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History has dealt computer and infor-
mation science a special role in the inev-
table vestructuring of the educational
system i the United States . In the com-
ing decade computing and information
technology will be the backbone of the
most significant chunge in education in
over 100 years. Rather than being an
adjunct to learning and teaching, tech-
nology is facilitating a fundamental re-
thinking of what should be learned and
how. Such changes present the Com-
munications readership with a unique
opportunity and a serious responsibility.
Toward meeting this challenge, in this
column | will address some hey issues
in education and technology. For exam-
ple, this first column examines how our
basic notion of what needs to be learned
is changing, and how this affects the
ways in which technology is used. Subse-
quent columns will explore topics such as
“programming’s rele
“mulli-media, and
puter-based,” testing.
My inlent in this column is to pro-
voke—to confrand the folk wisdoms and
myths that we all harbor about educa-
tion. The dialogues that I sincerely hope
this column will engender are critically
important: the winds of change in edu-
cation are blowing, and something
will be done; For that something tv be
proactive and not reactive, for that
something to reflect the desires of the
pmplr, communities such as ours must
participate in sevious discussion of the
wssues. Reflective decision making s,
afterall, what education is all about.
Itis no longer news that the edu-
cational system in the United States
is not working. Report after report
documents and decries how Ameri-
ca's  greatest institution—public
education—is falling apart. Gradu-
ating students today simply are not
prepared to take advantage of the
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opportunities in  the workplace.
Fven worse, the 1990s are a time
when these opportunities are be-
ginning to dwindle. There is un-
questionable danger to society in a
situation where youth feels its fu-
ture is being foredlosed on them.

There is hope. We as a people are
beginning to recognize the sorry
state of the-educational infrastruc-
ture; even the politicians are finally
getting the message! In order 10
put forth a concrete plan for re-
building that infrastructure, we
need (o first identify what is
wrong with the schools
today. The place to start, it
seems 10 me, is at the core:
what do those di-
recting our educa-
tional system as-
sume needs to be
learned? The
answer (o this ques-
tion is critical, since
it is those assump-
tons that  deter-
mine how fearning and schooling
take place.

Nowhere is the assumption of
what needs to be learned more evi-
dent than on tests: afterall, what
becomes valued is what one is tested
on. Schools test students on how
much knowledge they have accu-
mulated. The assumption is that
there is a core set of knowledge that
all students need to acquire. Learn-
ing, then, is just knowledge trans-
fer: teachers have it, students need
o get it. In effect, students are
viewed as empty vessels into which
knowledge needs 10 be poured.
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Quick, Where do the
Computers Go?
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Accumulation of a core of knowl-
edge as the goal of education comes
out of the 19th century. The world
then more  circumscribed:
change ook place over generations,
and thus what you knew was useful
for a significant period of time.
Correspondingly, the majority of
today’s classrooms appear mnuch as
they did back in the 19%th century:
teachers still use one stone to write
on another stone; there are specific
subjects (History, Geometry, Sci-
ence) taught at specific times of the
day for specific periods of time.

In contrast, just ask yourself:
how has your job changed over the
last 10 years? How much ol your
time on the job is spent learning
things you need to know inorder to
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do your job? Would you put up
with having seven 1o nine meetings
every day, where each mecuing lusts
exactly 50 minutes? Aren’t you
being rewarded for solving prob-
lems that require the (1) integration
of knowledge from diverse disci-
plines, (2) the uncovering of new
information, and (3) the ability w0
work cooperatively with your col-
leagues? The ability to cope well with
change may actually be the key
success in your work.

Our society is rapidly moving out
of the Industrial Age and into the
Information  Age.  Significant
change occurs within a generation—
and it happens over and over again.
Without question, students need o
know certain “things,” but in order
to effectively cope with our ever-
changing world, it is critically im-
portant that students learn how to
learn. As Herbert Simon, Nobel
Laureate and a founder of contem-
porary psychology, has pointed out,
it may well be more important to
learn “how” than to learn “what.”

The Techie Fantasy:
Fixing Education
Here it comes . . . get veady . . .

Computers will make every-
thing better; give each student
and each teacher a computer
and the students will be moti-
vated 10 learn better/more,
and teachers will immediately
see how to harness the com-
puter for educational pur-
poses, and,

Put that baldly, no one seriously
can defend such a position. In the
privacy of your own thoughts, how-
ever, recalling those wonderful
experiences you have had with
technology, ask yourself again: Do
you really believe that computers
genuinely do have the power to
make things better or is it only a
matter of degree? Such incorrigible
optimism is not a bug—it is a neces-
sary feature that helps us to perse-
vere.

The problem, of course, is not
technology per se. Rather, it is how

LOE

technology 1s used. By and large,
computers in education have been
used to implement the accumula-
ton model of learning: with tech-
nology we can transfer “stuff” to
students faster: with technology we
can deliver instruction more effec-
tively—as if ideas were just bags of
potatoes in need of transportation.
That model has not worked—and it
will not work, even if we add multi-
media to the instruction being de-
livered. What is needed is a more
incisive model of learning, one that
can help us cope with changing
umes and changing needs. So
armed, we can then roll in those
computers!

Don't just Sit There, Do
Something!

We need not search far for an alter-
native to the accumulation mode! of
learning: along with Plawo and
Dewey, your mother knew it quite
well when she said o you: “don’t
Jjust sit there, do something.” What
your mother knew intuitively, and
what the academics are now provid-
ing scientific evidence for, is this:
learning is not a passive process
where one receives information;
rather, learning requires an indi-
vidual to be active, to be engaged in
constructing an understanding that
ties new ideas to old. Moreover, one
learns by building artifacts—whether
they be formal reports, private
scribblings, Lego choo-choo trains,
or computer programs, the path to
learning is strewn with things, with
externalizations. You know that if
you keep something to yoursell the
ideas do not progress; expose the
ideas to others via some sort of arti-
tact, and the discussion and feed-
back provide the impetus o move
to that next level of understanding.
The reason stepwise refinement
works is precisely because the steps
result in externalization that can be
commented on; the comments then
generate the next step.

Now, such learning by dving can-
not be reduced to a simplistic hands-
on learning approach. I as weli as
millions of others have tried to
measure Avogadro’s Number. I was
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hundreds of orders of magnitude
oft-but 1t id not mauer, since
evervone already knew the num-
ber. Rather, hauds-on  learning
must be in the context of some le-
gitimate inquiry: there has to be a
real task in which the learner has
some personal interest and invest-
ment.

[n the old days, apprentices
gathered around a master, who at-
tempted 10 provide the former with
experiences that would lead to the
acquisition of expertise. A master
was able (o break down real-tasks
into accessible pieces, and scaffold
the tasks so that the apprentices
would not blow themselves up.
Frankly, such an active, meaning-
ful, learning model would be hard
to carry out in a classroom of 30
students and one teacher—a typical
set-up in U. S. schools. The accu-
mulation model of learning is bet-
ter suited to such a classroom struc-
ture.

I should point out that this
master/apprentice model of learn-
ing was expressed to me by a high
school principal in Ann Arbor who
is wying to promote the active
learning model in his school—as
soon as he can. Thus, while there is
clearly a strong back-to-basics con-
tingent, there s a growing recogni-
tion that learning is about more
than just acquiring facts. What role,
then, can technology play in help-
ing 1o realize the principal's vision?

You Have Not Seen

This Movie Before

Up until now, the computer-based
environments. compuler  assisted
mstruction (CAI) and intelligent
wioring systems (I'T'S) have been
used to support instruction, the de-
livery of information. In contrast,
the types of systems that are now
becoming available, which we call
interaclive  learning  environments
(ILEs) are used by the students for
constriection that is, 1LEs are com-
puter-aided design environments
that facilivate the building of arti-
facts, (from book reports to mini
robots), which in turn facilitate the
learning of concepts and processes.
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372 Where do the Computers Go?

‘These CAD systems go beyond sim-
ply framing the task and provide
scaffolding to support those appren-
tices as they learn. A student need
not confront every hurdle at the
outset; rather, an ILE atempts to
smooth over those rough areas via
scaffolding designed expressty for
that purpose. As the learner pro-
gresses, the scaffolding can fade
away to allow the learner 10 con-
front more of the subtleties of the
task. Here. then, are some exam-
ples of 1LEs that are being used in
today's classrooms.

Proving Theorems in Geometry:
Making the Search Process Explicit

1, for one, recall sitting in geometry
class, watching the teacher go
through a proof on the board, and
nodding my head at each step. At
home, however, when conironted
with a similar proof, I had no idea
what to do. Afterall, the teacher did
the proof on the board in a sequen-
tial manner, step by step. So, I
should have been able o do that,
right? Well, no one bothered to tell
me that no one really proves theo-
rems in such a simplistic, linear
fashion. Rather, proving a theorem
is very much a search process, a
non-linear activity in whichr one
works with the givens, with the the-
orem to be proved, or even some-
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... earlier. . .economic transfor-
mations were accompanied by major
public investments in the creation
of new infrastructures such as ca-
nals, railroads, electric lines, and
highways. In the transformation
taking place. . . an educated popula-
tion is the most critical infrastruc-
ture of the emerging economy. . . .
The challenge of this generation is
how to effectively create this infra-
structure.

(Office of Technology Report, 1988)

and the A T Choice for the Future,” OTA,

US. Congress, Wash. DC., 1088

where in between. The textbook
and the teacher proved the theo-
rem in a didactic, lecture-style
mode; they provided no hints on
how one knows when w0 pull in
Angle-side-angle.

Anderson and Boyle at Car-
negie-Mellon University have de-
veloped a program, called the Ge-
ometry Tutor, that runs on a 512K
Mac. The screen dump from a typi-
cal proof tells a clear story: the Ge-
ometry Tutor (see Figure 1) makes
the search process explicit; the stu-
dent can work on various branches
of the proof, and receive hints
when hefshe requests them. The
interface supports the active con-
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struction of the proof. Does the
Geometry Tutor work? Anderson
and Boyle have shown that students
who have used this program can
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improve test scores on standardized
geometry tests (e, those that re-
quire  the  two-column  prool
method) one standard deviaton!
Not oo shabby.

Students Doing Scientific
Investigation

“T'en thousand students around the
United States are currently doing
serious scientific rescarch on Acid
Rain. They collect water samples
from puddles in their neighbor-

LOE

puter; data s automatically input
the computer; and students can
immediaels use word processors.
databases, and spreadsheets o ex-
plore the dat, write reports (inte-
grating data into their reports), and
share their observations with other
students. The computer is provid-
ing lab support that was simply not
possible 10 yvears ago. The push-
hack on this technology comes from
the educational svstem itsell: teach-
ers do not feel comfortable feading

Student Showing Off Lego-Logo
Design

hood, analyze them in class, and use
telecommunications 10 broadcast
their “findings™ w0 others around
the world. 'Fhese students are not
replicating  Avogadro’s  Number
experiment; rather, they are en-
gaged in a legitimate inquiry that
will produce information that is not
available and that is relevant o
their own lives. Moreover, by inter-
acting with others around the globe
they come to an appreciation of
central ideas in science and society
today. In etfect “think globally, act
locally.”

More broadly, there is a new
generaton  of nstru-
ments; —micro-computer based
labs—coming on the scene. Sensors
are connected directly o the com-

laboratory
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students

long term, multi-
concepl,  mult-acuvity  projects:
administrators are not responding
1o needs of projects interms of
classroom space and class schedul-
ing. While the technology is here
now to \lll)])()l'l gcllllillc CXI)I()I‘H-
ton and investigation, the biggest
problem is, as usual, a people prob-
lem.

Wwriting for tearning

tn the Aad Rain project, students
write messages and reports, that
students, scientists, as well as teach-
ers will actually read and comment
on. Writing is a view supporting all
sorts of learning: learning science
content, fearning science process,
learning writing. ‘The only ume
other students ever saw "y |I|'d[h or
scicnce papers in high school was
when we exchanged  papers for
grading
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tng s a design acuvity; as
such it deser a CAD system.
Morceover, writing in the context of
an Acid Rain-like project is a collab-
orative activity. That wo deserves
support.  Systems
such as Farthlab and CSILE are
exploving how to scatfold learners
as they engage in such writing activ-
ities [3. 7). For example, CSILE
presents ov cen templates that
provide a [ramework for students
writing lab reports, as well as on-
screen buttons that provide explicit
coaching. ¢.g.. in order to help stu-
dents better index their reports so
they are more accessible to other
students, one such button raises the
question “How will other people
want 10 look for vour document?”
Such technological support surely
goes beyond the “stone on stone”
situation!

technological

Combining the Abstract with the
Concrete: Lego-Logo

With all this talk of technology, we
should not forget that we sull do
live in tactile, kinesthetic
world. Enter Lego-Logo, brouglt
o you by Papert and crew of the
ME'T Lab. This is a brilliant integra-
tion of the abstract with the con-
crete. Children build whatevers (see
Figure 2) using  colorful Lego
picces, motors, and gears; hook up
their creations via a box, to the
computer: and conwrol the move-
ments of the motorized Lego con-
structions through Logo program-
ming: robot 1, forward 1 robot 2,
move forward and stay on the white
tine, and so forth. [tis 8-vear olds
building moving tovs and writing
parallel programs. Now, be honest.
would you like 10 get such @ bego-
Logo scuup Llor your birthday

The Bottom-Line: CAD for Kids
Technology has changed the wa
we, outside of the school, go about
our day-to-day business: graphics
designers, clectrical engineers o1
architects lost withowt
their computer-aided design (CAL)
svstems. Similarly . technology is the
backboue that will support the tran-

would he

sition from didactic, talking-heads

Februan 19917501 §3 N1 2/COMMUNICATIONS OF THE ACM



374 Where do the Computers Go?

instruction 1o a project-based cur-
ricutum. As the examples il-
lustrate, technology can facilitate a
new kind of learning experience:
childern engaged in the active con-
struction and use of knowledge, not
passive receivers of decontextuali-
zed facts. In turn, these experiences
provide the wherewithall for chil-
dren to deal with real problems in
their daily lives.

Education is all about hope; edu-
cation is the means for bettering
one’s lot. This is quite the chal-
lenge! Given that technology’s role
in education has never been
greater, our community in particu-
lar needs to confront the questions
that are being raised and play an
active role in shaping how comput-
ing technology impacts education.

Elliot Soloway can be reached at
the University of Michigan, Depart-
ment of EECS, 1101 Beal Avenue,
Ann Arbor, MI, 48109. His email
address is: soloway@csmil.umich.

edu. @
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