunes, CNN.com, and the YouthRadio.org site.

As another example, in an Internet-based environment called the MUSE,
which stands for Multi-User Simulation Environment, a college student who
visited the Amazon rain forest returned to build a simulated rain forest that
others could explore. Everything in the MUSE is done in text, so that the
elaborate depictions of the rain forest are all verbal descriptions. It is like an
adventure game, where you go down different paths, encounter different
animals, and take various actions fo affect the world. In another MUSE
project, fifth-graders created a historical museum, where you might meet
different presidents, such as George Washington, Thomas Jefferson, and
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Abraham Lincoln. The presidents would tell visitors their thoughts on dif-
ferent topics, culled from their writings. The students produced an environ-
ment that anybody could explore by going into the MUSE over the Internet.

Enthusiasts argue that the Internet offers many different venues for

communicating with the world. Students can send emails to other students

and adults around the world. They can participate in chat rooms and com-
munities that have participants from many different locations. A main
motivation for participation in blogging or social networking sites is the
opportunity to publish a representation of yourself that others will see.
Constructing representations of your thoughts, preferences, and creativ-
ity allows others to identify you as a possible friend, or can open you up to
criticism from those who do not share your tastes. In either case, partici-
pants learn about what they really think, and gain self-awareness from
publishing public representations of themselves,

These different venues provide a reason to communicate with people
outside one’s immediate sphere, and so they provide a meaningful pur-
pose for reading and writing, and developing multimedia presentations.
Although security issues have limited the ability of some schools to make
student work public, enthusiasts point to how technologies create access
to external audiences that can provide legitimate contexts for students to
learn from how others perceive their work.

Since students are leading the way in developing new models of com-
munication, enthusiasts argue that it makes sense to let students take the
lead in integrating new technologies into schools. School designs that fos-
ter interest-based communities in schools can motivate student learning
by applying their skills to new areas of investigation. Integrating social
networking sites such as MySpace or Facebook into the schooling process,
or adapting online gaming to school content, could introduce the technolo~
gies students live with outside schools into the world of schooling. Enthu-
siasts argue that the presence of such technologies would push schools in
the direction of embracing the liberating possibilities of new media rather
than limiting their use through acceptable use policies.

Reflection

Reflection occurs when learners look back on their performance in a
situation and compare their performance with some set of standards or with
other performances, such as their own previous performances and those
of experts. Reflection has received much attention as a vital aspect of the
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Jearning process for both children and adults. Donald Schén shows how

~ gystematic reflection on practice is critical for many professionals engaged

in complex activities.” Designers of learning environments build supports
for reflection into tasks by asking students to discuss and reflect upon the
strategies used to guide their actions. Reflection can highlight the critical
aspects of a performance and encourage learners to think about what makes
for a good performance and how they might improve in the future.
There are three forms that reflection can take, all of which are enhanced
by technology: 1) reflection on your process, 2) comparison of your per-
formance with the performance of experts, and 3) comparison of your per-

-formance with a set of criteria for evaluating performances.

¢ Reflection on your process: Because technology makes it possible
to record performances, people can look back at how they did a task.
This allows them to reflect on the quality of their decisions and think
about how to do better next time. :

¢ Comparison of your performance with the performance of experts:
Some computer-based learning environments allow learners to com-~
pare their decisions in solving a complex problem to an expert so-
lution, so that they can see how they might have done better.?

* Comparison of your performance with a set of criteria for evaluating
performances: Computer systems can ask students to evaluate their
-progress with respect to a set of criteria that determine good perfor-
mance. For example, Barbara White and John Frederiksen had stu-
dents evaluate their performance on science projects using a set of
eight criteria, such as depth of understanding and creativity. These
students improved much more than students who carried out the
same tasks but did not reflect on their performance in the same way.?”

Enthusiasts believe that technology creates real opportunities for stu-
dents to improve their performance over time by building opportunity for
reflection into learning environments, Using techmologies that track stu-
dent work makes looking back on their performance much more feasible.

THE ENTHUSIASTS’ VISION OF SCHOOLING

In the enthusiast’s view, computer-based environments promise a
revolution in schooling of the same magnitude as the revolution in our
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culture set in motion by the Industrial Revolution. Technology enthusiasts
favor a constructive approach to learning, where students, rather than
teachers, do most of the work.

In’ his classic-book Mindstorms, Seymour Papert describes the Samba
schools that come together in preparation for Mardi Gras in Ric de Janeiro

as a metaphor for what school should become.” Whole communities, in-

cluding adults and children, work together for months to build floats and
prepare elaborate entertainments. The children help the adults in what-
ever tasks need doing. There is much learning going on, both among chil-

dren and adults, where the more expert teach the less expert how to do

various tasks. It is apprenticeship in its most benign form, since everyone
involved has a common goal to please the viewers of their floats and to
win in the competitions. It is this vision of learning, but in a technology-
rich environment, that Papert would like to see realized in schools.

In the technology enthusiasts’ view, schools would look more like
technology-rich workplaces. Students would work together on meaning-
ful tasks with the aid of powerful computer tools. Many of these tasks
would take them into the community. They might design and construct
bike paths, investigate water pollution in local lakes and streams, build and
update web pages for businesses, develop programming for community
cable television, or do planning for the town using Geographic Informa-
tion System (GIS) tools.

Interactive learning environments would also provide contexts where
students could tackle real-world problems beyond the scope of the projects
they can carry out in the community. They could put together news broad-
casts about current events, analyze DNA sequences to look for genetic dis-
eases, develop an animation of how bodies move in space in order to teach
Newton’s laws to other students, and so forth. In short, technology can
provide the support for students to tackle complex problems, which would
be beyond the capability of most students, not to say most teachers.

A major motivation for many technology enthusiasts is their unhappi-
ness with current education. They subscribe to Dewey’s notion that students
should be actively engaged participants in learning, sharing their knowledge
with one another rather than competing to get good grades. Like progres-
sive reformers throughout the 20th century, technology advocates donot like
the aspects of traditional school, where students are supposed to sit still and
listen to teachers talk, memorize the information given them by teachers and
books, and regurgitate that information back on tests. They think this
destroys most students’ curiosity and desire to learn.
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In the technologists’ view, such an education produces many more
failures than successes. In fact, it is becoming clear that the students who

-do not do well in this highly competitive system will opt out of it in any
. way they can. While many progressive educators have atternpted to change

teaching and learning by using the conventional tools of curriculum rede-
sign and teacher training, technology enthusiasts believe that computers
can provide the kinds of immersive, customized, and adaptive learning
opportunities that can reach the children who fail in schools. The challenge,
from the enthusiasts’ perspective, is to build technology into the core prac-
tices of school.

Technology enthusiasts envision schools where students are working
on realistic tasks and adults play a supportive role to guide them to new
activities and help them when they encounter problems. However, there
is a long tradition of studying how and why efforts to change schooling
have failed. Skeptics have argued that schools lack the resources, the train-
ing, the will, and the skill to change the fundamental practices of teaching
and learning. Even with revolutionary tools like the new digital technolo-

gies, schools have stubbornly resisted changing what they do. In the next

chapter, we turn to the skeptics of technology to understand the interplay
between powerful technologies and school teaching and learning.



3

The Technology
Skeptics’ Argument

For every researcher, teacher, and policymaker excited about the pos-
sibility of how information technologies can change education, there is a
skeptic who questions the possibility or the value of technology in schools.
Many people who have worked in and with schools note how the system
stubbornly resists changes to its core practices. “It is not that schools never
change. It’s that schools change very slowly!”

The advent of computers in schools, argue the skeptics, carries the risk
of either reducing the rich variety of classroom teaching and learning to
the most predictable forms of rote learning or perverting the learning ex-
perience in the interests of commercial media. In either case, the conserv-
ing power of schools protects the core practices of teaching and learning
from the distracting, or even dangerous, consequences of the new media.

Two leading technology enthusiasts, Dave Thornburg and David -

Dwyer, put together a set of quotes through the history of American edu-
cation that characterize the resistance to new technology.! They reflect the
way technology enthusiasts see the problems they are up against in reform-
ing schools. They think that schools are always resistant to change, even
when the change will clearly benefit students’ learning. 2

* From a principal’s publication in 1815: “Students today depend on
paper too much. They don’t know how to write on a slate without
getting chalk dust all over themselves. They can’t clean a slate prop-
erly. What will they do when they run out of paper?”

¢ From the journal of the National Association of Teachers, 1907: “Stu-
dents today depend too much upon ink. They don’t know how to
use a pen knife to sharpen a pencil. Pen and ink will never replace
the pencil.”

20
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o From Rural American Teacher, 1928: “Students today depend upon
store bought ink. They don’t know how to make their own. When
they run out of ink they will be unable to write words or ciphers
until their next trip to the settlement. This is a sad commentary on
modern education.”

¢ From PTA Gazette, 1941: “Students today depend on these expen-
sive fountain pens. They can no longer write with a straight pen and
nib. We parents must not allow them to wallow in such luxury to
the detriment of learning how to cope in the real business world
which is not so extravagant.”

o From Federal Teachers, 1950: “Ballpoint pens will be the ruin of edu-
cation in our country. Students use these devices and then throw
them away. The American values of thrift and frugality are being
discarded. Businesses and banks will never allow such expensive
luxuries.”

¢ From a fourth-grade teacher in Apple Classroom of Tomorrow
chronicles, 1987: “If students turn in papers they did on the com-
puter, I require them to write them over in long hand because I don’t
believe they do the computer work on their own.”

¢ From a science fair judge in Apple Classroom of Tomorrow chroni-
cles, 1988: “Computers give students an unfair advantage. There-
fore, students who used computers to analyze data or create displays

- will be eliminated from the science fair.”

These points illustrate the long struggle educators have had with con-
temporary technologies. Rather than simply declare that “classroom wins,”
we consider this struggle a window for examining how and why schools have
resisted past technologies, and whether the promise of the new technolo-
gies we discussed in Chapter 2 will face the same fate. The arguments from
the leading skeptics profiled in this chapter suggest that the new technolo-
gies will never be central to schooling, just as earlier technologies, such as
television, were never adopted in schools in the ways enthusiasts envisioned.

LOCKED IN PLACE?

There is a long history of technology enthusiasts predicting great
revolutions in schooling as a result of technological innovations. Larry
Cuban documents how radio, television, and filmstrips were all supposed



32 Rethinking Education in the Age of Technology

to change schooling.® In each case, these innovations had little effect on the
central practices of teaching and learning in schools. Now enthusiasts sug-
gest that interactivity and customization make computing a fundamentally
different kind of innovation from these earlier technologies. Yet, in a re-
cent book, Cuban shows that computers have had little effect on teaching
and learning in schools.* He argues that technological innovations that do
not take the routines and organization of schools into account will have
little effect on instruction. What is it about schools that make technologi-
cally driven innovation difficult?

Public schools are remarkably resilient institutions. In fact, the orga-
nization and proliferation of public schooling may well prove to be one of
America’s most valuable contributions to world culture. From a historical
perspective, the tradition of government-sponsored mass schooling is a
relatively recent phenomenon. While the state has provided educational
opportunities for young children for nearly 2 centuries, the majority of
adolescents did not graduate from high school until the 1940s.5 The rela-
tively recent origin of the public school system belies the degree to which
the system remains receptive to changes. The American school system
experienced a period of great innovation in the late 19th and early 20th
century but has developed a stable structure since. Over this brief time,
public schools have coalesced into a robust system that thrives in diverse
environments.

This model of school has been variously called the “factory model”
by Raymond Callahan, “real school” by Mary Heywood Metz,and the “one
best system” by David Tyack.® The model organizes and governs schools
at the classroom, school, and district level, and tes together instructional,
curricular, assessment, and behavioral standards into a comprehensive
package of practices and expectations.

At the basiclevel, schools are organized around classrooms of students
at the same age. Bach classroom typically includes a teacher and somewhere
between 15 and 30 students. At the lower grades, one teacher usually guides
students through all subjects. In upper grades, students move from class-
room to classroom, so that teachers can specialize in their subject areas. In
the typical school, the teacher is an expert whose job is to transmit that
expertise to students through lecture, recitation, drill, and practice. The
curriculum spells out what students are to learn and in what order. Al-
though there is usually some effort made to customize and align curricula
in individual schools, there is a remarkable and widespread agreement and
expectations about what students learn when. Fourth-graders learn to di-
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vide fractions; high school juniors study the Great Depression. Testing is

" carried out in classrooms to determine whether students have learned what

was covered, and if so they advance to the next grade, acquiring as they
advance a record of courses taken and grades assigned.
The school system relies on common and well-tested technologies. The

. - basic material tools for schooling are paper, pens, pencils, and chalk. Or-

ganizational technologies such as class scheduling, budgeting, grading, and

- matriculation practices enable the smooth flow of resources and peoplein
" and out of the schools. These tools are very adaptable to a wide range of

community environments and well suited to the symbol manipulation,
recitation, and recall involved in many curricula. The scope, sequence, and
content of the curriculum are captured in the texitbook, and worksheets
provide versatile media for student interaction with content. Blackboards
and overhead projectors provide cheap ways to support teacher explana-

" tions and sharing work. Though the ever-present loud-speaker system still

interrupts classrooms with schoolwide announcements, overall school
coordination relies heavily on paper for records and communication. While
classes in science, home economics, and the arts rely on specialized tech-
nology, such as school laboratories, kitchens, and studios for their work,
the majority of classroom instruction depends heavily on paper, pens,
books, and chalk as the primary instructional medjia.

In each school and district, these features of the instructional system
and their technologies weave together to form a complex systern. As school
systems have evolved, their components have developed mutual interde-
pendencies. Over the years, the different components of the system have
settled together to establish an equilibrium that reflects a balance among
systermn components. For example, the generic technologies of classroom
instruction lead to school designs that allow for teachers and students to
move freely between classrooms. This, in turn, reinforces scheduling tech-
nologies that, with the exception of secondary science labs and vocational
education classes, leave access to specific instructional technologies out of
the process. The establishment of an equilibrium does not mean that the
system stops moving. Rather, it means that the components of the system
have achieved a balance, such that changes in the size of the student body
or the location of the school are incorporated without changing the basic
arrangement of system components. Once established, it is often difficult
to move a complex system from its equilibrium.

The fit between practices results from many years of what Larry Cuban
calls “situationally constrained choice.”” Cuban argues that the choices
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available to teachers and leaders are constrained in terms of 1) school and
classroom structures, and 2) a culture of teaching that arises in response to
the stability of structures. These work together in his view to restrict the Tange
of innovations realistically open to schools. The hard-won internal balance
of system components provides a comfortable, well-tested environment for
teaching and learning in many schools. Qver time, this perception comes to
be shared (and defended) by teachers, parents, students, and school lead-

ers. Innovations that threaten the ways that curricula govern the yearly teach- -

ing plan or the tacit agreements between teachers and students in classrooms
face along, uphill battle for implementation. This is because when complex
systems are in equilibrium, changing one part of the system usually results
in other parts pushing back to restore the initial balance.

Jane David describes the interlocking and self-sustaining school sys-
tem as a jigsaw puzzle.® Not only do the existing pieces depend on one
another, but new pieces fit only into gaps and contours shaped by previ-
ous practices. For example, implementing a new mathematics curriculum
pushes against the prevailing instructional, assessment, and curricular
practices of schools. Teachers may lack the training or the will to change
their instruction to fit the new curriculum, which may mean that greater
numbers of students fail, resulting in parents clamoring to putback the old
curriculum. The existing instructional system adapts to the new curricu-
lum in predictable ways. Teachers can regard the new curriculum as a for-
eign invasion into their regular teaching practices, and try to fit it in with
those practices. Even with professional development and monitoring, most
teachers know that once in their classrooms, they can teach as they please.
Hence, a highly evolved, complex institutional system can be locked in
place and very difficult to change.

The technologies that guide a system can be as difficult to change as
the practices they guide. Technologies that require a basic reconfiguration
of instructional practice, such as radio or television, are marginalized to
preserve school organizations based on text-based media. David Cohen
argues that to the degree technology is flexible, it will be adapted to fit that
system; to the degree it is not flexible, it will be ignored or relegated to the

ents new skills, but also to keep computers in their proper place. These
. tell students, “Computers can be useful, but you can learn all you
P know about,them in one or two courses.” Further, students ‘_avho
= t(l) to succeed in the traditional school program can be marginalized
o rs through assignment to computer-aided instructional systems.
e I::tce)ertnpl.l‘rers reinforce the message that new technologies are best used
| foe::L;ure that the existing instructional system will not adapt to the nee.ds

" of individual students.

WHY EDUCATION REFORMS FAIL

Schools have not been successful at teaching all c}‘ﬁldren. R:f\c;]l.‘lmer?
have pushed schools to be more inclusivte,.more responglve, mo;'e mzr;g—
ing, and more accountable. A long tradition of educahonzfll re 1?rm- nov
“ments have pushed schools to take on the role of ]?ejcon:urfn.g ’;1 e i; ang
vehicle for social and economic progress. TheS('e traditions o zc }?c; thg e
reform in America have grown up so closely interconnected that t! o
tory of schooling has become the history of school reff)rm. Howex;er;eform
early on the basic organization of schools developed in rfespsl?se omin 1
efforts, lately many reformers have been frustrated with the seemingly
1 of schools to change. o .
Stubl];):\?i;egf]’:en argues that the central reason w.hy schoc?].mg I:‘, 50 diﬁ;
cult to change is the nature of the teaching and learning prachf:es. Z gfor a]i :
teaching with professions such as psychotherapy and nursing az d}i)ents
tice of human improvement.” These efforts .all attempt fo p.c..‘riuz e fients
to improve their own well-being by submijctmg to the estab.hs }i tpra et
of the profession. Teaching is “living testunf)ny to our fa'1th t Eilll. .i. s
problems that have plagued humanity fqr time out of mlnd ;:;1 izt e dto
organizéd knowledge and skill.”?" Self-improvement is difficult, e
f circumstances. ‘
und%ttl}ffrl:uef;?ely, teaching in schools lacks the organizatlorllal SHPEO:;
given to similar practices of human improvement. In schools, teache

rarely have a choice of clients, clients rarely have a choice (f)ff teaz_herrsé ;ﬁf
clients are often unwilling to learn what teachers ].nave io offer. f sa mali
teachers are reluctant to give up the hard-won gains tbat cm;me -rOtI]:r: sform
victories in organizing teaching and learning. Such gains, o tfn in t;:se .
of what Lee Shulman calls “pedagogical content lfnowledge,hcomprdudes
treasured practical wisdom of veteran teachers." Hence, Cohen con

f

periphery.? Here, the plasticity of information technologies works against
their power to change embedded institutional practices.

Although computers can open up new ways of teaching and learning,
they can also be used to replace typewriters and file cabinets in schools
dedicated to preserving a paper-and-text culture. Schools develop courses
such as Keyboarding and Introduction to Computers not only to teach sti-
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that teaching is inevitably a conservative practice. When embedded in in-
stitutions that protect instruction from systematic change, a conservative
practice is reinforced by a conserving institution. It is difficult for teachers
to implement substantially changed programs when they already have
dedicated years adapting to what the traditional system of school offers.

The organizational structure of schooling has developed three strate-
gies for addressing innovative technologies without influencing the tradi-
tions of teaching and learning: condemning, co-opting, and marginalizing.

First, condemn the technologies. In the 1950s, for example, early develop-
ers of educational television promoted innovative programming to supple-
ment existing K~12 schools. However, the American Federation of Teachers
saw the new technologies as a threat to the existing investment in teacher
expertise and stated that “we are unalterably opposed to mass education
by television as a substitute for professional classroom techniques.”12
Media critics argued that there were good reasons for condemning the new
technologies, in that they battle for the minds of students between learn-

‘ing and entertainment. Many schools have reacted primarily to the risks

rather than to the potential of new technologies. Heirs to this spirit of pre-
vention can be found in the appropriate-use policies of many schools that
simply ban new technologies that are perceived as posing a risk to exist-
ing instructional practices.

Second, co-opt the technologies that support existing curricular outcomes
and instructional organization and can be easily integrated into instructional
programs. Drill and practice programs, such as Math Blaster, can be used to
support existing math curricula. Similarly, lessons builtinto integrated learn-
ing systems, such as Plato (www.plato.com), reinforce the learning objectives
of math, science, and social studies through curricula involving progressively
more difficult, interactive learning opportunities. School systems with Plato
can assign remedial help for students who struggle with traditional class
materials to pass achievement tests.

Third, marginalize the technologies. Interested teachers can create inno-
vative boutique programs alongside of the general school context where
they can work with like-minded program advocates and students.’® The
high school (as well as universities and community colleges) have all grown
through adding new boutique programs that extend the reach of the exist-
ing systems. It is relatively easy to add or remove separable elements of
the system, such as adding computer courses or eliminating arts courses,
However, reformers have not been able to change the very fabric of edu-
cation where teachers pass on their expertise to students and then test the
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students to see whether they have learned their lessons. Reforms tobuild
a more child-centered education have produced only minor changes,
mainly in the more flexible domain of elementary eduf:atlon.

The contemporary demand for standardized curriculum and assess-

: lﬁent in K-12 education makes adoption of new instructional directions

based on information technologies even more unlikely. In most states, learn-

ing standards are keyed to both the development of basic skills and com-

prehensive coverage of disciplinary content. With accounta.b%lity pressures
rising in many schools, most efforts are going into practicing skills and
covering required content. This emphasis on high-stakes measures O.f o
ventional skills and content does not encourage widespread innovation in
hing practice. ' .
e A cir?servaﬁve reliance on existing technologies works against re]:.)mld-
ing education around the kinds of skills for which compute:rs and infor-
mation networks provide an advantage in learning. In fact, Michael Russell
and Walter Haney have shown that writing on computers actually leads
to decreasing scores on pencil-and-paper writing tests, even when student
writing improves as tested on compuiers.* This is because the process of
writing on a computer is quite different from writing on paper. Mle the
plasticity of information technologies can adapt to meeting a Va‘rlety of
learning needs, this very flexibility can create tools that work against the

" movement toward the more learner-centered focus in schools that technol-

ogy enthusiasts advocate.

BARRIERS TO TECHNOLOGY USE IN SCHOOLS

While schools as organizations shape technological tools to serve ex-
isting instructional goals, there are also a variety of other barriers that act
to prevent the use of technology in schools.

Cost and Access

Even though the costs of computers and network connec.tions have
declined considerably in recent years, cost is still a serious baFner to the:-se
technologies becoming central to schooling. Cathleen }\I{)rrm anfl Elliot
Soloway argue that for technology to make real inroads i mstrucfmn, the
student to computer ratio in schools has to be 1:1.15 Despite a considerable
investment in computing infrastructure, the current ratio across the country
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is about five students per computer, and the ratio 9:1 in urban districts.
This means that pervasive use of computers will still need to rely on home
computers. There remains a considerable gap in home access to comput-
ers. By 2005, 89% of all Americans owned personal computers, and 68%
of families with incomes below $25,000 owned computers.’* But wide-
spread access to computers and other digital devices has narrowed the gap
between black and white Americans. A 2008 survey comparing Internet
access between black and white Americans found that 68% of African
Americans are online, compared with 71% of white Americans, and that
90% of African-American teens are online."”

- For computers to become as central to schools as they are to work-
places, students would have to do most of their work in networked com-
puter environments, including both class work and homework. But that
would involve enormous expenditure to provide computers to every stu-
dent. This would either require that each student have a personal laptop
they carry with them wherever they go, or that there be enough comput-
ers in every room and home for each student to have a computer when
they do their work. Otherwise, computers will be kept in laboratories,
with perhaps a few computers in each classroom. In that case, most of
the work students do will be offline, and computers will only be used for
high-priority tasks, such as typing papers and learning how to do com-
puter programming,

In addition to the high cost of purchasing machines are the high costs
of maintenance and software. There has to be technical staff on the pre-
mises, who can fix basic problems with machines and network connections
when things break. There also must be technical support people who can
help teachers and students deal with loading new software onto machines
and who can handle problems that arise when the teachers and students
try to use new software. Students often know more about advanced infor-
mation technologies than teachers and technology workers in schools. This
knowledge gap means that technology support people must be continu-
ously trained both to provide access to students and to protect the tech-
nology from students.

- Inrecent years, the costs of providing computer security have spiraled.
The relatively limited security precautions taken make many school dis-
tricts appetizing targets for hacker activity from both inside and outside
the school. And the cost of site licenses for software and software upgrades
can be quite expensive. While businesses must invest in these facilities to
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remain competitive, schools have had difficulty justifying the increasing
investments in upgrading software, maintenance, and security.

Classroom Management
Even classrooms that have computer resources present problems for

instruction. David Cohen points out that since whole class instruction pre-
dominates in schools, putting computers in a classroom causes difficult

‘management problems.’® The teacher can have a few students work on the

computers at one time, while working with the other students, but that can
cause discipline problems, and the teacher must be comfortable splitting
the class into different work groups. The kinds of individualized learning
afforded by computers can disrupt the group instruction common in many

" classrooms, If the students at the computers are working together, they

make noise that disturbs the other students. Students who do not get to work
at the computers often feel left out. Most traditional classrooms simply do
not have space for more than a few desktop machines, and the resources
necessary to redesign instructional space are already scarce. Although
laptops would solve the space problem, concerns about theft and break-
age militate against their use. utting computers in labs makes managing
the machines easier, but may not help teachers and teaching. Bringing stu-
dents to the lab means leaving class materials behind and competing for
time with other classrooms.

In addition to the space problems, there are time and instructional
problems in working with computers. Most K-12 class periods are only 45
to 50 minutes long. The start-up costs of working with computers, such as
time to get the software installed and started up and getting students situ-
ated, pressure the teacher to cut into teaching time. Taking students to the
computer lab takes more time. And unless the tasks are short ones, such as
drill and practice systems provide, it is difficult to get much done in the
time allotted. '

A major incentive operating in schools is the demand on teachers to
keep conirol of their clagsroom and maintain an atmosphere of quiet learn-
ing and study. Teachers are often judged on how well they keep control of
their classrooms, and failure to maintain control continues to be a leading
cause for young teachers to leave the profession. When students are work-
ing on computers, particularly when they are working in groups, there
tends to be a lot of interaction and noise with students sharing ideas and



!
L
i
y

40 2 Rethinking Education in the Age of Technology

helping one another. So it is difficult to maintain the quiet that teachers
and administrators expect. This makes using computers seem risky to most
teachers.

What Computers Can’t Teach

Neil Postman makes a persuasive argument about the limitations of
computers that captures much of what educators believe. This viewpoint
provides a major barrier to computers becoming dominant in schools.
Postman cites Robert Fulghum?’s Al I Really Need to Know I Learned in Kin-
dergarten for a number of lessons we all must learn as we grow up: “Share
everything, play fair, don't hit people, put things back where you found
them, clean up your own mess, wash your hands before you eat and, of
course, flush.”?® He could have added many other kinds of knowledge, such
as listening, expressing yourself clearly and forcefully, and obeying adults
in authority. These are all things children will never learn from comput-
ers. And, as he points out, these are skills we spend many years learning,
and school is where we learn most of them.

Teachers bring many things to learning that computers can never
match. The best teachers ingpire their students to believe in themselves and
to work hard to accomplish their goals. They open up possibilities that
parents and children may never see. They challenge learners’ prior beliefs
and encourage them to consider alternative ways to believe and to act. In
the educators’ view, computers are mere dispensers of content, and con-
tent is not the most important thing to learn as children grow up. Hence,

most teachers and principals feel that computers should never dominate
the classroom.

Challenges to Instruction

The innovative instruction that drives many computer applications
also makes the teacher’s job more difficult. Just as with other ambitious
curricula, using computers in the classroom requires teachers to put extra
time into gathering materials together and robs them of their conventional
strategies to keep track of what students are doing. Challenging curricula
also tax teachers’ expertise, forcing them to test out untried ideas, often
with unwilling students.

For example, David Cohen describes the fate of the new science cur-
ricula that were developed in the 1950s and 1960s by leading American
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-gcientists and educators.?? The goals of the new curricula were to eml:.)ha~
size understanding, thinking, and hands-on activities. But the).r ran into
difficulties because they departed from the standard school science cur-
ricula. Many teachers did not understand the new materials very well and
taught by rote, telling students what to do at each step. It was much more
difficult to teach with the new curricula, since teachers had to keep track
of all the materials and know how to deal with the issues and problems
that arose in working with the materials. The College Board had to devel'op
" new tests to assess what the students in these curricula had learned‘, Wth.h
they abandoned after about 10 years. These kinds of problems are mtt?ns1-
~ fied when dealing with an uncooperative, mysterious technology. G1§fe.n :
the time and knowledge demands already experienced by teacher.sf. it is
not surprising that most teachers do not want to deal with the additional
challenges introduced by computers.

Authority and Teaching

Computers act to dilute the authority that teachers have in classrooms—
especially the authority over what constitutes legitimate knowle.dge. Men
connected to the Internet, computers open classrooms to a wide variety
of information from many different sources. In a conventional school, a
teacher controls the official information flow of the classroom. Beca'use
computers provide access to more information than they can-poss1bl'y
master, teachers risk losing authority by integrating computers into their
teaching. Teachers earn the respect of students in part from their‘knowl-
edge and wisdom, and in part from their ability to engage and stimulate
their students. To the degree that students are getting their kno?vledge from
computer learning environments rather than from the teacher, it tak.es away
from the respect and authority that teachers would gain from sharing their
expertise with students. .

Furthermore, to the degree that students are engaged with computers,
the teacher is not engaging their attention. David Dwyer and his colleagues
reporta difficulty that many of their teachers feel when they allow students
to work on computers in computer-rich classrooms.?* They seem to feel
guilty that they are not teaching the students, and they feel nervous about
all the talking and sharing of information among the students.. Teachers
like to share their expertise. Were they to use computers extensively, they
would have to give up center stage. Most would not feel t1'1at they were
d_c;i_rpl—g.v_vha‘rthey were trained to do—that is, passing on their expertise to
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students. There are strong institutional and professional pressures that

make giving up this control feel like a dereliction of duty. A teacher who

acts as a facilitator can still form strong bonds with students, which will
earn their appreciation. But by becoming facilitators rather than instruc-
tors, are they still teaching?

There is a general feeling that teachers have been losing authority over
students in recent years. James Rosenbaum often asks today’s students
whether they have ever seen a teacher cry, Almost all have done so, even
though 30 years ago, most students never saw a teacher cry. He argues that
this is in part because school grades have no effect on students’ success at
finding jobs, or getting into most colleges. Of course, there is stiff compe-
tition among top students to get into elite colleges, but it turns out that most
state colleges and community colleges only require a high school diploma,
and most employers do not think that high school grades matter. So, un-
less students plan to go to an elite college, they have little incentive to please
their teachers.”2 But, television, radio, and film also provide sources of in-
formation for students that make them question what teachers tell them
and tend to downgrade the image of teachers. Taken together with peer
interaction, the media help to reinforce a peer culture that offers an alter-
native measure of social value and authority in schools that supplants the
authority of teachers. Teachers need this authority in order to justify why
schoolwork is important for students to succeed in life. Computers can only
serve to undermine their authority further.

Assessment

Standardized tests constrain how computers might be able to change
learning in schools. The emphasis on high-stakes accountability testing across
the country places a premium on how well students are prepared in math-
ematics and reading, and to a lesser extent, in science and social studies. So
alotof effort is spent on students practicing the reading and computing skills
needed for these tests. Drill and practice software can fit with this kind of
curriculum. But there is little room in the curriculum for adventurous uses
of computers, such as to carry out in-depth research or complete meaning-
ful projects. The standards movement across America is, in fact, working
against the kinds of learning that computers facilitate best.

The skeptics argue that the prevailing organization of resources, rou-
tines, and expectations work together to thwart the substantial changes in
teaching and learning promised by computers. In the traditional view,
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Jearning consists largely of memorizing essential facts and concepts, and

_ performmg procedures until they are automatic. The practices we cited

above, such as the lecture and recitation methods of teaching, and testing

. for acquisition of facts, concepts, and procedures, are manifestations of this

underlying societal belief about the nature of education. Only a small mi-
nority of educators hold the belief that education should be about students
constructing their own understanding using computer tools.

The skeptics argue that in schools, the transformative power of tech-
nology will be co-opted by the ways schools have worked. David Cohen
suggests that computer programs that support the current organization are
most likely to be taken up by schools.” In fact, the exploding private mar-
ket for assessment systems and data warehouses serves to reinforce the
cugrent conservative approach to standardized instruction. Thus, drilland
practlce programs, rather than more adventurous uses of computers, are
the ones that schools tend to adopt. But they stay in the periphery of the
school, such as computer labs, where the teacher can take students to prac-
tice the skills they will need for the many tests they must pass.

SYNTHESIS: INCOMPATIBILITIES BETWEEN
SCHOOLS AND TECHNOLOGY

In this section, we contrast the hope of the enthusiasts with the cau-
tion of the skeptics. Enthusiasts have emphasized the transformative power
of digital media, while skeptics have argued that computers have had
minimal effects on schools and are not likely to be widely adopted in schools
anytime soon. In our own view, this is because there are deep incompat-
ibilities between the practices of schools and the imperatives of the new
technologies. Below, we contrast the ways that schooling and the new tech-
nologies seem to be at odds with each other. These incompatibilities make
it very unlikely that technology will have a large impact on schools in the
foreseeable future. ;

Unifofm Learning Versus Customization

Deeply ingrained in the structure of schooling is a mass-production
notion of uniform learning, This belief stipulates that everyone should learn
the same things. Despite the practices of innovations, such as special edu-
cation, typical school courses are still structured so that everyone studies
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the same texts and has to pass the same examinations. This notion ex-
tends beyond the individual course to the notion of a set of required
couirses that extends up to graduate school, The notion that everyone must
come through the process meeting a set of common requirements is very
deeply ingrained in the notion of school.

But one of the great advantages that technology brings to education is
customization. Computers can respond to the particular interests and dif-
ficulties that learners have. If you want to learn about Chinese history or
the stock market, you can find lots of information on the web. Sometimes
you may even find individualized tutoring programs to help you learn.
As computers spread throughout society and the web becomes still richer
with tools and information, education should move beyond the lockstep
of required courses and basic skills. But to do this it has to go outside of
the school where uniform learning is woven into the very fabric of daily
Ppractice. '

Teacher as Expert Versus Diverse Knowledge Sources

Schooling is built on the notion that the teacher is an expert, whose
job is to pass on his or her expertise to students. The legitimacy of tradi-
tional classroom instruction rests on the teacher’s expertise as the source
of legitimate knowledge. For many years, teacher education has focused
on providing teachers with disciplinary knowledge and on the methods
to teach this knowledge in classrooms. Textbooks are written to support
these kinds of knowledge-based teacher expertise, because they serve to
define the scope of information that students are expected to learn and
Ccentral to the enterprise of schoolmg .

In contrast, digital media provide ready access to many different
sources of expertise. Video offers a variety of films and programs that
present different worldviews. Before the advent of television and cinema,
parents and teachers could prevail over children based on their much
wider knowledge of the world. But as Neil Postman documents, that
authority has been greatly diminished by what children are learning from
television.?t Computers and networks exacerbate the problem even more.
Soon children will be able to download all the videos and music and
written materials they want into their bedrooms. In a recent report, the
Kaiser Foundation documents how far this trend has gone, with teenagers
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often living in an entirely different media space from their parents, and,
of course, their teachers.®

Standardized High-Stakes Assessment
Versus Specialization

The assessment technology that is employed in evaluating students
uses multiple-choice and short-answer items, in order to provide objec-
tive scoring. But this form of testing requires that every student learn the
same thing. The standards movement in the United States is leading to
an expansion of high-stakes testing using objective methods. Standard-
ized assessments are motivated by the reform effort to ensure that all
children are at least educated to a common expectation for learning.
However, standardized approaches to instruction, by definition, restrict
the range of acceptable practice. There is less and less leeway for teach-
ers to allow students to choose unique directions to pursue topics deeply,
because this will not help them on standardized tests. And so our assess-
ment system is leading us away from any kind of spec1ahzat10n by stu-~
dents in their learning.

To the degree that technology encourages students to go off in their
own direction, it is in direct conflict with the standardized assessments
pervading schools. So it is in the interest of schools to strictly limit the
use of computers and networks to those activities that support students
in doing well on standardized tests. But those are the least adventurous
uses of computers, and they do not tap the computer power that enthu-
siasts proclaim.

Owning Knowledge Versus Mobilizing Outside Resources

There is a deep belief among teachers and parents that to truly learn
something, itis ‘critical o to doi > do it on your own without any reliance on outside
resotirces, Therefore, when tests are given, students are usually not allowed
to use books or calculators, much less computers or the web. Tests are ad-
ministered individually to students, rather than having them work in groups.
In fact, students are usually discouraged from working together in school
and sharing ideas. It is deeply embedded in school culture that sharing and
using outside resources is cheating. That is why it was such a revelation when
Uri Treisman and Robert Fullilove, who were in charge of student affairs
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for minority students at the University of California, Berkeley, looked at
Asian-American student performance in schools.? They found that a large
part of the success of many Asian-American students came from the prac-
tice of studying together for courses and exams. This led them to set up study

groups among students who struggled with their courses, which in turn led -

to substantial improvements in how they did at Berkeley.

The opposite is true of life outside school, where technology supports
people in their use of outside resources. In the workplace, you are often
judged on how well you can mobilize resources to accomplish some task.
Knowing where to go for information or help is often the key to the suc-
cessful completion of a task. The web makes accessing resources and help
much easier. Many people also look up information about issues they face,
such as medical problems, in order to make informed decisions. Technol-
ogy undermines the need to know things yourself, as long as you know
how to find the information and help you are seeking. Hence, technology
and school culture are at odds as to what it means to know and do.

Coverage Versus the Knowledge Explosion

School pursues the goal of covering all the important knowledge that
people might need in the rest of their life. As knowledge has grown expo-
nentially, textbooks have grown fatter and fatter. It has become more dif-
ficult to cover all the important material, and so curricula have become “a
mile wide and an inch deep.” Experts from different fields decide what
should go into each currictlum, and they are in competition with each other
to include the topics they deem important. The easiest way to accommo-
date their ideas is just to add more and more to the sum of what students
are supposed to learn.

Given the explosion of knowledge, people simply cannot learn in school
all they will need to know in later life. Successful adults have learned how
to find the information and resources they need to supplement their exist-
ing knowledge. In an age of technology, they exploit the web to find the in-
formation and tools to accomplish meaningful tasks. Not only do they need
to be able to find information and tools, but they also need to know how to
integrate information from different sources, to evaluate the reliability of
those sources, and to use the powerful computer tools available to them to
analyze the information and present it to others. But these form a learning
agenda that is at odds with the school agenda of covering all the important
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material needed for later life. School cannot take on both agendas, since the
curriculum is already crowded with the material deemed important for stu-

dents to learn.
Learhing hy Assimilation Versus Learning by Doing

Deeply embedded in the culture of schooling is the notion that students
shoui& fead, listen to, and absorb a large body of facts, concepts, procedures,
theories, beliefs, and works of art and science that have accumulated F)ver
the centuries. An educated person is one who understands and apprecml‘tes
these great intellectual products of human history. Tl'us view of learning
comes to us from liberal arts education. It is our highest ideal of a cultured
person, and so has very high status as a goal of education. . _

In contrast, the kind of education that technology fosters is a more
hands-on, activity-based education. Computers are highly interactive and
provide the learner with a wide assortment of computer tools to a:ccom-
plish meaningful tasks. Hence, they are much more a]igne:d v‘vith the “learn-
ing by doing” view of education than with the ”assillmlatlon of cul1:-ural
knowledge” view of education that permeates schooling. The two views
ate not entirely incompatible, since it is certainly possible to embed much
of the accumulated cultural wisdom into interactive learning environments,
5 but it is not a natural fit. So technology is likely to take education in a dif-
2 ferent d"-li';ction, toward design and construction of artifacts and analysis
of complex problems and situations. This is a vastly different view of edu-
cation from that which pervades the culture of schooling.

THE SKEPTICS’ VISION OF SCHOOLING

Skeptics argue that schools will not change in the face of' new te.clf}—
nologies. The school system has become locked in place, rnakmg '1t c.11ff1—
cult to change the core practices without disturbing the current equilibrium.
So the skeptics feel that new technology, although it will b? adopted for
the library or media center and for tech prep and computer science courses,.
is not likely to-penetrate the core of schooling.

Their vision of schooling in any case does not center on technology.
They think the important goals of schooling are to inspire students to Pnder—
stand the great products of human thought, think deeply about issues,
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consider different viewpoints, present their views in compelling and co-
herent fashion, and so on. And they do not see technology as central to
attaining these goals. In fact, many see technology as a distraction.

Schooling itself is conservative. Educators value the idea that every-
one should acquire basic skills and deep disciplinary knowledge. Hence,
they want to focus the schools on teaching the important knowledge that
society has accumulated over the course of history, rather than the fads
of the latest technology innovations. As a practice of human improvement,
teachers work under difficult conditions and come to vatue the hard-
found strategies that lead to student learning. Protecting what they know
leads many teachers to suspect what might be left out with the promise
of transformed practices. Further, there are many barriers to computer
use in school, such as the problems it raises for classroom management
and the authority of the teacher.

One way to think about the difference between the goals of schooling
and the goals of technology is captured by a catch phrase: School fosters just-
in-case learning while technology fosters just-in-time learning. Schools are de-
signed to teach us everything we might need to know in later life. But
perhaps this is a fool’s errand, given the knowledge explosion our soc1ety
has enjoyed in recent years.

New technologies, on the other hand, support an entirely different
approach to learning. Learn what you need when you need it. What will it
take for our society to change its concept of what it means to be educated?
In the next two chapters, we look at the revolution that education went
through from an apprenticeship-based system to a school-based system, and
the revolution we are currently going through toward a hfelong—learmng
system.
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The Three Eras
of Education

We are now entering the lifelong-learning era of education, having
experienced the apprenticeship and universal-schooling eras. These three
eras differ in many aspects, but in some ways the lifelong-learning era
seems to reflect elements of the earlier apprenticeship era.

As we moved from the apprenticeship era to the universal-schooling
era, there were changes on a number of different dimensions: Who was
responsible for children’s education, what was the purpose and the con-
tent of their education, how were they to be taught and assessed, and what
did we expect them to learn. There were also changes in the location of
where learning occurred, the culture in which learning occurred, and the
relationships between teachers and learners. All these aspects of educa-
tion are changing once again as we move into the era of lifelong learning.

RESPONSIBILITY: FROM PARENTS TO THE STATE
TO INDIVIDUALS AND PARENTS

Perhaps the most revolutionary idea advanced by Horace Mann and
his colleagues was for the state to take over responsibility for educating
children from their parents. In the apprenticeship era, parents decided what
their children would learn. Parents would often decide what occupation a
boy would pursue, and either the father would train him if he was to fol-
low in the father’s footsteps, or the boy would be apprenticed to a relative
or friend to learn a trade. Girls learned their household and other duties
from their mothers. If they lived on a farm, as was most commeon, mothers
would teach the girls their farm duties, such as milking cows. If the family
was in a trade, the mother would often run the shop and the girls would

91
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learn how to do that. If the mother was a midwife, the girls would learn
midwifery by observing their mother and slowly taking on some of her
responsibilities. Many of the learned people in the apprenticeship era were
largely self-taught, as the story of Abraham Lincoln reading at night by
the fire illustrates.

With the onset of the Industrial Revolution, there was a concern about
immigrant children learning the values and language of America, and-a
sense that this would be the responsibility of the state, not of parents. The
reformers felt that immigrant parents could not teach their children proper
American values. And so Horace Mann and his colleagues argued that we
tieeded to require all children to go to school, where they would learn
American values and the English language. The mass education model of
industrial-age schools allowed for large groups of children to receive in-
struction in a common curriculum. Mann felt that participation in a com-
mon base of knowledge, language, and social interaction would make it
possible for ali children to grow up to be successful American citizens. So
the reformers advocated taking control of education from the parents and
giving it to the state. This often led to children developing attitudes and
values that their parents did not share. A graphic description of this pro-
cess is beautifully described in Richard Rodriguezs autobiographical book,
Hunger of Memory, where he describes how he was torn between his par-
ents’ values and the American values he acquired from his schooling.? Now
the home-schooling movement is trying to take responsibility for children’s
education back from the state.

In the present lifelong-learning era, responsibility for education is
shifting away from the state and back to the parents (for younger children)
and to the individual (for teenagers and adults). This movement reflects
the emphasis on customizing education to the particular learners’ needs,
interests, and abilities. We see this in the growth of home schooling, dis-
tance education, and learning centers. More and more parents are taking
control of the education of their children by buying them educational vid-
eos and computer software, by teaching them what they think is impor-
tant, and by purchasing educational services for them when they face
difficulties or show interest in a particular topic. When people get older,
starting sometime in their teens, they are deciding what they want to learn,
either out of a desire to advance their careers or to pursue their deep inter-
ests. Many of the technology stories we hear are of teens pursuing indi-
vidual goals, such as making web pages or remixing music videos. Bill
Gates is famous for spending hours in his high school years programming
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computers. Although high schools offer some choices, technology makes
it easier for teens to pursue their individual passions on their own.

EXPECTATIONS: FROM SOCIAL REPRODUCTION TO
SUCCESS FOR ALL TO INDIVIDUAL CHOICE

Before the Industrial Revolution, parents wanted their children to fol-
low in their footsteps. And so the education they expected for their chil-
dren was the same education they had acquired. If they were farmers, the
children were expected to learn to be farmers like their parents. If they were
engaged in trade or a craft, their children were expected to learn to carry
on that trade or craft. If they read the Bible, children were expected to learn
to read just as they did. These expectations supported reproduction of class
differences. There was little room for social mobility that would allow chil-
dren to advance themselves by getting a good education. There was an
assumption of social stability and that children would face a world much
like the one their parents had faced. So the goal was to raise children with
the same skills their parents had.

After the Industrial Revolution, one of the main arguments that Horace
Mann made was that education could bring everyone up to a common, high
level of success. He wanted to make it possible for the children of immi-
grants from different countries to achieve the American dream. Much of
the American dream consisted of the promise that hard work and a good
education would pay off in rising social and economic status, and that
American society had the kind of social mobility that would allow every-
one to advance, Creating a common school system would be the central
path for children to take advantage of social mobility. The flip side of im-
posing school on everyone was to socialize children away from their par-
ents’ goals and values, in order to foster social cohesion and common civic
values. Mann felt that if children were provided a free education, they
would adopt American values and -have the skills needed to do any kind
of work they chose. This is an argument for equity through education,
which comes down to us in the phrase “Every child can learn.” Eventu-
ally, many parents bought into this ideclogy, and came to expect their
children to acquire a good education. In fact, it became a dream of many
parents that their children would attend one of the elite colleges in America,
even though they themselves may never have finished high school or gone
to college. But there is still a feeling among many families, especially
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immigrants from other countries, that the schools are educating their chil-
dren with a set of values that are inimical to their own.

We think that the expectations for education are beginning to change
once again. The goal of success for all is still widely present. But teenagers
and young adulis are taking on more responsibility for their own lives and
education. They often reject what school has to offer, choosing to pursue
" instead whatever interests them or what they think is necessary to advance
their careers. They are less willing to accept the expectations of educators,
who, following in Mann’s footsteps, have decreed what an educated person
should know through their curriculum standards. Rather, in the spirit of
customization, many young people are pursuing their own educational
paths, learning what they think will be of value to them. Choice reigns in
charter schools, rich curricular electives, and virtual schooling options. Home
schooling is the parents’ way of saying that we think we should decide what
our children should learn. Distance education, learning centers, and techni-
cal certifications all act to expand the choices that people can make for what
they will learn. In this light, the standards movement can be seen as a con-
servative check on rampant customization. As the lifelong-learning era
moves gradually toward a situation where people choose for themselves
what kind of education they will obtain, standards will serve as a constraint
on the range of what counts as legitimate learning.

CONTENT: FROM PRACTICAL SKILLS TO DISCIPLINARY
KNOWLEDGE 7O LEARNING HOW TO LEARN

Before the Industrial Revolution, the major purposes of educating
children were for religious salvation and to help them learn to do the work
' that they would perform as adults. The content of education focused on
literacy and on the skills and crafts of their parents or their masters, if they
were apprenticed to someone other than their parents. The schools at the
time taught a few basic skills, such as reading, writing, and basic compu-
tation, which children would need to read the Bible and carry out tasks
such as buying and selling goods. But few students went to school for more
than a year or 2, so the content of their school education was fairty basic.
They did, however, learn a lot from helping their parents at work and doing
chores around the house, Most children learned how to make a living from
their parents, but when a child was apprenticed in a craft or trade, the
master took on the role of a parent to ensure that the child learned the skills
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he or she would need to succeed. Hence, the major portion of a child’s
education focused on the practical skills of making a living.

With the Industrial Revolution, the important goals of education be-
came social cohesion -and preparing children to live in a democratic soci-
ety. Mass public schooling began to separate the religious and vocational
content of education. The schools stressed learning a common core of secu-
lar knowledge—particularly reading, writing, and arithmetic—which chil-
dren would need to function as intelligent citizens and workers. As schooling
was extended through high school, the curriculum added knowledge in the
different disciplines that had developed in the modern era. History, English,
and civics were stressed to prepare students to be good citizens. Courses in
algebra and geometry were added in order o prepare students for the many
professions that required mathematical training, such as the financial, engi-
neering, and scientific professions. The Committee of Ten, which the U.S.
commissioner of education convened in the 1890s, decided that every high
school student should take a set of courses—English, mathematics, Latin and
Greek, history, science, and geography—that reflected the disciplines that
colleges felt were important. The committee’s recommendations largely
determined the high school curriculum in the 20th century, though Latin and
Greek did drop out in favor of modern foreign languages. However, except
in parochial schools, religious education was left unaddressed by secular
public schooling and continued mainly through family-based, apprentice-
ship models.

With the knowledge explosion, it is becoming impossible for schools
to teach people all the knowledge they might need as adults. Extending
schooling for more and more years to accommodate the explosion of new
knowledge and the growing demands for education is not a viable strat-
egy. So learning how to learn and learning how to find useful resources
are becoming the most important goals of education. Therefore, the focus
is more on generic skills, such as problem solving and communication in
different media, on interpersonal skills in order to interact with people from
different backgrounds, and on learning to find information and resources
and to learn from them. These ideas were outlined in a report from the U.S.
Labor Department in 1991 called the SCANS report.? It argued that in order
to be prepared for work in the 21st century, people needed education in
five areas, called core competencies:

* Resources: Identifying, organizing, planning, and allocating resources
* Interpersonal: Working with others



86 Rethinking Education in the Age of Technolagy

* Information: Acquiring and using information
* Systems: Understanding complex interrelationships
* Technology: Working with a variety of technologies

The SCANS report argued that. these new competencies should be built
upona foundation of basic skills, thinking skills, and interpersonal quali-
ties, such as responsibility and integrity. The SCANS reportisa s ; tom
of the changing demands on education. Over the last century, mu)itriéJ job.
have been disappearing, and the demand for flexibility a’nd 1:hirlliinS
has grown. People will have to keep learning new knowledge and skillg
throughout their lifetimes, as their lives and jobs keep changing )
_ Another implication of the individualization that results whe‘n institu-
tl.OI'ES can no longer control access to content is that it becomes increasing]
difficult to separate religious and secular values. When learners select %0}-7
grams of study based on their interests, then the values that guide leafner
Interests become integrated into the education experience. A cursory look
at blogs and social network sites demonstrates how not only relig-icl;zs but
other shared values rooted in popular culture, sports, and entertainment
perme:ate new technology learning environments. This suggests that the
explosion of learning content out of the control of constraining institutions

allows learners to customiz i i i nal
e learning experiences in terms of pers
- - - O
than institutional, values and beliefs, F rather

PEDAGOGY: FROM APPRENTICESHIP
TO DIDACTICISM TO INTERACTION

. The pedagogy of apprenticeship involves modeling, observation, coach-
ing, and practice. The adult shows how to do things and then watche;s while
the leam.er tries, providing less support as the learner gains experience

Apprenticeship was not simply the method of teaching trades and crafts‘
It was how children learned how to run a farm or shop, how to be a mid-
wife, how to do chores around the house, and even hom: to read and write
when these skills were taught at home. It is the natural way that people
teach o‘ther people in a one-on-one situation. Apprenticeship is vz I;e~
Source intensive, since it requires a knowledgeable adult for every t:vyo or

three learners. However, it is very efficient because almost everyone man-
ages to learn, given such close supervision. In the family, older siblings
might take on some of the burden of teaching, and in the t;'ades, a mastEr
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might have a number of apprentices at different levels of expertise, who
help teach novices.

Apprenticeship was not a viable pedagogy for mass schooling. When
the schools were flooded with students, they had to evolve a mass peda-
gogy that would work for a very high ratio of students to teachers. The
pedagogy of industrial-era schooling involved small numbers of teachers
lecturing to large numbers of children about knowledge and skills, direct-
ing the children to practice by answering questions or doing homework,
then testing to see if they had learned what was taught. Lecturing proved
to be the simplest pedagogy to implement, since teachers need no resources
other than their knowledge, which they try to communicate to students.
The progressive educators argued that children learn better by active en-
gagement rather than listening to teachers, and so new methods that en-
gaged students were adopted over time. These included having children
answer questions, recite things they had learned, fill out worksheets, do
homework, and engage in projects and discussions. The pedagogy of school-
ing has evolved a long way from the early years, when, as Larry Cuban
describes, students were expected to recite in order the names of all the
bays along the east coast of America.? But it is still a mass-production peda-
gogy, where many students fail to learn what is taught.

The pedagogy of the lifelong-learning era is evolving toward reliance
on interaction, Sometimes this involves interacting with a rich technological
environment such as a computer tutor or a game on the web and sometimes
with other people by means of a computer network. The pedagogy of com-
puter tutors echoes the apprenticeship model in setting individualized tasks
for learners and offering guidance and. feedback as they work. Computer
tutors provide a variety of computer tools that support learners in carrying
out tasks. For example, students might be given the task of solving a com-
plex geometry problem, such as finding the area within a circle but outside
an inscribed right triangle. If the student does not know how to start, the
system might provide a hint, such as asking if the student knows how to find
the area of a right triangle. If the student needs more help, further hints might
be provided, such as showing the right triangle as half of a rectangle, and
asking whether the student knows how to find the area of the rectangle. As
the student works through the problem, the system could track any errors
the student makes and provide feedback (“Are you sure that is correct?”).
When the student completes the problem, the computer might review the
procedure with the student, pointing out the critical steps to solve the prob-

lem and the general ideas that the problem encompasses.
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This type of guided pedagogy extends beyond the world of computer
tutors. For example, discussion-board interest groups can provide specific,
task-level advice about how to solve a video game puzzle, whether to make
a fantasy baseball trade, or how much automobile stock should be pur-
chased to balance a portfolio. As another example, a distance-learning
teacher might closely monitor how a group of students is progressing on a
project they have been assigned. Computers can extend the kind of close,
personal supervision provided in apprenticeship methods to every learner,
either by monitoring actions the learner takes in a computer environment
or by providing a trace of student work to a distant teacher. But the down-
side is that learners working in such environments may become more iso-
lated from social interaction with other people.

ASSESSMENT: FROM OBSERVATION TO TESTING
TO EMBEDDED ASSESSMENT

In the apprenticeship era, the adult carefully observed learners and
corrected them as they went along, giving them tasks they were ready for,
and seeing whether they completed them successfully. Observation dur-
ing the course of task completion combined the functions of formative and
summative assessment, Ongoing, formative encouragement or critique pro-
vided feedback to guide the learner through tasks, and the final, summative
judgment gave learners feedback on whether the task was successfully
completed. Such close supervision keeps learners from making a lot of
mistakes, since the adult comes to understand the capabilities of learners,
and can anticipate many of the problems they may have. The master can
ward off failure by giving tasks that have the right amount of challenge—
not so easy that learners become bored and not so difficult that they fail.
When learners do make mistakes, the master can go over what was done
and try to identify what led to any mistake. Assessment in this context, then,
does not involve getting a grade or failing a test. It simply means getting
feedback as you work, and suggestions as to how to improve. The master
comes away with a clear understanding of what each apprentice is capable
of doing; the student comes away with an assessment of just what still needs
to be learned.

In the schooling era, standardized testing emerged as the means to
determine whether students had acquired the skills and knowledge that
had been taught. Standardized testing effectively separated formative and
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summative assessment. As with apprenticeship, the teacher’s role was to
formatively observe the student to provide direct feedback on the progress
of learning. But teachers often could not assess the cumulative effects of
the curriculum over time, so tests were developed to track whether stu-
dents had learned enough to advance to the next level. In order to make
sure that all students in a classroom wetre at about the same level, tesis were
also used to place students in a particular class and to determine whether
they had learned the material well enough before passing learners on to
the next grade. Testing always involves some cutoff, so testing brought with
it the notions of passing and failing. This led to the ranking of students,
and ultimately, to a sense of failure among those who do not learn as eas-
ily as others do.

In the lifelong-learning era, as with apprenticeship, summative
and formative assessment begin to converge. This is particularly true in
computer-based learning environments. Here, assessment occurs as the
learner progresses through the tasks in order to provide ongoing support
to determine whether the learner has accomplished the goals. This kind of
assessment is more like that in apprenticeship settings, where the assess-
ment is ongoing and tightly coupled to the learning. When students need
help, the computer may provide hints or suggestions as to how to proceed.
When students make a mistake, the computer might point out the error or
guide them toward the correct answer. By embedding assessment into the
ongoing learning process, it takes much of the onus off making mistakes.
To the degree that the computer can provide the appropriate support, it
can ensure that everyone succeeds and feels a sense of accomplishment.

LOCATION: FROM HOME TO SCHOOL TO ANYWHERE |

In the apprenticeship era, most work was comprised of household and
domestic industries. Children learned to carry out adult tasks from parents
or relatives at home. In towns and cities, children might be sent to school for
a year or 2, but that is not where most learning occurred. The main venue
for education was the home, and the farm or shop attached to if.

With the Industrial Revolution, parents started working outside the
home, and so children were gathered in schools to learn things they would
need in later life. Gradually, school came to be seen as the major venue
where education happens. Even workplaces, such as in the military and
business, created school-like settings when they wanted to train people to
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doisome task. Norman Frederiksen told the story of how he was assigned
to improve the assessment of gunner’s mates for the navy durin Wgcl)::ld
W?r I1* This is a job that requires cleaning and maintaining guns Enboard
ships, but he found that the teaching was by lecture and the testing was b
paper and pencil. He proposed to institute a performance test, based ory1
the tE-ISkS that gunner’s mates actually carry out. The instmctor’s objected
to this, because they thought the students would fail. Just as the instruc-
for? predicted, the learners all failed the petformance test, but Frederiksen
insisted that the new test be kept. After they failed, students demanded to
be taught how to do the tasks on which they would be tested. Soon the
learned to do just as well on the performance test as they had previously
done on the pencil-and-paper test. This story illustrates that when we Vievj\xi
education through the lens of school, we try to make education fit into the
school mold, even if it doesn’t make a lot of sense to do so. And thatis what
most education in the military and business still looks like.

. N ow.education is moving into many different venues, where learn-
ing materials can be accessed from computers and the web. Lifelong learn-

. ers often use tools such as personal digital assistants that they carry with
tl*.lem, which can be connected to the Internet, to access their learning en-
vironments and communities. Many towns and buildings are providin
;\;;elesshc{onn;ctions, and this connectivity is spreading rapidly. We arg

roaching the era wh e in just-in-ti ing an:
approac angyw Lo en people can engage in just-in-time learning any-

CULTURE: FROM ADULT CULTURE TO PEER CULTURE
TO MIXED-AGE CULTURE

Before the Industrial Revolution, children learned in the context of the
adults.who were working around them. The work they were doing was
essential, and the children were treated as helpers rather than stugents
Hence, the children felt the importance of what they were learning and thaé
they were an integral part of the work group. While they might form close
bonds with their brothers and sisters, or fellow apprentices, no strong peer
-culture arose in that setting. The work was serious business, and their learn-
mg.’go do the work was crucial to their own and their family’s survival. The
notion that there was a separate youth culture, or even adolescence.as a
developmental category, did not emerge in the apprenticeship era. Chil-

The Three Eras of Education 101

dren were regarded as small adults, and what youth culture there was
largely reflected the activities and experiences that adults thought would
be appropriate for youth. §

As James Coleman points out, a separate youth peer culture arose with
the advent of industrial-age schooling.® This new peer culture reflected the
opinions of adolescents and, as the 20th century progressed, often ran
counter to the expectations and values of adult culture. Middle schools and
high schools concentrated same-age children together, which led to the
development of peer culture. Kids have tobe old enough and concentrated
enough to form a community that has its own beliefs and values. When
peer culture did develop, it began to reflect the newly recognized needs of
an adolescent class. Often, peer culture emphasized the difference between
the cultures of schooling and youth.

Penelope Eckert described how peer culture in a typical American
high school had developed between two poles: the jock culture and the
burnout culture. ¢ The jock culture consisted of all the students who fully
participated in school activities and played the school game. The burn-
outs were the students who were hostile to the school and teachers, often
doing drugs or other nonschool activities. While Eckert found that most
students fell in between these two groups, the two formed the axis around
which the school culture revolved. Economic expansion in mid-century

America reinforced the development of adolescent peer culture as mar-
keters discovered disposable teen income. This peer culture transformed
the entertainment, fashion, and advertising industries, and became a
distracting contender for the attention of youth who did not find a home

in the culture of schools.
As learning moves out of a school setting, peer culture may weaken

~ when children are working on tasks with their parents and other adults,

or in a media environment. Home schooling is a movement designed to
remove children from peer culture. Many parents do not like the values
their children get from their peers, and they think thatby schooling kids at
home, they can protect them from the influences of peers, and from the
wider society in general. To the degree that learning centers take hold as
an institution, they too may undercut youth culture. In. the community
technology centers, people of different ages come to learn and use the fa-
cilities. So there is a mixed-age population all learning and working to-
gether, which acts to subdue the effects of peers. And when students are
Jearning from distance education, they willbe rather isolated from others,
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except to the degree that they are doing online projects with other people

- It would be very difficult for peer culture to develop among online par- |

ticipants in distance education, since the learners only interact in order to
a‘ccomplish a specific task or discuss a specific issue. In general, as educa-
tion becomes a lifelong activity, there are likely to be more situati’ons wher

afiults and children are learning together. This will tend to create a .
kind of mixed-age learning culture. e

RELATIONSHIPS: FROM PERSdI\IAL BONDS
TO AUTHORITY FIGURES TO
COMPUTER-MEDIATED INTERACTION

In the apprenticeship era, children were learning from

grew up with and knew very well. Most of chﬂdren’sgeduca:ilclyiicalﬁzsftjéz

their parents or close relatives and friends. These were people who were
concerned for their future. So children formed close bonds with the people
who were teaching them. The closeness of the bonds had many saﬁutf
effects on their learning. Children knew that if they did not try hard th:;y
would dlsap}_::oint people who were critical to their survival. In tirries 031:
po'verty and limited opportunity, a child’s failure to learn in apprentice-
ship had real consequences for families. So most children made a real ef-
fort to be responsible, and to learn as much as they could in order to please
the adults who were teaching them. And because the adults knew the chil-
dren well, they could tailor their teaching to the children’s needs, inter-
ests, and abilities. In fact, much the same thing happens toda ;
parents who school their children at home. Y mene

.‘ With the advent of universal schooling, children and their teachers

only meet one another on the first day of class. They are strangers at the
outset. Though many teachers develop bonds with their students, they do
not have the time parents have to develop a deep understandin ; of t}I;eir
studer}ts’ personal needs and abilities. Many-to-one student-teacfer ratios
ITlake .1t difficult to build the same kinds of relationships seen in appren-
ticeship. The ability to establish enduring learning relationships WII:III) stu-

dents usually depends on whether the teacher demonstrates the authority

to control the classroom. In most middle and high schools, teachers have
to estab‘lish their authority from the outset or they will n(;t survive ver

long. Itis the students who perceive the value of schooling to their futurei
who are most likely to pay the respect to teachers that is necessary to make
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schooling work. There is a clear cultural component to the giving and re-
ceiving of authority in schools.

As Lisa Delpit suggests, many teachers belong to a white middle-class
culture that expects authority to be given to one who achieves an authori-
tative role. On the other hand, Delpit suggests that many people of color
“expect authority to be earned by personal effort and exhibited by personal
characteristics.”” These contrasting perceptions of given versus earned
authority have contributed to a two-tier model of mass schooling, one for
students who are freely willing to respect the role of the teacher and the
other for students who expect teachers to earn their authority. The kinds
of learning environments that develop in the first tier, where authority is-
sues do not come into play, are significantly different from environments
where the teacher’s authority is always in question. Researchers such as
Ron Ferguson emphasize that restoring these teacher-student relationships
is an important factor in improving learning for students who tradition-
ally struggle in schools.®

Lifelong learning restores some of the relationship characteristics of
apprenticeship learning. Interest-based learning thrives when partici-
pants develop multiple connections across learning communities. Many
of these relationships reflect the kinds of mentor-student interactions that
are characteristic of apprenticeship learning. When students take distance
education courses, they interact with teachers and other students over
the Intefnet based on common interests. Online relationships allow teach-
ers to focus much more on feedback concerning learning process and
outcomes. Afterschool learning environments are also built on restoring
the kinds of personal interaction that have been lost for students who feel
they don’t belong in schools.

Computer-based learning environments impact the learning relation-
ship in another way. Computer systems have limited understanding of
students as individuals and do not provide the warmth and support of a
good human teacher. At the same time, the systems provide regular, tar-
geted feedback in a noneritical, impartial manner. Much is lost in computer-

. based learning settings, since we learn most naturally by interacting with

people we know well and respect. But the highly interactive nature of com-
puter environments may, in part, compensate for the lack of personal bonds.
" 'Given the limitations of computer environments, it will be best if students
working in computer-mediated environments are part of a community,
either offline with friends and family, or online with people who share

common interests.
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CRITICAL TRANSFORMATIONS IN EDUCATION

o oIf’t:'ll:ia‘z; :hle nc";:)st ]smtn king change from the era of apprenticeship to the
al schooling was the state’s assumption of ibili
educating children. The state control doeclod et
: of education led to a mass-schoolin
E:(L(Iileli;hat ;ggregated students in age groups, promoted standardized curg--
noulum ::masse‘j;m;nl;slé aﬂr;;i reconfigured the relationship between teach
; ers. We thi tin the lifelong-learning er. i i
in advancing their own learning wi i o g i
: g will begin to take back responsibili
education from the state. But at the same time, what will haplfen t(l) leai'ynii-):

who are unwilling or unable to take ad
: vant i i
the diverse lifelong-learning environment;ge g

7

What May' Be Lost and
What May Be Gained

The revolution in education will alter not just the lives of students,
but all of our modern society. As with any revolution, there will be both
gains and losses. Some pessimists see people becoming subservient to their
technologies and many people being left behind as technology comes to
dominate our lives. Some optimists see a golden age of learning opening
before us, in which people will be able to find resources to pursue any
education they may want. What lies before us? We don’t envision a future
that is either bleak or idyllic, but one with elements of both. In this chap-
ter, we consider the worst fears and the most optimistic hopes. By facing
the range of possible outcomes, society can make wiser choices to mitigate
the dangers and foster the possibilities.

WHAT MAY BE LOST

In Thomas Jefferson’s and Horace Mann's vision, education would
prepare people to be good citizens and assimilate them into a common
culture. Mann was very concerned about educating immigrants and de-
veloping social cohesion. Much of this cohesion may be lost as parents and
individuals take over responsibility for learning and there is fracturing of
education into smaller groups. We can anticipate not only Christian con-
servatives developing curricula, as they are already doing in home and
private schooling, but many different interest groups, such as environmen-
talists, Muslims, Mormons, Cuban Americans, Mexican Americans, and
so forth, developing curricula that address the concerns they have about
raising children. As David Brooks argues, we are settling into our own little
“cultural zones” where like-minded people cluster together.!
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Through such fracturing into interest groups, citizenship and social co-
hesion goals are likely to be undermined, When the American republic was
new, there was a general concern with whether it could hold together as a
single union, given how diverse the people and their values were in the dif-
ferent states. These differences came to a head in the Civil War. By the 20th
century, however, the fear of the Union breaking apart had diminished con-
siderably. In fact, modern media, such as television, have had a very strong
homogenizing effect on the population, which ensures a common cultiire
without depending on schools to produce one. But that effect may be lost as
media outlets proliferate with streaming media and multiple channels.

We see diversity expanding in the movements toward multiculturalism
and the mainstreaming of minority groups, such as the handicapped. Of
course, there has been a significant backlash against multiculturalism, as
evidenced by English-only laws and the movement against bilingual edu-
cation. But the fear of society breaking apart is not nearly as great as it once
was, and so the demand that public schools must help Americanize the di-
verse peoples in America has lost some of its force. Hence, we are willing to
let different groups go their separate ways in private schools and home
schooling. In fact, the push for vouchers and charter schools is an effort
to let parents take control of their children’s education from the state.
These trends can only lead to more diversity among Americans, despite
the countervailing force of the mass media.

One of the most serious issues that a diminution of the role of public
school portends is the problem of equity of access to learning. We see this
concern in the discussion of the “digital divide”: i.e., the difference in ac-
cess to computers and the web between rich and poor, and white and non-
white people. Schools have been the means by which many immigrants
and minorities gained access to the American mainstream. Even today,
despite widespread tracking and segregation, the public schools are the
institution that fosters equity more than any other institution in America.
As Martin Carnoy and Henry Levin argue, “Schooling produces relatively
more equal outcomes than the workplace and other institutions of the larger
society.”?If different groups take over the education of their children, then

many poor and minority children are likely to suffer. The danger is that
public schools may be left with uninterested students, while parents who
want to give their children a good education avail themselves of home
schooling, private schools, and learning centers,

In recent years, education has been perceived by parents as more and
more critical to “getting ahead” in America. This reflects the growing
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disparity in income between college-educated and non-college-educated
people.? Even though schools have instituted policies to help some students
get ahead, such as gifted and talented programs, Advanced Placement
courses, and tracking, public schools were conceived to be egalitarian in-
stitutions. Hence, parents are spending more money in recent years o
buy their children educational services, such as educational videos and
games, computer-based resources, private schooling, and specialized
tutoring, so that their children will have an advantage. Poor and less
educated people cannot buy these services, and may not even be aware
that they exist, which will exacerbate the educational inegualities that the
public schools have tried to mitigate.

There is also the potential decline of liberal arts as education becomes
more centered on the individual. Will people seek out the kind of education
that broadens them as people? When people select their own education goals,
they tend to select things that interest them or that are occupation-oriented.
Their choices are often narrowly focused. A major goal of education has
been to extend students’ horizons. In the future, will children be steered
along narrow paths that their parents approve of, such as a particular re-
ligious or job orientation? This may make it difficult for people to get along
with people who come from different backgrounds or have different views.
Further, children may be very limited in the occupations they consider,
because parents may try to limit their children’s choices, as their choices
used to be limited in societies before the spread of schooling,. Itis clear that
public schooling has produced a much more tolerant society, where people
encounter many different ideas and types of people. Will this allbe cut short
by the Balkanization of education?

Finally, will people become more isolated, sitting at home in front of
a computer and interacting less with other people socially? It is by inter-
acting with supportive mentors and teachers that people are inspired to
work hard and learn difficult topics. Isolation could produce a loss of so-
cial skills and societal cohesion. There was a study carried out at Carnegie-
Mellon University on home computer users who had just started using the
Internet.* The research found that spending time on the Internet was asso-

ciated with decreases in talking among family members, reductions in the
number of friends and acquaintances they kept up with, and increases in
depression and loneliness. This was true even though people in the study
heavily used email and other communication services on the Internet. One
danger, then, of increased use of computers for education is that many
people will isolate themselves more from friends and family. The decline
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in the number of people participating in community organizations has
already been well documented by Robert Putnam.’ We worry that the
technologizing of education will further the decline in community among
Americans, at the same time that the population is becoming rapre diverse.
Many of these problems are exacerbated by the privatization trend
that took hold during the 1980s. There has been an increasing inclination
worldwide, but particularly in the United States, to encourage people to
fend for themselves. Although this allows savvy people to make more of
their own choices and purchase their own educational resources, it leaves
less educated or affluent people further behind in the competition for
educational resources. In Ontario, Canada, ab,out 24% of parents with
school-age children have hired tutors, and 50% claim that they would hire
tutors if they could afford them.® Similar percentages are found in the
United States. Privatization has the effect of increasing educational dis-
parities among the population between the rich and the poor. Technol-
ogy so far has been a force for increasing inequality rather than decreasing
inequality. '

To summarize the pessimistic view of the future, we see the current
equity issues in education increasing with the penetration of technology
into education. More and more now, the commercialization of education
means that the elites are buying resources in order to give their children
an edge in the education race. They buy lots of educational toys and vid-
eos for their children when they are preschoolers. They send them to ex-
pensive preschools. They buy them computers at an eatly age, so they can
learn to navigate the web and acquire critical technology skiils. They send
them to private schools or buy houses in neighborhoods with elite public
schools. They contribute time and resources to their children’s schools, so0
they will be able to provide the kids with the best possible schooling. They
get their kids tutoring if they are having trouble with any of their classes.
They send them to SAT and ACT prep courses at local learning centers. In
short, they are buying their kids the best possible education so they can
beat the competition in later life.

State courts have tried to restore equity by mandating that states dis-
tribute resources more fairly among their towns and cities. But many elites
resist such redistribution of resources with all their might. One rich county
in Vermont, when faced with a mandate to redistribute finances to poorer
counties in the state, actually tried to secede from Vermont and join New
Hampshire, across the river. It is going to be very difficult to reallocate
resources more fairly among different schools across the country, and the
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availability now of vast technological resources only exacerbates the prob-
lem. To redress the problem will take a much broader vision of education

than educators now have.

WHAT MAY BE GAINED

One of the most powerful promises offered by technology is that learn-
ing will become more engaging. Education will be directed more toward
what peoplé-want to learn, and hence, they will be more excited and drawn

" to learning. For exampie, parents who are schooling their children at home

usually encourage them to pursue topics they are interested in more deeply
than other topics. They iry to embed important learning goals, such as math
and writing, in those contexts, so that the children devote themsel.ves ‘to
doing a good job. Furthermore, when people choose courses to take in dlls-
tance education or adult education, they choose topics that they feel will
help their careersor that reflect abiding interests they have.. And, of course,
when people watch television or purchase educational videos, games, or
simulations, they choose topics that interest them. So they are much more
likely than schoolchildren to be engaged in their learning. o
Despite its effect in increasing inequity, the commerc:lah.zatlon of edu-
cation may act to increase students” engagement in learning. Produc.ts
developed by commercial firms, whether courses, videos, or soft‘ware., will
be designed to attract buyers. Hence, as has been done at the University _of
Phoenix, large efforts will be made to produce a product that people ViVIH
purchase. And the competition will be fierce. The commercialhedl?cahon
market is clearly growing rapidly, and many new firms are entering it, SlilCh
as Sylvan and Kaplan. They are developing new approaches to education
that clearly appeal to people. As the monopoly of the district school comes
undone, it will free educational institutions and products to compete for
students. But the question remains: Who will be buying, and how?
Another potential gain stems from the capability of computers to cus-
tomize education to the particular needs and abilities of individua}l learn-
ers. Computer learning environments can be designed to provide hints and
support to students when they need help. This support can be carefully
allocated, so that students get as much help as they need, but not too much.
This allows learners to tackle tasks that they might not otherwise be able
to attempt, and to succeed when they do. Hence, learners can be given tasks
that are challenging to them, where they learn a lot and feel a sense of
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accomplishment upon completing the tasks. In this way, czﬁnputer envi-
ronments can adapt to the level of the student’s ab111ty and help all stu-
dents to succeed. ;

Technology also can make it possible to access knowledge anytime,
anywhere, through the web. Universal access to learning would have pro-
found effects. If people are at home with an Internet connection, in the
future, they may have available all the world’s knowledge at their
fingertips—notjust in the form of text, but in'videos, tutorials, and simu-
lations. In an ideal world, universal access may even be provided to poor

. people around the world. The One Laptop per Child effort seeks to make
 this dream a reality. Whether we will see this happen is an open questlon
but the possibility is staggering.

As education becomes more tailored to people’s interests and abili-
ties, the kind of competition between students found in school will likely
diminish. In the apprenticeship era, Jean Lave argues that almost every-
one successfully learned the skills they were taught.” One of the fundamen-
tal problems of school is that children are always comparing themselves
to other students, and it is only the best students who feel they are suc-
cessful. Because school is so competitive, a sense of failure overwhelms
many students. Most cope by turning their energies to other activities, such
as sports or doing drugs. The majority of students come to regard learning
as something to do as little as possible. The goal becomes to get grades that
are good enough not to hurt one’s future, with a minimum of effort. This
pervasive attitude is inimical to learning and is a direct product of the
competitive nature of school, where only a few students look smart. In a
technology-rich environment, people are more likely to go their own way
in learning, so they will not feel the sense of failure that comes when every-
one is supposed to be learning the same thing at the same time.

Finally, it is important to note that turning education over to the par-
ents and the individual transfers responsibility for learning onto the family.
Parents who school their children at home can provide a level of attention
to their learning that simply does not happen consistently in schools. The
children feel the pressure to learn and it shows in their performance on
standardized tests, as we noted earlier in Chapter 5. But parents also try to
instill a sense of responsibility in the children themselves, by giving them
tasks to do and expecting them to carry those tasks out.

If people are learning at work or at home using distance education,
they are similarly forced to take responsibility for their own learning. When
the state took over responsibility for teaching children, families and indi-
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viduals ceded most of the responsibility to the schools. Many schoolchil-
dren seem to defy the schools to teach them anything. But people are not
going to learn much unless they take responsibility for their own learning.
Teachers struggle to inspire students to take responsibility for their learn-
ing, and many succeed, but many also fail. Technology may help put stu-
dents more in charge of their own learning.

REALIZING THE PROMISE AND MITIGATING
THE DANGERS

Our hope is that as more children and adults become aware of how

critical education is to success, more and more segments of society will avail
" themselves of the new opportunities that these technology-based resources

make possible. We also hope that as technology becomes cheaper and more
technology-based resources become available, most people will be able to
afford to purchase the educational resources they desire. But these are mere
hopes, and it is not at all clear that they will be realized.

Whether the potential losses outweigh the potential gains of the emerg-
ing education system remains a matter for debate. How society acts to take
advantage of the promise and mitigate the dangers is an issue of immedi-
ate concern. Technology holds the promise for engaging students in deep
learning and pushing students to become the best-educated people they
can be. We as a society should think about how to make that promise come
to fruition. How can the schools tap into the technology revolution most
effectively? And how can we capitalize on the technology resources out-
side of the schools? -
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How Schools Can Cope with
the New Technologies

To effectively incorporate technology into schools, educators must
um.:lerstand the imperatives of the technologies that are driving this revo-
11.1t10n. We have encapsulated those imperatives as customization, interac-
tion, and learner control. Customization refers to providing people with the
knowledge they want when they want it and supporting and guiding
people individually as they learn. Interaction refers to the ability of com-
p.uters_to give learners immediate feedback and to engage learners ac-
tively in accomplishing realistic tasks. Learner control refers to putting
learners in charge of their own learning whenever possible, so that they
f;el ownership and can direct their learning wherever their interests take

em. :

We face the current challenges of schooling at a time when the pen-
dutum of education policy is swinging away from local control toward
standards and accountability. In an effort to provide equality of outcomes
federal and state policies have emphasized accountability by promoting’
standardized educational outcomes and pressuring schools to adopt uni-
form practices in classrooms. Particularly in urban areas, this emphasis on
accountgbility is providing mixed results. The new accountability policies
have made some headway in improving student achievement across the
country as measured by standardized tests.! Still, high-stakes testing runs
the risk of encouraging educators to “game” the system, producing report-
able results without real improvements to student learning.? And the new
policies that pressure schools to provide “results” have fueled the drop-
out problem. Across the nation, under 70% of the students entering high
.schools will graduate on time.® The problem is worse for minority students
in urban areas and in the south, where from 50 to 60% of ninth-graders

will not graduate on time.4
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The current political winds are blowing away from cultivating the edu-
cational opportunities necessary for strengthening what Richard Florida calls
the “creative class,”S toward policies of standardizing schooling and empha-
 sizing the kinds of accountability practices that can paralyze risk-taking,.
Public schools will need to explore new practices in order to retain the in-
terest of children and parents and to prepare a creative class that can meet
the challenges of a global economy.

This emphasis on standards runs very much against the grain of the
technological imperatives of cusiomization, interaction, and learner con-
trol. To cope with these imperatives, schools need to embody more indi-
vidual support and choice in how and what students learn. They will need
to engage students in more challenging and realistic tasks that reflect the
.ses of knowledge in the world. The activities will need to be much more
"engaging and interactive than what passes for school activities currently.
The tasks will need to make sense to students and will need to be more
oriented to the students’ long-term goals and interests. These imperatives
have strong implications for the design of curriculum, assessment, and
equity. o |
Kids today spend over 6 hours per day interacting with television,
video games, the Internet, instant messaging, email, and other me,g':lia.6 This
is more time than they spend in school or with friends, and almost as much
time as they spend sleeping. As we have seen in previous chapters, educa-
tion entrepreneurs are developing new methods for linking the worlds of
media and learning. Here, we propose several areas for policy development
to help public schools take similar advantage of new telecommunications
media. Hopefully, initiatives in these directions will help public schools
participate in, rather than resist, the ongoing educational revolution.

We do not need to start a new education system from scratch. Design-
ing a better education system means understanding where the existing
pieces can best be reshaped, brought together, or played down. In this
chapter, we discuss three areas that might help bring together the best of
the'old and the new: performance-based assessment, new curriculum de-
signs, and new approaches to equity in a digital world.

PERFORMANCE-BASED ASSESSMENT
The national obsession with standardized testing has led some re-
searchers to pursue new understandings of how to measure learning. We
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would like to highlight two aspects of this recent work: national certifica-
tions and skill-based assessment systems.

One way to bring together established and new approaches to learn-
ing would be to develop a set of national credentials that could be admin-
istered on computer or by trained professionals at any school or learning
center. People would be able to apply for as many credential certifications
as they like and take the exams for them whenever they feel they are ready.
This differs from school, where exams are administered when the teacher
or district decides. These credentials would be much more narrowly focused

‘than a high school diploma. Instead of institutional certifications, as with
diplomas or degrees, these credentials would certify a learner’s expertise
with respect to specific skills.

By tying certifications to the specific goals of learners and their par-
ents, assessment could be much more attuned to the technological impera-
tives of customization and learner control. If a student’s goalis to become
adoctor, he or she might need to get certificates to demonstrate expertise
in chemistry, biology, psychology, college-level literacy and math skills,
and so on. If a student wants to become a travel agent, he or she will need
to establish expertise in reading, listening, explaining, geography, psychol-
08y, resource management, scheduling, and so forth. There would need
to be an online system that parents and students could consult to learn
which certificates are needed for different career choices, what needs to
be known in order to obtain each certificate, and what methods might be
used to obtain the necessary knowledge. ' -

We see the certifications as being developed in three areas: academic
skills, generic skills, and technical skills. In the academic area, there might
be an English competency certificate at different grade levels of reading
and writing competency, and certification exams in history, math, lan-
guages, science, the arts, and other school disciplines. Getting a certain
credential would, like the current diploma system, allow students to move
on to the next level of schooling. If people wanted to take courses to pre-
pare for the exams, they could do so, or if they wanted to study on their
own, they could do that. Some people might obtain a large number of these
credentials, and some might obtain fewer credentials.

The generic skills certifications would follow the general guidelines
- of the Department of Labor’s SCANS report.” The report suggests five com-
petency areas: resource allocation, working with others, acquiring and
using information, understanding complex systems, and working with a
variety of technologies. Within each area, there might be a number of dif-
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ferent credentials. Technical skills would be focused on specific skills re-
quired for the workplace, such as automotive diagnosis, CAD-CAM de-
sign, and 50 on. Students would choose which certificates they want ’Fo eaimn,
and they would know in advance how their performance in carrying out-
the assessment tasks would be judged. o

The choice of credentials they try for would be up to the-students and
their parents, and would depend on their career interests and plans.. Of
course, one problem with a credentialing system would be for students-who
do not know exactly which educational path to take. In this new educational
world, most children would continue with the kinds of elementary schools
and middle schools they now attend to make sure they had experience with
different kinds of students and teachers, and could envision different edu-
cational paths. The internal organization of these schools, howe?n-er, would
be organized around credentialing requirements rather than specific courses

based on Carnegie units. At the next level, students wotld continue to take

a series of required credentialing programs, but would have increasing au-
tonomy to select their preferred credentials. In order to help them make these
decisions, they should have access to a multimedia advisory system to lea.arn
about the sorts of credentials that are valued by employers in different job
categories, businesses, and professions.

So far, this design sounds like the current high school requirement and

electives design, except that students would decide when they are read_y
to take an exam. Everything would depend upon the integrity of thfe ce?r.h—
fication system for credentialing. Ensuring the integrity of the certiflca’fmn
system would require content experts to agree on what is worth knowing.
The certification standard process would build on the already robust
subject-matter standards discussions of the National Council of Teachers
of Mathematics or the Advanced Placement programs. The conversations
about what is worth knowh{g and certifying could draw out areas of agree-
ment between school- and technology-based teachers and point to how the
national standards movement could describe what students actually need
to know and do as a result of their educational experiences.

Computers are‘f"évolution'izing how we measure what people know.
Computer adaptivetesting systems use a test-taker’s prior answers to se-
lect which items would best measure what the student knows. If a stu-
dent fails to answer a question, the system provides an easier question;
if the student is successful, he or she receives a more difficult question.
Currently used for exams such as the Graduate Record Exam (GRE) a‘nd
the Test of English as a Foreign Language (TOEFL), computer adaptive
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testing technologies open up a range of assessment uses that could link
old and new approaches to schooling and learning.

‘Computer-based testing will also help capture the kinds of knowledge
and skills required for learning in the professions. These assessments allow
reseatchers to specify and measure the kinds of professional knowledge that
had previously only been observable through performance. Robert Mislevy’s
work on evidence-centered assessment shows how assessments can be de-
signed around sophisticated models of expert knowledge, and can be used
to measure what professionals such as dental hygienists need to know and
do.® These evidence-based assessments link the knowledge to be assessed,
the behaviors that demonstrate knowledge, and the tasks that elicit the be-
haviors intoa computer adaptive testing system. The underlymg knowledge
models from Mislevy’s assessment systems are complex and difficult to con-
struct, but they point to how measures of the skills and knowledge devel-
oped in K~12 schooling can be extended to capture professional knowledge.

Evidence-centered assessments can also be used together with certifi-
cation systems to focus educational discussion on the outcomes of learning.
Assessment activities could then be more like authentic tasks developed by
knowledgeable members of the educational, business, and assessment com-
munities. Students could attempt to earn credentials as many times as they
would like, and the evaluators in the assessment centers would have the
responsibility of helping students understand the strengths and weaknesses
of their performance and how they might improve in their next attempt at
earning the credential. Earning a credential would provide students with
an opportunity to have their accomplishments recognized by knowledge-
able professionals, and evaluated according to standards that are accepted
by that community.

Students would create a portfolio of credentlals for purposes of employ-
ment or college applications. Unlike current high school and college diploma
certifications, the performance-based certification system would be linked to
the kinds of knowledge and skills that matter for adult learning. Developing
a performance-based certification system would also force educators to be
more careful about defining what they expect students to know and do.

NEW CURRICULUM DESIGNS

Computer technologies open new avenues for curriculum
development—ranging from new forms of teaching and learning to new
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ways of organizing how students and teachers interact. One curriculum
&esign that we favor is using fechnology to help students focus their learn-
ing around their goals and interests. Such schools would place students in
curricula based on their goals and interests, rather than on their ages or on
the prevailing curriculum of their schools.? The curriculum might start off
in the early years with topics such as families, ecology, sports, or dinosaurs,
and progress to areas such as film-making and media production, biomedi-
cine, or business management. Traditional academic skills, such as read-
ing, writing, mathematics, science, history, and geography, would be
woven into each curriculum.

Students would be encouraged to stick with a particular curriculum
for a long time, perhaps several years, while they develop deep skills and
understanding. Each child, with the help of their parents, would choose
one or two curricula to start with, but might change from one curriculum
to another, with the agreerhe_nt of the teachers and parents. As children
advance, they would move into curricula that reflect the kinds of things
adults do in the world, such as learning about the arts, business, or tech-
nology. But they should not change curricula frequently or they will never
develop deep skills and knowledge in any domain.

Such a curriculum emphasizes students learning important content
and skills in the context of carrying ot complex tasks, such as making a
video about the evolution of dinosaurs. We have developed a four-stage
model for student learmng in this kind of curriculum that reflects how
apprenticeship works in a large shop: 1} Students come in as novices and
work on a small project of their own with one of the more experienced stu-
dents mentoring them,; as they carry out the project; 2) As they gain expe-
rience, they begin to work on larger projects with other students, where
more advanced students serve as project and subproject leaders; 3} After
they have worked on.a number of different projects, they are ready to serve
as a mentor for a new incoming student; 4) After they successfully mentor
new students, they are ready to begin serving as a project or subpm]ect
leader on larger projects.

When students become teenagers, we would trust them to follow a
number of different paths. They might attend school, work, study athome
to take certificate exams, or participate in some kind of youth organiza-
tion, such as AmeriCorps. If they want to go to college, they might try to
get all the certifications they need for college as soon as possible. Hence,
some might go off to college at age 15 or 16. Others might work for a while
and then come back to school to prepare for college. Ideally, the state would
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pay for student’s education to prepare for a certain number of certificates

(perhaps 20 or 30). Then people could take courses whenever they are

ready, at whatever age. Developing policies that encourage a mixed-age
populationin courses, filled with people who have chasen to be there, might
well alleviate some of the current problems with motivating students to
participate in high school.
In the high school years, David Shaffer’s design for future schools
organizes learning around professional practices.® Shaffer argues that
school curricula are currently organized around antiquated forms of
thought that make it difficult for students to link what they learn to what
they will do later in life. Professions, such as journalism, urban planning,
and engineering, have organized knowledge, beliefs, values, and strate-
gies into what Shaffer calls episteric frames. These frames have been refined
over time, and offer well-honed models for integrating knowing and
doing, Game-based learning technologies can play a key role in introduc-
ing students to epistemic frames. In the urban planning curriculum, for ex-
ample, Shaffer and his research group developed an interactive tool that
allows students to represent and manipulate buildings, parks, sanitation,
and parking space. The tool is grounded in the real practices of urban plan-
ners, and is embedded in a curriculum designed to help students make pre-
dictions, experiment with their solutions,'(;and face political heat for their
decisions. Together, the tool and the curriculum provide an excellent in-
troduction to the political, financial, and architectural dimensions of urban
planning. Using established professions as the basis for curriculum design
allows Shaffer to explore how students can learn math, history, science,
and politics connected to authentic contexts.

Other approaches to fitting learning technologies into schools could
focus on the topics schools have typically had difficulty teaching, such as
scientific investigation or historical and ecological systems. The Center for
Learning Technologies in Urban Schools (LeTUS) was one of many National
Science Foundation—funded efforts to develop project-based science cur-
ricula for urban K~12 schools. LeTUS developed sophisticated computer-
based visualization and analysis tools for students to investigate topics such
as air and water quality, global warming, and plate tectonics. The LeTUS
developers were not content to build curriculum and see whether the teach-
ers were interested. Rather, LeTUS used a client-focused approach to de-
velopment that involved teachers and researchers in lesson design teams,
and consulted for urban district technology and curriculum leaders to make
project-based science part of the regular science program. Although an

-
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emphasis on reading and math scores has in rece'nt years:, dom.ina\ted the
instructional agenda for most urban school distnct's, projects like LeT[.JS
illustrate how schools and researchers together can integrate technologies
i day school learning,. ;
. g)e;liez:ial video gamfs can also be adapted to meet conte.nt st.an-
dards in schools. Games such as Civilization build on models of historical
progress and contflict, allowing players to see hon cEﬂtures _that develc;lp
religious, military, economic, or diplqmatic superiority can influence t ;
course of world development. After playing such games, students shoul
reflect as a class on the historical implications of the events as they unfolded.
In particular, they should try to relate what happened to events they hawlfde
read about in books and seen in videos of historical events, suf:h as V_\Torl
War II. This glimpse into the process of how history un-folds is lack?ng in
most textbook-dominated, fact-based approaches to h_lstc_nry learnmg‘ 11(1‘1
schools. Helping teachers understand how system-modeling games like
Civilization, Railroad Tycoon, and The Sims could help studer}ts 1F;e’cter meet
content goals could serve to introduce learning technologies into every-
| practices.
. Sglllss(;dg the realm of standards-based subject m:?tter, games can also
help students develop 'ihtérpersonal and leadership skills. Massw;aly
multiplayer online games, such as World of Warcmft, allow players t(? 50, xlrﬁ
complex problems involving strategy, logistics, and. resource "fﬂlocatlon. i
MMOGs, players interact with social groups to recruit afnld retain new r]riu?ml
bers, coordinate large-scale movements, and make decisions about po. tica
values. Games like SWAT £ and the U.S. Army’s Full .Spect:rum Wmtrmr al;z
give players a chance to develop tactical and leaderfshlp skills, leading ]lcl) :
Seely Brown and Douglas Thomas to suggest that v1def) games may :fe e
the environments that train the next generation of business lea.derls.

A final point about how technologies could affe.ct sclnu-nolmg involves
course management systems. Many colleges and universities .use systems
Harl:(;ﬂnpardes stich as Blackboard and Desire2Learn for online access to
discussion boards, collaborative project development spaces, and onll.ne
textbooks and readings. Although technically these systems or.ﬂy 9rgmuzle
the content developed by teachers and studenté, the c‘ommumcatlon tools
provided can open up spaces for alternative dlscussmn. Teachers or stu-
dents can use the discussion boards, for example, to explore s.ome of the
difficult readings, or to engage in group d‘esigr} f_or course proy_ects. More
important, students who find it difficult to participate in clas‘s discussions
can use the online discussions to interact and get to know their classmates.
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C‘ ourse management systems integrate the kinds of communication technolg.
gies used outside of school into typical course content. Although K—12 schools
have been slower to adopt course management tools, K12 students accus-
tomed to instant messaging and MySpace.com will quickly fecogru'ze how
course management systems can open up new opportunities for interaction
Using course management systems for basic K-12 courses will help 11:11;
grate communication technologies into the core of existing school programs

NEW APPROACHES TO EQUITY IN A DIGITAL WORLD

Schools must face the challenge of harnessing the power of learnin
.technologies at the same time as the pendulum of education policy is swingé-{
ing away from creativity toward policies based on standardizing school-
ing andl emphasizing the kinds of accountability practices that paralyze
risk-taking. In an effort to provide equality of outcomes, federal and state

policies informed by the No Child Left Behind Act have shifted educational

practice toward pervasive acceptance of “what works”—reductive teacher-
proof curricula that produce similar learning outcomes across -alllschools
The short-term effects of these policies hurt public school families from‘
bpth ends of the economic scale: Standardized curricula drive affluent fami-
lies from public schools, and high dropout rates push poor famities to press
for alternatives to public schools. Technology-based learning venues, from
home schools to virtual charters to learning centers, allow families "co opt
out of the public system in order to support their religious or ideological
approach to education. Learning technologies, it seems, are mainly used
to increase the inequity of opportunities. How can learning technologies
be used to address the systemic inequities of public schools? ¢
. We feel that, in addition to the curricular ideas described above, leatn-
ing te:clmologies can address the inequity of educational oppbrturﬁty tl,lrou h
offering new, technologically mediated educational experiences to po%r
schools and developing technology-based systems for tracking what stu-
d'ents are learning in schools. Writers such as Jonathan Kozol paint a bleak
picture of how many urban students, despite living in thriving cities, rarel
tr:f:wel from their own neighborhoods, and become trapped by the I;n ov}j
et.'lshed academic fare that dominates their classrooms. 22 Learning tEChIIl)OIO-
gles may notbe able to address the underlying economic distress that limits
how students can travel outside their homes, but they can bring high-
quality academic experiences into local schools. o
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The College Board’s Advanced Placement (AP) program, for example,
" has proven to be one of the few educational innovations that has success-
fully “gone to scale.” High school students from around the country take
Advanced Placement courses in literature, the social and natural sciences,
mathematics, and other subjects that are graded on a common scale by
external evaluators to ensure commeon outcomes, Still, it is difficult for many
schools to offer a wide range of AP classes because of staff commitments

encing makes shared access to AP courses through distance education a

ready option for many poor urban and rural schools. Organizations such

as the Florida Virtual School increasingly act as brokers for providing

courses that local schools are unable to offer.’

Virtual tutoring is another example of how technology can add to a

* school’s academic resources, Tutoring for students who struggle is an often
overlooked, and criticized, feature of the No Child Left Behind Act. Critics
contend that the federal call for tutoring undercuts school efforts to teach
by diverting millions of dollars to private companies whose tutors are not
held to the same standards as teachers.!#5till, the government-call for tu-
toring can be seen as a new bridge from the existing to the emerging worlds
of learning. Virtual tutoring; in particular, may provide an important path
for connecting students in struggling schools with the outside world. A
recent Time magazine article discussed how companies such as the India-
based TutorVista offer competitive rates in K-12 tutoring for “everything
from grammar to geometry.”* All the arguments in the current debate over
outsourcing knowledge work certainly apply here; communication tech-
nologies make it possible to deepen the linkage between the continents and
shrink the world to meet even the most personal needs for teaching and

learning. ;
We return to the issue of how to use technologies to address problems

of equity in Chapter 10. Clearly, technology has exacerbated the problem
of equity in education, and we need to think carefully about how we can

mitigate the problem.

and lack of student interest, The drastic cost reduction of video teleconfer-
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The future is already here, it's just unevenly distributed.
—William Gibson! .

The consequences of the current educational revolution are just begin-
ning to be felt. Technology-driven venues for learning are springing up
everywhere, and technological innovations are having unanticipated in-
fluence outside of the public school system. Our brief tour in Chapter 4
through the evolution of public schooling in America showed how we came
to identify “learning” with formal schooling. New technologies are begin-
ning to unravel this common sense definition.

John Hagel and John Seely Brown argue that successful businesses
need to learn from innovations at the edges of their markets. In times of
rapid market changes, they comment that “If we adjust our lenses accord-
ingly, then we will begin to see something remarkable: The edges will re-
shape and eventually transform the core.”2 For the “edges” to reform the
core of schooling, we will have to become both intelligent consumers and
producers of the next generation of learning technologies.

Even those of us who don’t embrace technology in our lives now must
understand the possibilities of the new technologies from the inside, if we
- want to guide the future of education. As Don Tapscott argues “For the
' first time in history, children are more comfortable, knowledgeable, and
~ literate than their parents about an innovation central to society. . .. They
- areaforce for social transformation.” In this chapter, we offer suggestions
for parents and teachers on how to bridge the considerable generation gap
and integrate new learning technologies into existing practices.

WHAT ARE KIDS LEARNING FROM TECHNOLOGY?

The emergence of technology-based learning environments requires
parents and teachers to pay attention to how (and what) children learn
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outside of school and the home. Beyond raising awareness of the new tech-

" nologies, parents and teachers can begin to appreciate the range of new

gkills that children develop when immersed in these technologies.

The technology litetacy gap begins at home. Although parents pro-
vide their children with access to television, games, computers, instant
messaging, and cell phones, many confess that they do not really under-
stand how children use the new technologies. Video games provide the
clearest case of the technology generation gap. Many parents (and school
leaders) frame the “problem” of video games in terms of addiction and the
“corruption of our youth.” They rightly worry that many of the games in
which children are engaged are violent and that kids are wasting a lot of
time in meaningless games and idle talk, while not getting enough physi-
cal exercise. '

Meanwhile, children who play video games develop sophisticated
problem-solving and communication skills in virtual worlds beyond the
experience of many parents. One way to bridge the gap is to extend the
idea of reading with your children to playing with your children. Pick
up a controller and take Madden 2005 or Pokemon for a ride; let your chil-
dren teach you how to play, and raise critical questions about strategies
and the purpose of game-play. If your child uses instant messaging on
her phone or computer, sign up for an account and use it as a medium
for communication. '

Another direction parents can pursue is to encourage their children
to join online communities that share their deep interests. Different kids
may have a passion for dinosaurs, poetry, sports, drawing, astronomy,
horses, military history, technology, and so forth. Whatever their interests
may be, extended pursuit of these interests can develop expertise that may
be highly valuable in later life. It may also develop their research skills,
which can be valuable in many endeavors throughout their lives. We think
parents might try to set up groups of children of different ages around those
topics that particular children are passionate about. They would then be
able to share their passions with a group of like-minded children. This
would encourage them to learn about their passion much more deeply than
they can on their own. Often, children cannot find others locally who share
their passions, but the reach of the Internet would allow them to go be-
yond their neighborhood and school to find like-minded children.

For example, children might pursue a passion for dinosaurs in a Multi-
User Virtual Environment (or MUVE), such as Second Life. A MUVE allows
children to construct places using text descriptions or drawing programs.
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As we mentioned in Chapter 5, a student on his own time created a simuy-
lated rain forest in MicroMuse, an educational MUVE. Similarly, children
might construct various exhibits in a MUVE: One exhibit might be a dino-
saur zoo where they lay out the dimensions of areas to support different
dinosaurs and write vivid descriptions of the dinosaurs, flora, and fauna
that populate the areas in the zoo. Another might have a timeline of the
history of the Earth, showing when different dinosaurs lived, when they

died out, and when humans arrived on the scene. A third might have a’

simulated world where children can search for dinosaur bones hidden in
places where they have been found historically. There also might be a forum
discussing the evidence for different theories of why the dinosaurs died
out or whether birds have descended from dinosaurs. Children would be
learning reading, writing, drawing, geometry, arithmetic, history, geogra-
phy, biology, and paleontology, all in the context of their passion.

The virtue of communities of kids with shared passions is that they
can take place without any involvement of schools and with little adult
involvement. If adult mentors do participate in the groups, they should
probably keep to the background while encouraging the children to goin
new directions that they might not explore on their own. Because the online
communities tap into children’s passions, they should be self-sustaining,
and the community will encourage children to learn deeply about a sub-
ject they care about. If you question how your child learning about dino-
saurs in a MUVE will help him or her get a “realjob,” consider for example
how a group of 11-year-olds in California we know, who became passion-
ate about developing Internet games, formed a corporation to sell their

- games over the Internet. Society values such entrepreneurial drive, as well
as deep expertise in a subject area.

A common concern expressed by parents and teachers is that time
online equals more time that kids aren’t reading books. Literacy research-

" ers have long recognized the importance of the early development of rich,
functional vocabularies to fuel language development. While solitary read-
ing has always been a steady, gradual path to a larger vocabulary, talking
about what you read with people who have larger vocabularies greatly
accelerates development. James Paul Gee, an educational linguist, suggests
that video games such as Deus Ex can provide engines for vocabulary de-
velopment.? Just as with reading, however, the games themselves provide
slow vocabulary acquisition. But when players participate in a larger gam-
ing community, games can accelerate opportunities for children to develop
new sources of vocabulary in meaningful contexts.
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It is difficult to predict how the new technologies will affect more
advanced literacy skills, such as finding information and interpreting vi-
sual representations. Policymakers interested in preparing students fo'r
success in the 21st-century economy would do well, however, to appreci-
ate how skills developed through navigating virtual environments might
pay off in the workplace. In Got Garme, John C. Beck and Mitchel_l Wac.le
suggest that the new skills and dispositions of the gamer generation W1}1
transform the workplace.® The gamer generation will push for work envi-
ronments to incorporate more virtual aspects in fields, such as market
analysis, and social and economic modeling. Gamers, for example, have
abundant experience making big decisions, coordinating resources, and
experimenting with complex strategies in game-based simulations. Beck
and Wade also note how gamers have become accustomed to being re-
warded for success across multiple game-based environments. This may
create pay-for-performance expectations, and may make gamers less loyal
to companies and more willing to shift to jobs where there are greater chal-
lenges. Although Beck and Wade’s work is attempting to map uncharted
territory, it is already clear that the work world of tomorrow will be shaped

in part by the gaming technologies of today.

HOW HAS TECHNOLOGY CHANGED KIDS’ SOCIAL
LIVES AND LEARNING? "

The convergence of peer and popular culture through technologies.
presents possibly the largest threat (and opportunity) for schools and par-
ents. As discussed in Chapter 6, the rise of high schools in the mid-20th
century provided the conditions for the emergence of a vibrant peer cul-
ture among teens. Beginning in the 1950s, advertisers began to cultivate
the lucrative market of teens with disposable income to create pop culture
focused on customizing music, style, sports, and movies for teen audit‘ences.
Youth participation in pop culture provided a compelling alternative to
the social experience of schooling as organized by adults—by the 1960s,
millions of teens went to school primarily to associate with friends rather
than to get an education. Entertainment technologies fueled the develop-
ment of pop culture—record players, radios, TVs, and eight-track car ste-
reos are the clear precedents for cell phones, PCs, and iPods. The adolescent
(and now pre-adolescent) embrace of the new technologies has reinforced
peer cultures through the development of new jargon, from hip-hop slang
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to instant-messaging conventions, that make the technologies more degj
able by promising exclusivity to those in the know. s
':fn rec?:nt years, American peer culture itself became a powerful e
nomic engine, generating thousands of jobs and millions of dollars aro o
the W(')I‘ld. In fact, pop culture, in the form of music, sports, style mm?’n ‘
and Vlfieo games, now provides some of America’s leadir{g exp’orts ';';S’
ex310510n of American pop culture displays the fundamental signatu.re ;
an m.formation economy to generate goods and services, not through t}?f
previously dominant method of harnessing raw materials, but ings.te s
through ‘the packaging and marketing of human resources’ as valuat?l
comlmodlties in their own right. In this sense, the pop culture indust :
Preﬁgurer:l the computing boom of the 1980s and 1990s by generating ;rji
gﬁetﬁeeifﬁmy from attractive ideas rather than from resources dug
. The titans of the entertainment industry are currently locked in battl
with Internet upstarts on issues around digital distribution and ownershi )
But the. battle over who controls the media may take a back seat to the roi).
of participation in new forms of entertainment. If pop culture can gene :
at._e substantial economic growth around the world, how will fam_i?l;iari ”
with pop culture pay off? In other words, will all those evenings watchi v
television or playing Nintendo turn into good jobs? ® *
‘ Steven Johnson suggests that the recent content of the media is advanc-
ng anew, cognitively demanding form of participatory media literacy right
before. our eyes.® Television shows such as 24 and Lost involve mzltigl
narrative threads that unfold across episodes, while reality shows breﬁal‘:
the traditi(?nal narrative paths open by allowing participants to determine
the narrative arc. Viewers create web sites just to follow along with the
show, as well as to discuss plot twists and favorite characters. The video
game rests at the top of the cognitive complexity chart, as players must
solve complex problems using a variety of strategies over the course of
doz&;ns or even hundreds of hours to complete the game. As the infor-
n'.latlon economy continues its furn toward the production of virtual en-
.Vlronments, experience with the nuances of the néw media .m1ght iéad to
mfor.med production as well as informed consumption. Blogging h
certainly been taken seriously by established news networks ax%c% wg w?lj
see whether the entertainment industry will be revolutionize’d by partici-

patory media or will succeed in reducin i
) g the new media to
of production and control. cumentforms
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WHERE DOES THIS LEAVE US?

We advise the technological skepticé that they might be looking in the

~ wrong place for change in the core practices of schools. Researchers such

as Larry Cuban have looked for, and have not found, the influence of tech-
nological innovation in the classroom. Instead, technological innovation
is breaking out in the administrative office with data systems and among

- students with gaming, leaving the teachers behind to maintain their tradi-

tional classroom practices. ‘
The pressure to change the classroom with computing is coming from

outside the classroom, in different forms from children and families and
the central office. To be sure, the trivial implementation of new technolo-
gies as supplements to the existing system will continue—there will still
be plenty of math homework web sites. But the funneling of state money
into charter schools and federal money into tutorial services will challenge
our schools to do business in new ways in order to take advantage of in-
creasingly scarce new funding streams. Whether schools change internally
or become parts of larger public-private networks of educational services,
we suspect that schools will be dragged reluctantly into a new technologi-
cally rich education system.

The new system, unfortunately, will probably not mark a victory for
technology enthusiasts, even though the development of a low-cost, robust
computer for the world’s poor may empower a whole new generation of
kids. Enthusiasts who anticipate the natural emergence of change in schools
would do well to study the existing structures of schooling to identify the
aspects of the current system that are ripe for innovation. ‘

This is the time for technological visionaries to act. We are how at the
same stage in the second educational revolution that we were in during
the last decades of the 19th century. The ceniral pieces of the emerging
system—kindergarten, high schools, graded curriculum, textbooks—were
already in existence and beginning to coalesce into a new system. Ittooka
strong local push in districts like St. Louis, New York, and Boston, together
with an emerging new field of study in educational administration and

psychology, to fit these pieces together into the “one-best system.” Now
we face a similar swirl of new pieces of a potential system—virtual char-
ters, learning centers, video games, home schooling, and so on. We need
strong leadership from innovative educators to make sure that the new
system embodies our society’s critical goals for education.
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a Technological World

We argue for a new vision of education. To iti
e_ducational leaders will need to carefully consi]fii:ﬁfae:ﬁgﬁ’gss I'In:lcc)iasnd
c1ei’fy anc'l mobilize the government’s resources to address the roblen? -
we've raised and to achieve the great potential ahead of us. proviems

Smf:e the end of World War I, the United States has enjoyed a di
proportlonfite share of global resources. This abundance allowgd Amels"-
cans to maintain a high standard of living and take a world leadershl';;

J“l:ess tlo m'formatlfm technlologies has leveled the global playing field.! This
eveling is allowing millions of engineers, technologists, and profession
als fro'm around the world to pursue the careers that ha\;e made 50 man ,
Americans wealthy. The future Prosperity of countries around the Worlg
depe.nds on how their education systems can be designed to foster ec
irllqlo&rlmlc cti)e‘lzelopment. If the United States is going to compete successquO;;
j\ | oy fafi Oz; 'economy, it will have to rethink many of its assumptions about
L . The f.orm_ula for economic success has a high cost. As has happened
in the United States, countries that focus on knowledge economiel;)};s th
source of wealth generation tend to concentrate eConomic resources o N
fahte .class. The gap between the haves and have nots is growing, not shﬁlflz
] Ing, in many developed countries, and focusing the national c:)mm_itment
i m.educatwn toward elite populations motivated to participate in math,
science, and technology careers might further widen the gap. Global com—’
petifion might spark what W. E. B. DuBois called a “top 10%” educati
strategy that will concentrate resources and push the most talented ltzn
dents toward globally competitive professions. Writers such as G Orf?elc;
and Chungmei Lee suggest that resegregation of schools and izymmmﬁ-
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role. Thomas Friedman'’s “the world is flat” argument suggests that ac-
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ties, voucher policies, and charter schools are already pushing our educa-
tion policy away from its commitment to equity.?

Just how technological developments will help us balance the goals
of equity and global competition is not yet clear. The rethinking of educa- -
tion that we promote with this book should aim toward strategies that
provide access to the new educational resources for everyone in society,
and give people the motivation to take advantage of these resources. This
demands rethinking education not in isolation, but considering the inter-
play of society, education, and learning,.

RETHINKING LEARNING

We grew up with the idea that learning means taking courses in school.
As we argued throughout this book, the identification of education with
schooling is slowly unraveling, as new technologies move learning outside
of school’s walls. In some sense, the divorce of schooling and learning may
take us back to an era where individuals negotiate their own learning ex-
periences, often with strong guidance from their parents.

Eventually, when people and politicians become worried about what
kids are learning or what adults don’t know, their automatic reaction may
not be “How can we improve the schools?”. Instead, they may ask, “How
can we develop games to teach history?”, “How can we make new tech-
nology resources available to more people?”, or “What kinds of tools can
support people to seek out information on their own?”. Currently, the
strong association between schooling and learning forces our conversation
into institutional responses. We don't yet know how to ask these wider
questions when we think about improving education. We hope this book
starts that conversation.

As learning moves out of school, our conception of learning will begin
to broaden, and we will see more hybrid experiences that begin in the class-
room and move into other contexts. Education may follow the path of home
schooling by emphasizing field trips, interacting with peers, playing com-
puter games, or even teaching others with technological tools. For example,
a teacher who taught computer programming was approached by a few
of his students who wanted to bring their own computers into the school
and hook them up in a network to engage in multiplayer games with one
another. They asked to form a computer club where they would begin to
develop computer games of their own. As new kids joined the club, the
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first group would teach them some of the things they themselves had
?earned. Later, when the teacher was given the task of setting up a network
ina nearby school, the kids helped him with the design and implementa-
tion of the network, and with getting students in the other school workin

with their new network. Although all this learning took placein a Schoogl
setting, it was not “real school” learning. Technology directors around the

couniry are experimenting with similar models that rely on students to

provide network design and support.

. Our vision of education in this book is structured around the idea of
lifelong learning. Lifelong learning requires moving away from highly struc-
tured schooling institutions to instead act as consumers of a wide Varietj
of learning experiences. Learners will need to develop the skills to judge
the quality of learning venues and the kinds of social networks that pro-
vide guidance and advice.

Brigid Barron provides a good example of how students learn to be-
come intelligent consumers of learning environments through devéloping
their computer skills.? For example, one middle school girl in California
named Stephanie, who was the daughter of Chinese immigrants, had a
group of friends who used GeoCities to create their own web pages. They
taught Stephanie how to use HTML, which appealed to her since she liked
to d.raw. Then, in seventh grade, she took courses in programming, web
dlemgn, and industrial technology, where she used a computer to do de-
signs. In eighth grade, she decided to develop a web p:age for her family
and helped her father design a web page for his new business. She even
taught her mother different ways to use computers. As she got further into
art with the computer, she lurked in the background of Xanga, an online
digital-art community, trying to pick up techniques for making computer
art. She would study the finished works and the source code that the art-
ists used to produce their works. She is a typical self-directed learner in
the digital age.

The recent explosion of social networking points to how technologies
can replicate the support and guidance functions of schools. These networks
draw people across all ages from very different backgrounds, some quite
expert and others virtual novices. Some learn by lurking in the background
and others by asking questions. Groups in the network may jointly investi-
gate topics of interest or argue about issues they consider important. The
successful sites, however, share the characteristic of providing useful infor-
mation to guide the interests of users. For example, user groups and com-
munity sites exist for every known disease and disorder, and doctors across
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the country know their diagnoses are checked by an increasingly informed
patient population. These kinds of social networks are blossoming around
topics of particular interest to different groups of people, topics such as po-
etry, chemistry, digital graphics, and fantasy sports. Reliable information
sites, such as homework.com, tutor.com, and collegeboard.com, are already
supplanting the guidance departments, financial aid centers, and even the
tutoring and homework services that are provided as common staples of
institutional schooling.

What might happen if our thinking about learning doesn’t change? If
schools cannot change fast enough to keep pace with advances in learning
technologies, learning will leave schooling behind. We see this happening
outside of the United States already. For example, with inexpensive com-
puters, young people in Thailand and Brazil can have access to the same
resources for learning that people in the developed world now have. Many
will choose to take advantage of these resources to escape from poverty.
In some ways, they will be a new kind of 21st-century immigrant—instead
of moving to a new country, they will use information networks to trans-
form their thinking. They will be able to find like-minded souls to share
ideas in cyberspace. English will likely be their common language, which
they will pick up from the web.

As older generations continue to impose established methods of learn-
ing in school, technologies will leech critical learning resources, such as
student motivation, attention, and resources, out of the education system.
Trying to reassert the identification of schooling and learning will be alos-

ing battle.

RETHINKING MOTIVATION

The current school system does not help students develop intrinsic
motivation to learn. The disengagement experienced by many students is
reinforced by less-than-ideal classroom experiences. One recent report found
that 50% of high school students are bored every day in their classes; an-
other found that 82% of California 9th- and 10th-graders reported their school
experiences as “boring and irrelevant.”* Changing these deeply ingrained
attitudes about learning will mean changing both the process of teaching and
learning and the reward system for successful completion of schooling.

Fortunately, learning technologies provide some direction abouthow
to improve student motivation to learn and to invigorate learning content.
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In order to produce a generation of people who seek out learning, learners
need to be given more control over their own learning. Learner control can
be fostered by giving kids the tools to support their own learning, such as
access to the web, machines for toddlers that teach reading, tutoring help
when needed, and computer-based games that foster deep knowledge and
entrepreneurial skills. '

A love of learning can also be fostered by encouraging kids to explore
deeply topics in which they are particularly interested, as home-schooling

parents do. As Kurt Squire found, kids who play real-time strategy games,

such as Civilization, begin to check out books on ancient cultures and earn
better grades in middle school.® Instead of diverting student attention from
schools, as feared by many teachers and school leaders, video games can
provide a path to make conventional school content more appealing and
encourage students to give their classroom instruction another chance. By
understanding how new technologies can encourage kids to take respon-
sibility for their own learning, society may help produce a generation of
people who seek out ways to learn.

Pushing students to take more control of their learning, as we have
discussed, runs counter to the institutional control of learning exercised
by schools. Fostering self-learning will require challenging the current
policy assumptions that press schools to teach everyone the same thing at
the same time. Even the one-room schools that preceded universal school-
ing resisted this contemporary impulse to standardize instruction. Integrat-
ing computers into the center of schooling, rather than at the periphery,
could help learners pursue individualized, interactive lessons with ad-
equate support. Such systems can control the level of challenge by choos-
ing tasks that reflect the learner’s recent history. Teachers can help out when
students need more assistance than the computer can provide. Such indi-
vidualized learning would remove the stigma of looking bad when you
don’t understand something that others grasp.

Technologies also point to another path toward fostering a love of
learning through design and production. Savvy computer game develop-
ers have long realized how including design tools to alter the game envi-
ronment greatly increases the replay value and brand loyalty of their games.
Giving students meaningful tasks to accomplish will help them understand
why they are doing what they are doing. Students who struggle in school
spend hundreds of hours tweaking football rosters to meet salary cap re-
quirements in Madden or editing parody videos on YouTube. Suddenly,
when the drudge work of complicated tasks becomes contextualized and
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has new significance, students are more than willing to take the time to
“get it right.” As a society, we need to understand how new technologies
turn kids and adults on to learning, in order to redesign our learning envi-
ronments to provide positive motivational experiences for all learners.

RETHINKING WHAT IS IMPORTANT TO LEARN

Of course, providing intrinsic motivation to learn also requires us to
rethink the rewards of successfully completing a course of learning. There
is a mismatch between the programs that schools offer and the kinds of
skills that are needed to live a successful life in a knowledge economy. The
core curriculum in modern schools is still rooted in the medieval trivium
(from which the word trivial is derived), which consisted of logic, gram-
mar, and rhetoric, and quadrivium, which was made up of arithmetic,
geometry, music, and astronomy. These formed the bases for the liberal
arts, which dominate the current course of study in school and college. Over
the centuries, we added courses such as history, geography, and the
sciences, but the basic organization of the curriculum reflects its historical
roots. :
A question that society must wrestle with is whether this is the best
curriculum for preparing students to live in an age with rich technological
resources. Proponents of traditional curricula argue that classical training
in thinking and writing is needed now more than ever; progressive educa-
tors suggest that new literacy skills and mathematical reasoning skills are
needed for new times. In schools, however, the compromise between the
two camps is often to organize content roughly in classical disciplines, but
to remove the rigor and the context from the classical content. Thus, ge-
ometry is presented without a sense of history, and sciences are learned as
sets of facts instead of methods to organize observations and experiments.
Because we think of education as what goes on in school, this compromise
curriculum furnishes a narrow and quite impoverished view of what is
important to learn.

~ There are two areas in which the new technological resources clearly
impact what is important to learn: communication and mathematics. In
21st-century communication practices, boundaries are becoming blurred
between core literacy practices, such as learning to read and write, and more
applied production and presentation practices. Creating multimedia docu-
ments, putting together and critiquing videos, finding information and
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resources on the web, and understanding images and graphics are all be-
coming important aspects of communication. New technologies offer in-
teresting ways to make the transition between basic and applied literacies,
For example, the people who play massively multiplayer online games
(MMOGs), such as World of Warcraft or Lineage, use basic literacy practices
to develop a whole range of other applied literacy skills, such as negotia-
tion, bargaining, forming alliances, strategizing and outwitting opponents,

calculating which approach is most likely to work, and communicating with

different kinds of people. These applied literacy skills occur naturally in
MMOGs but are difficult to maintain in traditional school environments.
Yet, because we think of literacy skill development as being directly tied
to traditional school content, most people regard gamers as wasting their
time playing these multiplayer games.

In terms of mathematics, technology can carry out all of the algorithms
that students spend so much time learning in school. At the same time,

 learning to think mathematically is more important than ever. Therefore
students’ time might be better spent in learning how to use mathematicai
tools to solve real-world problems, rather than learning how to mimic com-
puter algorithms. In fact, understanding how to apply computer tools ap-
propriately requires much more thinking than executing algorithms. It
should become the new agenda for teaching mathematics, Fantasy sports
Present a case in point for teaching applied mathematical skills. Calculat-
ing on-base percentages or adding up runs scored may not involve sophis-
ticated algorithmic processes, but even the most casual fantasy baseball
player must engage in predictive models to anticipate which players and
teams have the best chance to succeed. Having fantasy players articulate
their predictive models is an excellent exercise in developing the kinds of
estimation and number sense skills prized by organizations such as the
National Council of Teachers of Mathematics.

A subtle impact of technology on learning has to do with the easy
availability of knowledge on the web. In the past, people have had to memo-
rize a lot of information in order to make competent decisions, as doctors
must do to make accurate diagnoses. But with easy access to knowledge

. people can rely more on external memories to help them out. We can illus:
trate this phenomenon with the use of technology by doctors. Online sys-
tems have been developed in recent years that help doctors make diagnoses.
Doctors can feed the systems with sets of symptoms, and the systems can
suggest possible diagnoses that the doctors should consider. That way, the
doctor does not have to remember every possible pairing of symptoms to
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diagnoses. Doctors still must apply their personal knowledge, gained from
experience and from interaction with the patient, in order to make their
decisions. These systems act essentially as memory aids. Similarly, the web
is a huge memory aid, in addition to providing new informationon every
topic under the sun. The essential skill is no longer memorization, but
knowing how to find the information you want on the web, including how
to evaluate what you find, given the differences in reliability among web
sites. That is to say, people need to develop new learning skills rather than
acquiring more information.
One approach to a new specification of what students need to know is
provided by a Harlem high school.¢ The school stresses that the students
should learn to ask and answer reflective questions that correspond to five
Habits of Mind: 1) From what viewpoint are we seeing, reading, or hearing
this?; 2) How do we know what we know? What's the evidence, and how
reliable is it?; 3) How are things, events, or people connected? What is the
cause and effect? How do they fit?; 4) What if . . .? Could things be other-
wise? What are or were the alternatives?; 5) So what? Why does it matter?
What does it all mean? Who cares? These questions are central to everything
the students do in the school, and even in the evaluation of students to de-
termine if they have learned enough to graduate. These questions stretch the
definition of what is taught in a school to encompass the types of thinking
and action required for adaptive thinking in an information-rich world.

RETHINKING CAREERS

While education has traditionally aimed to enlighten learners about
their political responsibilities, American discussions of education have
recently turned sharply toward career preparation for economic success.
But as routine jobs are replaced by technology or shipped offshore, the
remaining jobs emphasize collaboration, communication, and knowledge-
processing skills. From an economic perspective, it’s imperative for edu-
cation to focus much more on teaching students how to think critically in
a digital age, and how to find the knowledge and resources they need to
accomplish difficult tasks. Students would be much better served if they
were challenged to solve real-world problems and create meaningful prod-
ucts. Then they might have some incentive to learn how to think.

Career mobility also challenges educational institutions to teach stu-
dents to become more adaptive. The traditional American story was that
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we went to school to prepare ourselves for a career, whether as an auto
mechanic or a doctor. We would settle on a career sometime during high
school or college and take courses geared toward success in that career. In
the 1980s and 1990s, however, the erosion of corporate responsibility for
lifetime employment sparked increased job mobility across the economy,
Currently, 50 to 60% of new hires leave their jobs within the first year, and
10% of the workforce leaves their jobs every year.” As we live longer, it
turns out that many of us may be working into our 70s and 80s. Most
Americans in the next 20 years will likely have a succession of careers.
Asan example, one of the authors started his career as an auditor on
Wall Street after getting a college degree in accounting. After a few years
as an auditor, he returned to graduate school in computer science and
10years later graduated with a Ph.D. in cognitive psychology. After that, he
went to work in a firm that carried out research for the federal government
in a variety of areas, most related to the use of computers in society. In his
research work, he slowly moved from carrying out psychological research
to developing computer systems for education. After some 20 years in re-
search, he joined the education faculty at Northwestern, never having taken
an education course during his career. Then, for 18 more years, he taught
a variety of education courses at Northwestern. The second author started
out as a graduate student in philosophy. He took a job as a history teacher
in a small Chicago school. After several years of teaching, he became an
administrator at the school. Later, he decided to return to graduate school
in education. After 5 more years in graduate school, he became a profes-
sor at a large graduate school of education. It remains to be seen what he
will do next. These stories, although they focus on academic careers, are
not unusual. Such twists and turns in careers are becoming more and more
common. The fate of people in a knowledge society, it seems, is that they
must keep reinventing themselves in order to keep up with the changing
world around them. x
Eventually, people will come to think of life as made up of a succes~
sion of careers. In order to cope with this idea, they will begin to see how
important it is to “learn how to learn.” They may come to see that the ca- -
reer they decide to pursue in their early years is not a commitment for life.
As Avner Avituv and Robert Lerman point out, “Every month, millions of
- workers leave one employer and take a job with another employer. It takes
- young workers a long time to enter a stable career and a long-term rela-
tionship with an employer, By the age of 30, high school graduates with
no college have already worked for an average of eight employers. Nearly
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half of all male high school graduates experienced' at lea-s’.c one .spell of
unemployment between ages 25-29. Moreover, job instability is increas-
ing among young men.”3 '

° In refejr:t yegrs, there has been a growing gap Petween the 1nc0§nes
of college graduates and high school graduates. This has led over 90./0 of
high school students to plan to go to college. But only 14% of kids with a
C average in high school will complete a college degl.fee.9 They would be
better off working for a few years after they finish high school and t}}en
going back to get more education. The success in coll.e‘ge of returning
veterans after World War II testifies to the payoff in waiting to go to col-
lege. A study by Norman Frederiksen found that the veterans had h1gher
achievement levels than non-veterans.!’ Some of the pressure to go :1,'1g.ht
on to college will be relieved if people come to understand thE‘ll' their ll_fe
in the future will likely alternate between working and learning. It will
no longer be 15 or 20 years of preparation followed by 30 years of work-
ing. Rather, we will learn for a while, work for a while, back and forth,
until we retire. o

Of course, some people in the future may be actors or awxllto'mech?mcs
for all of their lives. But they will be the exceptions, Thinking of a smgle
career as the standard pattern leads people to think that they. are f:ione with
learning when they finish school. So they do not keep their minds open
and focused on continuing their learning. This makes them less adaptable
when they are hit with the necessity of changing careers. Parents also need
to understand how the nature of people’s careers has changed, and nlot tr.y
to force young people to prepare for a particular career that they think is
best for them. As a society, we need to build policies that st‘Jpport people
in making the many career transitions they will have to make in a constantly

changing environment.

RETHINKING THE TRANSITIONS BETWEEN
LEARNING AND WORK

America has not helped its citizens manage the transition to édulthood
as well as other countries with apprenticeship systems. Both high school
graduates who don’t enter college and students who drop out of cololege
early have entered the workforce unprepared. Since on.ly-about 30% of
students in America ever get a college degree, the vast ma]orl'ty of stu.dents
have a more difficult transition to make. Typically, they drift from job to
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job until they are 25 or 30. Some return to college when they are older, but
itis often harder for these students because society does not support older
People returning to college. Given the increasing centrality of technology
in work and the fact that people are more and more likely to change ca-
reers several times during their lifetime, it is worth rethinking the ways
that society supports the transitions between learning and work.

The transition to work is handled fairly well when people graduate
from college. The colleges maintain an office designed to help students find
jobs, both as interns during college and when they graduate. This office
has extensive files on employers in their area and many have files on alumni
employed in different occupations who can guide students in choosing a
career. Different employers come to colleges to recruit graduating students
who are interested in working for them. Often, college students intern for
different employers during the summers or during one of their later se-
mesters, building ties with potential employers after they graduate. And
college professors often write letters of recommendation for their students,
even pointing them to potential employers. High school career centers and
teachers sometimes perform this function, but it is sporadic and concen-
trated in wealthier communities. So there is an effective system in place
but only for college graduates. ’

' . In an era of multiple careers, people will need support to navigate their
options, both in going from learning to work and from work to learning. If
America wants to remain a successful society, it needs to create new Ways
to support citizens through these challenging transitions..

We believe America must transform how we address technical and
vocational education, For example, schools should reconsider how to sup-
Port teenagers who want to go into the job market, either in addition to or
instead of going to high school. Teenagers should not go to work until they
have mastered the basic skills and knowledge taught in middie school.
Hence, there needs to be an office in high schools that determines whether
teenagers have met the standards for going to work and that heips them
find jobs that are well suited to their goals and abilities. This office would
keep files of possible jobs, fust as college employment offices do. It would
help students put together resumes and assess their interests and abilities,
It would also help gather teacher recommendations and make initial con-
tacts with employers, In short, the office would carry out many of the same
functions as college employment offices, but would provide more guid-
ance, since the students are younger. Modest federal funding in this area
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would provide significant value in helping students make a successful tran-
sition between learning and work.

The same office might administer apprenticeship programs, such as
are widely found in Europe." In these programs, adolescent students typi-
cally work 3 days a week and go to school for 2 days a week. The programs
attempt to coordinate what students are learning in school with the work
for which they are training. Given the aimlessness of much work that teen-
agers are now doing, society would be well advised to put federal money
into supporting a robust apprenticeship system. The office might also sup-
port students who have gone to work and wish to return to full- or part-
time learning. The office could advise them about their options, such as
taking high school or community college classes, online courses, or courses
administered by a local learning center.

Such offices can also serve adults, who need help in thinking about
embarking on a new career or returning to get more education. These coun-
seling offices might be maintained by the state in all high schools, or they
might be privately run. They would have counselors who can advise people
on the kind of training and credentials they need to pursue a particular
career, and what kind of educational resources are available to pursue that
training. Other counselors could assess the skills and interests of adults to
guide them toward viable careers they might pursue. Still other counse-
lors would have knowledge and contacts with employers in the region, and
could help people find jobs that suit them, given their educational back-
ground. These are resources we need to be providing to people to make
our society as productive as possible.

Our view is that the government should pay for these learning re-
sources, at least up to the level of what would be spent on a high school
education. School-to-work programs, such as the School-to-Work Oppor- .
tunities Act of 1994, provide a good start toward institutionalizing these
types of services. Unfortunately, in recent years, these modest initiatives
have been gutted by budget cuts. In 2006 alone, the Bush administration
proposed to cut $1.1 billion in state vocational education grants. Cutting
these transitional services means that the students with the least social
capital, who need the most help connecting to viable economic resotirces,
are left to make their own connections. There are so many alternatives that
it is bewildering for most people, so they need counseling to make wise

decisions. We will all profit from others learning all they can and finding
employment that suits them.
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RETHINKING EDUCATIONAL LEADERSHIP

Weare experiencing a time of educational transition, which demands g
new kind of educational leadership—a new Horace Mann, as it were. We
need a vision of education that makes it possible for the new array of educa-
tional resources to reach all of the people. The trends in place are reaching
the elites, and leaving behind the vast majority of people. The next genera-

tion of education leaders will need to face the political and technological |

challenges. The challenges of changing a well-established, entrenched insti-
tution are far different than those faced by Horace Mann. Parents, teachers,
policymakers, and local communities all have compelling reasons to preserve
the current system. The forces for change, such as the civil rights emphasis
on using schools to increase social equity and the technological emphasis to
open the core practices of schooling to information technologies, push un-
comfortably against influential conservative forces, Leaders who can effect
real change need to understand where the leverage points are to move the
system, and need fo have the organizational skills to bring together the re-
sources and skills necessary to create change.

One possibility is to promote the inexpensive computer as a tool that
can put powerful computing in the hands of all students. Such machines
provide access to a vast array of educational resources for nonelites. Pro-
grams such as One Laptop Per Child!? are currently aimed only at Third
World nations, though they could be expanded to address poor people
wherever they live. But we need to think much more broadly to address
the inequities that are arising. Simply inserting technology into classrooms
and schools without considering how the contexts for learning need to
change will likely fail. Schools are still hesitant to embrace new technolo-
gies as a backlash from the significant, and largely ineffectual, investment
in classroom computers as an instructional panacea in the mid-1990s.13
Leaders need to understand the Iimits of the new technologies in order to
set appropriate expectations for their communities, They will need to think
about how to bring coherence to the incoherent array of tools already in
schools and in the world. S

In the future, educational leadership will require more than just re-
forming schools. We need to think about how to integrate nonschool re-
sources into learning environments, both supporting families in bringing
these tools into their homes and in building wired learning centers in com- .
munities that reach those in need. We need to support robust lg_ggg_@gg;
rich resources, which very young kids can use to learn to read. We have
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such programs for computers now, where, for example, a kid can hear a
Dr. Seuss story by pointing at the words or lines on the screen to have
them read aloud. As the kids learn the sight-to-sound con:espondences,
they will pick up reading of their favorite stories on their By, Thf_-se
machines should include the best children’s literature, c:f)vermig a wide
variety. of genres and topics. They should also include amthmc.etlc games
that would teach basic mathematical operaﬁons_ to young kids. Every
young kid should have such a machine, since busy parfents often do not
have the time to read with their children. It might begin to address the
i ity that many kids face. : .

meql];.iciyrr:entary sgool should provide an array of technology-based supPle-
mentary services to help students who are having trouble. Such services
are envisioned by the No Child Left Behind (NCLB) Act as exjcen_dmg cur-
rent special education and student services programs. If a child is having
difficulties in one of his school subjects—say writing, math, or geography——
then the first course of action should be to provide the ch%ld with-a i
tomized diagnostic process that connects the student’s learning needs with

i i i i ariety of re-
appropriate resources. Technologies can provide a wide variety

sources, such as computer-based learning programs or access tc? onlm_e
tutoring. Technologies allow students to use programs at home with their
families as well as at school. If the programs do not succeed. completely,
then the kids might be provided with specialized human tutoring, as NCLB
envisions. But human tutoring is a costly option that may not be necessary
i ases. : _
" mzsfizr eighth grade, kids might follow differ.ent educational paths,
depending on their own and their parents’ choosing. For example, as an
alternative to continuing on to a traditional high school, a student m1.ght
take online courses at home or in a learning center, enter an apprentice-
ship program, take courses at a community collgge, or at.tend A Career
Academy, like we seein cities such as Oakland, Cahforn_la. Kids might even
work for a while and later return to get more ed.ucatlonf when they ate
ready. Giving students such options will malfe them less likely to feel thal’:
high school is a prison they must endure until they are grown up enoug
o go out on their own. "
When a person is 14 or older—however old he or she may be—he or
she should have access to a personalized learning counselor, w./vho can pro-
vide advice about available educational options. As learrufng- becomes
more critical for success in the world, people will need individual sup-
port from someone who knows their history and the particulars of their
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life. Again, technologies greatly expand the range of advice that counse-
lors can use to guide learners. Counselors can direct learners to online
resources that guide novices through the initial stages of career choice
and development.

A first visit to a counselor should be free and routine for everyone when
they reach age 14. Learning counselors would be trained and licensed by
the state, just as medical doctors are. The goal would be to develop alearn-

ing plan to address each person’s interests; needs, and abilities, which

would be adapted over the years as the person changed jobs and acquired
more knowledge and responsibilities. The learning plan might involve
taking online courses, going to a learning center for specialized training,
getting a technical certification in some area, joining an apprenticeship
program, or learning from computer-based tutorials to enhance particular
skills. In any case, the learner should check with his or her counselor at
regular intervals to evaluate how things are going and to consider how the
plan might be revised.

These examples show how educational leaders need to think about
changing schools from within and about how learners can be linked to re-
sources outside schools. Thinking more broadly about technologies can re-
vive our ideas about equity and extend available resources to the nonelites
in our society. Our proposals are merely suggestive of the issues that lead-
ers should be considering. Because society has identified education with
schooling, we are systematically overlooking many of the resources now
available for helping minorities and other nonelites. .

Further, society views education reform as something that applies to
youth rather than to people of all ages. With a broader view of education,
we can begin to think about how to provide educational resources even to
people in their 40s, 50s, and 60s.

We are not going to fix education by fixing the schools. They have
served us very well in the past, but they are a 19th-century invention try-
ing to cope with a 21st-century society. This is the time for another Horace
(or Leticia) Mann to step forward and lead the nation toward a new edu-
cation system. Our new leaders will have to understand the affordances
of the new technologies that have become available in recent years, and to
watch for issues and technologies on the horizon. They will need to under-
+ stand that learning does not start with kindergarten and end with a high
school or college diploma—we need to design a coherent lifelong-learning
system.
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RETHINKING THE ROLE OF GOVERNMENT
IN EDUCATION I

Historically, the states and towns have been responsible for education
in America, with the federal government only playing a supplementary
role. The federal government has carried out some programs, such as c‘ie-
veloping science and math curricula to make the nation more competitive
or supporting poor children by providing resources in order to ensure
greater equity among children. But teacher’s salaries, curriculum materi-
als, and administrative expenses were paid with local funds. When the
federal government in recent years has imposed standards on the states
and towns, many have regarded this as encroachment on the states” au-
thority. States will try to protect their authority, and this is leading to a
backlash against the No Child Left Behind Act.

As we have pointed out, the technological resources that hawlre been
developed in recent years introduce new inequities into the education sys-
tem. Wealthier parents are buying tutoring, computers, and web access for
their children, leaving poor children further behind than ever. The states
simply do not have the resources to correct these imbalances, They get most
of their monies for education from property taxes, and the fact that fewer
and fewer households have children makes it very difficult to raise prop-
erty taxes to pay for education. And the costs of schooling each child have
increased rapidly in recent years. . :

Without stepping on the states” authority, the federal government
can try to equalize educational opportunities for all citizens. It can pro-
vide robust machines that teach reading to young kids and inexpensive
computers with access to the web for older kids. Tt can provide educa-
tional guidance and tutoring for those who cannot afford to buy these
services. It can set up apprenticeship programs that help kids make the
transition into adulthood, rather than wandering aimlessly, as many now
do. It can pay for additional training when people want to change careers.

These are all supplemental services that do not step on the states” author-
ity in any way. .

There is also an important new role for state government in bringing
about a new vision of education for a technology-rich world. If our society
is going to support new alternatives for pursuing education, the states nee.d
to rethink their mandates of keeping kids in comprehensive schools until
they are 16 years old. If we are going to let teenagers pursue other options
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besides staying in high school, the states will need to specify what alterna-
tives are acceptable instead of school and what requirements students must
meet before pursuing each alternative.

For example, the state might mandate that a student must acquire a
specific set of certificates, such as demonstrating an ability to read and do
math at an eighth-grade level, before pursuing a full-time job or some other
option as an alternative to high school. The states might also monitor the
teen’s performance in the job and require teens to attend a weekly class
where they discuss what they have learned in their work. If the work is
not serving as a learning experience for the teens, a guidance counselor may
help them find a new job that is of more value to them. If students are tak-
ing online courses at a learning center or participating in an apprentice-
ship program, the state might monitor their progress in similar fashion. The
state would still have a responsibility for teenagers, but at the same time,
would give them more latitude in pursuing their own education.

We have outlined examples of possible responsibilities that govern-
ments could take on, but these are not definitive. Governments should
provide guidance to students at the same time that they loosen the reins
that are keeping kids in high school, which many of them feel is a kind of
prison. It would be wise for governments to put more responsibility on
learners to pursue their own learning, but at the same time, itis critical that
governments not ignore their responsibility to provide equal access to
educational resources for all citizens.

'. OUR VISION OF THE FUTURE

As education becomes more privatized and commercial, we risk losing
the vision promulgated by Thomas Jefferson and Horace Mann of a society
where everyone has an equal chance at a good education. Horace Mann was
right in predicting that education could provide a path for everyone to be-

come part of the elite. Universal schooling formed the basis for our middle-

class society today. But the onset of technology, privatization, and increasing
inequality of income is undermining this vision.

Making economic success the central outcome of schooling risks
marginalizing the political and moral goals of education. Education is, in
many ways, America’s civic religion. We use education to work toward
our national ideals of equality, opportunity, and democracy. As a society,
we need to understand how to balance the need to use schools as engines
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of economic competition w1th out natmnal comm1tment to equahty of
opportunity.

According to a recent survey from the Education Trust, America is the
only industrialized country in which today’s young people are less likely
than their parents to earn a high school diploma.* Those of us who care
about education should do whatever we can to see that our children are
educated as best they can to live in a technology-rich society. Even those
of us without children should pay attention to this trend. All of us depend
on the next generation to support our social services, such as Social Secu-
rity and Medicare. For the future of America and the welfare of our indi-
vidual futures, it is important that our society invest in the next generation’s
education. It behooves all of us to work toward a more equitable system of
education. '

What role will technology play in our national story of equity and
economic development? In the 19th century, Americans developed the
public school system to institutionalize our national commitment to citi-
zenship, while at the same time addressing the needs of urban families to
care for and educate children in the midst of the Industrial Revolution. Our
generation faces a similar, but radically new, design challenge. We are
dealing with a mature, stable system of education designed to adapt to
gradual change, but ill-suited to embrace radical change. The pace of tech-
nological change has outstripped the ability of school systems to adapt
essential practices. Schools have fiddled with learning technologies on the
margins of the system, in boutique innovations that leave core practices
untouched. The emergence of new forms of teaching and learning out-
side of school threaten the identification of learning with formal school-
ing forged in the 19th century.

For education to embrace both equity and economic development, we
believe that cur leaders will have to stretch their traditional practices to
embrace the capacity of new information technologies. This will require
schools to forfeit some control over the learning processes, but will once
again put the latest tools for improving learning in the hands of public
institutions (as opposed to the hands of families and learners who can af-
ford access).

Parents and citizens need to start pushing for this more expansive view
of education reform. School leaders and teachers will need to understand
how learning technologies work and how they change the basic-interac-
tions of teachers and learners. Technology leaders will need to work to-
gether with educators, not as missionaries bearing magical gifts, but as
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collaborators in creating new opportunities to learn. Tt will take a concerted
effort to bring about such a radical change in thinking, If a broader view
develops in society, leaders will emerge who can bring about the political
changes necessary to make the new educational resources available to
everyone. Thesg‘ new leaders will need to understand the affordances of
the new technologies, and have a vision for education that will bring the

" new resources to everyone. We hope these leaders may be reading this book

now, and that it can guide them in taking action to address the learning
revolution that is upon us. '
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