Appendix B
Learning and
Teaching in 2004
The BIG DIG B

hen we consider the confluence of trends and pace of
change in the economy, society, and technology, it is
relatively easy to envision systems of schooling, learn-
ing, and teaching a decade hence that are very different
from those of the past 100 years. It is not clear, however, whether
all current educational reform movements are consonant with
such a vision.
Our vision of teaching and learning 10 years hence is informed
by current and past experiences of technology-using innovators
within education, combined with trends outside of the education-
al system that drive the requirements and opportunities for learn-
ing and teaching. One set of external drivers includes global and
national trends in economy and demographics (31,32,79). An-
other set of external drivers includes the rapidly changing in-
formation technologies and information infrastructure (11).
These changes in the larger society are imposing requirements for
change in the skills, knowledge, and learning capabilities of citi-
zens (17, 78, 83). Consonant with the requirements is the trend
within education toward constructivist approaches to learning
and teaching (65, 80).
Nearly every element of our future vision exists today for some
people at some times and in some places. What makes our vision
different is the pervasive extent of participation and the seam|esd=——
interaction of the human, institutional, and technological compo- by
nents. In reality, the shape this convergence of trends takes will bt Beverly Hunter and
the result of political leadership and policy decisions over this  Bryce Goldberg
coming decade.
A general theme of our vision is that learning, teaching, and
schooling all will have a closer relationship and interaction with
people, places and knowledge outside of schools than has been | 57
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typical in the past 100 years or so (103). The structured on-the-job training. This approach,
“learners” and the “teachers” are people of all combined with school-based learning, can be
ages, in all walks of life (17, 40). In this vision, ev-  very effective in engaging student interest, en-
ery person considers himself both a learner and a hancing skill acquisition, developing positive
teacher. Some people will play a teaching role work attitudes, and preparing youths for high-
only part of the time, while others will be  skill, high-wage careers.
employed as professional teachers.
Numerous reports from stakeholders as varie% , . . .
: , . oth public and private enterprise must be agile to
as mathematics teachers and industrial Ieadeﬁs : : .
) . . -deal with rapid changes in markets, customer and
have directed our attention to various facets of this;. . : ,
Client, and community requirements. Innovation
general theme. Most recently, for example, there uires ranid adaptability. Agility must be
U.S. Congress, in the School to Work Opportuni- q P P Y- AQIY

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Mercedes remembers that 10 years ago, teachihe participants in collaborative projects without
ers and students spent all their time in “schoolregard to the political boundaries of their school
buildings,” sealed away from the vital life of districts. Mercedes organized a group of teachers,
learning and information their communities of- parents, community center leaders and profes-
fered. On the other hand, the majority of adultssionals from health and human services. This
were not a part of the formal educational systengroup developed a winning proposal and con-
and thus had little opportunity to participate in ducted a successful community-wide educational



60| Education and Technology: Future Visions

project called “Using Your Brain,” that took ad- newcomers at this session. They begin with
vantage of many resources across the area includntroductions:

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

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

= an undergraduate teacher-in-preparation from a

local college;

= a graduate student in engineering from MIT;

an engineer from Bechtel, the Big Dig contrac-

tor, and parent of one of the children;

another teacher from Elaine’s school;

a member of the exhibit staff of the Boston Sci-

(1 The Tunnel Team

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

on the left. ence Museum;

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

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

a faculty member and student from Roxbury
Community College;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

“Yes!” hearing reports of similar progress from other

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

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

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

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

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

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

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

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

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

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

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

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

Education and Information Services (CWEIS) fortwo weeks.

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

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

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

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

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

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

been focus of renewal in mathematics curriculum

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

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

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

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

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

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

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

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

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

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

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

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

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

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

school-to-work program for a certain number of

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

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

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

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

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

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

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

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

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

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

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

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

“Well, Sra. Maturana,” the teenager ends,” Ithat they bring different backgrounds and experi-
think that you and your daughter Ana Julia shoulcences to a learning situation(10). Such an empha-
make an appointment to come down to the CATsis and respect for diversity is a key step to
building. | can help Ana Julia apply for an intern-equitable educational opportunity in our increas-
ship here, while you look for jobs in the databaseingly multicultural society. A city-wide context
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for learning is not the only possible approach tanental readiness, or curiosity, or social pres-
creating a culture of lifelong learning that offerssure—rather than in a preset curriculum sequence.
universal and equitable opportunity for everyoneThis is very difficult for learners and teachers to
One could, for example, focus on a global contextachieve without the support and accessibility of
or on a virtual community of people who share aexperts and a large repertoire of instructional ma-
common interest and background irrespective oferials (12). The combination of the Big Dig and
their geographic location (11, 82). the technological and informational infrastructure
Authentic means working on projects andprovides a set of conditions that make just-in-time
problems of intrinsic interest to the learner or dearning plausible, if not consistently achievable.
group of learners, rather than learning what everyin the tunnel team vignette some students needed
one else of the same age is expected to learn at ttee advance their skills in mathematics to make
time; working collaboratively with peers and progress on their tunnel simulation. The teachers
mentors; closer relationships between people inwere able to draw upon expertise from national
side schools and outside in the “real world.” Thissources (e.g., the Geometry Forum), local indus-
cannot be accomplished unless there is a sustaingg (applied mathematician from a CAT contrac-
motivation and interest on the part of all thetor), higher education, and the CWEIS itself (Big
people involved. The CAT project is so large it af-Dig task bank) to create appropriate just-in-time
fects nearly everyone’s life. It is multidimensionallearning opportunities for these students.
and of long duration (decades) so that it provides Authentic means continual learning. A basic
a sustained motivating context. The CAT projectpremise underlying our vision is that everyone
involves local, state and national politics, historyneeds to be learning in our rapidly changing
ecology, finance, engineering, mathematics, sciworld. Recently, many studies have found far too
ence, social science, journalism, media, businesmany adults to be woefully lacking in basic lit-
and jobs. eracy (19). At the same time, highly trained
Authentic means working in a hands-on modeprofessionals, such as engineers, need constant
with the physical and social world, in addition to upgrading of their skills and knowledge.
and in interaction with abstract symbols and Authentic learning often occurs in an interdis-
words, and electronic representations such as teleiplinary context, rather than in separate subjects
vision provides. The Big Dig offers a wide variety and isolated topics; working on a problem in
of places and phenomena for students and teachetspth, rather than covering many topics superfi-
to conduct empirical investigations in their owncially (3). Thematic, interdisciplinary investiga-
neighborhoods—physical construction, utilitiestions and project-based learning are becoming
infrastructure, wildlife, vehicle traffic, people’s more common in schools today. They are usually
opinions, newspaper and television and radio, hisaf short duration and there is not enough time to
torical artifacts. Rather than using electronic medevelop the deep underlying concepts or the skills
dia in a way that removes people from theireeded to achieve strong discipline. Therefore
physical and social community, the Big Dig sce-many attempts at project-based learning are super-
nario uses electronic media and tools to help reficial, lacking in deep understanding of underly-
connect people to their hands-on world. Thisng concepts or analytical discipline.
focus on the learner’s interaction with the physical The long duration of a Big Dig theme could
world is important both from the perspective of in-provide the years needed to build a coherent inter-
dividual cognitive development and the from thedisciplinary curriculum and repertoire of high-
standpoint of the health of the planet. quality learning materials. In the Big Dig
Authentic means learning something at thescenario, students build an increasingly complex
time a learner is ready and motivated to learn it—and deep understanding from year to year. A stu-
perhaps because it is needed to solve a problem dent gathering opinion data from local business
complete a project, or perhaps just from developpeople may not have all the skills needed to ana-
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lyze that data meaningfully in a short project. Induct meaningful, complex projects requiring a
the Big Dig scenario, that student might revisit thewide repertoire of skills and knowledge.
cumulative data on business opinions the next In 1990, over 74 percent of women whose
year, and would then have opportunity to learryoungest child was between the ages of 6 and 13
more advanced statistical analysis concepts analere working or looking for paid work (58). One
skills in the context of data with which he alreadymight speculate that the best social arrangement
is familiar and personally invested. Because théor lifelong learning of both the child and the par-
real world of the tunnel project keeps changingent is a community-based structure that supports
(e.g. perhaps opinions of the market merchantall ages of people in highly flexible ways—in-
change in a year due to changes in the parking sitatuding opportunities for adults and children to
ation), the project could remain fresh and alive—earn together. “Over the coming years, society’s
unlike having to repeat a chapter in a textboolability to adapt to the changing needs of working
(89). mothers and their children will be increasingly es-
Authentic means working directly with people sential to the health and vitality of families and to
from other places and cultures, rather than only inthe well-being of their children” (58, p.23).
directly through books (85). In today’s large met-  Authentic means producing something of real
ropolitan areas, there are different neighborhoodgalue to someone. In our vignette, for instance,
made up of people from a range of places and custudents produced a CAT jobs databank that has
tures. Typically there is little interaction amongreal value to their parents and others in the com-
these separate neighborhoods. A metropolitarmunity. Other students produced an exhibit that
wide theme as encompassing as the Big Dig couldias visited and enjoyed by thousands of visitors.
be used to provide opportunities and motivatiorOthers produced a newspaper that provided in-
for learning from each other. For instance, stuformation to many others across the metropolis.
dents in Cambridge might ask students who livélhe ability of students and teachers to produce
beside the entrance to the tunnel to collect sampldsiowledge that is of real value to a larger audience
of traffic data for their study of the changing trafficis perhaps the single most important change in
patterns over time. With the National and Globaleducation, and is the change most directly facili-
Information Infrastructure, students can alsatated through electronic communications technol-
reach outside their geographic region for collaboegies and the information infrastructure (70, 81,
rations and resources. The history class studying6).
native American artifacts could correspond di- Authentic means using the real tools for intel-
rectly with native American and indigenous lectual work that are used in the workplace, rather
scholars and students around the hemisphere. than oversimplified textbook techniques. A real
Authentic learning often requires teamwork.context such as the Big Dig could make it possible
Different members of the team have differentfor educational purposes to draw upon real-world
skills, interests, and knowledge to contribute taools such as the tunnel simulation software, the
solution of a complex problem (25). In a contextjobs data-bank, data analysis tools, that were de-
such as the Big Dig scenario, teamwork is naturaleloped for work in the community. As we
and logical because the learners bring a wide rangevinced in the Tunnel Team vignette, the tools
of backgrounds and capabilities to the task. Teamised by professionals are not the same as, and are
work is becoming more typical in modern corpo-not always directly transferable, for use by chil-
rations and business situations (8, 22, 24, 46). ldren or novices. But the existence of and commit-
typical schools of the industrial age, where learnment to a long-term project such as the Big Dig
ers are segregated by age and everyone in a clagsuld make it feasible to invest the time and effort
is expected to be achieving the same educational learning, modifying, and applying these real-
objectives at the same time, it is difficult to con-world tools to education.
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Authentic means basing assessment of student In 1994 we have many pioneering projects and
progress on performance of real tasks rather thaeachers who have created learning environments
artificial tests. In 1994, many groups are workingthat enable students both to develop skills in using
on new methods of assessing student learning aslvanced technological tools and to apply those
demonstrated in exhibitions and portfolios (14,skills to the production of valued products for
21, 43, 54, 55, 56, 59, 60, 61). This has proved ttheir community (6, 38). For instance, Randall
be a very challenging endeavor but as illustrateRaymond, a teacher at Cass Technical High
in the Tunnel Team vignette it becomes moreSchool, is Project Director for “Urban Environ-
feasible under the circumstances of a large, cormental Education in Detroit.” Working with busi-
tinuing, and community-wide theme. The hypo-nesses, government agencies, community
thetical assessment specialist in the Tunnel Tearvlleges, universities and research institutes in the
was able to draw upon previous years’ experiencéetroit region, he has developed community part-
the specialized knowledge of diverse panelistsperships and outreach programs. These partner-
the voices of learners and teachers, and an accessitips enable his students to develop skill in
ble base of information about the educationahpplying Geographic Information Systems (GIS)

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

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

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

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

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

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

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

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

into education and training.

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

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

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

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

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

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

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

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

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

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

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

gy and information infrastructures, and the fluen-

various components of the tunnel simulation,

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

learning experiences.
Thetechnological infrastructurencludes such

components as computers, local area networks,

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

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

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

The information infrastructureincludes the

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

possible. “Information” is used in its broadest

sense, to include such things as: "

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

market vendors; the database management sys-

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

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

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

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

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

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

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

In our scenario, nearly all of these information-

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

archive of interview data;

through the collaborative efforts of citizens as a

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

land artifacts on the CWEIS Web; video mate-

In reality, in 1994 there exists very little ad-

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

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

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

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

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

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

education.

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

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

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

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

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

Design
= the assessment group’s ability to formulate aviedia

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

knowledge that all students are expected to mas-

ter. Institutionalizing Change: Politics,

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

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

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

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

tax incentives and the resultant opportunity to re- '

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

the inefficiencies of separate and redundant

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

less. These people (engineers, scientists, writ-

ing of space.

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

How will space for project-based education be

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

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

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

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

How will new organizational structures be

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

itan Educational Region, as a cooperative venture

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

school learning and common academic purpose,

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

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

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

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

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

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

How will we organize and finance the research

created and made available to citizens at birtland development needed to make informed use of
and expended throughout an individual’s lifethe considerable technological potential available
by enrolling in any number of various learning/to us for educational purposes ? What little educa-
project centers. tional research has been supported over the past
The ability of entities as nonprofit educational 100 years was conducted in a context of incremen-
corporations to earn revenue by creating sociakal improvement of learning, very modest restruc-



Appendix B Learning and Teaching in 2004: the BIG DIG | 81

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

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

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

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

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

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

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

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

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

tion as we know it will become radically trans-

formed in the coming years. In particular, we

believe that:
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