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LOOI CHEEKIT

Artificial Intelligence Meets Education : An Overview

How Artificial Intelligence techniques
can be used in education.

dvances and innovations in the his-
ory of education have been lew,
The incorporation of Artificial [ntel
lipence (AI) technigues inlo educa-
tion datcs back to the early 1970s
Public interest in this has blossomed,
in part duc to scnsational but mis-
guided publicity about Al The ap-
plication of AT to education is in-
tended 1o provide new and effective
ways of leaching and learning, and will
help make them more individualized
than is possible with tradiiional com-
puter-aided instruction. This is based
on the notion that current Al techni-
ques can permil @ compuler program
to solve the problems which it sets for
the user, in a human-like and ap-
propriate way, and then reason about
the solution process and make eom-
ments on it
In this article, 1 shall give a bricf
overview of the various approaches
being pursued in applying Al to
education, and highlight issues and
questions which have o be addressed
before Al-based educational soltware
can mecl ils promiscs.

Al and Education

The application of Al in education
can be divided into two major sub-
ficlds or approaches:

1 the development of computer-
based learning or exploration environ-
ments: environments which en-
courage discovery learning (1.e. learn-
ing by doing). This takes the form of
providing a computer-based environ-
ment in which the student can watch
or build simulations in some
micreworld with possibly coaching ad-

vice given by the system as he does his
exploration.

2 the development of programs
that mimic tasks undertaken by human
tutors, such as explaining concepis,
finding errors, providing remedial in-
struction, and so on: this area is known
as Intelligent Tutoring Systems
{ITSs). An ITS atlempts to produce
behaviour in a compuler program
which, if performed by a human,
would be described as ‘good teaching’,
In contrast to cxploration cnviron-
ments, 1TSs advocate a paradigm
where students learn largely by being
told.

A smaller and less-known subfield of
work is the use of Al 1o provide com-
puter tools, such as advanced writing
tools, to assist in the early phases of
courseware development projects.
During these phases, instructional
designers, teachers, and domain ex-
perts meet and discuss such matters as
defining the purpose of the cour-
seware, defining the audience, creat-
ing course and lesson plans, scripting,
storyboarding, flowcharting, etc.
Traditionally, discussions are
recorded on paper. This area con-
cerns the use of the computer (o im-
prove prodactivity during the carly
phrases of courseware development.

Coming back to the two major sub-
ficlds, it is often argued that in order
to build effective ITSs that manifest
more than simplistic approaches like
"present it, test il, assess it, maybe

reteach it”, we need to considereduca-
tional theories, develop computation-
al theorics of teaching and learning,
and incorporate them into the TTS.
While this area is one of the most im-
portant in applying Al to education, it
is also a difficult research area. Wooll
(1988a), for cxample, compares com-
puter tutoring to a police chase of
bank robber - neither can be planned
ahead of time. One does not plan
before the robber comes to town,
which strects and buildings to scarch
for the robber. The police must
respond and react to every action
taken by the robber. In computer
tutoring, we cannol decide what is
going to happen after the computer
asks the student a question. The sys-
tem must plan the possible outcomes
in an opportunistic and dynamic way.

To illustrate the relationships be-
tween the above described ap-
proaches and the traditional educa-
tional software available in the
market, consider Figure 1.

The choice of which position to take
on the spectrum is not simply a matter
of personal conviction, but also a func-
tion of the nature of the expertise to be
taught. Ahstract and general concepts
may be betier taught within an ex-
ploratory learning environment that
offers a suitable viewpoint in a com-
puter-based microworld. The teach-
ing of skills which are basically prob-
lem solving in a specific domain can
best be achieved by monitoring and

Learner has more control

System has more control

EXPLORATION

INTELLUGENT

Fig. I The spectrumn of educational software

TRADITIONAL
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coaching the problem-solving process
in an ITS. For tasks which arc more
concrete and spealic, and for the
teaching of basic facts, concepts and
termuinology, traditional CAI may be
sufficient,

Exploration Environments

The approach of nstruction in an
cxploration environment involves the
use of the computer to simulate a
device or a task envirpnment, o per-
mit students to asscmble and test their
knowledge in the environment, or to
provide practice of a skill that is
motivated by a game. The computer
makes it possible to demonstrale cer-
tain principles rather than merely talk-
ing about them. Complex devices can
be simulated readily on the computer
screen, and points of view offered that
might not even be possible in the real
world (eg. what would happen (o an
object free-falling if there is no
gravity?),

Al technigues provide ways of incor-
porating intclligence into exploration
cnvironments. They can be used to
make the environment reactive by
responding to manipulation by the stu-
dent and guiding the student in that
exploration. They can be used to make
the system articulate in explaining it-
sell, They can be applied Lo provide
some sort of coaching and advising as
the student solves a problem in some
domain,

Another kind of exploration en-
vironment is a programming language
which permit the student to build
simulations. An example of such an
‘open-ended” learning environment is
the LOGO language which introduces
students to the world of geometry
through the use of robot ‘turtles’ and
‘turtle graphics’ techniques, The stu-
dent learns by dircel programming
rather than by direct instruction. Basi-
cally, thiz kind of discovery environ-
ment allows a student to speeily a
process or an algorithm, and then to
see a simulation of that process or
algorithm being carricd oul. An im-
portant problem with discovery en-
vironmenls is that students often [ailto
do the specific experiments that might
teach them something, This is a good
reason for applving Al to supplement
the eovironment with an intelligent
coach that assesses the student’s be-
havior and provides instructive advice.

e e S )
The computer
makes it possible to
demonstrate

certain principles
rather than merely
talking about them.

Intelligent Tutoring Systems

The idea of computer (utors has its
roots in one of the basic goals of Al :
replicating human intelligence. 1TSs
are intended to take some of the part
of a human private tutor, much in line
with cognilive psychology which em-
phasizes learning as an consiructive
process. Other basic ideas include the
separation ol teaching materials from
the teaching strategies, and taking at
least some of the iniiiative in an educa-
tional dialogue. The structure of an
ITS is eften described by components
representing knowledge of these
arcas:

1  the subject matler to be taught
(domain expert module)

2 the person being taught (student
modeling module)

3 teaching strategies (tutoring
module)

4 thetutor/student interface (com-
muni¢ation module).

The domain expert module contains
the knowledge of the subject arca we
want the student to learn, Using Lhis
knowledge, the system should be able
Lo answer student’s questions or diag-
nuse his errors, and give him advice.
By representling deep structure
knowledge instead of surface
knowledge, this module is assumed to
know what it teaches, 1n contrast to

traditional CAT where only frame se-
quences that are prepared
beforchand are displayed to the stu-
dent.

The student modeling module repre-
scnts the knowledge used by the sys-
tem to find out the thinking and
straiegics of the individual student on
the specific subject matter he is learn-
ing. The system generates and main-
tains a student model for cach student
which may be a subsct of the domain
cxpert’s knowledge or a variant of that
containing misconceptions. The stu-
dent model is used by the tutoring
module for addressing the specific
needs of the student,

The tutoring module represents the
rules, strategies and processes that
govern the way the system communi-
cates with the student. It decides when
to interrupt and tutor, what to say to
the student, and how to say it. Several
possible strategics can be applied
ranging from intrusive tutoring (eg. by
commenting immediately aflter errors)
to morc liberal coaching (cg. by allow-
ing exploration},

The communication module
provides the actwal interface to the
student. The natural lanpuage inter-
face has been emphasized in some
ITSs. Another form of mnterface is to
present the student with an ‘audit trail’
of his problem solving behaviour ear-
licr in the session, The trail in avisual-
ized tree form can be useful in certain
domains, for cxample, mathematics
Lutors.

Several TTSs have been buill over the
vears. They usually concentrate on
ong or iwo of the four components
described above. du Boulay & Ross
{1988) divide the application areas for
ITS into four areas : programming,
malhcmatics, science and engineer-
ing, and language. The majority of the
systems built falls in the first two arcas.
Most ITSs are research prototvpes,
but a few have been in use in industry
or in teaching environments at schools
and universitics,

Real-World Applications

Twenty years have passed since the
carliest attempts, but unfortunately
few classroom level applications or
empirically verificd improvements
have materialized. Traditional com-
puter-aided instruction (CAI) has
gained strength from the recent ad-




vances in hardware and software such
as bit-mapped mouse-based inter-
faces, hypermedia and multimedia.
Thus the claim for applying Al to
education as a panacea to cngender
more effective and efficient learning
scems more equivocal now. (On the
other hand, some rescarchers hold the
view that Al in education still shows
promise even if their time is not ripe
yet. They perceive that the model of
instruetion in traditional CAI has not
worked and it will not work, even if we
add multimedia to the instruction
being delivered (Soloway, 1991),

Recently, some progress made in in-
troducing Al-based educational ap-
plications to industry has been
reported. Scveral systems wore
described which achieved the two-
sigma effect (Bloom, 1984) which is
the same improvement in learning that
results from one-to-one luloring over
classroom tutoring. Success slorics in-
clude (Woolf et al, 1991) :

1  Students working with an Air
Force electronics troubleshooting
tutor for only 20 hours gained a
proficicncy equivalent to that of
trainees with 40 months on-the-job
training.

2 Students uvsing a Lisp tutor at
Carnegie-Mcllon University com-
pleted programming exercises in 30%
less time than those receiving tradi-
tional classroom instruction and
scored 439 higher on the linal exam,
3 Students using a microworld en-
vironment learned general scientiflic
inquiry skills and principles of basic
cconomics in half of the time required
by students in a classroom sclting,

CGiiven these resulls, these questions
were asked: why are tutors not morg
used and why are existing systems not
more cffective? Some reasons are:

1 Industry has not widely adopted
these systems because of the lack of
tutoring-specific Al development
tools. For cxample, expert systems
have caught on in industry because of
the proliferation of expert system
shells and environments, Al lools can
be wsed to facilitate large-scale
development.

2 The task of reducing cognitive
task analysis and current theories of
teaching and learning to computation-

al methods and enginecring practice is
a difficult one.

3  The development time of educa-
lional syslems is gxcessively long.

As for the state-of-the-art in apply-
ing AI to education research, the fol-
lowing has been considered as solved
problems according 1o Wooll (1988b)
from an American perspective:

1  Knowledge and reasoning have
been codified in several domains (eg.
geometry, alpebra, Lisp, Pascal).

2 Al technigues are now being
learned by a large community of
educuators and cognitive scientists.

3 Hardware 1s becoming more
cheaper, casier to use, and more
powerlul,

The Fulore

Wooll in 1988 noted some of
problems still remaining to be solved
in Al-based educational applications,
Many of ilems on that list are still
problematic to this date and they in-
clude the following:

e Not enough is known about student
models, machine learning, or mul-
limedia use of knowledge-based
syslems,

e Unsolved educational and social is-
sues, such as lack of access to
machines for dissemination.

® A gencration of entrenched and
unusable computers in the class-
r0m,

® The need to inftegrate computer
Lulors mio existing curriculum and
educational system.

In order for Al to play an important
role in the future of educational tech-
nology, we need to:

¢ have intensive cooperation be-
tween specialists in educational
technology, the subject domain,
pedagogy, and psychology,

e offer a prinﬂiplcd approach to the
design of Al-based educational
soflware,

® build authoring systems and tools
for ITSs,

» produce good small example
programs across the curriculum
and not just toy problems, in order

Lo get more su;;lpm'l and more dis-
semination of the idcas,

e conduct systemaltic and controlled
large-scale evaluations of Al-bascd
educational software.

Thec application of Al technigues to
education introduces interesting yet
almost insurmountable challenges,
but at the same time offers some fas-
cinating opportunities for future
education.
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VIRGINIA CHENG

Information Technology and
its impact on schools -
The CTSS Experience

Infurmali-:m technology has made an
enormous impact on education
through technological advances, par-
ticularly in the area of compulcrs. As
schools are responsible for providing
pupils with skills which will help them
face the complexities of life and
facilitate the transition from the
school environment to that of the
workplace and the world, it is impera-
tive that schools provide pupils with
skills to utilise technology to retricve,
analyze and use information to solve
problems,

Schools must incorporale computers
into their programmes as appropriate
and with the same careful planning
and preparation given any major in-
structional or administrative change.
This naturally involves planning, the
acquisition of computers, the training
of staff and the applications of com-
puters within the school.

The CTSS Experience

The school policy of Clementi Town
Secondary School (CTSS) reflects the
school philosophy and its motto Aspire
and Grow. It embodics the selling of
high aims 1o enable all pupils to grow
fully in all aspects in a challenging yet
caring environment.

To this ¢nd a computer system was
initiated in 1987 with the setting up of
a computer laboratory of IBM com-
patibles. To keep abreast with the
rapid changes in technology many
soltware packages were purchased, In
1994, a commercial company
presented the school with a Macintosh
Laboratory consisting of Macintosh
computers and other peripherals.

With these facilities, compuler
education was formally launched with
the formation of CREST (Computer

Our computer laboratory

Resource Education Support Team).
This group of teachers is responsible
for the training of pupils in general,
Compuler Appreciation Club mem-
bers in particular and other members
of the stafl. In addition they provide
support by assisting teachers who
necd customised help according to
their department’s needs as well as the
school administration.

Computer Applications - Instructional

From 1990 all sccondary one pupils
were taught computer skills in the usc
of Macintosh and IBM compulers.
The objectives of this Computer
Awareness Course, Module 1, include

e the use of a word processing
programme for basic word

processing tasks
e the use of a graphic software
and some graphicpackages

e the use of a spreadsheet
programme for simple calcula-
tions and analysis

® operaling computer hardware
and peripherals

e understanding computer basics

¢ understanding simple program-
ming concepls

o -using the tools for assignments
and projects

A sample of the course outling is
given below:

Week 1: Introduction to Macintosh
Introduction to Microsofi
Word
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Computers in school administration

Week 2: Using M 8 Word
Week 3: Using Superpaint

This year, the course content has
been modificd and improved to suit
the needs of secondary one pupils.
This enrichment programme is
scheduled over a period of 15 weeks
putside curriculum time.

Computer Appreciation Club
(CAC) members are trained at a
higher level and may choose to
specialise in a particular programme.
From these members, pupils are also
selected to participate in national
software competitions. To enhance
the skills learnt, CAC members are
expected to share their knowledge by
training other pupils who are non-club
mcmbers.

All secondary two pupils acquire
skills of word processing by applying
them during their English language
lessons while sccondary three, four
and five pupils are offered computer
electives as part of their enrichment
programme.

Many in-house workshops have been
conducted by the CREST team 1o
train staff in the use of application
packages to enhance their teaching
and in the preparation of teaching
materials. Teachers learn typesetting,
word processing, graphics, spread-
sheets and are introduced to Hyper-
cards. Currently Chinese language

teachers are involved in item banking
with some schools in the same zone,
All workshops conducted are
scheduled with "hands on" sessions (o
ensure that teachers gain confidence
and enthosiasm to utilise computers
clfectively. As Papert, creator of
LOGO, appropriately stated "It's the
fecling of, 'Gee, T can master that, 1
can gel the computer to do some-
Ehing,"'

In CTSS, the computer is viewed as
a tools to expand learner capabilities
and enhance learning both for pupils
and teachers.

Computer Applications - Administra-
Live

Computers are being used for many
administrative tasks, utilising the
software developed by the Ministry of
Education. This enables the ecasy
retrieval of pupil records, examination
results, class hists, tme tables etc.
Usage of school and voted funds are
also recorded and reported on a com-
puter. Word processing functions en-
hance the office stafPs ability torecord
and update data, generate multiple
copies of correspondence and print
mailing lisis.

As the school 1= on a pilot project to
computerise the library, a computer is
used Lo catalogue the library books
available and to enable control of
library circulation. As pupils and

teachers helped in the cataloguing and
barcoding of books, the computerisa-
tion exercise was completed well
within a year. Pupils and teachers can
now borrow and return books with
casc.

Whenever a computer can free
human energy for more productive ac-
tivities, the opportunity will be seized
(Patierson & Patterson, 1983). Hence
the library and Media Department is
currently taking steps to computerisc
the loan of media equipment as well as
the inventory of items available.

Multi-Media Applications

The school has just embarked on
another pilot project, "The SMART
Classroom" project, in conjunction
with the Curriculum Development In-
stitute of Singapore. Module 1 incor-
porates the use of television and laser
discs in the presentation of History,
Geography and Chinese language les-
sons. Ewvery sccondary one and two
classroom is equipped with a
television set and a laser disc player
and teachers involved are provided
with their own copy of laser discs. In
Module 2, computers will be used
together with the equipment in
Module 1.

One area being explored is the use of
computer-based multi-media systems
which will allow users to create and
present information in a sophisticated
way. The integration of sounds,
visuals and text will create multi-
media composition enabling users to
learn intcractively, at their own pace
and communicate creatively.

The implications involved as we
move in this direction will be ex-
amined by the school community. The
advance of computer technology
comes with the realisation that the
educational process is dynamic and "in
the future, not to the preseal.” (Bork,
1985). As we look towards the future
and our goal of excellence in learning
and teaching we know that human
creativity is the only limit to future
instructional uses of computers.

Virginia Cheng is principal, Clemen-
ti Town Secondary School, Singapore.




VICKI HANCOCK

Curriculum Reform Through
Technology Integration

Technology can provide teachers
with the means to transform

Tl.:chnu]og}-' has transformed the
workplace significantly. Not only
do workers have different kinds of
jobs, but they view their tasks (the
problems they solve) differently with
the accessibilily, speed, and mag-
nitude that technology provides. Com-
puters and spreadshect software have
simplified project planning. Telecom-
munications and onlin¢ dalabase ser-
vices have made information access
instantaneous. Large-capacity oplical
media have enabled institutions to
store and manage vast amounts of in-
formation. Word processors, graphics
software, desktop publishing tools,
and hypermedia have strcamlined
written communication,

Schools, like many industries, have
acquired a varicty of hardware and
software for teachers and studeats to
use. In most cases, however, technol-
ogy use in schools has not kept pace
with changes in business and industry.
Teachers tend to use technology to do
the same jobs they've always done, ex-
cepl more vividly, more quickly, and in
greater quantities. The power of tech-
nology to transform the workplace is
still largely unrealized in schools. The
computer and soltware in classrooms
are most often an afterthought once
lesson planning is complete, or an
add-on that increases the preparation
required for teachers Lo survive the

teaching and learning

day. Just as technology has trans-
formed the business workplace, tech-
nology has the same potential to in-
crease productivity in schools. Trans-
formation will not oceur unless tech-
nology is permitted to change the way
teachers teach and the way students
learn.

Technology’s Underuse

For several reasons, technology has
not had the impact on education that
most school people had hoped for,
First, many teachers still favor the
traditional lecture or whole-class
method of information delivery. Lack-
ing training and experience, such
teachers find it difficult to imagine,
much less plan for, using new tech-
nologies when they expect all students
to procced through the same content
al the same pace. Moreover, many
leachers work in scttings in which
valuable resources and support are
lacking: lunding, appropriate tech-
nologies, and communily acceplance
of change,

Second, in spite of cycles of support
for different instructional styles, the
locksiep structure of the school day
prohibils many attempts at change.
Teachers must cope with curriculum
demands, standardized testing re-
quirements, stricily defined blocks of

instructional time, and large groups of
students.

Finally, familiarity breeds com-
placency, and uncertainty produccs
anxiety. Teachers who have estab-
lished reliable instructional routines
may balk at the prospect of the radical
changes tcchnology integration would
bring. Why exchange traditional
methods for a more complex, largely
untested alternative?

Such commentary is not meant to be
an indictment of the existing cduca-
tional system. It is meant Lo accentuate
a discouraging situation which can be

Teachers tend to
use technology to
do the same jobs
they’ve always
done, except more
vividly, more
quickly, and in
greater quantities.




remedied by carelul planning,
Educators must confront at least
four issues as they prepare (o use tech-
nology for curricular reform: leader-
ship, cquipment and space, access and
quality, and stafl development.

Leadership

The integration of technology into
instruction cannot proceed without
rigorous, knowledgeable leaders in
cach school and enthusiastic support
from the central office. At the disirict
level, a technology committee iden-
tifies objectives for technology use,
defines cxpectations for “literacy™,
delincates a scope-and-scquence plan
for implementation, and generates
financial and political support. The
committee also coordinates hardware
purchases and maintenance, soltware
evaluation, and a centralized acquisi-
tion and lending service. (Mher tasks
include coordinating inservice ac-
tivities for teachcrs, administrators,
and stafl; maintaining communication
and integration among clementary,
middle, and high schools; and con-
ducting periodic evaluations. A dis-
trict-level technology coordinator
directs the computer commitiee's ac-
tivities and oversees technology coors
dinators at each school.

Elfective school administrators pro-
vide the impetus [or successful tech-
nology integration. They may be prin-
cipals, vice principals, tcacher leaders,
media specialists, or technology coor-
dinators. They function as liaisons be-
tween staff members and district ad-
ministrators, and they perform several
important roles in school reform ef-
forts.

Planner and Manager. First, ad-
ministrators must develop their own
awarcnocss of information technology.
District-level inservice aclivity
Facilitates this awareness and provides
opportunities for administrators o
share resources. Sccond, they must
develop understanding of how tech-
nology can be incorporated into the
cducational system or school and un-
ticipate the changes that will result,
Again, frequent interaction with the
district technology commitlee builds
this understanding. Third, they must
act as models and cheerleaders 1o
promote the use of technology among
students, stall, and the community.

s e i e s
School leaders

must act as models
and cheerleaders to
promote the use of
technology among
students, staff, and
the community.

Finally, they must develop and
munage a professional development
plan [or stall members, in cooperation
with the school’s technology icam.

Facilitator. As a facilitator of tech-
nology integration, the administrator
performs the following functions:

1 managing resources to meet the
needs of the program;

2  ensuring that each student
develops skills using technology as an
instructional, personal, creative tool;

3  providing information about the
project to the community;

4 [acilitating the creation of a
Mexible learning environment that
uses technology to make learning
more aclive and interactive for each
student;

5 [facilitating the development of
an integraled curriculum that takes
advantage of technology; and

i monitoring the inclusion of tech-
nology in program and curriculum
outlines when appropriate.

Evaluation Coordinator. Assessmenl
of technology integration cannot be
limited to logging the amount of time
spent by students and teachers using
technology, An evaluation plan should

include syslematic, ongoing mcasures
that explore content achievement,
teacher-student interaction, and con-
tent-technology coordination.

Mentor/Coach. As mentors, ad-
ministrators are responsible for main-
taining a sufficient level of skill to
allow them to communicate effectively
about technology with staff members.
As coaches, they guide teachers in sct-
ting objectives, establishing peer
coaching relationships, creating op-
portunities for observation and
professional activity, and providing
feedback.

Administrators at the school level
play a critical role in any effort at cur-
ricular reform. Their anthority as
policymakcrs and their frequent inter-
actions with stafl members create the
environment in which innovation and
change can either flourish or perish.

Equipment and Space

When given the prospect of planning
for technology in the curriculum,
many educators ask first: "What
hardware should we get?” This could
be an inquiry about the best brands,
features of particular technologies, or
quantitics of equipment. Regardless,
this should be the last guestion
answered in any technology integra-
tion effort. Until district or school staff
members decide what they want (o
accomplish in the curriculum with
various technologies, they cannot con-
structively answer questions about
hardware. What is most important is a
thoughtful match between curricular
goals and the technologies that can
cxpedile those goals.

Space needs, on the other hand,
should be considered carly in the plan-
ning process. The location of technol-
ogy hardware and sofliwarc strongly
influecnces who will use it and how it
will be used. For example, Henry
Becker's (1984) survey, School Uses of
Microcomputers, includes an examina-
tion of the consequences of various
compuler locations within a building,
In a rapidly changing computerized
society, Becker's results still offer use-
ful guidance:

1 Locating computers in in-
dividual classrooms is convenient for
some leachers and students, but limits
access to equipment by others.




2 Computers configured in a lab

setting tend to be associatcd with
programming activities.

3 Hardware located in a library or
media center encourages a variely of
applications, but inspires less en-
thusiasm from students than other
locations,

4 Mabile computers provide maore
access, bul have less impact on sio-
dents and learning activities,

The location and conliguration of
any technology in a school building
should reflect the needs outlined in a
comprehensive curriculum plan for
technology integration, Speaking
specifically of computers, Pogrow
(1983) suggests that at the elementary
level, technology be configured into
"centers” For discovery, graphics, and
compuler-assisted instruction, Al the
secondary level, the centers should be
subject-spealic, with one center as-
signed for gencral, drop-in use.

Access and Equity

Just as the location of hardware in a
school will influence its usage, so will
the gencral plan for technology in-
tegration. Gender and socio-
£conomic status are two primary sour-
ces of access and equity discrepancies
in schools. Awarcness und considera-
tion of these issues throughout the
planning process will allow technology
to reduce rather than reinforce their
effects. Collis (1988) discusses many
ways to reduce incquitics in school
computer use. These suggestions arc
applicable to all technologics used for
instruction:

e Develop a plan in which tech-
nology is used as a tool in the
classroom in the context of
regular instruction throughout
the curriculum and the grades
and with as many dilferent
teachers as possible, Tnlegrate
technology into languape arts,
social studies, and music cur-
riculumns, as well as science and
mathematics,

e Make technology use rclevant;
usc a computer for tasks it docs
well, such as word processing,

graphing, information handling,
performing tedious calcula-
lions, and printing graphics.

Structure time with technology -

s0 that all students have a
reason Lo use it relative to their
different classes and no stu-
dents are allowed to dominate
the activity. For example, stu-
denits should access the US.
Census Bureau database be-
causc the information they
retrieve will be relevant to a so-
cial studies lesson on popula-
tion,

Emphasize an association be-
lween communication, infor-
mation, lcxt, and the technol-
ogry; put the association of tech-
nology and mathematics into a
more balanced perspective.
Technology, especially com-
puler use, has been previously
associated more with mathe-
matics than with other subjects.
Emphasize through conscious
planning the applications of
technology to other subjects as
well,

Instead of expecting students to
make independent use of tech-
nology, develop activities that
involve small groups or pairs of
students. Having the equipment
in the building does not ensure
that students will use it. Plan
activities that depend on tech-
nology for their successful com-
pletion, such as requiring that as
parl of a book report, record on
vidcotape a scene from the
book that illustrates the theme.

Sensitize teachers and parents
to inequitics in computer use
and to plan their long-range im-
plications. Plan a faculty meet-
ing to discuss computer ineg-
uity. Allow time for brainstorm-
ing activities 1o alleviate the
problem, such as lending
hardware to girls to take home,
creating a buddy system for
computer activities, and
recruiting girls for computer
classes. Introduce the school's
technology plan Lo parents early
in thc school year as part of
"parents” night” activities. Qut-

line efforts to chiminale incqui-
tics while soliciting parents’
support.

Staff Development

Any plan for curricular reform must
include inscrvice education for the
staff who will implement the reforms.
With the district-level tcchnology
coordinator, the school administrator
or leader shoulders the significant
responsibility of planning staff inser-
vice activitics, Kinnaman (1990)
describes five ways to ensure positive
inservice experiences for teachers,
First, design activities that will engage
teachers in refllection about the
benclits and limitations of teaching
with technology. Sccond, provide
technology-related professional
development experiences Lhat are on-
going and systematic. These sessions
should allow teachers to develop their
skill and comfort with technology
rather than be overwhelmed by it.
Shecingold and Hadley (1990) dis-
covered that it takes five to six years

[ e mem o e e )
Computers permit
greater
individualization as
well as more
independent
student work. This
allows teachers to
give greater
attention to
individual students.




What is most
important is a
thoughtful match
between curricular
goals and the
technologies that
can expedite those
goals.

for teachers to master computer-
based practices and approaches.
Third, supplement large group
workshops with pecr coaching and
modeling sessions, which allow
teachers to benelit directly from their
colleagues' expertise. Fourth, struc-
ture inservice activities within the cur-
riculum for which teachers arc
responsible, not segregated from it.
Fifth, ensuvre thar staflf development
sessions provide hands-on, ex-
ploratory experiences with the tech-
nology; teachers should have lime to
reflect on and share the many solu-
tions technology can provide to a given
problem.

Effective inscrvice experiences will
result in effective recruiting activities
for former "technophobes.” Remem-
ber, many teachers who are expected
Lo integrate technology into their con-
tent subjects have been in the class-
room longer than the technology has
existed.

Curriculum Reform Patterns

Specialists in the curriculum reform
movement, including Glaithorn
(1987) and Mojkowski (198Y), recog-
nize a number of patterns that charac-
terize reform efforts. First, there is a

balance of aticniion to discipline-
specific processskills (how todoit), as
well as an essential knowledge base
{what to know). As a result, students
learn to demonstrate an ability o
think, learn and perform in a given
subject arca. Sccond, learning and
study skills are integrated into each
discipline so that students can see
their importance in all classes.
Moreover, students become familiar
with available technology while they
learn to aceess and manipulate infor-
mation sources to become inde-
pendent learners. Third, students
spend more Llime in each subject area
learning problem-solving skills that
later translate into generic thinking
skills for learning. They learn how o
learn. Finally, teachers expand their
repertoire of technigues from lecture
to seatwork te such praclices as
demonstration, discussion, guided
practice, simulation, and brainstorm-
ing. In this way, students take more
responsibility for their own learning,
and teachers become facilitators and
collaborators.

Requirements for Effective Planning

As districts and schools plan for cur-
ricular reform through technology in-
tegration, they should use the follow-
ing requircmenis as puidelines:

I Students are knowledge
producers as well as consumers; they
must participale in their own learning,

2  Studenis must learn to access
and use a knowledge base outside of
themselves and their immediately
available instructional matenals; use
of a variety of lechnologies facilitates
this process.

3  Learning activilics must be prob-
lem oriented and project organized,
focused on an integrated set of
knowledge and skills oulcomes (inter-
disciplinary approach).

4  Learning activilics must require
applications, as appropriate, of a
varicty of technology support tools
{e.g. word processor, database,
lelecommunicalions).

5  Learning activitics must develop
social interaction; such activitics in-
clude collaborative learning and peer

i Learning activities must produce
meaningful work intended for audien-
ces beyond the teacher,

7 Curriculum units must relate to a
K-12 curriculum or framework:
knowledge and skills should be or-
ganized in a scope-and-sequence for-
mal.

Ideally, the district establishes a
generalized curriculum framework in-
tegrated for all grades and disciplines.
Then schools design their own unil
plans into which technology resources
are integrated. One example of a cur-
riculum plan intcgraled with technol-
ogy is Make It Happen! from the
Educational Development Center,
Inc. (in press). The plan uses a think-
ing skills instructional approach the
developers call "I-Search”, which
builds on a report-writing task and in-
corporates technology as a natural,
logical part of the process. (A com-
prehensive description of the develop-
ment of the I-Search process will ap-
pear in the ASCD Curmriculem Hand-

R i i e et T e B i)
Careful planning of
curricular reform

is essential for
success, and
technology can
contribute
significantly to that
success.
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Integrating the
computer turns a
teacher-centered
classroom into a
student-centered
one, with the
teacher acting
more as coach than
as information
dispenser.

book, tobe released in the Fall of 1991 ).

Results to Expect

Careful planning [or curricular
reform is essential for success, and
technology can contribute siznificant-
ly to that success. In a survey con-
ducted by the Bank Street College of
Education, Sheingold and Hadley
(1990) report; "In the eyes ol teachers,
significant changes are taking place as
they integrate compulers into the cur-
riculum. Fully 88% ol the |603]
teachers in the sample indicated that
computers have made a positive dif-
ference in their teaching, the
remainder being unsure or negative.”
Respondents reported three major
changes:

1 Teachers expect more of their
students and can present more com-
plex material.

2 They can meet the necds of in-
dividual students better. The com-
puters permit greater individualiza-
tion, as well as more independent stu-
dent work. Computers allow teachers
to give greater attention to individual
students.

3  Integrating the computer has
turned # teacher-centered classroom
into a student-centered one, with the
leacher acting more as coach than as
information dispenser, and with more
collaboration and work in small
groups going on among students and
belween student and teacher.

The International Society for Tech-
nology in Education (ISTE) funded by
a grant [rom IBM, interviewed 150
leaders in education and business. In
the resulting report, VISION: TEST,
ISTE (1990} reports: "From examin-
ing the suceessful use of technology in
educational covironments, we know
thitt the use of technolagy:

e permits teachers to assume new
roles in the creation of learning op-
portunitics for their students,

e cncourages individualization of
learning ¢xperiences to accom-
modate various learning styles,

® allows lcarning experiences far
beyond anything available other-
WIS,

¢ provides strong motivation for stu-
dents, and

® reduces Lime-consuming paper-
work and allows tecachers more
time to take advantage of the op-
portanities of luchnulac’rg;.r,

Using technology to reform the cur-
riculum provides teachers with the
resources they need to transform the
work they do. They nolonger teach the
same things in new ways; they can
change their views of the work they do,
the ways they deliver instruction, and
the wuys students learn,
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ROBERT SYLWESTER

Expanding the Range,

Dividing the Task:

Educating the Human Brain
in an Electronic Society

We need to create curriculums based on the
complementary relationship between the human
mind and the machines we develop to supplement

Rcccm developments in both brain
rescarch and computer technol-
ogy pose complex curricular 1ssues.
We are currently laboring hard to
teach students many skills that small,
readily available caleulators and com-
puters can process more cfficiently
and eflfectively. Rather than continue
this traditional practice, we should
base our curriculum decisions on an
understanding of the brain's
capabilities, limitations, and interests.

New technologics have always
emerged out of the limitations and in-
terests of the brain's sensory/motor
and problem-solving mechanisms -
narrowing the distance between what
we can do and what we would like to
do. Typewriters, tclescopes,
telephone books, and trigonometry
are but four of the rich complex of
technologies that we have developed
to expand the brain’s ability to
gather/process/interpret/use informa-
tion. Schools, though, lag fur behind
socicly in adopting new inlormation
techoologies. For example, the
typewriter has existed for well vver a
century, the word processor for about
a quarter of a century. Although
they™ve transformed writien com-

our capabilities

municalion in our society, we've
provided K-12 classrooms with few of
them,

This article provides background in-
formation on five properties of the
brain that are central to the issues of

. 3

how best to divide educational tasks
between minds and machines and how
to create curriculums that will help
students understand the complemen-
tary relationship between the brain
and the supportive machines that

A curriculum that makes use of calculators for boring repetitive work increases the
amount of time students can spend involved in tasks that are more stimulating and

challenging




human brains develop. | will argue
that the curriculum should focus prin-
cipally on knowledge/skills/values that
(1) most characterize and enhance our
brain’s capabilities and (2) tcach stu-
dents how best to use appropriate
technologics on tasks that charac-
terize the brain’s limitations.

To succinctly state the dillerences,
the human brain is currently much bet-
ter than computers at conceptualizing
ambiguous problems - identifying
definitive and walue-laden clements
that it can incorporate into an accept-
able gencral solution. Conversely,
compulers are much better at rapidly,
accurately, and effectively processing
complex sequences of clearly defined
facts and processes that would other-
wise require a high level of sustained
mental attention and precision.

Or o state it in classroom terms,
teaching is generally a delightful ex-
perience when we focus on activities
that student brains enjoy doing, and
do well - such as exploring concepts,
crealing metaphors, estimating and
predicting, cooperating on group
tasks, and discussing moral/cthical is-
sues. Conversely, teaching loses much
of its luster when we foree students to
do things their brains don’t enjoy
doing, and do poorly - such as reading
textbooks and compress content, wril-
ing and rewriting reports, completing
repetitive worksheets and memorizing
facts they consider irrelevant. Now
let’s examine five key capabilitics and
limitations of the brain and the com-
puter.

Rigid sensory/motor controls under-
score human brain activity. They limit
input and output to narrow ranges; and
they limit our ability to make fine dis-
criminations within those ranges - but
our curiosity has led us to vigorously
explore the universe beyond these limita-
tions.

Sensory limitations/expansions. The
information that our brains' special-
ized sensory receptors receive [rom
the surrounding environment is some-
what meaningless initially - variations
in temperature, touch, and air pres-
sure, reflected light rays, and the
chemical composition of air, water
and food. Further, our sense organs
function within relatively narrow ran-
ges (e.g. 10 octaves of sound, about 30
odor-producing molecules, the nar-

pe— S T )
We’ve now
developed a class of
powerful portable
electronic

machines that
rapidly do the
things our brains
don’t want to do -
and don’t do well.

row band of visible light in the broad
electromagnetic spectrum).

It doesn't seem like much, but those
variations are the source of all the ex-
ternal information that our brains
transform into cognitive repre-
sentations ol the world. An exception-
al sensc of taste and smell can provide
a wine laster with a vocation, and
psychedcelic drugs can briefly expand
our sensory range - but we normally
function within a narrow, genetically
determined sensory range.

It makes sense. Qur brains couldn’t
possibly process all the information
that the surrounding molecules and
vibrations carry. However, we've al-
ways been curious about what exists
beyond our sensory range, and so
we've developed such technological
extensions as microscopes and tele-
scopes, and oscilloscopes that
transduce unhcarable sounds into
visible patterns.

Computers have materially
broadened our knowledge of the
universe by expanding the range and
precision of such sensory technology.
The curriculum should help students
understand and master this technol-
ogy, but it should also examine the
social value of information that exists
beyond the brain’s limitations. For ex-
ample, a computerized camera can
now identify the winner in a race by

differences of hundredihs of asccond,
when our visual systems and less
precise brains would have called it a
dead heat. The curriculum should en-
courage students to ask: How impor-
tant is such expensive accuracy o the
human spirit, when a race is but a
game? Does precise information be-
come important to an imprecise brain
simply because it’s technologically
available?

Motor limitations/expansions. Con-
scious and unconscious brain
mechanisms operate our jointed
motor systems. This system is similarly
limited in its range/specd/strength,
but it can directly and technologically
send information far beyond our im-
mediate body ranges.

We've long engaged in competitions
to discover the limits of our own move-
ment capabilities. Some people
devote their youth to such goals as
trying to jump a fraction of an inch
higher than anyone else. Further,
mechanical and compuierized tech-
nologies, such as cars and telephones,
that materially increase the range and
speed of human movement and com-
munication seem almost to define our
current culture and economy.

Our brain’s motor system drives the
communication skills that dominate
the curriculum. Relatively complex
brain mechanisms and muscle groups
control the mouth and hand move-
menls we use in interpersonal com-
munication. Qur voices are direcied io
hearing, and hand/finger movements
primarily to vision (generally via
paper). Both muscle groups are most
efficient when they function automat-
ically - when the conscious brain can
focus on the content of the message
rather than the vehicle of expression.

Thus, we have long taught cursive
writing because its automatic flowing
nature permits wriling speeds be-
tween 15-30 words a minute. But with
much less instructional time, elemen-
tary students can learn to touch-type
well beyond that speed, and in the
years ahead, word processors with
spelling checkers and superb editing
capabilitics will be readily available
for any extended writing students will
do.

This information suggests that we
should phase out cursive writing as our
principal technique for extended
automatic writing. Rather, we should
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teach elementary students Lo compose
stories/reports/letters dirccily on
word processors and to use
manuscript or cursive writing primari-
ly for shorter notes and forms. Com-
posing on a keyboard, like writing with
a pencil, is an acquired skill. Tts speed
and rhythm are often more tuned to
the speed of our thought processes
than is cursive writing. Indeed, writing
composed directly on a word proces-
sor tends to become conversational in
style.

Developments mn oral communica-
tion technologies further complicate
this issue. In our increasingly oral
society, one could ask how important
it is to write fast when the telephone is
even faster. Further, voice input/out-
put capability in computers is also
developing rapidly. Its advent will be a
curricular boon for handicapped stu-
dents, but it will also create curricular
adjustments for those with normal
proficiency in lanpuage. For example,
clear diction and correet syntax will
become more important when we
speak imto computers that require
them than when we talk 1o people,
whose brains can easily adapt toerrors
in speech and syntax.

Our brain can quicklyidentify potential-
Iy important incoming information -
separating foreground from back-
ground information - and it can briefly
bold elements of the foreground infor-
mation in its short-term memory,

The brain is designed to merely
monitor most of the low conirasi sen-
sory information that flows into it {e.g.
blank walls/single tones), but it auto-
matically attends to high contrast in-
formation (e.g. lines, edges, move-
ments, oscillating sounds, a blast of
cold air). For example, your brain is
currently aware of the paper that con-
stitutes this page (background), but it
focuses its attention on the high-con-
trast lines that make up these words
(foreground). Long before brain re-
searchers discovered that the infor-
mation in lings is sent into the brain
with more strength than the informa-
tion in solid areas, we humans had
exploited this property by creating
written languages that used combina-
tions of lines on paper to represent
words.

This initial automatic separation of
foreground from backeround at the

point of contrast certainly simplifies
the critically important analysis task
that follows within our brains. Our
limited short-term memory buffer can
briefly hold potentially important in-
formation from the current sensory
field while we decide whether to at-
tend to it further and/or store it in
long-term memory. But we must
decide quickly because the continual
inllux of new information will delete
anything not consciously held.

Since short-term memory space is
limited to perhaps a half dozen units
of information at any one time, we
must rapidly combine related bits of
foreground information into single
units by identifying similarities, dif-
ferences, and patterns that can
simplify and consolidate an otherwise
confusing sensory ficld. The need to
respond quickly has enhanced our
ability and willingness to estimale, cer-
tainly one of our brain’s major
strengths,

Our conscious brain thus monitors
the total sensory field while it simul-
tancously scarches for and focuses on
familiar/interesting/important ele-
ments - separating foreground from
background. Even an infant can easily
outperform an advanced computer in
guickly recognizing its parents in 2
group of people. Extensive experience
in a field develops these rapid editing
skills to the expert level. Thus, the cur-
riculum enhances this remarkable
brain capability when it focuses on the
development of classification and lan-
guage skills that force students to
quickly identify the most important
elements in a larger unit of informa-
tion.

The strong appeal of computerized
video games may well lie in their lack
of explicit directions to the players,
who suddenly find themselves in com-
plex electronic environments that
challenge them to quickly identify and
act on the important clements. Failure
sends the player back to the beginning,
and success brings a more complex
(albeit attractive) challenge in the next
electronic environment,

I watch with amazement as my 5
year-old grandson zips through the
complexitics of the electronic world
that the Super Mario Brothers inhabit,
and | wonder how eagerly he’ll
respond Lo the paper worksheets he’ll
shortly confront in kindergarten.
Their directions will be clearly stated;

their information will be static and un-
complicated; and, alas, their level of
mental stimulation will generally be
much lower.

We can't always mentally keep up
with the rapid flow of information.
Class notes and tape recorders testify
to the limitations of our short-term
memories to delay and hold the flow
of complex experiences. Good class
notes are active and selective and thus
enhance the development of eritically
important rapid synthesizing skills.
Converscly, a tape recorder passively
stores everything the microphone
picks up, and so it can reduce the
stimulating mental pressure the lis-
tener would otherwise feel during the
presentation to identify and write
down the important elements immedi-
ately (without the security of instant
replay via tape recorder).

Students need many opportunities to
develop their short-term memory
capabilitics through experiences such
as debates and games that require
them torapidly analyze complex infor-
mation and briefly hold it. When
texibooks and teachers highlight all
the important information and
software is too user-friendly, learning
becomes more efficient, perhaps, but
students also cxperience a reduction
in the necessary challenge and enjoy-
ment they get from coatinuously
separating foreground information
from background.

Our brains have a limited interest
and attention span. We tend to focus
on novel and intense information be-
cause of their strong contrast and
cmolional content, and we are stimu-
lated by the successful completion of
challenging tasks. Thus, the lack of
contrast in routine and repetitive tasks
bores us, and we do them inefficiently
and ineffectively.

We have turned many of these tasks
into low-paying service jobs and/or
developed computerized machines to
do them for us - and we can expect this
trend to continue. For example, super-
market checkers who formerly
responded mentally and rapidly to a
cart full of groceries now merely run
the items across a visual scanner.
Many fast-food checkers now use cash
registers that have replaced numbers
with pictures of hamburgers/french
fries/soft drinks on programmed price
keys, Telephone operators who used
to talk to the people who needed their
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help now activate voice synthesizers
that provide computerized responscs
10 common questions.

The long-term curricular and oc-
cupational implications of this
development in computer technology
will be disquieting unless we develop
alternate challenging activitics that
enhance the cslimating and patiern-
recognizing skills that contribute
heavily to an effective short-term
mEmory.

Our brains can store potentially useful
information at multiple levels of long-
term memory representation that suce-
cessively reduce the role of emotion, con-
text, and the conscious regulation of
recall,

When important and polentially
recurring events occur, our brains may
develop representations of the object
or experience within long-term
memory assemblies, which arc spe-
cialized networks of neurons that our
brains alter to function as a unit during
recognition or recall.

I's possible that sleep and relaxation
enhance the physical altering of these
synaptic connection, since they are
periods of less potential interlerence
from sensory/motor and problem-
solving activity (think of detours
during road repair). Some powerful
emotion-laden memories develop al-
most immediately after a single event,
while other (often less elfective)
memories may require much effort
over many trials.

Since a memory is a neural repre-
sentation of an object and/or event, it
is often tied Lo the context in which it
occurred, and emotionally important
contexts create powerful memorices.
Objects and events that registered in
several sensory modalities can be
stored in several interrelated memory
assemblies, and such memorics be-
come more accessible and powerful,
since each sensory memory checks
and extends the others.

Recognition is easier than rccall,
since recognition often occurs in the
original (or similar) context of the
memory, If the emotional sciting in
which a memory originally occurred is
tied to the memory, recreating the
original emotional setting cohances
the recall of the memory and related
memories (e.g. family arguments tend
to spark memories of prior related dis-

agreements). Thus, emotional multi-
sensory school activities such as
games/role playing/simulations/arts
expericnces can create powerlul
memories.

QOur brains process several interre-
lated types of memory systems. For
example, declarative long-term
memeories are factual label-and-loca-
tion memorics - knowing the name of
my computer, where it’s located. They
define named categories, and so are
verbal/conscious. Episodic declarative
memories are very personal - intimate-
ly tied 1o a specific episode or context
(my first attempt to run my compuler,
my joy at discovering how it simplified
writing). Semantic declarative
memorics are more abstract - sym-
bolic and context-free. They can be
used in many different settings and so
are imporiant in teaching for transfer
(knowing how to use function keys and
soltware). My semantic under-
standing of the typewriter and its key-
board simplificd my moves from
manual typewriter to word processor.,

Initial skill learning, such as learning
to type, is oflten episodic - the
memories contain both foreground
and background elements of the ex-
perience. When I learned to type, my
leacher/classroom/typewriter
provided an important, easily remem-
bered emotional context during the
initial learning period. It would have
been inefficient for me to continue to
recall all of these background ele-
ments whenever I typed, however, and
s0 my teacher used class/home drills
and different typewriters to help me
eliminate the context of the learning
(background) from the execution of
the skill {foreground).

My typing knowledge and skill had
thus become semantic - more abstract,
but also more useful in a wide variety
of keyboard settings and tasks (back-
ground). In ¢ffect, my brain erased the
background information from my
memory by reducing its frequency and
significance, and thus strengthened
the foreground information by focus-
ing on il.

My typing speed was limited, how-
ever, by my continued simultancous
conscious spelling of words and ac-
tivation of keys, and so I also had to
¢liminate this conscious behavior
through a transfer of skills from
semantic declarative memory to pro-
cedural memory - to master automatic

Students should
not be
overwhelmed by the
power of
computerized
machines simply
because the
machines are fast
and efficient. They
need to realize that
being able to do
something
efficiently isn’t the
same as knowing
whether or not it
should be done.

touch typing.

Procedural long-terrm memories are
automatic skill sequences - knowing
how to touch type. They do not rely on
conscious verbal recall (except to in-
itiate/monitor/stop the extended
movement sequence), and so they are
fast and efficient. They are difficult to
master and to forgel. They are best
developed through observation of ex-
perts, frequent practice, and continual
feedback. As a skill develops, the
number of actions processed as a
single behavioral unit increases, and
prerequisite skills are integrated into
advanced skills.

Thus, when 1 was learning to type, 1
knew where all the keys were, and 1
was slow. Today, 1 don't consciously
know where any of the keys are, and
I'm a fast, efficient typist. My fingers
have now become an automatic exten-
sion of my brain's language
mechanisms.
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Our brain is most efficient at recall-
ing and using episodic memorics that
have important personal meanings. It
is much less ellicient al masticring the
important context-free semantic and
procedural memories. That's why the
curriculum has to spend so much
time/encrgy on worksheet-type facts
and skills that are isolated from
specific contexts. Conversely, com-
puters, reference books, and so on are
very reliable with facts and proce-
dures, but they lack the emotional con-
texts that make our value-laden
episodic memories so rich,

This knowledge suggests that we
should teach students how to solve
problems by combining their brains’
subjective episodic strengths and
emotional integrity with the ohjective
semantic and procedural strengths of
the new information technologics. For
example, my decision to develop this
article evolved principally out of the
rich context of my personal studics
and experiences, but my writing of the
article also drew heavily on the univer-
sity library, my own reference library,
my ability to select the ideas that best
fit the focus of the article and (o write
them clearly, and on the superior let-
ter-formation and technical cditing
capabilitics of my word proces-
sor/printer.

Students should not be overwhelmed
by the power of computerized
machines simply becausc the
machines are fast and efficicnt. They
need to realize that being able to do
something efficiently isn't the same as
knowing whether or not it should be
done. Our generation has tended to
reduce the discussion of the impor-
tance of a problem when we've
developed an efficient technical solu-
tion to it. The curriculum must help
the next generation to move beyond
that tendency.

Our brains can solve problems at multi-
ple decision points, but we seem oriented
toward making early decisions with
limited information.

The brain’s problem-solving
mechanisms appear to be located
principally in the frontal lobes, the
part of the brain that matures last. We
have more frontal lobe capacity than
we normally need to survive, because
our brain’s problem-solving
mechanisms must be sufficient for

-

crisis conditions (just as furnaces must
be able to function effectively on the
coldest day of the year).

Since our survival doesn’t require
our problem-solving mechanisms to
operate al capacity most of the time,
we've invented social and cultural
problems to keep them continually
stimulated and alert. Games, the arts,
and social organizations provide
pleasant metaphoric settings that help
to develop and maintain our brain’s
problem-solving mechanisms. They
are not trivial activities, in life or in the
curriculum. Jean Piaget’s suggestion
that play is the serious business of
childhood attests to the important
developmental and maintenance roles
that such activities play in problem
solving.

Qur brain can rapidly process am-
biguitics/metaphors/abstractions/pat
terns/changes. It can quickly
categorize 100 leaves as maple leaves
even though no two of the leaves are
identical, and it can recogmize a
classmate at a 25th reunion despite all
the changes that have occurred. This
capacity permits us to succeed in a
world in which most of the problems
we confronl require a quick general
response rather than detailed ac-
curacy. Thus, we quickly classify ob-
jects into general categories and es-
timate gencral solutions to our
problems. We then adapt our prelimi-
nary decisions to any new information
we might gather and use reference
materials and machines to achieve fur-
ther levels of precision, if they are
nEcessary.

Qur brains are better, therefore, at
discovering conceptual relationships
than al processing the aceurate details
that computers handle so well. We call
it intuition, common sense - and we
depend on it for much of what we do.
It can lead to mistakes and to the over-
generalizations of stereotyping and
prejudicial behavior - and also to
music, art, drama, invention and a host
of other human experiences that open
us to the broad exploration of our
complex world.

Language itself evolved out of these
capabilities/limitations. It'sa response
to our need to develop a simple se-
quential coding system that can rapid-
Iy represent a complex information
system and thus simplify problem solv-
ing and the need o communicate thal
often accompanies it. Qur language

uses only about 50 sounds and 50
visual symbols (letters/punctuation
marks/digits/math symbols) to create
its vocabulary of half a million words.
It does this by coding meaning into
precise letter sequences and word
lengths (do/dog/god/good) and not
into the 100 sounds and symbols them-
sclves. Verbal language is thus similar
to our genelic language, whose DNA
coding system also uses sequence and
length to assemble combinations of 20
different amino acids into the vast
number of protein molecules that join
to form a living organism - a solved
problem.

Thus, our imprecise brains have
adapted the basic structure of an exist-
ing internal genetic code into a precise
external verbal code (although Mark
Twain once suggested that only an un-
creative person can think of only one
way to spell aword). Our language has
become so complex because we con-
tinnally add words all across the
general-to-precise continuum - from
the general term car to the more
precise sports coupe, from man to
Robert Alfred Sylwester.

We can anlicipale that computer
technology will further cxpand the
basic properties of genetic/verbal lan-
guages into new forms of technologi-
cal language. The curriculum should
therefore expand from its current
focus on merely teaching students how
to use language correctly to a broader
extent that also teaches them the fun-
damental nature of information and
language.

The rapid development of precise
computerized information suggests
another change in curricular focus.
We should concentrate more on
developing students” ability to quickly
locate/estimate/organize/interpret in-
formation and we should teach them
how to use the superior speed and
accuracy of available information
technologies whenever a complex
problem requires an accurate solu-
tion. Hypercards, spread sheets,
statistical programs, and spelling
checkers are only a few examples of
the rapidly developing software litera-
ture that can assist our imprecise
brains to solve problems and com-
municate ideas with detailed ac-
curacy.

Because these software programs
eliminate problem-solving steps we
formerly did mentally, we have a
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legitimate concern that students who
learn how to solve a class of problems
via such sofltware won’t understand
important steps in the solution, It isn’t
cnough to suggest that many people
who drive cars don't understand the
internal combustion engine. We must
develop curriculums that cffectively
explain the complete solution process
while teaching the student how to use
a computer to solve the problem,

Most of the brain’s development is
adapted to the challenges of the environ-
ment in which we live, and a stimukiting
environment that includes much social
interaction enhances this development.

The brain’s principal activity is to
change itscll. Early brain develop-
ment focuses on the stable,
preprogrammed, automatic
mechanisms and processes that arc
dedicated to biological survival und Lo
the smooth operation of the body and
its movements (circulation/respira-

tion/walking).

Childhood and adolescent develop-
ment focus on environmentally de-
pendent and adaptable ncural nct-
works that are dedicated to the
learned exploration of the inner self
and the external environment (lan-
guage/memory/problem  solv-
ingfsocialization skills). Most children
arc born capable of easily mastering
any of the world’s 3,000 languages, and
American children must learn an
average of almost a dozen new words
a day to reach the normal vocabulary
of a high school graduate.

A stimulating social environment en-
hances this later development, since
our brains develop and alter many of
their mechanisms in response Lo en-
vironmental challenges. Children
reared or educated in a limited and
boring environment will not develop
the efficient broad-based brain
mcchanisms they'll need for elfective
behavior within a complex social ¢n-
vironment. Interactions with other
people seem to stimuolate use more
than anything else - and we¢ have a
marvelous capacity for love and com-
mitment to one another.

Our mass culture cries out for
cooperalive learning and doing, Com-
puters always function within human
information networks, and so0 they can
enhance or diminish our potential for
cooperative behavior. Teachers can

cnhance this potential by asking stu-
dents to collaborate on activities that
incorporate computers, by discussing
social issues that emerge out of com-
puter use, and by emphasizing human
values when information is processed
electronically.

An interesting development has
emerged in the schools’s use of word
processors. When students use a
paper and pencil or a typewriter,
clussroom writing is essentially a
solitary act because the wriling can’t
be casily rcad by anyone other than the
writer. With their upright brightly hit
screens, word processors make writ-
ing more of a public act in a classroom,
That other students read/discuss/edit
the text can enhance the collaborative
activities that add context to acquired
knowledge.

What is an appropriate stimulating
environment for the developing brain
ol a contemporary child? Electronic
information technologies can now cre-
ate high-resolution graphic repre-
sentations of real and imaginary
worlds far beyond the traditional ver-
bal and wvisual represcntations, but
they distort time, space, and reality in
the process. Still, such things as instant
replay, special effects, and computer
joy sticks have become such am in-
tegral distortion of the real world that
they are probably a necessary element
in the education of students - whether
we like it or not.

Our Curricular and Staff Development
Challenges

Wi won't return to an carlicr simpler
world in which our brains had to do
almost everything within themselves -
with the sometime assistance of infor-
mation stored in the increasingly com-
plex and cumbersome print-oriented
collection our socicty had amassed.
We've now developed a class of
powerful portable electronic
machines that rapidly do the things
our brains don't want to do -and don’t
do well. These technologics move our
brain well beyond its normal
range/speed/power. In doing so, they
create a new scl of problems about the
valic of the gain in relation lo the
effort and cost that our schools haven™t
faced belore. Are things worth doing
simply because we can do them?

Stress- and drog-related illnesses are
part of the personal and social costs of

educational and technological cfforts
to force our brains to function well
beyond their normal capabilities -
whether that be to require students Lo
use paper and pencil lo solve math
problems they don’t understand and
consider irrelevant or 1o use an cqually
incomprehensible computer program,

Our profession must seriously ex-
amine the dramatic developments in
cognitive science and computer tech-
nology. Doing so will enable us 1o
identify and redesign the obsolete ele-
ments of our gencration’s version of
The Saber-Tooth Curriculum, which,
because it had evolved into such an
cffective curriculum, continued to
tcach tger-killing skills afier all the
tigers had been killed (Benjamin,
1939).

This article has suggested a gencral
approach - and explored it through
five brain capabilities/limitations that
relate to emerging curricular issues.
Use this general introduction to focus
your own thinking and to initiate dis-
cussions with colleagues that focus on
your specific professional assign-
ments. If our profession is going to
move toward broadly accepted cur-
ricular policics and practices, how-
ever, we must engage in vigorous study
that will move a critical mass of
cducators to a rcasonable under-
standing of cducationally sigmificant
developments in the cognitive scien-
ces and to a hands-on understanding
of new developments in computer
technology. Join that critical mass.
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CHRISTOFPHER DEDE

The Evolution of Information Technology:
Implications for Curriculum

Schools must change their curriculums
to reflect the changes technology
is making in the workplace.

During, the next two decades, major
changes in the technological base
of American society will alter the
knowledge, skills, and values we need
to be capable workers and citizens.
Evolving information technologics
will transform the nature of work, and
this iransformation will in turn affect
the design and content of the school
curriculum. As jobs change, schools
must shill in response.

Technological Evolution

Since World War II, the perfor-
mance capabilities of computers and
telecommunications have beén dou-
bling every few years al constant cosL.
For example, a decade ago $3.500
could buy a new Apple 1T microcom-
puter. Today, 36,800 - the samc
amount of purchasing power (ad-
justed for 10 years of inflation) - can
buy a new Macintosh 1I microcom-
puter. The Macintosh handles 4 times
the information at 16 imes the speed,
preprogrammed and reprogram-
mable memory are both about 20
times larger, disk storage is about 90
times larger, and the display has 7
times the resolution and 16 times the
number of colours. Comparable
figurcs could be cited for other brands
of machines. Equally impressive,
users’ demands for this power have
increased as rapidly as it has become
available.

Over the ncxt two decades, data
processing and information systems
will probably be replaced by sophisti-

cated devices for knowledge creation, municalions: personal videorecor-
capture, fransfer, and use. A similar ders, optical fiber networks, intel-
evolution can be forecast for telecom- | lipent telephones, information utilities




such as videotex, and digital discs will
change the nature of media.

Cognition Enhancers

The concept of "cognition cnhan-
cers" can help us understand how we
can use these emerging lechnologics
(Dede 1987b). A cognition enhancer
combines the complementary
strengths of a person and an informa-
tion technology. Two categories of
cognition enhancers will have consid-
crable impact on the workplace: em-
powering environments and hyper-
media,

Empowering Environments

Empowering environments enhance
human accomplishment by a division
of labor: the machine handles the
routine mechanics of a task, while the
person is immersed in its higher-order
meanings. For example, I once took an
ail painting course. My goal was to
transfer my mental images to canvas so
that viewers could sharc my experien-
ces and emotions. However, rather
than pondering form and composition
and aesthetics, [ had to spend my time
trying to mix colors that remotely
resembled my visualizations, trying to
keep the paint from running all over
the canvas, trying to keep the turpen-
tine out of my hair. Now, I can usc a
graphics construction set to choose
from a huge palette of colors; to alter,
pixel by pixel, the contour of an image;
to instantly "undo" my mistakes, Now 1
am involved with the creative aspects
of art, while the empowering cnviron-
ment handles the mechanics. (How-
ever, my accomplishments as an artist
are still ultimately limited by my own
talents and knowledge.)

The workplace is adopting many em-
powering environments: databases for
information management, spread-
sheets for modeling, computer-aided
design systems for manufacturing,
And word processors with embedded
spelling checkers, thesauruses, out-
lincrs, text analyzers, and graphic
tools are driving the evolution of a new
field: desktop publishing,

Hypermedia

Even with a sophisticated empower-
ing environment for desktop publish-
ing, I can still get writer's block. I can
know everything I want to write yet not
have my ideas in the lincar "stream”

A e s e e — ]
Nations with
technological
expertise, an
advanced
industrial base,
and an educated
citizenry are
developing
economies that use
sophisticated
workers and
information tools
to create products
tailored to
individual
consumer needs

required for written or oral com-
munication. I nced an "idea proces-
sor," a way ol creating an external
structure that mirrors the concepls
and links in my memory. | need a
second type of cognition enhancer: hy-
permedia,

Hypermedia 15 a framework for
creating an interconnceted, web-like
representation of symbols (text,
graphics, images, software codes) in
the computer. This representation is
similar to human long-term memory:
people store information in networks
of symbolic, temporal, and visual im-
ages rclated by association, For ex-
ample, in my memory the word apple
conjures up religious, corporate, com-
putational, botanic, and gustatory as-
socizlions,

With my knowledge externalized ina
hypermedia system, I can traverse Lhis
network along alternative paths
through nodes and links, sccking the
right sequential stream for my in-
tended content, audicnce, and goals.
The computer allows me to avoid
overload in transferring long-term to
short-term memory, Also, my access
to long-term memory may be en-

hanced by the process of building and
using hypermedia.

Hypermedia documents arc begin-
ning to appear in the workplace. For
example, aulomobile mechanics will
soon be using hypermedia repair
manuals to diagnosc problems. The
mechanic will trace initial symptoms
through a series of linked tests to
reach final judgement on whal is
wrong, Lhen follow a web of nodes that
map the different steps of the repair.
An educatlional version of such a
manual would incorporate “trails”
through the hypermedia network that
guide the user through a serics of
structured, sequenced learning ex-
pericnces,

The emergence of primitive hyper-
media systems on personal computers
is inspiring new ideas for their use. For
example, a hypermedia version of this
paper would place cach fundamental
concept in a separate node; links
would tic related concepts together.
Chunking and juxtaposing ideas in this
way increases comprehension over the
lorced lincarity of textual presenta-
tions. Perhaps different styles of
remembering and learning will evalve!

Using cognition enhancers, how-
ever, requircs more than learning how
to activate the machine and issue com-
mands; the style of working must
change. For cxample, as a result of
using a word processor, I can no
longer write well with a paper and
pencil. I used to compose a sentence
by thinking [or a couple of minutes and
then setting down & near-final version,
because making changes meant cut-
ting and pasting; now, 1 think for half
a minute and type in a sentence, think
for another 15 scconds and make a
change, make another change a few
seconds later, and so on. Now I can
concentrate on revision and polishing,
without the pressure of having to cre-
ate a finished product. However, when
[ try to write with a pencil using this
new superior style - disaster! The
craser wears out long before the pencil
needs sharpening. Most people who
use cognilion enhancers cxpericnes
the same unconscious shift in style.

Shifts in Oceupational Skills

In a world of empowering environ-
ments, the ways we accomplish tasks
will alter. The global marketplace will
drive this evolution: in this new
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economic ‘ccology”, each nation is
secking a specialized niche based on
its financial, human, and natural
resources. Developed countries,
which no lenger have casily available
natural respurces and cheap labor,
cannol compete with developing na-
tions in manufacturing industrial com-
modities (President’s Commission on
Industrial Competitiveness 1983). In-
stead, nations with technological ex-
pertise, an advanced industrial base,
and an educated citizenry are
developing economies that use sophis-
ticated workers and information tools
to create products tailored Lo in-
dividual consumer neceds (Reich
1988). For example, we now iry to
match our stylistic preferences and the
shape of our feet to the prepackaged
shoes in a store; m a decade, a shoe
storc may have lasers to measure our
feet, videodise images from which to
select styles and colors, and assembly
machines to make customized shoes
while we wail.

One way of understanding the im-
pact of these changes on occupational
skills is to contrast how information
technology has changed the job roles
of the supermarket checker and the
typist. Many supermarkets now have
bar code readers; rather than finding
the price of each item and punching it
into the register, the checker need
only pass the good over the scanner.
Efficiency and productivity have in-
creased, and the job requires fewer
ckills.

In contrast, substituling a word
processor/information network
device for a typewriter completely al-
ters a sceretary’s function. To use the
information tool to its full capacity, the

New technologies,
like these erasable
optical data disks,
are changing the way
we Work and learn.

clerical role must shiflt from “key-
boarding’ to using database, desktop
publishing, communications, and
graphics applications. The job now
demands higher-order cognitive skills
to extract and tailor knowledge from
the huge information capacity of the
tool, and the occupational role shifts
to the new profession of "information
manager.”

As workstations become mere intel-
higent through embedded coaches and
expert decision-aids, the thinking
skills required of the human role in the
partnership become more sophist-
cated. Creativity and [lexbility be-
come wvital, because the standardized
aspects of problem-solving skills are
absorbed by the machine. However,
technology is no panacea; over-
automation and excessive reliance on
assembly-line metaphors can deskill
work and produce job dissatisfaction
(Kraft 1987). Morcover, as the routine
parts of the work are automated, a
greater proportion of decisions will
require stressful ethical choices,

Computers and people have com-
plementary intellectual strengths;
each can supply what the other lacks.
However, the possible luture

described above is not meant to imply
that this transformation of work will be
inevitable or universal. On the con-
trary, advanced technology eliminates
jobs as well as creating them; and, in
2n automated workplace, many of the
cccupations that survive may require
only low-level skills (Rumberger
1987). In every developed nation, sig-
nificant uncertainty exists about fun-
damental questions such as;

¢ How many jobs will be available in
the carly part of the next century?

o Whal will be the mix of skilled and
unskilled positions?

o Will sufficient "middle class™ oc-
ﬂuPal_mn!:'. be available to preveat a
polarization of wealth in society, or

will most such jobs be deskilled by

intelligent machings?

¢ How will these technological and
economic shifts affect equity?

A reasonable assumption is that,
during the next decade, developed
countries” cconomies will evolve 5o as
to gencrate some knowledge-added
occupational roles and many lower-
skill jobs. Eventually, however, if the
majority of the population is to have
interesting, well-paid work roles,
educators must help shape the needs
of the emerging workplace rather than
merely respond to present trends
(Levin and Rumberger 1987).

Im plications for Corriculum Designand
Content

As the American workplace begins
to use intelligent devices, the goals,
content, and the clicnls of education
will alter (Offfice of Technology As-
sessment 1988a). The impact of
knowledge bases on the content and
design of the school curriculum will be
profound. To illustrate, here are some
potential effects of the widespread use

Three Mew NSBA Reports Available

Three new reports from the MNational School Boards Association may help sducators
make greater use of technology. Planning for Telecommunications: A School Leader’s
Prirmer gives an overview of technology used for "distance learning” in schoois. On
Line, Financing Strategies for Educational Technology explains ways that school
districts can obtain funds to purchase and implement technology. Thinking about
Technology in Schools: A 1988 Snapshot reports on a survey of 773 of the nation's
largest school districts regarding their attitudes and experisnces with technology.
Single copies of the first two repons are $£12; single coples of Thinking about
Technology in Schools are $35. Available trom NSBA's Institute for the Transfer of
Technoiogy to Education, 1680 Duke 5t., Alexandria, VA 22314,
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As the workplace
shifts to an
emphasis on group
task performance
and problem
solving,
collaborative
learning will
become more
important.

of cognition enhancers (Dede 1988h):

Human strengths in partnerships be-
tween people and cognition enhancers
include skills such as creativity,
flexibility, decision making with in-
complcic data, complex pattern
recognilion, information evalua-
tion/synthesis, and holistic thinking.
These higher-order mental attributes
might become our new definition of
human intelligence, as basic cognitive
skills increasingly shift to the tool's
portion of the partnership.

® Mcthods of assessment will
alter from measuring mastery of
descriptive knowledge to
cvaluating attainment of higher-
order skills. Developing tech-
nological methods for collect-
ing and analyzing detailed per-
formance data could greatlyim-
prove the assessment of in-
dividual learning needs (Office
of Technology Assessment
1988b). For example, we could
casily colleet the cxact hesita-
tion lime a student took before
cach problem-solving step in
Iearning subtraction; this could
be valuable diagnostic informa-
tion,

# "Learning-while-doing” will be-
come a more significant com-
poncat of occupational educa-
tion, as combined computer
and telecommunications tech-
nologics allow delivery of in-
structional services in a
decentralized manner. To allow

credit for job-based learning,
workers’ Lools may include in-
telligent devices that act as job
performance aids while simul-
taneously collecting a cognitive
audit trail of user skill improve-
ments. For example, a student
in a technical wriling course
could write all week at work on
a word processor, then bring a
record of his or her perfor-
mance Lo class, The instructor
could monitor how the student
was writing by scanning his or
her actions (dcletions,
revisions, resequencing), look-
ing for patterns of suboptimal
performance and evaluating the
learner’s writing process.

e As the workplace shifts o an
emphasis on group task perfor-
mance and problem solving,
collaborative learning will be-
come more important. Informa-
tion technology tools may in-
creasingly be designed for use
by tcams rather than individuals
working in solation (Gorry et
al. 1988}, and new types of inter-
personal skills will be needed
for occupational roles in which
computer-mediated com-
munications is important (Kies-
ler et al. 1984), In such an
cconomic environment, adults
who lack sophisticated ex-
pericnces in shared machine-
enhanced imteraction may be at
a disadvantage (Reder and
Schwab 1988), Students in con-
ventional classroom sctlings
have few opportunitics to build
skills of cooperation, com-
promis¢, and group decision
making; shifts in tcaching must
occur so that compuler-sup-
poricd collaborative learning
becomes a major type ol student
interaction.

Interlinked "educational informa-
tion utilitics” that supply aceess Lo a
varicty of data, tools, and training
might emerge (Dede 1985). For ex-
ample, a device may soon be marketed
that combines the attributes ol the
telephone, radio, television,
videolape, computer, copier, and
printing press. 1 1 heard an item of
interest while watching the nightly
news, pushing a function key could
outpul articles on that topic from

major newspapers. Scanmimg thesc
might produce keywords of imteress
another keystrokc would ngger a
knowledge base scarch. From the list
of articlcs that resulied, T might idea-
tify the name of a researcher active in
this field; yet another command could
dial that person's work number. If no
onc answered, a linal keystroke could
send an electronic mail message. All
this integration may seem merely a
gain in speed, but from that perspee-
tive Lthe airplane is "just™ a faster ver-
sion of the automobile. Such a device
could be inexpensively accessible to a
wide range of users, altcring the cur-
riculum by shilling emphasis from ac-
quiring data to discussing and syn-
thesizing ideas.

As discussed carlicr, hypermedia
would enable a long-standing instruc-
tional goal: an integrated curriculum,
In a hypertextbook series, the math
"book" would contain links Lo
materials in social studies, biology,
history, language arts, and physical
education. The important inter-
relationships among diflerent subject
arcas could be explicitly represented
through concepl maps, students could
modifly these webs of linkages to help
them learn (Yankelovitch et al. 1983).
The curriculum could shift from a sub-
ject-centred, disciplinary emphasis to
a focus on real-world problem solving
using perspectives and tools from mul-
tiple ficlds.

Using Tools Wisely

Some claim that technological ad-
vances are driving the emergence of a
new cra: industrial society is being
replaced by a civilization bascd on

e e creen T s
Computers and
people have
complementary
intellectual
strengths; each can
supply what the
other lacks.




knowledge processing. Others dis-
agree that the industrial economy is
ending but do see many occupational
shifts as people implement new infor-
mation technologies to aid in their
work,

The implications for the school cur-
riculum and instructional practice
could be profound: a new definition of
human intelligence, more sophisti-
cated methods of assessment,
decentralization of teaching into
workplace settings, a greater em-
phasis on collaborative learning, a cur-
ricular shift [rom presenting data to
cvalualing and synthesizing ideas, a
focus on solving real-world problems
using concepts and skills from multi-
ple subject areas. The most imporiant
barriers to this evolution will not be
technical or economic but conceptual
and organizalional; and, unless con-
trolled, the outcome of these changes
may be undesirable. We must begin
shaping the use of these emerging
tools now if we are lo have a bright
educational future.

'For the interested reader, T have
written detailed, annotated scenarios
of sophisticated "learning-while-
doing"task performance aids: anintel-
ligent tutor and coach (Dede 1987a)
and a computer-supported coopera-
tive learning environment (Dede

1988b).
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DAVID 1. S. IBSEN

Cooperation and Education - Keys to
Improving Access to Computerized Information

Abstracts in the ERIC database are a rich source of
educational information. Improving access to ERIC
and other sources of information in computer format
can potentially increase educators productivity.

Cunperaliun and Education arg key
factors among several identified
by Ibsen (1991) which affcct access to
information stored in computer for-
mat. In this article, these factors are
discussed in relationship to improving
access for Ngee Ann Polytechnic (NP)
lecturers to the ERIC (Educational
Resources Information Center in the
USA) database.

The ERIC databasc has been choscn
as the initial source of information in
computer format because it conlains a
broad range of educational informa-
tion which can easily be made avail-
able to lecturcrs at NP. The ERIC
database “contains nearly 700,000
abstracis of documents and journal ar-
ticles on educational rescarch and
practice” (ERIC, undated).

Before discussing how Cooperation
and Education can improve access to
ERIC, other factors mentioned by
Ibsen will be considered brielly.

Other Factors

The following factors have a minor
role in improving access to ERIC
compared to Cooperation and Educa-
tion (for a more extensive coverage ol
these laclors as they relate to Ching,
see Ibsen, 1991).

Physical conditions. Other than the
installation of a campus wide com-
putcr network there is little or no need
to improve physical conditions (o im-
prove access lo ERIC,

Access o resources. NP lecturers
can gain access to a computer and the
ERIC database on CDROM in the
hibrary. Primary documents (full text)
can be obtlained through the NP
library, inter-library loan, or ordered
from the ERIC document reproduc-
tion service,

Language. Since NP lecturers speak
and wrilc English, they should have
minimal natural language difficulty in
accessing ERIC. They also have the
ability to learn computer languages
(software) needed to improve access
to ERIC,

Change. Ngee Ann lecturers have
been sulficiently cxposcd to tech-
nological and social change to be able
to make the changes nceded to im-
prove access o ERIC,

Social organization. The basic social
siructures are in place at NP to
[acilitate the development of coopera-
Live struclures to improve access to
ERIC,

Cooperation

Although pilot tests of the coopera-
tive approach for improving access to
ERIC have successfully been con-
ducted in Canada and China, further
development is needed before
proposing widespread usc of this ap-
proach. In this scction, the develop-
ment of the cooperative approach is

discussed in relationship to the
Educational Development Centre
(EDC) facilitating improved access by
NP lecturers to a narrow range lopics
contained in ERIC,

For the cooperative approach to be
most eflcctive, both {ormal and infor-
mal cooperation arc nceded. At NP
there is an inlerest in sharing informa-
tion on CBT (Computer Based Train-
ing) (informal cooperation). To
facilitate this inlerest, cooperative
structures nced to be set up with the
departments involved (formal
cooperation), To initiate [ormal
eooperation, the EDC in conjunction
with the library would develop com-
prehensive scarch strategies on topics
related to CBT. These strategics
would be made available to depart-
ments and individual lecturers as a
basis for their searches. Once ascarch
has becen analyzed, primary docu-
ments need to be found for sclected
items of inlcrest. The Singapore on-
line library system would be used 1o
determine where documents could be
found in Singapore or if they needed
to be ordered from abroad.

To illustrate the cooperative ap-
proach 1o searching ERIC, lct us as-
sume that various groups would be
interested in different aspects of a
scarch on CBT as follows:

e The EDC would be interested in
instructional strategies.




o The CBT Center would be inler-
¢sted in tools and technigues.

e The Mathematics and Sciences
Center would be interested in math
rclated uscs.

@ The library would be intcrested in
software for student use,

Using scarch terms from a com-
prehensive scarch for information re-
lated to the use of computers in math-
ematics cducation, a cooperative
search to meet the needs of the groups
mentioned above would be con-
ducted. Different parts of the search
would be distributed to various mem-
bers of the group for their analysis.
Oncee analyses are completed, primary
documents for sclected abstracts
would be obtained. As new informa-
tion becomes available, updates to the
search could be distributed to inter-
ested persons for analysis.

The cooperative approach [or sear-
ching ERIC has the following ad-

vinlages:

® One search serves the needs of
several people.

o A morecomprehensive coverage of

a topic is possible through several

eople sharing in the analysis of a
arge scarch,

o People who would not normally
scarch ERIC could be encouraged
(o join a cooperative scarch group.

e Duplication of clfort, especially in
scarching and locating primary
documents is reduced.

There are also disadvantages:

® Seiling up and mainlaining
cooperative search networks takes
time, effort, and coordination.

e Comprchensive cooperative scar-
ches are more difficult to conduct
than individual searches.

The advantages of the cooperative
approach to acccssing information
will be realized through education.

Education

In order to provide improved access
to ERIC, both facilitators (librarians)
and end users (lecturers) need further
cdocation and traiming. Librarians
and other lacilitators nced Lo learn
how to develop cooperative networks
and conduct comprehensive searches.
End uscrs need 1o learn how to
analyze information they receive and
how 1o oblain primary documents for
selected records. End users also need
to become awarce of the advantages of
cooperative scarching and learn to
provide feedback (o facilitators so that
searches and cooperative syslems can
be improved to provide information
which is most relevant to both the
group and individuals within the
group.

Educating facilitators and end users
should pay dividends in improving ac-
cess Lo information, which in turn
should improve both group and in-
dividual productivity.

Conclusion

In considering the potential results
of the cooperative approach to im-
proving access to educational infor-
mation, oné needs to consider that
cooperalive networks developed to
access the ERIC database can be ex-
panded to improve access to informa-
tion from other sources.

As mentioned earlicr in this article,
further development is nceded before
the cooperative approach to accessing
ERIC can become a wide spread com-
mon practice. This development will
be facilitated by Cooperation and
Education.
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MARY LIM CHO KOEN

Information Technology

In July 1990, Mayflower Primary
School set up a computer laboratory
with 12 Macintosh compulers,
donated mainly by the Singapore
Totalisator Board (759 ) and partly by
the School Advisory Committee Fund
(25%).

Staff participation [catures
prominently in this sct-up, The ob-
vious reason is that they are the ones
who will use the computers to teach
our pupils. Henee, they tried out dif-
ferent models, chose the ones they
considercd most user-fricndly and
participated eagerly in courses and
computer camps organised by the
Ministry of Education.

The small group of teachers shared
their expertisc and learnt along with
their cqually small groups of en-
thusiastic pupils. Soon the number of
teachers using compulers lo teach
pupils increased rapidly - from 2 10 4
and then to 18. They taught their
pupils word-processing and Hyper-
card. Another 19 teachers taught
pupils Hamyu Pinyin using "Chinese
Talk", a Chinese word-processing
package.

Among pupils who benehited were
13 Primary Five and Six camp leaders
who were laught 1o log their thoughts
and feclings about the 1990 Schoal
Camp using Hypercard, a software
which could incorporate seript, design
and even scanned photographs. The
professional touch lent Lo their
finished product thrilled and stimu-
lated other pupils to seck the same
resource for their ¢lass and school
publications,

Twelve computers did not quite
measure up to the interest shown by
1686 pupils, all raring to go and usc
them. Fortunatcly the school won a
22-computer Apple MacLab on
August 25, 1990 in a national competi-

- the Mayflower Way

tion. Primary 5 and 6 teachers made
full use of this expanded facility to
teach their pupils process writing to
produce class and end-of-year school
bulletins. The Chincse and Malay cul-
tural club members used compulers to
publish their own "Cullures and Fes-
tivals of Singapore” and the rest of the
teachers wasted no time to learn along
with these pupils and their colleagues.

By January 1991, hall a year after
acquiring the computcrs, nearly all 62
teachers have had some training on
the uwse of computer sofliware (c.g.
word processing, Hypercard) and
about 20 knew how to use "Chinese
Talk" to teach Hanyu Pinyin, How-
evier, the latter group of teachers, led
by 3 pioneers, were not satisfied with
how their Primary One and Two
pupils were lcarning Hanyu Pinyin
vocabulary in the class - typing them
on the keyboard and malching them
with the correct Chinese characlers,
They were impatient with the slow
process and were [frustrated by the
number of pupils requiring assistance
or a nod of approval lor correct
responses. They wanied more - howto
excite and maintain their pupils’ inter-
esl, 1o make them morg independent,
lo enable the slower as well as the
faster learners to benefit equally from
a program that allows each child to
learn at his/her own pace. As luck
would have it, blessings came in the
form of two computer salespersons
who willingly pave some lcachers a few
free lessons on computer program-
ming. However, as they were not
professionally trained in computer
programming, the teachers found the
going tough. The next good samaritan
came [rom the Institute of Systems
Science of the National University of
Singapore. This software engincer was
looking around for a school to help,

primarily to do research on how
tcachers and pupils acquire compuler
literacy. Mr Raymund Chan fhitted
saugly in our own search for computer
programming skills. From March 1o
June 1991, about 10-18 teachers spent
long Saturday afternoons and most of
the June vacation with him, learning
programming and how to design
simple computer games to teach
pupils English, Mathematics and
Chinese.

At the same time, 3 new Institute of
Education (1E) graduates, led by their
lecturer, Dr Philip Wong, also
responded (o our call for help. They
had scorcd earlier successes in
producing computer games for teach-
ing as their IE projecis. Armed with
this knowledge, they collaborated with
our teachers and produced 4 com-
puter games o teach Primary One and
Two pupils Hanyu Pinyin in an excit-
ing, challenging and fun way. This col-
laborative clfort took them only one
June vacation to accomplish - a feat
my teachers dared not dream of.

After 3 months of exploring and
searching, our tcachers have
produced some tangible results they
can be proud of - a Malay vocabulary
compuler game, 2 Hanyu Pinyin
games they can call their own, an
English vocabulary game and a math-
ematics number game. Though small
in achicvement, this feal wall surcly act
as a stimulant for teachers (o explore
further information technology and to
continue their search for solutions.
This augurs well for both stafl and
pupils a Mayflower Primary prepares
itselfl Tor the next decade.

Mary Lim Cho Koen is principal,
Mayflower Primary School, Sin-
gapore.
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KANNAPPA IYNKARAN

Using Computers to Enhance Learning

hermodynamics and thermofluids
T;m: not easy subjects to under-
stand and learn. Henee, to help stu-
dents at the Mechanical Engincering
Department of Ngee Ann Polytechnic
lcarn these subjects, a team of
Mcchanical Engincering lecturers
decided to include a computcr-based
component into their course.

The team devised a scries of mulii-
ple-choice questions related to the syl-
labus and used this as a form of self-
test for the students. Each student
could book the use of a computer in
the compuicr laboratories and, using
the prescribed textbook, would work
through the questions in the computer
program. Some of the questions in-
volved short computations whercas
others were related to laboratory
work. For example, the students were
asked about safety aspects, measuring
techniques and sources of errors, and
they had to plot graphs and draw con-
clusions from simulated experiments,

Advantages

Students today enjoy working with
computers and a computer-bascd
program is student-centred. Com-
puter-based programs enable the stu-
dent to work individually at his'her
own lime and pace.

The computer program designed to
teach thermodynamics and ther-
mofluids has helped to reinforee the
learning that takes place in the class-
room, leocture theatres and
laboratories. From the evaluation that
was made of this new method of teach-
ing the subject, student learning has
definitely improved. The students are
interested and they enjoy using the
program. They find it challenging and
this stimulatcs them to learn,

Developing the computer-based pro-
gram

Perhaps the most important step in
developing an efficient and effective
program is the formulation of good
questions. Designing objective-type

questions is no casy lask, The ques-
tions should require the students to
think and not to merely regurgitate an
answer, OF the four options provided,
only ong is the right answer, The three
other options are incorrect. To make
the program more elfcctive, the tcam
decided (o include in these incorrect
oplions, errors commaonly made by
students. Such a practice depends on
the expericnee of the staff and the in-
teractions they have had with the stu-
dents. An experienced lecturer would
be more familiar with the misconcep-
tions of students and could suggest an
appropriale response or remark Lo
correet these misconceplions.

Provide feedback

When a student chooses a correct
answer, the computer program should
offer more than an acknowledgement
that the answer is correct. It should
provide additional comments
designed to reinforee the student’s un-
derstanding of the particular topic.
Similarly, when the student chooses an
incorrect option, there should be help-
ful comments indicating the naturce of
the crror. The comments should also
guide the student to work towards the
correct solution.

If the questions arc designed in such
a way that the student can make easy
reference to the prescribed textbook,
this would further enhance the learn-
ing that takes place. The student ac-

quires confidence as hefshe is able o
rclate 1o the material which he/she is
expected to study.

Help Screens

Some form of recady help must be
made available to the students when
they are working through the ques-
tions. Information might be presented
on the help screens. However, caution
must be taken in the design and use of
these screens to ensure that the com-
puter s not used as an clectronic
texthook. The help screens must be
designed to enhance the under-
standing of the topic and colour,
graphics and amimation should be in-
cluded, if and when necessary.

Conclusion

As students become more familiar
with computers they will prefer to
work on such programs. If computer-
based testing could be implemented,
teachers will be relieved of the tedium
of marking of test papers. Such a pro-
gram would benefit both teachers and
students.

Kannappa Iynkaran alecturer at the
Mechanical Engincering Depart-
ment, Ngee Ann Polytechnic.




ALAN M, LESGOLD

Preparing Children for
A Computer-Rich World

Computer-literate students will be able to distinguish
between the routine tasks from which computers can release
them and more sophisticated capabilities - framing
and solving problems, communicating visually and
verbally - that are least likely to be automated.

Which computer should we buy?
Which software should we buy?
How canwe incorporate the computer
into the curriculum? These guestions,
and many more detailed questions
about different brands of computers,
printers, hard disks, and other picces
of hardware, keep arising whenever |
talk to people who know that [ am an
instructional psychologist who also is
heavily involved with computers. The
same basic questions pop up whether
I am talking to a principal or school
superintendent planning for next year,
a teacher wanling to be more creative
and productive, a ministry of educa-
tion official planning to introduce
computers into the schools ol an entire
country, or my brother, who is worricd
about whether his daughter will be a
full member of our increasingly com-
puterized society. When I otry to
answer such questions, I think about
three things:
& how massive use of computers will
change the occupationul roles
available in our socicly,

® what that implies in terms of chan-
ges in the curriculum, and

& how the computer can be used o
help bring about such changes.

How the Computer is Changing Socicty

We have had major technological
changes before, The invention of mov-

able type and the steam engine
brought changes as profound as those
the computer will bring, Their long-
term impact was to change the relative
value of different skills. The key to
surviving the transition from hand-
written to printed books was not
having the ability to read printed
rather than handwrillen words. Nor
was the key to doing well in the Age of
Steam the result of having played with
a steam engine. Rather, doing well re-
quircd having the skills to use the new
technology to extend one’s capability,
To take advantage of cheaper books,
one needed to be able to read with
greater facility, since a book was no
longer a rare object worthy of days of
contemplation, To use sleam engines,
ong had to understand mechanics, but
it was much safer and easier to acquire
that understanding from experimenta-
tion other than playing with steam en-
aines.

Similarly, we can be pretty surc that
cerlain skills will become more impor-
tanl in a computer-rich, automated
socicty and others, less valuable, So
[ur, the pattern has been to replace
routine mental work with computers,
enabling people to engage in more
creative intellectual activity, including
design and problem solving in many
technical areas. An indirect effect 1s
that automation is displacing more of
the labor foree from manufacturing
jobs and moving them into scrvice

jobs. These jobs require different so-
cial skills and generally more com-
munication skills than work on an as-
scmbly line requires.

Implications for New Curriculum

A cruel bul usclul caricature is that
of the role the asscmbly line assigned
to schools. Schools were supposed to

[ e e = e )
"Computer
literacy" has little if
anything to do with
handling
computers. Itis,
rather, a set of
broad cognitive
capabilities that
allow one to think
deeply, creatively,
and efficiently and
to communicate the
results of that
thinking.
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At the University of Pittsburgh’s Falk School, Leslie Thyberg leads students in discussions that precede their developing writing
projects, using IBM PCjr's.

teach children to be on time, work
according to a fixed schedule, obey
orders, read and follow simple direc-
tions, and do simple arithmetic. In
contrast, the computer era reguires
more complex schooling - good verbal
and graphic communication skills and
the ability to formally characterize and
solve problems. This means that writ-
ten composition skills are more im-
portant, along with the hard part of
math and science, understanding and
solving problems. While specifictech-
nical knowledge is needed 10 a com-
puterized socicty, the specific facts
and skills acquired today will be less
important tomorrow. Thus, the cur-
riculum must teach children to learn
new information and skills efliciently.
We can be preity sure that the world
of the future will be dominated by the
person whois a "quick study”.

The schoal day is already used up;
some think it is too short for Lhe exist-
ing curriculum, and it seems inap-
propriate to add new items o it. We
do not want to exchange 20 minutes of
reading for 20 minutes of learning
skills. Instead, we must teach, in the
context of existing subjects, learning
and problem-solving skills, the skills al

communication, and certain social
skills. In a sense, "computer literacy
has little if anything to do with han-
dling computers. Tt is, rather, a sct of
broad cognitive capabilities that allow
one to think deeply, creatively, and
efficiently and to communicate the
results of that thinking.

Tools That Extend Thinking

Computers have two important roles
in the classroom. First, they can be
useful in teaching some of the skills
needed for the computer era. They
can provide instructional microworlds
and minilaboratories within which stu-
dents can carry oul experiments.
Second, they can help students tackle
problems that are too big to be hand-
led within the limits of human think-
ing, The best is yet to come in these
areas, as artificial intelligence techni-
ques start (o be used, but in this article
I am focusing on what is possible now.

Because schools use so many dif-
ferent kinds of computers and have so
little money for seftware, few good
programs are tailored to school needs.
We can, however, consider the poten-
tial educational uses of software

developed for the business market.
The most pervasive use of personal
computers, for example, is probably
for word processing. A sccond major
use is with spreadsheet programs,
which help people explore alternative
mathematical models easily. A third
common use is probably with graph
and chart programs that facilitate
commumnication. In contrast o educa-
tional software, which is in its infancy,
word processing, spreadsheet, and
graphic programs are well developed,
readily available, and cost-effective.
All three types of software can be used

in the schoolroom.

Word processing. Although we would
like our children to be able to wrile
better, many obstacles stand in the way
of teaching effective writing. Teachers
have too little time to read the scrawls
of many students, and writing is so
physically slow and tedious for some
students that they are not able to
generate texts substantial enough to
build good writing skills. For the same
reason, they are unlikely to revise what
they have wrilten, or cven edit for
typographic and syntactic errors. The
total effort involved when a child




"The artificial intelligence tools we are developing ... will coach students in systematic
feaming skills that they can praciice in microworld environments.”

writes a composition and a leacher
reads it is so high that Facile inlerac-
tion between teacher and student is
difficult. The teacher’s comments
both on editing and content problems
can swamp the student with too much
simultaneous feedback. Having put
forth so much eflort o produce the
composition, the student has little
toleranee for correction.

Ready access lo word processing,
however, could give students much
morc practice in a skill that requires
considerable practice. Teachers could
read cssays more quickly and thus be
more productive. They could also
respond to one or Iwo issues at a lime,
and the student could then deal with
the identified problem and print
another copy of the text. Standard
programs that highlight dilTerences
between the first and sccond com-
puter file could be used to point out
the student's changes and cnable the
teacher to rercad the student’s paper
more quickly.

Even so, teaching writing skills
remains a labor-intensive proposition.
But tools now being developed can
ease the teacher's problems consider-
ably. One such tool is the spelling cor-
rector, comman in the business world,
Students could use the spelling cor-

reclor asa tool, so that by the time they
turned in a paper, it would have no
spelling errors or typos. The teacher
who wants students Lo become better
at spelling, however, may prefer that
spelling correction not be automatic,

It is possible to write software that
simply points o lines in which spelling
errors have been found, leaving part of
the detection and editing to the stu-
dent. We have developed such a
capability (written in C for a VAX
computer) for use in University of Pit-
tshburgh remedial writing courscs. Ini-
tially, it directs the student to two or
three lines within which a spelling
error hasbeen detected. INthe student
cannot find the error, the program
points to the specific line in which it is
located. If necessary, it can highlight
the misspelled word.

It is possible to go one step further
and detect syntactical errors also. For
Lhis, schools need special software dif-
[erent from that of the business world.
Employers assume that workers un-
deestand English grammar and can
correct an error once it is pointed out.
For many school children who do not
understand all of English grammar,
pointing out an error 15 not enough.
They need special software that
describes syntactical errors in lan-

guage they can understand,

For cxample, a common error in stu-
dent writing is the comma splice. In it,
iwo independent clauses arc con-
nected with only a comma: T gor 1o
school early, nobody was there. Simply
pointing oul comma splice ¢rrors may
not improve a student’s performance,
if the student does not seem to be
forgetting Lo usc a conjunction. When
studenis are asked why they write sen-
lences such as the one above, they
usually answer that they were told that
a sentence expresses a complete idea.
They keep writing until they have put
down the entire idea they had in mind.
The comma may be put down because
of another incorrect rule (or bug): "In-
serl a comma at those points in the
sentence where you would pause if
reading it.” The most helpful feedback
to the student would be to isolate the
two clauses, point out that each of
them is a complete idea, and talk
about strategies for combining them
grammatically. Simply saying that the
and is missing may not help much.

This kind ol responsivencss requires
a form of syntactic analysis very dif-
ferent [rom grammar correction for
the busingss world, The program must
be smart enough to have a model of
how a student generates such a sen-
tenee in the first place. This capability
is becoming possible for the most
common errors in remedial writing
classes, bul a complete system that can
deal with all syntactical errors will nol
be ready lor some lime.

The hardest part of writing is getting
a good set of ideas in the first place.
Products (e.g. Thinktank) thal
facilitate outline construction are al-
ready available. These can be very use-
ful. Some people might object that an
outlinc can be wrillen on a picce of
paper as casily as on a computer. This
is truc only il you alrcady know what
you wanl (o wrile about. Il you are still
formulating ideas, you may nced to
inscrt new cotrics between existing
ones and move whole scctions from
one part of the outline to another. The
special advantages of an oulline
processor are automatic numbering of
entries, automatic indenting, and the
ability to reprint the outline with or
without different levels of detail.
While these are all useful features,
they are not essential. Children can
use existing word processing equip-
ment to develop outlines and plan es-
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says.

As a college professor, I read quite a
few student papers. I am struck by the
number of students who have
mastered spelling and syntax but who
have not yet learncd how to developan
argument clearly. It could be very use-
ful to give students exercises in
developing ideas for an essay using
word processing sofltware as a tool
Since some of my students have com-
puters at home, I give them supges-
tions for devcloping essay assign-
ments, such as those in Table 1. These
can work quite well regardless of their
word processing program. Simple text
editors, Bank Street Writer, WORD,
and Wordstar can all be uscd.

Of course, even better idea-develop-
ment software will be availuble in the
future. Rescarchers at the Xerox Palo
Alto Center have already developed a
product called Notecards that allows
both word processing and graphics 1o
be used on many small picces of text,
computer-screen equivalents of the
note cards we somelimes use Lo
preparc an article, Further it can indi-
cate relationships between part of one
note and another separate note. For
cxample, one could indicate the
evidence for an assertion by showing a
relationship between that assertion on
onc note card and the evidence for it
on anothcr. One could cven show
rclationships between text and
graphics. For example, ong can have a
map of Florida on one card and show
a relationship between a description
of the Okefenokee Swamp on another
card and the location of the swamp an
the map. Notecards will even turn a set
of notes into a first draft, Unfortunate-
Iy, it will be a few years before most
schools can afford the more powerful
computcrs needed to run Notebooks.

Spreadsheet and graphing programs.
The spreadsheet is a system that al-
lows data to be represented as a
matrix. Various operations can be per-
formed on selected columns of the
data matrix to yield new figures. For
example. if each row of the matrix rep-
resents sale figures for one month and
the columns represent gross receipls
and costs, the costs column can be
subtracted from the receipts column
to produce profit figures. Spreadsheet
programs can compule summary
statistics on columns, make corrcla-
tions between columns, and graphical-

whether to modify your point.

tions.

Table 1: Suggestions for Preparing Written Assignments

# Start with an outling in which you list your main points,
# Lnder each main point, list arguments for and against that point.
& Evaluate the arguments for and against each main point and make a decision about

#® Restate your evidence for and against each point to take account of any modifica-

® Reorder your points taking account of the evidence for and against each. Put points
that rely on related evidence close together. Put points in a coherent order.

® Wiite the center of your essay, in which you present your assertions, present
evidence for and against them, and critique them in light of the evidence.

& Write a conclusion that summarizes the supported thread of your argument,

® Write an introduction that states the issue being discussed and the kinds of points
you make in the main part of your essay,

ly display single columns and inter-
column relations.

A spreadshect program can be very
useful in scicnce courses in which
children conduct experiments,
manipulale certain parameters to
produce measurable outcomes, If the
data are systematically kept in matrix
form using aspreadsheet program, the
student can examine and manipulate
them. Consider a simple balance beam
cxperiment. Suppose the student
hangs dilfcrent weights at different
distances from the fulecrum and
records all relevant data from every
arrangement that balances. This
means that cach balanced situation
will be represented by a row in the
matrix, and the columns will cor-
respond to the mass of the left weight,
its distance from the fulcrum, the mass
of the right weight, and its distance
from the fulcrum. Once these figures
are accumulated, the teacher can
guide the student through some ex-
perimentation with the spreadsheet
program. Do the two mass columns
correlate? Do they produce an inter-
esting scalterplot? What about the
distance measures? What about com-
paring mass plus distance on the left
with mass plus distance on the right?
If there is still no clear pattern, you
may want 10 add some of your own
data to that gathercd by the student.
Finally, the student can be asked to
compare the product of distance times
mass on the left with the product of
distance times mass from the right.
This shows a clcar paitern that makes
sensc when plotted.

In our own work at the Learning Re-
scarch and Development Center, we
are adding spreadsheet capability to a
varicly of exploratory microworlds,
computer programs that simulate ex-
periments such as that just deseribed
with the balance beam. For example,

Valerie Shute has developed an
economics microworld in which the
student can vary income, preferences,
price, and other parameters to project
the effects on supply and demand. In
Peter Reimann’s optics world, the stu-
dent can vary refraction index and lens
curvature to obscrve their effect on a
refracted light beam, The spread-
sheets in these microworlds supply a
“lab notebook” that supports sys-
tematic experimentation. The simula-
tion microworlds themselves can
probably be implemented for the
larger computers alrcady found in
schools. The artificial intelligence
tools we are developing (which re-
quire more powerful computers that
schools won't have for another few
ycars) will coach students in sys-
tematic learning skills that they can
practice in microworld environments.

Programming. The simple low-level
programming courses taught in
schools today will not help students
secure places in the work force. In the
future, routine programming will be
done automatically by the computers
themselves. Already, several larpe
corporations are eliminating their
data processing departmentsin favour
of massive database systems that can
respond 1o questions in a form com-
parable to standard English. Conse-
quently, if programming is to be taught
in our schools, it must be for purposes
other than vocational training.

The most important reason to be
able to program is to put the computer
towork for onescll. Thus, the products
of programming exercises should
probably be software that students will
use later as tools in another course.
Students use this approach at Stevens
Institute of Technology. In their first
vear at Stevens students accumulate a
tool kit of programs that they use in
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Using the Computer to Prepare Future Teachers

In Ed302, Curriculum and Instruction at Allentown College of 5t. Francis de Sales, future
teachers receive pragmatic instruction in using computers as an object of instruction, a
manager of instruction, and an aid to instruction. The course, which focuses on lesson
planning, teaching methodology, and micro-teaching, is designed 10 help futura
teachers leam in relatively short time how to use computers to produce highly useful
teaching tools.

The Computer as Object of Instruction

Future teachers are introduced to the three most popular brands of computers being
used in schools, the TRS-80, Apple, and IBM PC or PC compatibie, Their first goal is to
accomnplish an ordinary task, the recording of grades and generation of report cards.
Students are asked to create and print out a list of ten student names, ten grades, and
an average for each. They receive a clear set of written instructions on how to perform
each required step, beginning with turning the computer on and putting in disks. During
the class period, each student sits atl a separate terminal and follows along with the
instructor, who explaing exactly what 16 do.

The Computer as Manager of Instruction

In this section, students are introduced 1 VisiCale, the electronic spreadsheet, which
enables them to create a rollbook. They label the columns on the spreadsheet for
recording grades for lests, class participation_ and so on. Once the grades have been
typed in, Averages ¢an be automatically calculated for each class member, The students’
homework assignment I5 1o give a relative weight for each grade, for instance, quizzes
equal 20 percent of the final grade, essays 20 percent, tests 30 percent, and 50 on. Tha
formula is edited to include separate multipliers for each column and can be used again
by simply changing names and grades

The Computer as Aid to Instruction

In this segment of the course, the future teachers learn how to generate writien material
using IBM's word processing package, Writing Assistant. With this software, students
learn to center; check spelling; search, replace and move paragraphs. Again, they are
given concise written instructions for completing each step. Their home assignment is
to produce a one-page, multiple chaoice, short essay quiz that is then typed on a ditto
master using a conventienal typewriter and reproduced for each class member, Con-
sidering the difficulty of producing a letter-perfect ditto master, especially if one is not
an ace typist, the object of this assignment is for students 10 see that a computer and
printer are excellent aids for comecting and re-running ditto masters.

Students are also introduced to an authoring system wsing Radio Shack's Quick Quiz,
which provides programmed test formats, Once all test questions and correct answars
have been typed in, Quick Quiz produces an answer key,

As an aid in their ewn teaching training, the students are required 10 run Wsts on the
effectiveness of selected teaching strategies, which they try out on their college peers
in 15-minute teaching sessions. They first identify a few specific behavioral objectives
to be addressed and prepare pretests and posttesis using ems criterion-referenced to
these cbjectives. Follewing their teaching session, the test scores are tallied for each of
the future teachers' "students,” and grades are calculated for each objective. A hand
analysis is then done to find significant differences in pre- and postiest scores for each
objective. Finally, they again use Visicale 1o perform the same analysis on the compauter.
Thus, these student teachers leam not only how o do a statistical analysis of their own
performance, but they also leam firsthand the benefits of using a computer to camy out
the same task. =

- By Andrew Robert MeGilvray, assistant professor and ehalr, Department of Education,
Allentown College of St. Francis de Sales. Center Valley, PA 18034
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and advanced mathemalics courses.
By structuring the curriculum this way,
Stevens has ensurcd that students
learn not only how to program but also
when to program and why. Further,
when they have to usc the soltware
they wrote a year earlier, studenls
learn that, rather than just being a
stodgy requirement of the instructor,
good programming style benefits
them.

The same approach could readily be
taken in high school, with tcams of
students writing graphing and plotting
programs, sorting programs, and data
accumulation programs for usc in
later courses. As teachers become
morc facile with computers, they may
use this approach outside mathe-
matics and science to enable students
to crcate outline development
programs, word search programs, and
programs 0 help study foreign lan-
gauge vocabulary. What is critical is
not the exact program content but its
usclulness Lo the student, providing a
better rationale for computer use in
the first place.

Developing Higher-Level Thinking and
Learning

Standard computer sofllware can
help children become better at acquir-
ing knowledge, solving problems, and
communicaling their ideas. Com-
puters should be used as assistants o
facilitate and extend lcarning and
problem solving, When uscd this way,
computers will certainly help children
prepare for a high technology future
by assisting them to dewelop those
higher-level thinking and learning
processes that arc lcast likely to be
automatced into obsolescence and
most likely to benefit from computers
that extend human capabilitics.

Alan M. Lesgold is professor of
psychology and senior scientist,
Lecarning Research and Development
Center, University of Pittsburgh, Pit-
tsburgh, PA 152640,

Reprinted with permission from
Educational Leadership (March 1986)
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HARLAN CLEVELAND

Educating Citizens and Leaders for an
Information-Based Society

If schools are to help students process
knowledge in a rapidly changing world,
they must teach for breadth, values and

ducation is the drivewheel of an
Eint’nrmed society. Information,
processed into knowledge and wis-
dom, has become our dominant
resource in the United States. Consc-
quently, the quality of our leadership
both at home and abroad depends
more than ever on our educational sys-
tems - on how demanding and relevant
and continuous and broad and wise
our learning is. The people and na-
tions that don't learn to participate in
an information-based society will be
its peasants.

Yet, aur formal systems of education
haven’t assimilated the new fact that
more than hall of all work 1s informa-
tion work and that, as a conseguence,
the nature of the work for which we
educate students is changing faster
than gver. Such information work re-
quires integrative thinking and a
global perspective, preciscly the kind
of brainwork-in-breadth that most of
our schools and colleges aren’t vet set
up to encourage.

A Skeptic's Predictions

The content of many, perhaps most,
jobs a generation henee is unknowable
today, as were the job descriptions for
astronauls, nuclear physicists,
ecologists, compuler programmers,
and data base managers a gencration
ago. Bul gven a decade ago, the US,
Department of Labor projected that
two-thirds of 1974 kindergarten stu-
dents would eventually fill jobs that
did not then exist,

a global perspective.

In earlier writings | have expressed
skepticism of our ahility to forecast the
market for work. Do nat, then suspend
your own skepticism as [ try, with an
impressionist’s broad brush, to picture
the kinds of work that are bound to be
especially valued in a future
knowledge-rich society.

There will be more information and
service and less production work.
Farming, mining, and manufacturing
already account for a good deal less
than a quarter of the U.S. cconomy,
and a lot of what is still counted as
working with things is actually work on
symbols, which is to say information
work. The mechanized application of
more and better and Taster informa-
tion, so greatly accelerated by the ex-
plosive marriage of computers and
telecommunications, will keep on
cating up routine and repetitive tasks.
The jobs lelt Tor people to do will re-
quire more brainwork and skill in
people-to-people relations, the uni-
quely human functions that machines
can’l handle. Work, and therefore
education for work, will have 1o be-
come less competitive and more or-
ganized around cooperation,

The market for education as a non-
polluting leisure-time "consumer
good" will grow. Already some union
contracts gramt workers time off for
education; Italian metal workers, for
example, are entitled by coniract to
150 hours of cducation a year.

"Eecurring education,” the 198(°s in-
word for adult or continuing educa-
tion, will create a growing proportion

of the demand for higher education.
Education for leadership in varying
forms will be a growth industry, be-
cause Lhe proportion of people who
perform some leadership functions
will continue to grow. Despite tcnure
systems and retirement benefits,
people will move around even more
than they do now - [rom place to place,
function to [unction, and carcer o
Career.

More and more people will work at
managing forms of international inter-
dependence. International travel far
work and leisure, along with the ex-
pansion ol global telecommunica-
tions, will continue to spread, swelling
the demand for people with training in
cross-cultural communication,

First at Thinking Up New Things to Do

Will there be enough jobs lo go
around? No one knows with certainty,
but there is no reason (o doubt a con-
tinuation of the cheerful preccdent
Howard Bowen reported in the 1970s.
"Two centuries of history have
revealed no secular trend toward
greater unemployment as technology
advances." There is no finite amount
of work that must be parceled outto a
given number of workers. Work, along
with capital, expands with our capacity
to use new devices in new ways for new
purposes. The United States did not
get to be a great nation mercly by im-
proving the previous generation’s
practices. We got there, and can only
stay there, by being the first ta think up




new things to do, such as linking com-
pulers to telecommunications. The
numbers and quality of jobs will con-
tinue to be a function of men’s and
women's imaginative capacity to solve
problems.

Real Problems are Interdisciplinary

Liberating human imagination for
creative solutions to human problems
has hardly been the strong suit of the
U.5. educational system. Both stu-
dents and school critics can sense that
the vertical academic disciplines, built
around clusters of related research
methods, are not very helpful in solv-
ing most problems. Few, if any, real-
world problems fit into the jurisdiction
of any single academic department,
As every urban resident knows, we
have a great deal of specialized infor-
mation about the city, but we seldom
get it all together to make the city
livable, efficient, safe, and clean. In
agriculture, by contrast, university-
based science combined with its
delivery to the farms in every county
created the miracle of U.S. food
production.

Many of the university's interdis-
gplinary approaches in the past have
been disappointing. A course on en-
vironmental issues may be taught by an
evangelist less eapger to train analysts
than to recruit zealots. A workshop on

B a5 D s e SR e
The mechanized
application of more
and better and
faster information,
so greatly
accelerated by the
explosive marriage
of computers and
telecommunications,
will keep on eating
up routine and
repetitive tasks.

a "problem” may ask a research con-
tract for a government or corporate
client who knows the answer and 15
looking for an academic rubber stamp.
Even so, many students prefer courses
that promise (o cut across the vertical
structures of method and help them
construct homemade ways of thinking
about the situation as a whole.

The students’ intuition may not be
wrong. Yet they face a phalanx of op-
position o their instinet that the verti-
cal disciplines should be stirred
together in problem-solving, purpose-
related combinations. Acecess 1o
authorship in academic journals,
professional repute, and promotion
and tenure arc not achicved by having
lunch with colleagues from other
departments. For once, education’s
external critics and the academies
agree: if the division and knowledge
into manageable compartments
enabled graduales to develop self-es-
teem and a decent living, why does the
curriculum have to be changing, com-
plicated, and controversial?

Doesn't the new knowledge environ-
ment place a higher premium on in-
tegrative thought? Won't we have to
take a new look at systems that award
higher credentials for wisdom than for
mastering the narrowest slices of
knowledge?

A Heavy Bias against Breadth

I suspect that a newborn baby knows
from the start, by instinet, that every-
thing is related to everything clse. We
arc born with naturally integrative
minds. Before a child is exposed o
formal education, its curiosily is all-
embracing, The child hasa't yet been
told about the parts, so s inlerested in
the whole.

Ironically, the more the child learns,
the less her or his learning is tied
together. Most holistic learning comes
in grades K-4 when the teacher often
has to be able to answer the question
"Why?" Farther up the ladder of for-
mal schooling, we manage to persuade
most children that the really important
questions start with "When?" and
"Where? and "How?" and especially
"How much?" Fortunately for the na-
tion and the world, some young
citizens persist in asking "Why?"

Jasmina Wellingholf, a Twin Cities
scientist and writer, writes aboutl her
1st grader.

When my six-year-old learns that we heat
the house with forced air, she immediately
wants to know who is forcing the air, where
natural gas comes from, and how it got stuck
underground. After | have done my best 1o
explain all this, comes the next gquestion: "I
we didn't have natural gas, would we dig in
the winter?® There you have it. Gealagy,
engineering, physics and biology, all
together im a hierarchy of concepts and
facts. However, a few years from now, my
daughter will be studying the structure of the
earth’s crust, combustion, hydraulics, and
the classification of living things - all in
difterent years and quarters, neatly
separated, tested and graded.

Everyone seems to know that in the
real world, all the major problems are
interdisciplinary and all the solutions
are interdepartmental, inlerprofes-
sional, interdependent, and interna-
tional, Yet our institutions cling to a
heavy bias against breadth, for at times
they have found the bias wuseful: the
secret of success in the scientific
revolution was not breadth but spe-
cialized depth, Chopping up the study
of physical reality into vertically sliced
puzzles, cach to be deciphered
separately by a different analytical
chain of reasoning (as a discipling),
made possible the division of
specialization and of labar.

These simplifications have led to
complexity, just as E.B. White thought
they would when he asked,"Have you
ever considered how complicated
things can get, what with one thing
leading to another?” The resulting
complexily now makes it imperative
that these differing analytical systems
be cross-related in interdisciplinary
thinking and coordinated action, and
to do that, leaders must gel uwsed Lo
thinking integratively,

The trouble is that our whole educa-
tional system is geared more to
categorizing and analyzing patches ol
knowledge than Lo threading them
together. It would be nice if, having
noticed this problem, we could dis-
cover a simple solution. The clashes
between training and education, be-
tween honing the mind and nourishing
the soul that divide outside eritics also
divide professional cducators; they
even divide students,

Just now, our favorite way to avoid
having to make difficult choices is to
delegate them Lo individual students.
We "maximize the student’s options”
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What we need now
is a theory of
general education
that is relevant to
life and to work
based on the new
information
resource.

by creating a bewildering proliferation
of courses and programs of study, a
cafeteria of the intellect using what the
food service people call the "scramble
system.” For the limited numbers of
students who know just what they want
and why, the freedom doesn't work
badly, but most students expect some
guidance in creating an intellectually
complete array of reading, discussion,
writing, computing, and work ex-
pericnce.

My guess is that if U.S. schools and
colleges continue to proliferate cour-
scs, external pressure groups and state
and federal governmenis will sooner
or later impose social and economic,
even political, criteria for curriculum-
building. If our ultimate curricular
principle is abdication-by-providing-
maximum-options, the outsiders will,
in the end, tell the academics what o
teach and the students what they can
learn at the public’s expense.

Neither Hom, Thank you

The curriculum debate, as usnal, will
not be settled by choosing onc or the
other of a dilemma's horns. Honing
the mind and nourishing the soul are
equally important, What we nced now
is a theory of general education that is
relevant o life and to work based on

the new information resource. Per-
haps, in the alternating current of
general and job-oriented education, it
is time for a new synthesis, a new "core
curriculum,” a central idea about what
every educated person should know,
and have, and try to be.

Such a coreis not going to have much
to do with learning facts. Most of the
facts that children learn in schools arc
unlikely 1o be true for as long as they
can remember them. (The last time 1
took physics, | was told that the atom
couldn’t be split - a fact that has not
served me well in the nuclear era)
What students necd above all is
peneral theory with which they can
process the shifting facts they will en-
counter over a lifetime.

If we think hard sbout what the new
knowledge environment reguires, and
consult the instincts and perceptions
of our own lulure-oriented students, |
think we could construcl a new core
curriculum for American citizenship
from goals such as these.

Integrative brainwork - the capacity
to synthesize the analytical methods
and insights of conventional academic
disciplines so0 as o solve real-world
problems. Exposure o basic science
and mathematics, to elementary sys-
tems analysis, and 1o what a computer
can and cannot do are part, but only a
part, of this education.

Social knowledee - cducation about
public purposes, the costs and benelits
of openness, and the cthics of citizen-
ship. Such knowledge should enable
the educated person to answer two
questions; "Apart from the fact that I
am expected to dothis, isthis an action
I would choose?" and "Does the
validity of this action depend on its
secrecy?”

A capacity for self-analysis - the
achicvement of some {luency in
answering the question "Who am I
through the study ol cthnic heritage,
religion and philosophy, art, and
literature.

Practice in real-world negotiation, in
the psychology of consultation, and
the nature of leadership.

A global perspective - an attitude of
personal responsibility for general
outcomes, in zn interdependent
world.

I would like to conclude with a few
wards about the last of these acw 1m-
peratives [or American citzenship. In

the mid-1970s "global perspeetives in
education” was novel enough to sound
radical, but change has become so
rapid in our society that by the mid-
1980s, the idea has flowed into the
mainstream of a powerful public
school reform movement,

I do not mean that the clementary
school teacher, that very model of a
modern generalist, should teach about
everything at once, | am not neurotic
about global perspectives, merely in-
sistent. I do belicve that young
children can learn to think in systems.
They live with interdependence every
day - in families, home rooms, and in
the local public park. The ambicnce of
mutual dependence, the ambiguities
of personal relations, the conflicting
ambitions of groups, arc the stull of
socialization from their earliest years.

Once they know how Lo think about
vilue questions in their everyday life,
they are more than hallway Lo coping
with complex planetary puzzles, such
as food production, climate change,
energy usc, population planning,
development strategy, environmental
protection, ocean law, trade, invest-
ment, and money.

In short, once the child can follow
cause and clfect around the corner,
the child-grown-up should be able to
follow cause and eflcet around the
world. And with that kind of education
for wisdom, the child-become-adult-
leader can tackle with less diffidence
the Cheshire cat's {irst question:
"Where do you want 1o get to?”

Harlan Cleveland is dean of the
University of Minnesota’s Hubert H.
Humphrey Institute of Public Affairs,
301 15th Ave., 8., Minneapolis, MN
55455, He was formerly the assistant
secretary of state, U.S, ambassador of
NATO, and president of the Univer-
sity of Hawaii.

Reprimted  with  permission  from
Edicationad Leadership {March 1986)
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ALEX MOLNAR

Common Sense About Information
and Information Technology

Before we become slaves of the Information
Age and its complex technology, we need to
ask ourselves not how much information we
can generate and absorb, but what information
is of most worth and for what purposes.

= his book, The Knowledee Frecu-
wve, Harlan Cleveland (1983)
quotes Gertrude Stein: "Everybody
gets so much information all day long
that they lose their common scnse.”
Stein has put her finger on the heart of
an increasingly dilficult problem for
educators: how to make sense of and
respond to the increasing volume of
information available 1o them. This
problem has both policy and cur-
riculum and instruction aspects.
Schools are subject to laws and
regulations governing the informalion
they may gather, the people about
whom they may colleat information,
the circumstances under which infor-
malion of various types may be
gathered, and who may have access 1o
that information. The increased atten-
tion given to the information institu-
tions may gather and who may sce 1t
reflects a growing recognition that in
modern mass society information may
shape destiny, both individual and so-
cial, more than sl any other time in
human history. Social power s ollen
created or affirmed by the nature of
the information possessed by an in-
stitution or an individual. Allthough
few educators would be likely to quar-
rel with the dictum that "knowledge is
power,” many might be uncomfortahle
taking a hard look al how schools as
institutions establish and maintain in-
stitutional power relationships by con-
trolling information. To an Important

degree, the difference between a
teacher and a principal, a superinten-
dent and a curriculum coordinator, a
student and a teacher, a school
psychologist and a parent is the dif-
ference in which information they are
given and when they are allowed to
have it. Schools, as other institutions,
maintain the status quo in part by
maintaining 4 particular pattern of in-
[ormation cxchange. Any change in
that pattern threatens the status quo.
The Buckley Amendment, for ex-
ample, which granted students and
parents access to information that
might previously have been kept from
them, disrupted the standard patterns
of information exchange in and out-
side of schools and precipitated
serious reconsideration of the nature
of information that schools should col-
leet.

Internally, the collection of some in-
[ormation {e.g. ancedotal records of
student behavior) and not other infor-
malion (g the tcaching styles each
teacher uses to greatest effect) helps
to shape the nature and direction of
the school’s educational program and
both shapes and reflects the school's
instructional priorities. Decisions
about which information is offered to
parents, or has to be requested reveal
a school’s definition of the nature of its
relationship with parents and the
school’s conception of their proper
role in school alfairs. The mechanisms

through which the various units of a
school or school system and the com-
munity receive information from and
aboul cach other reveal a good deal
about the assumptions and power
relationships that shape that school
system. I is in the nature of informa-
tion gathering, processing, and dis-
seminating that decisions reflect the
functional value orientation of the
school system.

Given the importance of the topic, a
principal research task facing
educators 1s the analysis of what infor-
malion educational institutions
gather, how it is gathered, and what is
done with it after it is gathered. The
data derived from such investigations
could then be used by schools and
school systems to help formulate
specific information policies based on
explicit values,

The Sociology of Information

Information and information tech-
nology pose two types of curriculum
and instruction problems. The first
type of problem concerns what might
be described as the sociology of infor-
mation, This refers to the role of infor-
mation, information technology, and
the use of information in socicty, Cur-
ricular topics in the study of the sociol-
ogy of iInformation would include the
role of government and private institu-
lions in ¢reating, processing, and dis-
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seminating information; the political
and social implications of allernative
information policics; and the merits of
different information policies. The
sociology of information is an impuor-
tant arca to study because the infor-
mation policy issues involve scientific,
social wellare and foreign policy mat-
ters as well as the lundamental
relationship of the government to the
governgd. For example, the question
of whether a given policy encourages
the concentration of informalion in
the hands of a few or makes inlorma-
tion widely available is of primary im-
portance to democratic governance.

The laws and policics regulating in-
formation will increasingly affect the
lives of all citizens. There are plenty of
important questions Lo be answered.
Should the Internal Revenue Serviee
be able to share the information in its
computers with other governmental
agencies? Does the First Amendment
protect the right of scholars to present
their findings al international scien-
tific mectings? Do citizens have the
right to know all of the information
gathered about them, the purpose lor
which it was gathered, and who has
access to it? It seems reasonable to
argue that schools should atiempt Lo
graduate students reasonably familiar
with the public policy issucs posed by
information and information lech-
nologies.

The Technology of Information

Schools have been primarily con-
cerned with a sccond arca: compulers
as an important technological
phenomenon that students should
know aboul and have the skills (o use,
computers as an instructional aid in
various content arcas, and compulers
as a mecchanism for sirucluring in-
struction and curriculum. However,
after an initial burst of cnthusiasm,
cducators have begun o awake o the
difficulty of meaninglully mtegrating
computers into a school curriculum
and instruction program. Not all
software 1s good. Computers do many
things less well than (eachers. Some
students can be bored by computer
literacy classcs as they are with social
science or science. Educators have, on
gecasion, even been known to refer to
microcompulers as a technology in
scarch of an application. Clearly the
blush is off the rose.

T e P N
After an initial
burst of
enthusiasm,
educators have
begun to awake to
the difficulty of
meaningfully
integrating
computers into a
school curriculum
and instruction
program.

Educators can formulate 3 number
af curriculum and instruction ques-
tions to think critically about the place
ol information technology in their
school programs. For cxample:

1.  Asarcsult of participating in this
program, will students have a critical
understanding of the potential politi-
cal, economic, and social significance
ol information policy decisions?

2. Is the curriculum designed to
help students evaluate both the tech-
nical adequacy of computer programs
and the value of what the programs are
designed to do?

3. Dogs the program include an
analysis of the vocational develop-
menls in information technology; for
cxample, what jobs have been created,
in what numbers, and at what status
and salary?

It would be a missed opportunity if
school programs contributed little
more than an appreciation for the daz-
zle of technology without helping stu-
dents learn to take it in hand and make
it their own, Surely few would want the
computers to go the way of the
television sel, an arfifact of a mag-

nificent technology that is largely used
for banal and uncritical purposes.

If compulters don’t go the way of the
TV set, are they Likely to go the way of
the language laboratory instead?
Probably not. They play an increasing-
ly fundamental role 1a too many
aspects of society. It does seem clear,
however, that with regard to informa-
tion technology, as with every other
aspeet of the school corriculum,
educators who fail to design cur-
riculum that is meaningful and useful
to their students are likely to face
apathy or rebellion. In assessing how
to treat information technology in the
curriculum, therefore, the first ques-
tion to raise is not,"Can it be done?"
but instead, "Is it worth doing?" Al-
though the technology may be new, the
[undamental question is not.
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LOW GUAT TIN

Education in the year 2000

Let’s take a peep at the school of the future

hat will schools in Singapore be

like in the year 20007 Whal will
classrooms look like then? How will
teachers conduct their lessons in the
wyear 20007 Indced, what constitutes
schooling in the year 20007 There
were 3 few of the questions we had in
mind when students in the Further
Professional Diploma of Education
class sent oul a delphi survey to mem-
bers of the public, asking panel mem-
berstoselect the most probable trends
in a specificd arcas of education in the
year 2000, Returns from the survey
offer interesting insights into the [u-
lure of schooling. Get into a time
maching with me and transport our-
selves to the year 2000,

A Peep into a Classroom

Students go Lo subject resource
rooms which are filled with all the
latest equipment. Each resource room
has a smarl lectern through which the
teacher orchestrates graphics, anima-
tion and sound to produce life-life im-
ages. A PC attached to the lectern
enables the teacher to conduct lessons
and communicate with his students
through an electronic blackboard and
an intclligent audio-visual system.
This system also cnables students who
are absent (e.g. due to illncss) to key
in 1o the lesson at home,

Evcry school is equipped with inter-
active multi-media systems and stu-
dents communicate with one another
via the inter-classroom videa, Classes
are crammed not only with computer
terminals for compuler-based learn-
ing but also features like a key pad lor
students to communicate wilh
lgachers.,

The hub of the school is the nerve
centre - a place to access information,
lo consult, plan, teach and learn. The

nerve ceéntre provades the intellectual
and physical access to malerials in g
variety of formuals, instruction and
resources. There are computers, a
large screen monitor for viewing in-
structional videos as wll as laser disc
players to allow instantaneous selec-
tion of rescarch information. This
centre extends the teaching and learn-
ing environment beyond the walls of
the school. The world 1s brought nto
the classroom to broaden the scope of
the students’ intellectual, spiritual and
social development. This is made pos-
sible through satellite antennas which
enable students Lo Lap into education-
al resources worldwide. In the vear

200)), this s a necessily, not a luxury,
for students need this instantaneous
exchange of information to keep up
with the rapid developments occuring
in the world.

Schools

Schools are linked to educational in-
stitutioms in other parts of the world
through all kinds of network. By
keving in their 1D numbers, students
can communicate with peers else-
where. This international computer
link-up cnables students to access the
latest information and to communi-
cate with peers on issucs that matter
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to them, Indeed, through this link-up,
students become part of a global class-
room; cach student is an international
student with “teachers’ from many
parts of the world. For example, stu-
dents could watch and listen to a
teacher in Kenya talking about
wildlife. At the next, they could dis-
cuss with American students on the
protection of wildlife or with Hong
Kong students on howto stamp out the
ivory trade.

Librarics are no longer stacked with
books - instead, there arc thousands of
diskciles, video discs and computer
terminals to access information,
Electronic networks enable students
and teachers to tap into huge
databascs located in different parts of
the world.

Students no longer carry backpacks
or heavy school bags. They come 1o
school carrying a notcbook PC - the
size of an Ad sheet of paper - which is
then plugped into the school’s net-
work. From the network, they can ac-
cess learning materials which hawve
been stored electronically. A few
strokes of the keyboard allow students
to search for lcarning materials using
appropriate keywords. The learning

S e |
Schooling in the
year 2000 is both
exciting and
challenging ... and
we must seriously
reconsider our
present curriculum
and ask ourselves
whether or not we
are equipping
students for such a
world.

materials are nol just text, but include
video clips, sound, slides and films.
School work 1s done entirely on disket-
tes, with cxpert systems marking and
grading the students’ work., The
student’s progress is automatically
recorded in his personal electronic
file, accessible by parcnts and
teachers. With the automation of
mast of the mundanc tasks, tcachers
can now concentrate on facilitating
learning and identifying students who
need help, One-to-one tutoring has
finally arrived!

Home

With the latest Home Education
Cenire, homes is now extensively
linked to a vast array of compuler
IreROUTCLA. F".tn:nl.s Can now munimr
their children’s progress in school as
the School Link extends to a Home
Link network. Part of the learning can
now be done in the comfort of the
home. Students can communicate Lo
their academic mentors (nol neces-
sarily their school teachers) by
videophones. Homework is sent to
teachers and academic mentors
electronically, graded and returned,
also electronically. With the rapid ob-
soleseence of knowledge, even adults
will need to keep on learning new
things and skills. Schooling is totally
dilferent from that of the carly 90s. A
vast array of courses - ranging from
academic pursuits to skills training - is
available on the Home Education
Centre through the Elcelronic
University. With the constant demand
for new knowledge and skills by
employers, cveryone strives Lo
upgrade himsell continuously. No
longer 15 a universily degree sufficient
to see one through his carcer.

Conclusion

This is a scenario of what the future
could hold for us and our students
given the rapid pace at which technol-
opy is advancing.  Schooling in the
year 2000 is both cxciting and chal-
lenging, and as teachers, we must be
prepared for it. We must seriously
reconsider our present curriculum
and ask oursclves whether or not we
are cquipping students for such a
world, Can we inculcate skills that can
endure the rapid technological chan-
ges? That is a challenge to teachers as
we approach the year 2000.

Low Guat Tin i3 a lecturer at the
Division of Policy and Management
Studies, School of Education, Nation-
al Institute of Education, Singapore.
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LEONG WING FATT

When Leadership becomes

Tir:-c central role that school Icader-
ship plays in making a school ex-
emplary is no longer in scrious dis-
putz. What is still not so certain is how
an effective or exemplary school
benefits from the kind of leadership
that it has. What may be the nature of
the kind of leadership that contributes
toward making a school excellent?
Personal characieristics of the prin-
cipal andfor the way shc bchaves
toward the staff are factors that have
bcen known to make a difference, and
indeed have been used as important
dimensions for guiding theory, prac-
tice and asscssment in the ficld of
leadership, While these various Face
tors certainly do have merit in enhane-
ing the quality of leadership, it is now
belicved that a more important factor
is probably what Burns (1978) had
referred to as a transforming relation-
ship between a leader and ber fol-
lowers. Leadership that is based on a
transforming relationship has been
called by different names such as,
transforming leadership (Burns 1979),
transformative leadership (Bennis,
1984}, transformational leadership
(Bass, 1985), and value-added leader-
ship (Sergiovanni, 1990).

Leading and Managing

Transformalional leadership can
hest be understood by Tirst making a
distinction between (eading and what
is usually rcgarded as managing.
Sclznic (1957, 24) had drawn attention
to the observation that leadership
"may or may nol bc cngaged in by
those who are formally in positions of
authority™. Since a school principal is
occupying a position of authorty, she
loo may or may nol be cngaged in
leading, even as she is expected to
manage. To help in understanding the

Transformational

LEADING

OR

MANAGCING

THE CHOICE 15 YOUuRS.
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manager-leader distinction better,
Zalcznik (1977) stressed that leaders
attract strong feelings of identity, love
and even hate whereas managers
maintain the balance of operations. In
an organisation, the designated leader
may just exercise headship by simply
serving a representative function. Inoa
study of cighty chief executive officers,
Bennis (1984) reported that the suc-
cessful, "innovative” leaders among
them saw themselves as leaders and
not managers in which the former was
concerned with "doing the right thing"
and the latter with "doing things right”,
Finally, Burn’s (1978) eloquent cssay
on leadership urged that if we can dis-
tinguish leaders from mere power
holders, then we can hope to have a
sound understanding of leadership,

This distinction between leading and
managing is not merely academic but
can be obscrved in practice where in
most organisations, it is true to say that
there is more managing going on than
leading. For example speaking of US
industrics, Kotter(1990,103) pointcd
out that "Most US corporations today
are overmanaged and underled”. The
same can possibly be said of school
leadership. Given such a situation, itis
proposcd that transforming leader-
ship is associated more with leading
and less, if any, with managing.
Managing, in fact, might more closely
be assoctated with what Burns{1987,4)
also identilied as transactional leader-
ship. According to Burns, "The rela-
tions of most leaders and followers are
transactional”.  Bass{1935,229) per-
haps put it most succinctly when he
pointed out that "managers displayed
transactional leadership.. leadcers,
transformational leadership”. Essen-
tizlly then, school principals who are
formally in a position of authority, may
be cxpected to behave more common-
ly as managers and less commonly as
leaders, except perhaps those who can
be both transformational as well as
transactional. There is actually some
gvidence now that some of the more
effective school principals in Sin-
eapare do engage inboth transaction-
al as well as transformational feader
bchaviours. A research report being
written at the Institute of Education
cantains some preliminary result of a
study into the nature of transactional
and transformational leadership be-
huviour of school principals in cffec-
tive schools,

."'nu. B
A constant source of energy ™

The Nature of Transformational
Leadership

Bennis( 1984, 707 summed up the na-
ture of transtormational leadership
when he said that "it 33 the ability of the
leader 1o reach the souls of others in a
fashion which raises human con-
sciousness, builds meanings, and in-
spires human intenl,.", Where (rans-
formational leadership exists there
will be a shared sense of purpose
smong organisational members.
There will be an enmeshing of the
goals and values of both the leader and
her followers, They share common
norms and have hinked power bases
that serve us mutual support for their
COMMON PUrPOsSCs,

A transformational leader gonerates
excitement in the workplace and 15 a
constanl source of cnerpy for others,
She attracts strong feelings from her
followers forming deep cmotional at-

tachment and identity. The followers
are proud Lo be assoclated with such a
leader whom they trust and wha serves
as their symbol of success and achieve-
ment.

Under & transformational leader,
followers feel elevated by the leader-
follower relationship, resulling in
heightened elfort from them. Actually
the relationship is one of mutual
stimulation and elevation that lead 1o
higher order changes and "ultimately
becomes morgd in that it ramses the
level of human conduct and ethical
aspiration of both leader and led".
(Burns 1978,20).

Wespeak of followers instead of sub-
ordinates whenever people become
transiormed and are motivated to do
more than they originally expected o
de. Additional effort becomes evident
us there 1s developed in the followers
an upward shift in their level of necd
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toward self-direction and sclf-ac-
tualization. An important charac-
teristic of such followers is that they
are capable of transcending their own
immediate self-interests for the good
of the organization. They will consider
taking greater risks as their interest
grows in developing themselves to
reach for higher standards and higher
level goals. Instead of adjusting to
situational constraints, this kind of
leadership is capable of changing
siluations and crealing new cir-
cumstances if necessary. Transforma-
tional leaders are perfectly capable of
"turning around failing situa-
tions...and turning ordinary situations
into extraordinary ones” (Sergiovanni
1990,3). A transformed organisation
results from this kind of leadership
which through complete involvement
and the meanings and images that it
provides, inspires and creates fol-
lowers who arc also leaders.

The Mature of Transactional Leadership

It has been traditional to see leader-
ship in terms of getting subordinates
to meet job demands through the use
of rewards and punishments. Leader-
ship here is seen as an exchange
process, "a transaction in which
followers’ needs are met if their per-
formance measures up to their explicit
or implicit contracts with their
leader™ (Bass 1985,27). A transac-
tional leader clarifies with her subor-
dinates what is expected of them and
what they will receive in exchange for
salislying expectations. The relation-
ship between the leader and subor-
dinates is "characterized by bargaining
and conscnsus about benefits in ex-
change for compliance. Subordinates
are motivated by an ecxchange of
valued things and managers approach
subordinates with an eye to trade one
thing for another. Such transactions
eventually consist of mutual promises,
obligations and expectations, aug-
mented by reciprocal support and
rewards,

There is much focus on processes as
opposed to substance. Much time is
devoted to the "nuts and bolts” of the
enterprise, and much concern is given
to "doing things right”. Managers are
bent on bringing a degree ol order and
consistency to the key areas of the or-
ganisation. So thcy concentrate on
what will clearly work and do what

seems Lo be most efficient and free of
risk. Keeping to time constraints and
ever mindful of all other organisation-
al limitations, they focus on how best
to maintain and keep the system run-
ning. Transactional leaders will react
to problems and modify conditions
only as needed.

By paying altcntion lo mainlaining
and achicving results that are ex-
pected or contracled, transactional
lcadership can only hope to obtain
marginal incrcase in subordinate per-
formance and job satisfaction. What is
oblained 15 immediate, short-term
satisfaction and not long-term positive
cffectiveness. By concentraling on
current needs and self-interests, lower
level changes result and a purely trans-
actional leader does no more than
maximizing short-term gains and
bringing about lower level changes in
the organisation.

Both Types Are Needed

Although we have made a distinction
here between transactional and trans-
formational leadership, an organisa-
tion really necds both types of leader-
ship and a leader can indeed be both.
It is uselul to think about transactional
lcadership and transformational
leadership as two dillferent levels of
engagement belween persons in a
leader-follower relationship. Leader-
ship that is transactional may be
viewed as functioning at a lower level
of motivalion and subordinate perfor-
mance while leadership that is trans-
forming may be associated with higher
levels of motivation and followership.
The idea similar to one suggested by
Sergiovanni is that first transactional
leadership must be present before any
"value" can be added to it Lo get trans-
formational leadership. This view also
corresponds wilh observations that
transactional type behaviours make
up the bulk of a manager’s altcmpt at
lcading. When on occasion leadership
that is transformational emerges, "mo-
tives, values, and goals of lcader and
led have merged” (Burns 1978,21) to
mulually stimulate and clevate one
another o higher order achievement,
Avolio and Bass (1988,7) emphusized
the importance of using transactional
leadership as a base "with the truly
elfective leader using transformative
lcadership on top of transactional
leadership”. Specifically when the

[ocus shifts from largely extrinsic mo-
tives and needs to higher level intrinsic
motives and nceds, 4 transactional
leader whom we carlier referred to-as
a "manager” wall become translorma-
tive, In lact, by becoming transforma-
tive, leadership itscll is transformed to
a higher level of the "social influence
process”, with its concerns for task and
rclationships, that charaeterizes what
we normally understand as “leader-
ship”. Leadership then “transcends’
instcad of just "dirccts”.
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GRANT WIGGINS

The Futility of Trying to Teach
Everything of Importance

Students cannot possibly learn everything of value
by the time they leave school, but we can instill
in them the desire to keep questioning
throughout their lives.

The. aim of precollegiate education
is not to eliminate ignorance. The
view that everything of importance can
be thoughtfully learned by the 12th
grade - notice | did not say "taught" -
15 a delusion. Those who would treat
schooling as designed 1o educate stu-
dents on all important subjects are
doomed to encounter the futility that
faced Sisyphus: the boulder of "cssen-
tial content” can only come thundering
down the (growing) hill of knowledge.

By now, you may have read the ar-
ticles in this issue (Educational
Leadership, Nov 1989) describing the
many things students should know but
do not know. I, too, have been dis-
mayed that some students don’t know
where Mexico is or how to read 2
timetable, never mind solve an algebra
problem with two variables. But, oh,
how we forget our earlier and current
ignﬂlanﬂ;l. How casy il is to feel indig-
nant when some student doesn’t know
what we know. Bul somewhere out
there, in this highly specialized world,
is a well-educated adult who also
neither knows it nor deems it essential.

From a Medieval View of Carriculum

The irony of the fuss about studen
w is that the causes of such
ignorance are never adequately ex-
plored. To gain insight into the causes,
we need only look al any texibook.
Teaching has been reduced to the
writlen equivalent of TV news sound
bites - in part, because 50 many groups

Fhdeagrgiin oy el Achipmans

1 Developing in students a love
\ of discovery - whether alone
observing a radiometer or in a
| group following the flight of a
| hawk - should be our aim. To
do so, however, teachers and
students must  have the
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lobby hard for inclusion of their pet
ideas. Moreover, much of what they
wish to be taught i now taught; the
problem is that it isn’t learned - can't
gasily be, given the inert and glib
quality of the text. Content is reducible
to sound bites only when curricular
lobbyists (and an alarming number of
educators) believe that learning oc-
curs merely by hearing or sceing the
"truth". The problem of student ig-
norance 15 thus really about adudl 1g-
norance as lo how thoughtlul and
long-lasting understanding is
achieved.

The incscapable dilemma at the
heart of curriculum and instruction
must, once and for all, be made clear:
gither teaching cverything of impor-
tance reduces it to trivial, forgettable
verbalisms or lisis; or schooling is a
necessarily inadequate appren-
ticeship, where “preparation” mcans
something quite humble: learning to
know and do a few important things
well and leaving out much of impor-
tance. The negotiation of the dilemma
hinges on cnabling students 1o learn
about their ignorance, Lo gain control
over the resources available for
making modest deats in it, and to take
pleasure in learning so that the quest
is lifclong.

An authentic education will there-
fore consist of developing the habity of
mind and high standards of craftsmman-
ship necessary inthe face of one's (1n-
evitable) ignorance, Until we accepl
the sometimes tragic, sometimes
comic, view that students, by defini-
tion, are ill-equipped at the end of
their (utelage for all that their profes-
sions and intellectual Lives will require,
we will keep miseducating them, Cur-
riculum design could then finally be
liberated from the sham of typical
scope and sequence whereby it 1s as-
sumed that a logical outline of all adult
knowledge is translatable into com-
plete lessons, and where a facl or
theory encountered once in the Bth
grade as a spoken truism is somehow
to be recalled and intelligently used in
the 11th.

Our attempts to avoid the dilemma
reveal our naivete or fubris -s0 much
at the hearl of Greek myths like that of
Sisyphus. Given the pain of necessary
curricolar deletion, critics retreat 1o
rigid ideology to ensure someone
else’s canon is cut. The traditionalists
demand complete cultural literacy;

= s ————— = = == o
The problem of
student ignorance

is really about

adult ignorance as
to how thoughtful
and long-lasting
understanding is
achieved.

the progressives deify "thinking" and
multiple points of view. The former
see themselves as the guardians of
rigor, standards, and disciplinary
knowledge; the latter see such views as
elitist, narrowly pedantic, unmindful
of nontraditional knowledge and
modern epistemology. Alas, "literacy”
somchow always get reduced to
memaonized lists or cultural hegemony,
and "perspective” ends up being my
perspective, that is, egocentrism.

Both views end up making the same
mistake. In irying to "cover content” or
in treating facts as equivalent fodder
for some vague set of skills called
"gritical thinking,” both sides ironically
reduce essential knowledge to Trivial
Pursuit. In neither case do students
understand that some ideas are in-
deed more important than others, In
neither case arc students equipped to
see for themselves, as a direct out-
erowth of schoolwork, that some skills
and ideas offer touchstones of such
power Lhat our own worldviews must
change as a result of encountering
them. (n the contrary, the typical les-
son becomes important only because
the teacher says so. (Worse, "This is
important” often reduces to "Take
notes because this is going to be on the
Ltest.”)

Tu subscribe to the myth that every-
thing of importance can be learned
through didactic teaching amounts to
a4 pre-modern view of learning. The
pejorative simile of the school as fac-

tory could only have taken hold in a
culture which already believed that
knowledge is facts passively received,
The view that learning is non-
problematic and inactive reflecting
vpon knowledge is the persistent
residue of a medieval, static, seclarian
tradition. The substance of education
is "truth"; the number of essential
truths is limited; there is a catechism
and a sacred text providing sanc-
tioned, effective ways of explaining all
phenomena; the means of knowing are
nonempirical; understanding is essen-
tially passive, dependent upon the
self-evident truth of doctrine or
through contemplation of it. The lec-
lure - oncc necessary in a world
without ready access to books - sur-
vives as a dominant technology despite
our technological advances and recog-
nition of diverse learning styles.

Toward a Modern Yiew of Curriculum

We will not escape our csscntially
medieval view of curriculum,
premiscd on the finite and static
quality of knowledge, until education
learns the lessons of modern intellec-
tual inquiry. Today’s curriculum
design should thus have as its motto
that of the 17th century Royal Socicty:
Nullius in Verba, The best translation,
as Boorstin (1985) has noted, is "Take
nobody’s word for it; see for yoursell"
Only by apprenticing in the hands-on
work of knowledge production can
students learn to turn inchoate fecling
and reccived opinions into unforget-
table, vibrant, and systematized
knuwh:dgez,

Given the Sisyphean task of teaching
so that all important ideas are
thoughtfully learned, the only wise
goal is 1o reframe the problem. Our
aim should be to develop in students a
thirst for inquiry and a disgust for
thoughtless, superficial, and shoddy
academic work, irrespective of how
"little" they know. Students must be
educated to feel what all wisc people
know: the more you learn, the more
you are aware of your ignorance. They
musl be shown that there is a per-
petual need to think and that aif "olh-
cial” knowledge (including that in the
textbook) is thinking fashioned into
Facts by rigorous, sustained bul per-
sonalized work.

Such epiphanies are possible only
when we treat every "fact” as the result




of inguiry and not as a given, linished
thing produced ex nibilo. Convention-
al curriculums reinflorce the idea that
knowledge 15 uncontroversial or self-
evident, when the opposite is often
true. The test for a modern curriculum
is whether it enables students, at any
level, to see how knowledoe grows out
of, resolves, and produces questions,
Rather than the TV-vicew that by the
end of a class or school carcer all the
"answers" have been taught is tied
together in a happy ending, closure
would consist of taking stock of the
current state of the boundury between
one’s knowledge and 1gnorance, and
gauging the depth of one’s grasp of the
questions.

[n short, the aim of curriculum is to
awaken, not "stock" or "train" the
mind. That goal makes the basic unit
of a modern carriculum the question,
Given the imtimidating, easily trivial-
ized mass of knowledge, what the
modern student needs is the ability 1o
see how questions both produce and
point beyond knowledge (whether
ong’s own or the expert’s). Education-
al progress would thus be measured as
the ability to deepen and broaden
ong’s command of essential questions
by marshaling knowledge and argu-
ments to address them,

Notg, therefore, that questioning is

not a context-less skill any more than
knowledge isinert content, One learns
the power of the guestion only by
seeing, for onesell, that important
"facts" were once myths, arguments,
and questions. And one thercfore
learns sell-confidence as a student
unly by seeing that one’s questions, not
one’s current store of knowledge, al-
ways determine whether one becomes
truly educated.

Freedom to CGo Where Questions Lead

Curriculums should therefore be or-
ganized around essential questions to
which content selection would repre-
sent (necessarily incomplete and al-
ways provocative) "answers,"™ What is
an adequate proof? What is a "great”
book? Does art imitate lifc or viee
versa? Are there really heroes and vil-
laing? Can one medium of discourse
or art adequately translate inlo
ulhers? Is there a fixed and universal
human nature? Is "history” the same as
"progress”"? These more peneral ques-
tions would have subsets of specific
questions under which content would
b organieed.

The task is Lo reorpanize curriculums
more than to add or subtract from
them. The aim is to establish clear
inguiry priorities within a course,

around which facts are learned - the
method of athletics and the technical
and performing arts, by the way. To
demonstrate such a curriculum is
fcasible, let us look at the essential
concepts of science cited in the AAAS
report, Project 2061: Science for All
Americans.” The following "Common
Themes” arc stressed: systems,
models, constancy, patterns of
change, evolution. Now, turn them
into questions under which content
would be organized: Is mature "sys-
tematic™? In what senses is the body a
"system™? What are the strengths and
weaknesses of the "model” of light asa
wave or of aloms as planetary systems?
Duoes scientific knowledge change by
gradual evolution or by revolution?
All student inquiry, specific labs and
assignments, and final exams wounld be
used 1o ascertain the degree to which
the student understands the question.
The modern educational task is thus
to put students in the habit of thought-
ful inquiry, mimicking the work of
professionals. That naturally implics
that csscntial guestions must also
derive from students: the best ques-
tions in my classes invariably came
from engaged students. Sometimes all
a teacher need do is ask students 1o
design the guestions and tasks com-
posing the final exam, based on their
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the expert.

knowledge of the "essentials.” (In

theory, one should assess students on
their ability to anticipate the essential
questions, In fact, in my teaching and
that of many others, the students
growth in question-asking over the
course of the class is assessed.)

The implication for curriculum
design in all of this is profound: if the
students’ questions partially deter-
mine the direction of the course, it will
no longer be possible to write scope
and sequence lesson plans in advance,
The teacher and the students must
have the intellectual frecdom to go
where the essential questions lead,
within bounds sct by the general ques-
tions, themes, and concepts of the syl-
labus. The teacher must have accessto
malcrial that offers a varicty of
specilic inguiries Lo pursue, with sug-
gestions. on how to deepen student
responses and to use the text as a more
effective resource. The textbook, in-
stead of being the syllabus outline and
content, would be a reference book for
student and teacher questions as they
naturally arise. Like the music or ath-
letic coach and the vocational educa-
tion teacher, the classroom teacher's
job is to help the student "play the
game" of the cxpert, using content-
knowledge, as contextually ap-
propriate, to recognize, pose and solve
authentic knowledge problems. Most
important, the teacher-as-coach
would use the curriculum to help stu-
dents develop the habits and high
standards of the expert (as opposed (o

thinking of content mastery as a super-
ficial and desiceated version of all
professional knowledge). We have
learned this lesson in the arts and in
wriling, thanks to the work of the na-
tional and regional Writing Projects in
the lalier case. But we have yet to
translate it into the learning of history,
mathematics, foreign language and
literature.

The reference o "high standards”
may well be lost or misconstrued here.
The "standard” was originally the flag
that soldiers rallicd around, the source
of self-oricntation and lovalty: it rep-
resented what mattered, what one was
willing to light for. To speak of high
standards 15 to mvoke images of pride
in one’s work, a loving attention to
detail, an infusion of thoughtfulness,
whether one s learned or not. What is
sadly visible in so many American
classrooms, even in the "best” schools,
1s that there is so little evident student
crafismanship in academic work - a far
cry from what one witnesses on the
athletic ficld, on stages, and in voca-
tional wings, by the way. The cause?
Seeing facts as the remedy of ig-
norance and accuralc recall as the
only sign of knowledge.

S1andards are intellectual virtues -
habits of mind. In workshops 1 ask
teachers, "What "bad habit” gets in the
way of students’ learning what is es-
sential?” They guickly offer many
good ones: inability Lo delay gratifica-
tiom, inability to listen, no concern for
thoroughness or discipline in

proofreading, and so on. When one

then asks them Lo imagine the solving
of each problem as the changing of a
habit, there is a noticeable set of
sobered faces. Didactic lessons ob-
viously cannot work. Days of reinfore-
ing actions are nol required. What
then often follows is the more painful
tealization that feacher habits unwit-
tingly reinforce the student habits
deemed undesirable, especially the
teacher habit of "coverage” and the
short-answer tests,

But it is not only that skills arc habits,
An idea is a habil of mind. Only with
repeated use, and by investigating it
from various points of view, do we
learn to understand a new idea -
whether it be F = ma or irony in litcra-
ture. To imagine that one verbal ex-
posure Lo such idcas or a few mindless
uscs of them (as if they were plug-in
algorithms nol requiring judgement)
is sufficicnt for students 1o understand
them is as naive as Sisyphus' thinking
that this time he has the tools to make
i,

The Ability to Keep Questioning

What students need to experience,
firsthand, is what makes an idea or
book "greal” - somcthing hard to do
well, but possible with students of all
ages il teachers grasp the need for
cyeles of Question-Answer-QOuestion
instead of merely Question-Answer.
The issue is ultimately not which great
book you read but whether any book




or idea is taught in a way that deadens
or awakens the mind, whether the stu-
dent is habituated Lo reading books
thoughtfully, and whether the student
comes Lo appreciate the value of war-
ranted knowledge (as opposed to
merely beliefs called "facts” by some-
one else).

One irony in the fuss over Cultural
Literacy is that Hirsch has written a
classic liberal argument: the point of
cultural literacy is to enter the Great
Conversation as a coequal. But Hirsch
made a fatal (and revealing) error in
his preseription of a Ssharcd base of
gssential information”, The capacity
to understand is only partially depend-
ent on facts; rarely dowe need to know
the same things that our fellow conver-
sants know, It is far more important
for a novice to possess intellectnal vir-
tues (moral habits of mind, if you will);
one must:

® know how to listen to someone who
knows something one does not
know,

e pereeive which questions to ask for
clarifying an 1dea’s meaning or
value,

¢ be open and respectful enough Lo
imagine that a new and strange idea
1s worth attending to,

® be inclined to ask questions about
pat statements hiding assumptions
or confusions,

So-called "liberals” in education have
been myopic in thinking that one can
evade the question about what facts,
ideas, or books ar¢ worlh spending
fimited time on. There is no "critical
thinking” without substantive ideas
and criteria for distinguishing be-
tween exemplary and slipshod work,
no matter what the age or experience
of students. But didactically teaching
sanctioned bits of knowledge from a
silly list will promote only thoughtless
mastery and the very ignorance we
decry. "Knowledge" remains a forget-
table patchwork of adult sayings in the
absence of our own questioning and
verifying, "Knowledge” must solve a
problem or provoke inquiry for it to
sgom lmporiant.

Since i 15 impossible to teach every-
thing we know to be of value, we must
equip students with the ability to keep
questioning. The value of an idea,
when time is limited, stems from ils
ability to pass this test: does it sulfi-

ciently illuminate student experience
and provoke new thought? 11 not, it
clutters up the curriculum.

A truly liberal education is one that
liberates us from the oppression of
unexamined opinion and feeling - a far
cry from letting students encounter
only what they think relevant or fun.
As the philosopher Gadamer put it,
the enemy of the question is the
dominant opinion, be it the loud voice
of a texthook or one’s student peers.
The aim of the modern curriculum
ought to be to use selected content as
avehicle for developing in students an
unwillingness to accept glib, unwar-
ranted answers from any source, They
must leave school with the passion to
guestion, without the fear of looking
{oolish, and with the knowledge to
lgarn where and how the facts can be
lound.

The sign of a poor education, in
short, is not i1gnorance. It 1is
rationalization, the thoughtless habit
of believing that one’s unexamined,
superficial, or parochial opinions and
feelings gre the truth; or the habits of
timid silence when one does not un-
derstand what someone else 15 talking
aboul. Most flirst-rale questions or
comments 1 have heard from my high
school students were inevitably
preceded with "1 know this sounds
stupid, but ..." The principal sign of the
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One therefore
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questions, not one’s
current store of
knowledge, always
determine whether
one becomes truly
educated.

failure of curriculum-as-content is
that admitting ignorance becomes in-
creasingly rare as studenls age: many
of our best high school students will
not openly express their ignorance,
while younger students happily in-
quire regularly.

Toward a Thoughtful Education

Curriculum must develop in students
the habits of mind required for a
lifetime of recognizing and exploring
one’s ignorance. The modern cur-
riculum should thus: {1) equip stu-
dents with the knowledge through
careful guestioning, (2) cnable them
to turn those questions into war-
ranted, systematic knowledge, (3)
develop in students high standards of
craftsmanship in their work irrespec-
tive of how much or how little they
"know," and (4) engage students so
thoroughly in important questions
that they learn to take pleasure in
secking important knowledge.

To cnable students 1o be more

thoughtful about what they do and do
not know, the following aphorisms
should be kept in mind in curriculum
design:
1.  The most essential habit of mind
we can provide students is the ability to
suspend disbelief or belief as the sina-
tiorn may warranf. Experts are so
called not because they know every-
thing of importance in their field but
because they have developed the habat
required to avoid believing the first
thing they see, think, or hear from
other so-called cxparts‘(’,

Ask yoursclf, then: how would we
teach the same content from the
perspective that students should feel
the need and desire to be critical or
empathic when most people, when en-
countering a would-be problem, are
inclined in the opposite direction? Al
Central Park East Secondary School
in East Harlem, for example, all cour-
ses are designed around the following
five sets of gquestions:

® Whose voice am [ hearing? From
where 1s the statement or image
coming? What's the point of view?

e What is the evidence? How do we
or they know? How credible is the
cvidence.

o How do things fit together? What
else do I know that fits with this?




® "p'vfh:ﬂ if? Could it have been other-
wise? Are there alicrnatives?

o What difference does it make?
Who cares? Why should 1 care?

As these gquestions reveal, the

criteria of good answers become more
important than mcrcly whether one
possesses a seemingly adequate-but-
really-superficial “right answer.”
When conlent is organized to address
such questions, the student’s (limited
but growing) knowledge becomes a
means (o the end of mastering the
standards - the discipline - of scholar-
ship. Second, when the questions are
continually asked, the students get in
the habit of asking good questions un-
apologetically. (While visiting the
school last year, I heard an 8th grader
ask, after the teacher gave a history
lecture, "From whose point of view
were the facts in the talk from?” - lead-
ing to an cxemplary inquiry of the
feacher's sources.)
2. Thedeepacceptance of the pain-
ful realization that there are far more
important ideas than we can ever
know leads to a liberating curricular
postulate: all students need not leam
the same things. Why do we persist in
requiring all students to take mathe-
matics courses that are designed only
for would-be professionals? Why do
we require all students in an English
class to read the same books? High
standards malter, not whether we have
all marched through the same “con-
tenl.”

The teacher should be an intellectual
librarian, constantly making it pos-
sible for students to be challenged
ancw Lo pique their curiosity and raisc
their standards and expectations. Just
as there are different learning styles,
there are different equivalent books
and tasks that will serve such pur-
poses. And if different "cssential ques-
tions” are tackled by groups of stu-
dents drawing upon differcnt books
and cxpericnces, the possibilities for
genuinely cooperative learning are
heightened.

3.  If everything taught is said by
teachers to be important, then nothing
will seem important to students. Of all
the "important™ things students are
learning, some arc more important
than others, This concept is one that
few students arc cver helped to grasp
through their schooling experience.
How do we help students grasp

A truly liberal
education is one
that liberates us
from the
oppression of
unexamined
opinion and feeling.

prioritics within a course? “Impor-
tance” is only "learnable,” not "teach-
able™ the student must be helped to
directly perceive and astutely judge an
idea, fact, skill, model (or whatever) to
be essential for understanding or unit-
ing the other elements of a course.
(The ultimate test: the student’s ability
lo say "This is important,” when the
teacher is silent on the matter.)

The only practical cure for our
bloated curriculum, in which every-
thing is important, is to stop thinking
in terms of adult logic and specialized
prioritics. Rather than asking, "What
will my course cover?” or "What are
the important outcomes of this
course?” teachers should ask:

® "What must my students actually
demonstrate to reveal whether they
have a thoughtlul as a;;lposcd o
L‘tmuq%ht[ess grasp of the essen-
Lials?

e "What will successful’ student un-

derstanding (with limited ex-

erience and background) actually
vok like?”

The only realistic way to deem-
phasize or rcduce conlent to stress
prioritics in teaching is to align onc’s
curriculum in the true scnsc: design
final tests and scoring rubrics that
refleet thoughtfulness as a curricular
priority, and then teachto them. (And,
as | have argucd clsewhere, the opera-
tinal sign of a school’s priorities can
be found in those things we take p%ﬁnth
off for on assignments and tests’,) A
siitn ol successful curriculum and in-

struction, where priorities are clear,
can be found in the students’ ability to
anticipate the final examination in its
entirety and provide accurate self-as-
sessments of their iinished work.

4. Cumiculum is inseparable from
assessment: the tests set standards of
exemplary performance, as point
number 3 implics. Bul as the notion of
intellectual performance implics,
competence can be shown in various
somctimes idiosyncratic ways. Why
must all studeats show what they know
and can do in the same standardized
way? Crafismanship and pride in one’s
waork depend on "tests” that enable us to
confront and personalize guthentic
tasks.

School-given tests, whether bought

from vendors or designed by teachers,
are typically inauthentic, designed as
they arc to shake out a grade rather
than allowing students to exhibit
mastery of knowledge in a manner that
suits their styles and interests and does
justice to the complexity of
knowledge. We must once again
return to the idea of the public "exhibi-
tion" of knowledge, where the
student’s incentive to reveal high
standards and competence is greatly
increased through personalized "per-
formance.
5. The "essentials™ are not the
"basics.” The laws of physics, the rules
of grammar, the postulates of
geometry, the difference between fact
and opinion, or the shades of meaning
and usage with respect to words arc
not unproblcmatic givens, They repre-
sent cmbedded and persistent
problems within organized
knowledge. Studcnts are rarcly taught
1o appreciate the fact that the logical
foundations were typically discovered
or invented fast in the history of a dis-
cipline: they are the least obvious facts
or truths and often represent stunning
triumphs in problem resolution.

Put in terms of the classroom, essen-
tial ideas, like essential questions,
should recur in different guiscs a.ng
levels of difficulty within cach coursc”.
That is the only way for students to
perccive knowledge to be essential.
Also implicit in such a view is thal to
enable students to understand the es-
sentials of a discipling, we need not
teach the basics first and proceed in
"logical” order. Only experts have the
discipline and perspective to grasp the
importance of studying the basics,
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whether it be van Gogh lcarning about
color for cight years or professional
writers laboring over a few word-
choice problems in a manuscript. We
should tecach the minimum basie con-
tent nocessary to get right to essential
questions, problems, and work -
within and across disciplines. Pride in
one’s work leads to greater care for the
basics; pride depends on authentic
and engaging work, and a product
"owncd” by the student.

VWhat Socrates Knew

The dilemmas of curriculum and in-
struction are real, the problems in-
creasingly intractable. There is simply
too much for any one of us to know,

never mind teach to dozens of stu-
dents in a crowded day. Such a tragic
fact leads to a liberating realization:
wisdom matters more than
knowledge. However, as a wise Greek
curriculum-basher pointed out 2,200
years ago, and who was killed for his
trouble, few people know or admut this
essential lesson aboul our own ig-
norance - none of us readily imagine
oursclves to be unaware of things
worth knowing, This was the one thing
Socrates knew deeply and unequivo-
cally. The ideal curriculum would use
knowledge judiciously to further that
insight. Maybe, therefore, the myth of
Sisyphusis appropriate for curriculum
work. As Camus suggested at the end
of his essay on Sisyphus, given a decp
awareness of the "absurd” plight of his
task, "One can imagine Sisyphus as
happy."

Notes

1. Apersonal example having never
had a history course that went beyond
World War 1, it wasn't until I was 28,
watching "The World at War™ on PBS,
that I discovered that Russia had been
our ally in the second World War.

2.  Readers of Dewey will hear an
echo here of How We Think
{(1910/1933). There, Dewey argues
that neither conservatives nor liberals
understand the mind’s native interest
in thinking and the need to culminate,
not begin with, onc’s work in a "logical”
organization of subject matter.

3. Scc Wiggins (1987) for a further

TR e e e st =
There is no "critical
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account of "essential questions.” For
examples of curriculums designed
around such questions, see the June
1989 issuc of Horgee, the newsletter of
the Coalition of Esseatial Schools,
based at Brown University.

4. American Association lor the
Advancement of Science (1989), pp.
123-131.

5. Hehas also erred in his portrayal
of Dewey’s thinking. The caricature he
presents of what he calls Dewey’s "for-
malism” overlooks a massive corpus of
writings that provide substantive
guidclines on how to ensure that stu-
dents truly understand academicideas
of value and substance.

6. Note, for example, the recent
"cold fusion" controversy and how
carelul some scholars have been about
testing the initial claims by Pons and
Fleischman before responding one
way or the other. Note, too, that many
experienced chemists may have been
(necessarily) ignorant of all they
nceded to know about nuclear physics
to settle the matter.

7.  Sec Wiggins (1988).

8. SccWiggins (1989a) and (1989b)
for more on avthentic forms of assess-
ment.

4,  Echoces, of course, of Bruner's
(1960/1977) "spiral curriculum" in The
Process of Educaiion (which borrowed
the phrase from Dewey's Experience
and Education). But the point here is
that students need Lo see knowledge
"spiral” within each course, not just
over the K-12 yvears.
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JANE C. LINDLE

What Do Parents Want

from Principals
and Teachers?

It’s not "professionalism” that parents want
but rather the "personal touch.”

Af a former principal, I cannot
ecall a single day in that office
when | did not meet with at least four
or five parents or help a teacher
prepare to meet with a parent. Many
of those interactions were pleasant,
even delightful, but plenty were not.
My feliow principals and I would often
spend considerable amounts of
professional development time with
spontancous recitations of the latest
"unpleasantness” with a parent or
group of parents. We - principals and
teachers - all tried (o help each other
copc with parcntal demands by
developing skills in focusing the con-
ference on the issue (Fisher and Ury
1981) or through judicious repetition
of the appropriate and clearly stated
school or district policy (Canter and
Canter 1976). Yet ncarly all of us
walked away from many of the con-
ferences wondering, "What do parents
want?

Just what do parents wanl from prin-
cipals and teachers? What do they say
when we ask them?

ParentSchool Communication Study

T am conducting an ongoing study at
the University of Pittsburgh that iz ex-

amining the relationship between
schools and Families in four school sys-
tems. By talking with school personnel
and parents, we are identifying the
mechanisms that schools provide to
promote school and parent/Tamily
communications. We then ask parents
{(or guardians or any custodial adults)
to evaluate their experiences and to
suggest improvements. We al:o ask

School people are
not likely to earn
parents’ respect by
adhering to a cold,
businesslike
approach.

them to reflect on the worst and the
best experiences they have had with
my school,

Personal interviews were used to col-
lect the data. The interviews were con-
ducted with parents, principals, and
teachers. School documents on com-
munmications were also reviewed. The
report here represents only a portion
of this study. A complete report is
forthcoming.

Although we interviewed school per-
sonnel from both public and private
schools, this report focuses on the
parcnts’ responscs. Other rescarch
has looked at the perceptions of
school personnel (see, for example,
Epstein and Becker 1982, Goldring
1986, Nassirom 1981). The major
limitation of this study is the regional
nature of the population, Thus, cau-
tion must be exercised in generalizing
these parents’ responses to parents’
perceptions nationally, but the stories
they tell can provide school people
everywhere insight into their own
school/family relationships.

Historically, the research on parents
and public policy focused primarily on
tamilies and schools facing crises con-
cerning students. The findings con-
cluded that socioeconomic status dil-
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ferences between teachers (or other
school personnel) and the families-in-
crisis increase the alicnation of
parents from schools (Lightfoot 1978,
Schaefer 1983). However, the Univer-
sity of Pittsburgh research, thus far,
rcfutes this conclusion. We are finding
that all familics, regardless of socio-
cconomic status, have similar
preferences about the nature and the
conduct of school communications.

What Do Parents Want? Profes-
sionalism?

The responses we have collected in-
dicate that existing school
mechanisms can both enhance and
detract from school and family rela-
tions. In a classic example of
misunderstood cues, the reported
preferences of parents arc not what
school personncl think they arc,
School personnel passionately believe
that a professional, businesslike man-
ner will win the respect and support of
parents. The responses of parents to
guestions about their contacts with the
school reveal that they view "profes-
sionalism” on the part of teachers,
school psychologists, guidance coun-
sclors, or principals as undesirable.
Parents mentioned their dissatisfac-
tion wilh school people who arc "too
businesslike,” “patronizing,”" or who
"talk down to us."

When specific incidents that
gcnerated parental disapproval were
checked with the school personnel in-
volved, the school people reporied
they were trying to "do what is best for
them [the students or parents].” Onc
principal said that "sometimes people
don't know what is best for them.”
Thus, the responses of school person-
nel generally supported what one
father reported as a tendency to ag-
nore or respond inappropriately to
parents’ questions or desires. Our
findings in this area replicate Corwin
and Wagenaar's (1976) conclusion
that teacher-parent disagreemenis in-
creased with the seniorily, training,
and formality of the teacher.

Patronage?

Parents reported a "personal touch”
as the most enhancing factor in school
rclations. Teachers or principals who
take a personal interest in the children
will call parents to alert them to

formes S = S i)
Parents reported a
"personal touch” as
the most enhancing
factor in school
relations.

problems, both academic and social.
Parents predicated their allegiance
tothe school on whether their children
liked the teachers, but they were not
seeking special favors. Parents were
not looking for tcachers or schools
that only do things children like. They
said that kids need discipling, but they
genvincly appreciated teachers who
provided it appropriately and with
their knowledge, Parents who found
out about student-teacher disagree-
menis from the child without any in-
formation from the teacher, though,
usually became very angry and were
slow Lo forgel. However, they acknow-
ledged the need for teachers to handle
siluations as they arise - "Why wait
cight hours until the kid gets home?" -
bul they appreciated teachers’ keep-
ing them informed of the incidents as
soon as possible. In such instances,
parents were not requesting special
consideration, just timely information.

Purinership?

Parcnts spoke favorably of the ac-
tivities that schools provided for them,
Especially popular were programs
that supporicd thcm as partners in
fighting drugs or in understanding the
development of their children,

Parents also valued schools that ac-
knowlcdged working parents’ needs.
Parents’ work schedules often inter-
fered with their becoming more in-
volved in the day-to-day activities of
the school, including antendance at
their children's plays or other perfor-

mances. If the cvents are held only at

onc time, day or night, not all parents
are able (o attend. Parents sugpgested
thit schools schedule a day and a night
performance, so that parents who
work different shifts can attend.

The traditional school-parent com-
munications device, the parent-
tcacher conference, reccived mixed
reviews. The good news is that parents
appreciate teachers who arrange con-
[erencing limes around their work
schedules. On the down side, they
rated ncgatively almost cverything
else about the confercnce. Some
parents resented (he formality of the
conference and the limited time olien
allotted for it.

Dislike of the formality of the con-
ference is probably directly related 1o
the "professional-client” nature of the
exchange. The degree to which
parents dislike "prolessionalism” has
already becn mentioned. Parents
would prefer aless formal relationship
with their child’s teachers. They sug-
gested more regular, informal con-
lacts by teachers through less time-
consuming phone calls or notes (if stu-
dents are reliable in delivering them).
The message from parcnts aboul con-
ferences was summed up by one
father, who said, "Save the conleren-
ces for the big things.”

Some parents vicwed the limited

T T e e e |
All families,
regardless of
socio-economic
status, have similar
preferences about
the nature and the
conduct of school
communications.
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conference time period (10 minutes in
s0me Cases) as a way teachers or other
school professionals avoid finding out
what the parent knows about the child.
As one mother put it,"Ten minutes is
ridiculous, especially when other
parents are waiting right outside the
door. I need time to tell the teacher
about how my child 15 at home, too.”
The lack of inlerest in the parents’
perspective on their children caused
parents to view all that school people
sald with suspicion,

The Message from Parents

Parents respect school personnel
who return that respect. Schoaol
people are not likely to carn parents’
respect by adhering to a cold,
businesslike approach. Personal at-
tention, which means timely informa-
tion on an informal basis, is most likely
to win parents’ esteem. The parents
we interviewed also want to be in-
cluded in the dialogue about their
children’s education, to share impor-
tant perceptions they have about their
children with the people at school
They do not want a "professional-
clicnt” relationship with schools in the
cducation of their children. Rather,
they want to be egual partners with
schools in the rearing of the children,

i S o s e S
Parents do not

want a
"professional-client”
relationship with
schools in the
education of their
children. Rather,
they want to be
equal partners with
schools in the
rearing of the
children.

paperback.

The National PTA Talks to Parents:

How ta Get the Best Education for Your Child

Published in September 1989, this valuable guide by Melitta J. Cutright
advises parents how they can become more involved in their child’s cducation.
Topics addressed include helping your child learn at home and at school,
obiaining assistance for a child with special needs, managing the out-of-school
hours, keeping your child healthy, and making your voice heard at the local,
state, and national levels. Contains many practical lists and tips, including: A
Salety Checklist for Children Home Alone, 10 Things Teachers Wish Parcnts
Would Do, Homework Tips for Parcnts, A Parent's Rights and Respon-
sibilities, and Evaluating Drug Education in Your School.

Avzilable from Bantam Doubleday Dell Publishing Group Inc., 666 Filth
Ave, New York, NY 10101; (212) 492-9793, 304 pp. $19.95 hardcover/$8.95

Schools that demand parental support
without reciprocating will be likely to
experience increasing discord. Les-
sons from the parents in this study may
help schools increase their successes
with a diverse student population and
with their families.
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BOO HONG KWEN

How Ought Science be Taught and Learnt?

Tﬂ answer Lhe question, "How ought
scicnce be taught and learnt?", we
need first to ask ourselves, "What is
scicnee?"

Scicnce is not merely a body of
knowlcdge, that is, the current inter-
connectcd st of principles, laws, con-
cepls, theories, together with the vast
array of systematic information about
thc material world. To define science
as merely a body of knowledge is to
subscribe to a datcd and static view.

Science is a human activity, a process
of inquiry, of acquiring and refining
knowledge of the material world.
(Fitzpatrick 1960, and Ryan and Ellis
1974). As a process of inquiry and a
human activity, there are at least three
facets of science, namely,

(i) the products of inquiry or the
body of scientific knowledge, which
includes facts, concepts, principles
and laws, and theories, which is lenta-
tive and changing all the time.

(ii) the processes or methods of in-
quiry which include process skills such
as observing, classifying, measuring
and using apparatus and equipment,
communicating, interpreting informa-

pa hﬂw mach;nga W,—k

tion and inferring from data, formulat-
ing hypothescs, planning investiga-
tions to test hypotheses. These are
relatively stable.

(iii) the mental attitudes and values
which arc intrinsically involved, such
as curiosity, humility, impartiality, in-
legrity, mvenliveness, open-minded-
ngss, perscverance and a positive ap-
proach to failure, cooperation with
others, and care and concern for the
cnvironment. These attitudes and
values are ¢ven more imporiant than
the other two domains of knowledge
and shills. This 15 because studenis
who have imbibed the proper attitudes
and values would naturally go on to
acquire the relevant knowledge and
skills. The reverse could not be said of
students who have a good grasp of
scientific knowledge and/or skills;
such students may not necessarily
have acquired positive scientific at-
titudes and values, and may never be-
come scientifically literate!

Thus [ollowing from the above
definition of seience, science educa-
tion in Singapore, as in elsewhere, has
a minimum of three aims, focusing on

FIRST-HAND

each of the above-mentioned three
facets of science, These aims are:

(i) to promote the acquisition ol
scicntific knowledge

(ii) to develop the ability to inquire
and problem-solve through the ac-
quisition and practice of science
process skills as  wcll as decision-
making and problem solving skills.
(iii) to develop attitudes and valucs
such as those mentioned above, which
arc necessary for fruitful scicntific
pursuit.

In the pasl, the dated view of science
as mercly a body of knowledge was
generally adopted by cducators.
Hence science teaching was narrowly
focused on the aim of promoting the
acquisition of scientific knowledge.
Teaching thus tended to be didactic
and emphasised telling students about
science.  Laboratory work tended 1o
be “recipe-following” highly conver-
gent practical activities, designed to
illustrate a scientific concept or prin-
ciple, and experimental results were
forcknown to students.

EXPERIENCES

“* how chemicals work
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However, today, with the broadening
of the aims of science ecducation to
include the inculcation of process
skills and attitudes and values, it must
be clear to all concerned, that didactic
methods alone do not suffice. Ac-
quisition of process skills and proper
scicntific attitudes and valucs by stu-
dents cannot be promoted through
tcacher exposition and routine "cook-
book" type practical work alone.
Since science is an activity and an in-
quiry process, students should not
learn science by merely being told
about the products of scicnce. Just as
we do not expect students to learn
cycling or swimming or any other
human activity by mercly being told
about such activity. Instead, students
need to be actively involved in first-
hand experiences with objects, cvents
and phenomena in the natural world.
They need to be involved in practising
science, as real scientists do, in work-
ing cooperatively with others, in
gathering facts, generalising, concep-
tualising, raising gquestions,
hypothesising, hypotheses testing, in-
terpreting data and constructing in-
struments, simple devices and physi-
cal models. In so doing, they would
have opportunitics for not only
developing the skills of inquiry, but
also for learning to excrcise per-
severance, inventiveness, coopera-
tion, integrity and the other scientific
attitudes. If students are to develop
proper values and attitudes, oppor-
tunities would nced to be provided for
them to clarily, test and modily their
values through activities such as dis-
cussions, debates and role play on
topics such as environmental, social
and moral issues in scicnce. Further,
if they arc to develop a sensc of care
and concern for the environment, they
would need to come into contact with
the different components of the
ecosystem and to appreciate the inter-
dependence of all life forms on earth.
Thus, it is obvious that today, a variety
of teaching methods arc needed in
order to achicve even just the three
minimum aims of scicnce education.
These methods would include:

e group as well as individual inves-
tigations,

e small group discussions and
brainstorming,

® project work,

e ficld visits and outdoor practical
work,

& debates,
o role play and simulations,

e pupil presentations and

demaonstration, as well as

e lecture and demonstration by the
teacher and guest speakers.

Thus scicnce classrooms and
laboratorics today will no longer be
the fairly quiet and tame places they
used to be, when students were ex-
pected to listen passively and take
notes silently. Today scicnee class-
rooms and laboratories will be bus-
tling with hands-on and minds-on ac-
tivities for students. There will be
quite a high level of noise. However,
this will be productive noisc, which is
generated as a result of expressing the
thrills of discovery and in the process
of exchange of idcas among students.

Where it is not possible for students
to have first-hand experiences, such as
where dangerous or harmful objects
or materials are involved, or where
objects, events and phenomena arc
not accessible within the constraints of
time and placc, a variety of media rep-
resentations of these could be wsed.
These could include shdes and over-
head transparencies, vidcolapes and
andiotapes, computcr disks, films and
filmstrips, models and charts.

It is a pity that today, there are still
some educators who are clinging 1o
the dated view of science, and per-
petuating Lhe traditional mode of
teaching. They see their main role as
dispensers of knowledge. They treat

students’ minds as stores for scientific
knowledge, instead of as potential
generators of new knowledge. By so
doing, they are in a sense dehumanis-
ing students, because human minds,
unlike books, computer disks and
microfilms, are meant for more than
the mere storage of knowledge. By
failing to cquip students with the
necessary skills, attitudes and values,
they arc rendering them dependent
and ineffective as learners, and scien-
tifically illiterate!
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WOO YOKE YOONG

Mini Conference by Dr Diane Berreth

Theme : Restructuring Schools For The Year 2000

Dr Dhiane Berreth

n conjunction with one of its most
Iimmrlam evenis of the year - the
Annual General Mecting - ASCD Sin-
gapore inviled Dr Diane Berrcth (o
conduct three talks on Restructuring
Schools. As Deputy Executive Direc-
tor of ASCD, USA, Dr Berreth had to
set aside a busy schedule in America
to share her extensive knowledge on
policy issues and strategic planning
with members of ASCD Singapore.

Restructuring involves a collection
of processes of getting abetter school.
"At the heart of the Restructuring el-
fort is the focus on Teaching for
Learning,” stressed Dr Berreth. She
described three forms of Restructur-
ing. Restructuring of Governance
leadsto changes in the management of
decision making, In contrast, Restruc-
turing of Organisation involves chan-
ges inthe school’s organisational com-
ponents e.g. length of school year,
teachers. The third form, Restructur-

ing of Curriculum, aims to improve
instructional strategics, assessmenl
and other curriculum related matters,

In her second talk, Dr Berreth
described the process of Strategic
Planning. "Sirategic Planning is a
process of creating the best possible
future for an nr_gunis.al'mn'. she ex
plained. It is essential to consider fac-
lors such as mission, strengths, weak-
nesses, opportunities and threats
before planning strategics and carry-
ing oul programs that will bring suc-
cess, Lo an institution,

Her final talk, "Developing a Mission
for your School" stimulated the most
discussion from the Conference par-
ticipants. Everyone tried their hand wt
wriling mission statements that incor-
porated Dr Berreth’s 3A's -

Audience, Action and Aim. "Mission
is the emotion of excellence. Without
it, we are mere employees, With it, we
are crusaders,” Dr Berreth concluded.
It was an inspiring finale to ASCD's
event of the year,

Woo Yoke Yoong 15 the Assistant
Secretary of Singapore ASCD.

Participants having a go al wriling mission statements.




WONG MEE MEE

Mathematics Festival Day 91

Serangoon Garden Technical injects fun
into the learning of Mathematics

L our school, teachers oflten notice

that pupils treat mathematics as a
dull subject which requires a greal
deal of drill and practice. Pupils arc
pressed to complete exercises and
teachers arc oftcn up to their necks
with heavy marking loads. To make
malters worse, pupils do not have a
posilive atlitude towards the learning
of mathematics. Due to the tight
schedule of the examination syllabus,
it is not often that teachers can con-
duct enrichment activities in the class-
TodOm.

The Mathematics Festival Day was
planned with the idea of injecting
somc fun and movement into the
learning and the experience of mathe-
matics. The programmec consisis of
five stations. At cach station, pupils
were given a specific Lask to complete
within a limited time. Pupils work in
teams of give. Altogether, about 150

pupils participated, forming 30 tcams.
Each team had to complete the circuit
uf five stations, Depending on their
performance at each station, cuch
tcam scores a number of poins, To
add some tangible meaning to the ac-
Livitics, the teams compete against one
another.

Al the lirst station, pupils play a com-
puter game called "Columns”, This
game was sclected because it tests a
player's ability to plan and visualize
the movement of blocks of objects, At
another station, pupils were given
"Tangrum” sets to assemble. Here,
pupils exercise their ability Lo visualize
spatial objects, rotatimg and assem-
bling cach picce to form the required
patlerns. At the third station, "What's
your guess”, pupils have a hands-on
lesson on estimation. They were given
a list of things to cstimate - how many
metre rules are required to surround

Teamwork and Tangrais

the basketball court, how many
Muorescent lights are there in the clas-
sooms, how many 1-litre bottles are
required to Gl the tub ete. The next
station was a puzsle corner where
pupils were reguired to solve 20 pue-
zles gquestions. AL the Jast station,
pupils went on a shopping sprec. They
were gven a worksheet on which was
listed certain shoppinh items. These
items were advertisement items dis-
plaved on charts, The prices of the
items were listed, some with percent-
age discounts while others showed net
prices. Pupils had to compute the cost
of their purchases at this "Shopping
Mall". As they were allowed Lo use
calculators, even secondary onc pupils
were seen punching away at their cal-
culators and through this experience
must have certainly familiarised them-
schves with the use of calculators,

Tn a game-like fashion, pupils en-
juyed the activities at each station. The
competition between teams helped to
spur them on to perform thier best.
Through these aclivitics, pupils also
learnt to work s a group and making
decisions as a group. Try it in your
school.

Wong Mee Mee is Senior Subject
Teacher, Mathematics at Scrangoon
Garden Technical Schoaol, 45
Burghley Drive, Singapore 1935,
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ROBERT SYLWESTER

An Educator’s Guide
to Books on the Brain

Fascinating books on the recent advances in our
knowledge of the brain can provide educators
with fresh insights into teaching and learning.

an;cm dramatic advances in the
curoscicnces and in cognitive
psychology arc moving us toward a
clearer understanding of the three-
pound human brain that is the focus of
our profession, and a number of excel-
lent books outline these developments
in terms the layperson can grasp.

The 32 informative (and at times
controversial) books sclected lor this
list provide functional explanations of
brain mechanisms and processes and
introduce the reader to the fascinating
and competitive world of cognitive re-
search. Written by respected scicntists
and science writers, all books have
been published since 1983, many in
paperback. Most include helpful il-
lustrations.

GeneralIntroductory Information

Several books provide excellent
overvicws of the cognitive sciences.
Michael Gazzaniga's Mind Matters:
How the Mind and Brain Interact to
Create Our Conscious Lives (1988,
Houghton Mifflin, available in paper-
back) is an cxcellent nontechnical in-
troduction to the basic brain/mind
questions that affect educators. The
Diagram Group's The Brain: A User's
Manual (1987, Putnam, available in
paperback) and Robert Ornstein and
R. Thompson's The Amazing Brain
(1984, Houghton Milllin, available in
paperback) provide clcarly writtcn ¢x-
planations of basic brain
mechanisms/processes - with delight-
fully imaginative "Amaring Brain" il-
lustrations by David Macaulay.

Marion Diamond, A. Scheibel, and L.
Elson’s The Human Brain Coloring
Book (1985, Harper and Row) uses
the tactile experience of coloring
diagrams to help non-ncuroscientists
grasp brain relationships. The Science
of Mind (1989 MIT Press), by Kenneth
Klivington, is a beautilully illustrated
colfee-table-size book Lhat syn-
thesizes recent research,

Three fine books emerged from the
excellent PBS-TV series on the brain,
Richard Restak’s The Brain (1984,
Bantam, available in paperback) and
The Mind (1988, Bantam) contain
easily read chapter discussions that
expand upon the content of individual
TV programs. Floyd Bloom, A. Lar-
son, and L. Holstadier's comprchen-

sive Bruin, Mind, and Behavior (1985,
Freeman) is the more technical
texibook accompanving the TV serics.

Daniel Kimble's Biological Psychol-
ogy (1988, Holt) is a basic college 1ext
on the brain, and its excellent or-
ganization and clear writing and il-
lustrations also make it a fine refer-
ence work for educators,

Specilic Research Areas

Several books focus on specific brain
research developments (all have
educational signilicance) and on the
cooperative/competitive {and some-
times gossipy) human side of that arca
of research.

Susan Allport’'s Explorers of the

56




Black Box: The Search for the Cellular
Basis of Memory (1986, Norton) dis-
cusscs the extensive work on sea slugs
that led to the discovery of what hap-
pens within individual neurons when
learning oceurs, Michacl Garzaniga's
The Sacigl Brain: Discovering the Nei-
works of the Mind (1985, Basic Books,
available in paperback) and Sally
Springer and G, Deutsch’s Left Brain,
Right Brain, (1989, Freeman, available
in papcrback) discuss the history of
the split-brain research and the dis-
coverics that captivated educators, in-
itiated the learning styles movement,
and lcd to the currently dominant
modular theory of brain organization
and localized memaory.

Howard Gardner develops this
theory further for educators in Frames
of Mind: The Theory of Multiple Intel-
ligences (1983, Basic Books, available
in paperback). Conversely, The Tnven-
tion of Memory: A New View af the
Brain, byIsracl Roscnfeld (1988, Basic
Books) and Remembering and Forget-
ting: Inguiries into the Nature of
Memory by Edmund Bolles (1988,
Walker) argue against the theory of
modular memory storage, contending
that the brain creatively gencrates
memory out of expericnce, And sothe
ESgument on (ransfer, with all of its
educational implications, continues.

William Allman’s Apprentices of
Wonder: Inside the Neural Network
Revolution (1989, Bantam) moves the
discussion further, into recent
developments in brain/machine re-
scarch.

Jon Franklin’s Molecules of thre Mind:
The Brave New World of Molecular
Psychology (1987, Athcncum)
describes the discovery of endorphins,
which led to our current under-
standing of the molecular basis of
neural activity. Charles Levinthal's ac-
count of endorphin research, Mes-
sengers of Paradise: Opigtey and the
Brain (1988, Doubleday) relates the
c¢ndorphin rescarch to Paul
MacLcan's Triunce Brain Maodcel, a
paradigm familiar to many educators.

Robert Julien's A Primer of Drug Ac-
rion (1985, Frecman, available in
papcrback) and Solomon Snyder’s
Drugs and the Brain (1986, Scientific
American Library) provide useful
background information. Nancy
Andreasen’s The Broken Brain: The
Bivlogical Revolution in Psychiatry
{1984, Harper and Row,available in

T T N e
Start reading
somewhere in this
list, continue as
your time and
interest dictate,

and discover our
profession’s
exciting future.

paperback) is a fine nontechnical in-
troduction to the new biological
perspectives of mental illness and the
use of drugs in its treatment.

Jeremy Campbell's lively Winston
Churchills Aftemoon Nap: 4 Wide-
Awake Inguiry imto the Humean Nature
af Time {1986, Simon and Schuster)
and I.A, Hobson's Sleep (1989, Scicn-
tific American Library) describe
recent rescarch in body/brain rhythms
and cycles that can affect educational
performance, among many other
aspects of human life, Richard
Bergland’s The Fabric of Mind: A
Radical New Understanding of the
Brain and How It Works (1983, Viking)
describes the development of the new
wel-brain theory, with its audacious
proposal that the brain is essentially
one of the endocrine glands. Robert
Ornstein and D, Sobel's The Healing
Brain: Breakdrough Discoveries About
How the Brain Keeps Us Fealihy (1087,
Simon and Schusier, available in
paperback), further explores relation-
ships between our brain and our en-
docring/immune syslems.

Enriching Heredity: The Impact of the
Environment on the Anatomy of the
Brain by Marian Diamond (1988, Free
Press) explains the educationally per-
tinent research on factors that aflect
past-hirth brain development,

For Advanced Readers

The books listed below are intellec-
tually demanding, but cducators who
venture into their pages will be
rewarded with expanded professional
ViSion.

Jean Pierre Changeux’s National
Man: The Biotogy of Mind (1943, Pan-

theon) presents a thought-provoking
brain/mind synthesis, Humberto
Maturana and F. Varela's Tree of
Knowledge: The Biological Roots of
Human Understanding (1987, New
Science Library) offers an inspiring,
unificd scicotific conception of
mind/matter/lifc. Patricia Smith
Churchland’s  Neurophilosophy:
Towagrd a Unified Science of
Mine/Brain (1986, The MIT Press) is
a hine introduction to philosophy for
those interested in neuroscience and a
fine introduction Lo neuroscience for
those interested in philosophy.

The Society of Mind by Marvin
Minsky (1986, Simon and Schuster,
available in paperback) combines
what we know about brains and com-
puters into a truly mind-boggling book
organized by the anthor according to
the model he proposes to represent
the brain’s organizaiion,

Finally, Sarah Friedman, K.
Klivington and R. Peterson’s The
Brain, Cognition, and Education
{1986, Academic Press) moves us into
issues in our own prolessional world.
It is a sometimes technical but always
thoughtlul cxamination of the educa-
tional implications of research in the
neyrpsciences and cognitive psychol-
ogy. It's an excellent wpdate 1o the
pioncering 1978 National Society for
the Study of Education Yearbook,
Education and the Brain. It's cxciling
Lo note how much has been discovered
during the past decade, sobering (o
realize how much more ground necds
to be covered.

Start reading somewhere in this list,
continue as your time and interest dic-
tate, and discover our profession’s ex-
citing future. And if you don't under-
stand something you read, look it upin
The Oxford Companion to the Mind
(1987, Oxford}, cdited by Richard
Gregory. This is an excellent, com-
prehensive, and relatively inexpensive
reference book for general readers,

Robert Sylwester is Professor of
Education, Division of Teacher
Education, College of Education,
University of Oregon, Evugene, OR
07403-1215,

Reprinted  with  permission  from
Educational Leadership (Oct 1990).
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