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Background



Everywhere in the world technology is developingyveapidly.
Increasingly it affects our lives in more ways thasare consciously
aware of. The variety of anticipatory responseth#oY 2K problem is but
one indication of the degree to which computersaffiecting the food we
eat, the way we get from place to place, the we dec light our homes,
the way we maintain the public health, etc.

It is important for us both as citizens and as atlus to continually think
about the world in which we live and the tools hiealogical and
otherwise, that we have for dealing with that woAd we develop new
tools, there are both explicit and implicit ethieald philosophical
implications that arise from the uses that we chdosnake of these tools.

As a way of framing our consideration of some @fsthissues let us
consider some of the more important kinds of usaswe make of
technology in education. In so doing let me berdkat my purpose here
IS not to resolve these issues but to make theilensal do not believe that
they can beesolved in the sense that a problem in mathematics issolv
| do believe that each society must fashion its @ways of considering
these issues. Moreover, | think it is important the questions be
revisited frequently, particularly in light of tmapidity of the development
of the technology.

[For the sake of specificity, let us consider technology to be synonymous
with computers. The justification for this seemingly narrow perspectiveis
the rapid convergence of all media and communications technologies with
computer technology.]

Modes of use of technology in education

It seems to me that there are four major kindssefwe make of
computers in education. These are

Computers as a communications medium
Computers as an archival medium
Computers as an expository medium
Computers as an exploratory medium

O O O O

Computers as a communications medium

In the beginning there was email, largely usedhay t
research community and the military. With the adwdn
the Internet and the spread of the personal compusny
millions of people worldwide discovered the powér o
electronic mail — communication that could be bamtle-to-



one and/or one-to-many, both synchronous and/or
asynchronous.

Small groups with specialized interests formed mgosps
and chat groups — arenas for communication amagg li
minded (and sometimes not so like-minded) peoplevar
the world.

With decreasing bandwidth costs the Internet canieet
used for telephony, for streaming audio and videaodes
of communication that hitherto either used deditate
cabling or wireless transmission and receptiors It
important to note that hitherto the control of dyranous
means of reaching large groups with audio and vidgo
entirely in the hands of governmental agencies sisch
ministries of communications. This shift away from
government and toward the individual as "broadcaste
information represents a profound change in thareaif
control of the dissemination of information in a&ay.

Computers as an archival medium

Because the computer offers us the ability to $earc
multivariate data efficiently we have begun to cdenp
databases of all sorts that are far more richlgxed than
ever before. This means that we are capable ofigskid
answering not only many more questions, but alsnyma
more different kinds of questions.

Because it is now relatively easy to do, we noviecbland
compile data of all sorts very readily. We oftefiext data
that has no apparent relevance to the purposesof th
database into which it is incorporated. This inseet the
sheer volume of data further amplifies our abiidyask and
answer guestions.

Moreover, many of the new kinds of questions weadsk
the data we have collected are questions that etmseal
issues. Such issues may simply not have arisdreipdst
because the questions were not "askable" in arotipah
way.

Computers as an expository medium

By far the dominant use of the computer in educatat
least in the United States) is as an expositoryiumedn



this use, the computer presents curricular materitdie
user-learner, and tries to assess how well theepted
material has been absorbed and understood.

The presented material may be in the form of teit,
sound, of video or any combination of these modes.

It is usually true that in the case of softwarehud genre,
interactivity means the software decides on the basis of the
results of its assessment of the user-learner’'snstahding
what next to present on the screen.

For the most part, in this mode of use, it is thmputer
that runs the "conversation" with the user.

Computers as an exploratory medium

Relatively uncommon, but of great intellectual imjpoce,
is the use of the computer as a medium for usezgptore
the breadth and depth of their own understandiray of
subject.

Intellectual mirrors and simulations are the m@shmon
example of this genre. Such software environmenmts a
typically models of complex, interacting systemsgiag
from airplane flight control systems, to predatogyp
ecosystems to the behavior of political electorates

Simulations allow users to set up an initial sikmatand
then examine the consequences of the initial sitadhey
used to launch the simulation. Users are inevitéayto
pose next questions, many in the form of "what-if"
guestions, and their insight into the structure laeldavior
of the system they are studying grows.

It should be stressed that simulations are models and that
what is learned about the flying of airplanes or the decline
of deer population or the voting habits of factory workersis
only true in the context of the models of those phenomena
that are embedded in the smulations.

For the most part, in this mode of use, it is theruhat
runs the "conversation" with the computer.

This framework for thinking about the ways in whigk use the new tools
technology offers us is not so categorically preas to allow us to parse



the issues we wish to deal with cleanly. A givesues may arise because
of the use of the technology as a communicatiordiume but also
because of its use as an archival medium. Indeedany cases we will
find that the same issue is raised by severalrdifteuses of the
technology. Nonetheless, the framework does ofest way to begin.

Issues arising from the use of technology as a communications

medium

There are four issues | wish to address in this@®acThey are

O O O O

Free speech and the nature of political activity

The nature of human communication and interaction
Who are the school’s clienteles?

Who controls curriculum?

Free speech and the nature of political activity

In part the way one thinks of this issue is shapgthe
degree to which one thinks of the Internet as a
"broadcasting” or "publication” medium. To the exttthat
the communication is in one-to-one mode, i.e. carsgn
communicating privately with another person it wbul
seem that virtually any statement might be accéptdi)
however, a statement is "published" on a publicly
accessible web site, or "broadcast" by being selatrge
numbers of users then it is possible that lawsrckgg
libel, or hate speech, or other offensive kindsttérance

may apply.

Different societies have different norms for whetds of
public speech are acceptable and not acceptalde. Th
difficulty here lies in the fact that the bounddstween

what is public speech and what is private speesh ha
become clouded.

The ease with which material can be introducedchen t
Internet makes possible a particularly insidiousdkof

social and/or political speech. This consists etsily
parodying the appearance of the web site of anmggo

but changing the text so as to reflect one’s owsitjmm.

For example, in an election campaign for govermwieen
Smith and Brown, Smith might have registered the&e UR
www.smith.com and used it to present arguments in favor
of his/her election. Brown on the other hand, migdote
registered the URlwww.smithforgovernor.com and




placed on this web site arguments that would caaters
to find Smith’s position on issues unappealing tad
would lead them to turn to Brown as their choice fo
governor. Cases of this sort have occurred in daoe$
elections as well as in sites put up by human siginoups
around the world.

Similar behavior can be expected from competing
companies. Company A and company B compete to sell
soda. A registers the web sitevw.drink-A-soda.com
while company B registers the website/w.A-soda-
refreshes.com that contains material praising company
B’s product. Cases like this have occurred repéated
among competitors in the United States.

Who decides what is offensive speech? It would séaain
the offended party is best able to do so. Butisdlways
the case? Who polices the system?

Who enforces the judgments? It would seem that the
enforcement of the regulation of undesirable spéetet
to the discretion of the Internet Service Provid8P). But
do we really want to dilute the enforcement of stali
decisions that thinly?

Finally, let us consider the following question: &th
control over the content of websites should a sthaee?
Should a school limit the websites that can be ssagk by
students form the school's computers? It has beapnte
common for schools in the United States to do be. T
difficulty with efforts of this sort lies in the gamaticity of
the filtering mechanism. A filter program scans téet of
the requested website. If that text contains ary lohg list
of forbidden words then access to the site is l@ddcK his
has led to such silliness as student being blo&lced
accessing sites that contain important and current
information on breast cancer.

Going beyond websites that students access todsrnsi
those that they design and put up themselves,soled to
ask: If a student uses a school's facilities toyput web
site, should the school censor its content? To wkignt is
a student-generated website like a student newspape
Arguments can be offered on both sides of thiseissu



Carrying this issue one step further: Suppose stedese
their own resources to put up web sites that tefechool
content, practices and personnel, does the sclavel&
right to censor its content? In the United Staltesd are a
growing number of such cases in the courts.

The nature of human interaction/communication

Gesture, vocal intonation, eye contact, and imnesood
response are all-important dimensions of human
communication. They are, for the most part, notlaibe

in situations of computer-mediated communicatien. |
actual textual content of communication the mogiartant
part of communication?

There are two remarks to be made in this regard.fift
is that with the advance of such technologies aspcer
telephony and video conferencing computer-mediated
communication is increasingly able to incorporatse
dimensions of communication.

The second remark is that this is an issue onfige¢alegree
that we think of newer forms of communicatidisplacing
older forms rather thasugmenting them.

Independently of whether we may think that sucinglea
in the nature of human communication are desirableot,
the fact remains that in many places youngstersheve
access to computers often prefer to interact wigmdls,
even those who are in close physical proximity, by
communicating with them electronically. Increasingl|
people in workplaces will send email to colleaginethe
next office rather than walk down the corridor apeéak to
them directly. To be sure, there are often goodaes for
doing so. | do not wish to express a value judgerhere -
| simply want to point to the changes in the waysvhich
we choose to communicate.

Finally, it is worth thinking about the way a humaging
learns to communicate. Recently, there has be@od g
deal of public discussion about the question of leawny
should children begin to use the computer? Mudiief
discussion has been prompted by the appearance of
software claimed by its marketers to be designgaessly
for youngsters as young as one year old and intetae
accelerate their cognitive development.



To what extent should one permit children’s intécac
with the computer to displace their interactionhiheir
social (and physical) surround? | choose todigyace
rather tharreplace since | do not believe that responsible
people will argue that the computer should becdme t
focus and locus of a child’s development. Cledhgre are
no categorical answers to such a question alththegie
will be many different opinions as to the approtaia
desirable balance between the social surroundrand t
digital surround.

| remain somewhat skeptical. It seems to me todsm that
not all the aggressive marketing of software desigior
one and two year old children is motivated by aceon on
the part of commercial software developers for mwprg
the nature and rate of child development.

Who are the school’s clienteles?

As it becomes easier for parents and school atig®to
communicate with one another it becomes necessagyt
examine such questions as what should be parertisiée
to learn about their children’s performance in sdfidt
might well be the case that the answer to suchtiunssat
the elementary school level would not be the sasreg a
secondary level. What about when students are atvay
college or university?

It would seem reasonable that parents and therlarge
community should be able to learn about a giveoaith
performance vis-a-vis other schools in the distyicstate?
Does the larger community that pays taxes also aaight
to learn about the performance of individual classéhin
schools? Individual teachers? At what point doés th
access to information begin to obviate and interfetth
the role of school administration

This is a special case of a larger issue thatsafisen the
extraordinary success of the computer as commuainsat
medium. It is increasingly possible to poll the paib
directly on all sorts of public policy issues. Sofuturists
even see such polling mechanisms eroding the meed f
representative democracy since it would seem heat t
technology makes possible direct participatory denacy.



At first blush it would seem that this would be idaisle.
We could return to our idealized notion of anci&neek
democracy. It should be pointed out that one of the
inadvertent consequences of a representative form o
democracy is that there are built-in delays inab#ity of
the system to respond to the will of the publicisidort of
political "molasses” is an important safeguard asfai
demagoguery of all sorts. It is easy to inflameaublig. If
passions are allowed to be vented readily and fuibkn
the rights and freedoms of people are likely tdesuf

Let us return to the impact on education of the moter as
a communications medium. The ease of communication
also suggests that we rethink the question of whbe
audience for the educative function of the schiblaght it
be that we should think of the parents of the sttglalso
as students — at least insofar as they need tofdxeried
about emerging educational policy issues? Sho@d th
continuing lifelong education of parents become pathe
responsibility of the school that we now think sf a
educating their children? What about the continuing
education of the larger community? Should vocationa
training (and retraining) for the community, with ies
implications for the world of work and the economy
become part of the responsibility of the schoolnees
think of as a place for the education of our yoteigs?
Etc., etc.

Who controls curriculum?

The ease with which anyone can make materialsablail
on the Internet in effect means that everybody wati,
relatively minimal effort, become a worldwide pudbler.
This development can have profound effects on tigsvin
which schools acquire curricular materials.

Traditionally, the curricular materials in use ischool
were the ones approved by the ministry of educatimdior
the local school authority. In principle, the apgab
mechanism was a kind of quality control on the male
In some societies these materials are purchasagé&by
students with public funds. The repertoire of aalalg and
pertinent materials was limited and well prescribed

At the elementary and secondary level it is the taacher,
indeedwho has the time, and/or the background, to prepare



curricular materials for use in his/her classesusTthe
available materials usually set the outer boundanfe
learning, teaching and intellectual inquiry in tiass.

It is now the case that, in every subject areagthee
literally hundreds of websites to which a teactser trn to
get curricular materials for use in his or her gla&’hen
this happens, the control that the society has theer
curricular content of what is being taught in ilsssrooms
is substantially diluted.

The easy availability of curricular materials hagb a
boon to the growing home schooling movement. Jeist a
teachers can now find curricular materials thatemaarly
reflect what they are trying to teach and thathi@ needs
and background of their students, so too can paxemnb
are educating their children at home.

Clearly, in many ways this amplification of the soes of
the curriculum is desirable. It provides the oppoitl for
students to encounter a much wider range of viewls a
perspectives than before. Nonetheless, it comagpHte
that some societies may be unwilling to pay, the,
carefully evolved mechanisms that the society tastdl in
order to control what is taught in its schools owger
function as before.

The privacy of communication

Serious issues arise when we consider the problem o
privacy as it pertains to electronic mail.

We would probably all agree that email sent by an
individual from his/her home to another individwaight
not be censored in any way. On the other hand, aladt
email sent by an employee of a company to another
employee during business hours on company equipment
and relating to company business? In such a casg ma
people would argue that such email ought to be tabte
read not only by the person to whom it was addcebsé
also by company officials. Indeed, it is just such
communication that has become an important source o
evidence in the current trial of the Microsoft Corgtion in
the US.



While these two cases may be reasonably straigirfat;
one can imagine a wide range of intermediate cakese
the situation is much less clear. Are teacherghoasl more
like employees using company equipment, or is there
relationship to their students one of personal owmg and
counseling?

Should school authorities be permitted to readestud
email that is sent and/or received on school coens@t
Suppose there are serious disciplinary issues tieal
with that the information that is obtained in thiay might
resolve? In many places we do permit school autibsttio
search student lockers for weapons. In some plaees
allow school authorities to test students for dnag. Is
reading student email similar or different to thks®ls of
control that we already give to school authorities?

Electronic mail is not the only setting in whicletprivacy
issue arises. Consider a classroom of networkeghatars.
Many such network configurations allow the teadber
display on his/her monitor the contents on the taoran
any of the students in the class. In almost alhsuc
arrangements, this can be done without the stuadrdse
work is being monitored being aware of the fact tha
teacher is observing.

Normally, when a teacher chooses to observe argtade
efforts in class, the student is aware of the fsathere a
violation of student privacy when this observatgam take
place without a student’s knowledge?

Finally, an interesting privacy issue arises frtw t
proposal of at least one manufacturer of CPU cimiplse
United States to incorporate into the chip a unique
identifying serial number that would be encoded int
messages sent from the computer in which thatwhi
embedded. This would enable messages to be tracéd b
to the machines from which they are sent.

Following the announcement of this proposal, thess a
strong and widespread expression of protest and the
company acquiesced. The chip will still have a ueiq
identification number, but the default settings Wiooe
such that the number would not be incorporated into
messages sent from the computer with that CPU.



However, the question remains. In an area of ppléech,
such as the Internet, does a person have thetoiddmow
who is the author of the utterances that he/sheleters?
In the US, for example, there is a law that requpelitical
advertising to signed by the parties that pay lier t
advertising. This is done to protect the public. Is
publication on the Internet different? Should iPbe

Issues arising from the use of technology as an archival medium
| see two important issues arising in this contékey are

o The privacy of data
o Intellectual property

The privacy of data

The issue of privacy seems to have two aspectssetthat
arise by virtue of hardware developments and thiose
arise by virtue of software developments.

The technology of "smart cards" has made it inenedhs
possible to produce individualized identity caridatt
contain a great deal of specific and personal méiion
about the holder of the card. The information is
electronically encoded on the cards in an integrateuit
chip that is part of the card itself. One of thegmective
benefits of such technology is the ability of peo carry
in their pockets a card on which is encoded themnglete
medical history. A person with such a card would lmeve
to wait precious hours or even minutes for a hystorbe
taken in the event of a medical emergency or ¥ theeded
medical attention far from home.

Needless to say, there are many potential soufadsuse
with this form of technology. But even more prosant
commonplace forms of electronically readable
identification such as "charge cards" with magnstiipes
present difficulties. A growing number of educatbn
institutions are issuing students such electrolyicehdable
identification documents. These cards are then ased
charge cards in university bookstores and cafetasavell
as identification documents for admission to doomnts
and libraries both during and after normal busirtesg's.



By virtue of the fact that the student identificati
information is read and recorded by computer, usitye
authorities can monitor the comings and goings of
individual students as well as many of their taste®od,
books, films and other activities. Can the avaligbof this
kind of information lead to abuse and discrimina®o

Going beyond the hardware threats to privacy wet miss
raise the question of the impact on privacy thahes
about by virtue of the evolution of more and mooevprful
software. Does the combination of dramatically exjzal
bodies of data collected about student comingsgantys
and purchases along with the availability of dracadiy
expanded search capabilities constitute a chanigeadn
rather than simply a change in degree? Are thetenpal
threats to intellectual inquiry if a school canckkavhich
students are reading which books in the librarytiétave
raised the possibility that clients beyond the stlitself
may begin to gain access to what has traditiorhn
regarded as information internal to the schooll WWése
clienteles cast a shadow over the schools, makigg tless
likely to continue to serve as institutions of fised
unrestrained inquiry?

Intellectual property

In principle there is nothing new about the questibthe
integrity of intellectual property. Students hawad been
asked to write about what they have learned. Sdrtieem
have always found ways to be less than honest in
responding to those requests.

What new dimensions to the problem of intellectual
property are brought about by virtue of the devalepts of
technology?

In earlier times a student might painfully copyaaggraph
or two from an encyclopedia or other reference babite
writing an essay on the geography of South Amewiche
Crusades. Now essentially all software tools fatimg
offer the user the ability to Cut, Copy, and Pagtele
blocks of text from essentially any source that lsan
displayed on a computer screen. This dramatically
augmented ability to "quote” the work of otherg] &me
vastly greater repertoire of sources availablengiaternet



user makes the detection of non-original studemkwo
much more difficult.

Are there practical ways of guarding against plagm?
Several schemes, some imaginative and some heavy-
handed have been developed to prevent unbridleskabu
suspect that with the passage of time more will be
developed.

Related to this issue of students "quoting" otkatkout
attribution but logically distinct from it is thepid growth
of the "term-paper writing industry". These are pleavho
will, for a fee (usually large), write a paper student on
any topic the student requests. While this actisgtyot
new, its ability to attract student customers hgmaded
because of the wide range of materials availablghen
internet and the ease with which the paper writbeinire
can be transmitted to its purchaser.

It may be that we need to augment the notion @fimadity
of composition using the written word by adoptingcdion
from the visual arts. Artists have come to usewbed
"collage" for a particular kind of assemblage — one
which the individual elements of what is being assied
are taken, usually without alteration from someeoth
source. The originality of the collage inheres inahe
originality of the several pieces of which it isnstituted
but rather in the cleverness of their selection téued
interrelationships among the pieces that have bemmght
together.

Similarly, we may wish to entertain the idea of ittem-
language collage" — i.e., an assemblage of propeetry
pieces carefully chosen and linked to one anothéhd
"author”. Original work which used to mean that the
sequence of words was composed by the "author" save
perhaps for the occasional quotation — might nometo
mean that the author has assembled a tapestriatdde
"chunks" of text, sounds, still and moving imag&gh the
originality inhering in the assemblage and nothia t
individual chunks?

One final notion before leaving the question oéliectual
property. A common use of the computer as a
communications medium is for the purposes of "chat"
more or less synchronous communication among two or



more people. The "speaker"” types in his/her remainkis
they appear more or less simultaneously on theessref
all the people who are "in" the "chat room" at ttiae. We
are led to the following question: who owns "chat who
can use it?

Issues arising from the use of technology as an expository
medium

The issues | wish to address in this section are

o The nature of the school experience
o Private roles in public education

The nature of the school experience

Societies have different kinds of purposes in dstaibg
and operating educational systems. These include
transmitting the culture, preparing people forwweld of
work and equipping them for a lifetime of persogaiwth
and development. For the most part schools play an
important role in society’s strategy for attainibg
educational goals and fulfilling it educational pases.
Thus it behooves us to think a bit about the wayshich
the school, with its current structure and modegrattice,
helps the society address its educational goals.

By far the most extensive use of the computer urcation
until very recently and possibly even today is asealium
of direct exposition and instruction. In all liketiod the
impetus for this kind of use derives from the agstiom
that computer can deliver instruction to studentbeir
own pace and in a way that reflects their idiosgticr
needs and backgrounds.

This is not the arena to argue for or against teenses
that underlie this use of the computer. For theppses of
this paper, it is sufficient that this kind of usevery
widespread.

Schools are organized the way they are, at legsrin
driven by the economics of bringing together in ptaee a
sufficiently large number of students so as to ntake
building of buildings and the hiring of teachers an
economical proposition. We have somehow conclutat t
about twenty-five students can be formed into aigro



called a class and justify the hiring of a teachkeirther we
have somehow concluded that several hundred yoensgst
brought together in fifteen to thirty or so clasgestify
building a building that we call a school.

If we accept the premise that underlies the usheof
computer as a didactic device delivering instrucand
exposition then, it seems to me, we are oblige@tionk
the assumptions that lead to our grouping chilanenm
classes and classes into schools in the way inhwingc
currently do.

To be sure there are benefits to be derived fraongng
students so that that they interact socially witk another.
But there are also costs. Given that instructiontua
delivered via the computer maybe the nature of the
teacher’s role ought to change. If it does, thep vgho say
that one teacher for twenty-five or so studentdinaas to
be the appropriate ratio of teachers to studemntsciSctly
stated why must all students sit with all othedstts at
the same time and in the same place? What is ¢heremt
for transporting children from their homes to ctassns in
distant school buildings when they might assemblemall
groups in their neighborhoods, and use the nowlyiear
ubiquitous computer for their daily lessons. Irstkind of
arrangement students would come to school much less
often that they now do and then only to use thly traique
facilities of the school such as the gymnasiunher t
theater.

| don’t wish to argue that this scenario is necelysbetter
than our current practice. It is simply differendanot
beholden to the assumptions that led to currertipea

Private Roles in Public Education

In many societies the private profit-making seasayeing
a wide range of new potential sources of incomehén
United States this has come to mean, at leastringsdling
goods and services to school children. Until alzodécade
ago most of this selling took place in the publimppress
and on commercial radio and television broadcasts.

Then there appeared on the scene a commerciapaséer
called Channel One. This enterprise offered to tkoaa
great deal of video equipment to any interestedaichn



return the school had to agree to use the equiptodrgve
the students watch news and current event matéhiais
would be broadcast by Channel One and receivetden t
donated equipment. The schools were unable toweavie
broadcast materials in advance. Moreover, evergdwast
included commercial advertisements for consumerdgoo
that the students might be interested in purchasing
should be pointed out that the legislatures inraler of
states in the United States passed laws forbiduolirodjc
schools in their states to enter into any agreemvéht
Channel One.

Recently the situation has evolved further in thae
direction. With the growing use of the Internesahools
students are increasingly subjected to an incessant
bombardment of advertisements on the websitesviséy
imploring them to buy this or that kind of softmkior junk
food or sports shoe. Indeed, many websites thaj.ate
valuable from an educational perspective are otllige
accept advertising in order to defray the costs of
maintaining and updating the website.

This leads to the question: Should there be raethke
private sector in public education? Should profiking
corporations be allowed to advertise in materigksduin
public schools? Should profit-making corporatiors b
allowed to supply hardware to public schools infexge
for either explicit or implicit endorsement of thei
products?

If we permit teachers to use web sites with adsentents,
should we not permit publishers to sell advertispgce in
textbooks? Should we not permit school authortinesell
poster space in schools buildings?

| don’t claim to know answers to these questionss |
tempting to a seemingly principled stance and baythe
private sector has no role to play in public ediecatBut
the realities of public support for public educatimay be
such that a more acquiescent stance is more realist

Issues arising from the use of technology as an exploratory
medium



The issues | wish to address in this section are

o The nature of the subject matter
o Where does intellectual authority lie?

The nature of the subject matter —

Although relatively uncommon as a use of the compunt
education, | believe that in this domain lie sorhéhe
more profound potential impacts on what we conctiee
roles of schools to be. | will touch briefly on fosubject
areas that are central to educational systems wheng.
They are mathematics, the social and natural segnhe
arts and language.

Mathematics is rarely well learned and even morelya
well taught. Typically, students are taught to parf
mathematical computations in a rote fashion, witle|
understanding of when to do any particular comparatr
why it works. It is rarely the case that studemesasked to
devise new mathematical structures and to explaet

Appropriately crafted software environments théival
students to make and explore conjectures candead t
profoundly different views of the subject. Therdysnow
a good deal of evidence in support of this statemen

The teaching of the social and natural sciencestalsls in
many instances to be dominated by the demand that
children learn dates and names. Rarely are thejntahat
the subjects they are studying are the carefudlfted
models and explanations of the world crafted byierar
generations. As potent as these may be they asgysalw
subject to revision with the next discovered piete
historical evidence or the result of the next ekpent.

The heart of the science enterprise is two-folder®e is
fueled by data and is nourished and grows by tlidibg
and exploring of models. The acquisition of dataath the
social and natural sciences has truly undergoeeaution
since the widespread availability of computers.

At the same time, software environments have been
developed that make the building and exploring otieis
increasingly accessible to students even at qoey
ages. Taken together, these two developments giand



change our ideas not only about science but asavdys
in which it is possible and desirable to teachrsmein
schools.

There is a similar kind of opportunity in the arts
curriculum. Software environments in the visual and
musical arts are enabling people who have not mextte
many of the technical procedures of graphic design
harmony and counterpoint to become more than simply
appreciators of art and music. Normally, the amsiculum
in schools moves away from engaging children imtive
activity and toward studying the "great works" loé {past.
Without in any way meaning to deprecate the impmea
of the past and our artistic heritage, | simplyeribiat
environments of the sort | refer to can shift thepbasis of
the curriculum a bit more in the direction of the
individually creative.

Finally, | believe that the language curriculunsehools
will be deeply affected by the technology we have
developed. Normally, we teach students to writespria
the form of narrative, exposition and argument. tééech
them to anticipate the reactions of their readetsuse
those anticipated reactions to help to structuratiitey
are writing.

Increasingly, we find ourselves reading and writimg
hypertext environments where one can no longecipate
that what one writes will be read sequentially. Hoam and
should this change the ways in which we think ef th
teaching of written language? This scenario israptote in
time. A growing number of language and literaturarses
in the US at secondary and post-secondary level now
include the design of websites as part of the culuim.

Where does intellectual authority lie?

Going beyond the effect of new developments in
technology on the content and pedagogy of schdyésts,
we are led to another, and in many ways more inaport
consequence, of the use of technology as an expigra
medium.



What happens to the authority of the teacher wheset
exploratory tools make it possible for studentgeoerate
knowledge for themselves — possibly even things teew
the teacher?

Traditionally, we tend to think of schools as pkeeere
we send youngsters to learn the ways of the soatetye
feet of older, wiser and more knowledgeable adu\tsile
these tools are not likely to affect the relatige ar
wisdom of teachers and students, they are cedaifféct
the relative state of knowledge. With greater arehter
frequency, we find youngsters developing expewdise
insight into the subjects of their passions, oéroeeding
by far the knowledge of the teacher.

| believe that these developments oblige us togeaish
some of the more authoritarian and hierarchicaltaien
models that we may have of schools in favor of aamo
collaborative community of adults and youngsteisheat
whom may be both a teacher and a learner.

Conclusion

| have raised many issues, some ethical, somesaiplocal that we find
ourselves confronted with as a result of advantésahnology. In some
cases, | see reasonably clear resolutions. Ingthénd myself much less
certain about what should or should not happen.

| know that | will continue to ponder these quessiolf this paper inspires
other to do the same, | will be most gratified.



