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of the wheel, where students set out to
'discover' the correct answers which are

withheld by teachers? Or, is the

teacher's role in the classroom dimin-
ished, with students having control over
what is important knowledge and how
learning should occur?

The answer to these two questions is

probably both yes and no depending on
the situation. If learning is first and

foremost about students making sense

of the world and developing under-
standings which are fundamentally
individual and personal, then a learning
environment will need to be constructed

Enquiry Learning
Twenty five years &go, Jerome Bruner
(1962) observed that discovery in
learning

.. is in its essence a matter of rearranging

or transforming evidence in such a way

that one is enabled to go beyond the

evidence so reassembled to new insights.

It may well be that an additional fact or

shred of evidence makes this larger

transformation possible. But it is often

not even dependent on new information.

Bruner goes on to suggest that learning
by discovery has four main benefits for
the child, namely
. the increase in intellectual potency;
. the shift from extrinsic to intrinsic

rewards;
. the learning of the heuristics of discov-

ery and
. the aid to conserving memory.

The teaching approaches which best
support these outcomes and the gen era-
tion of new insights are open for debate

and interpretation. Does learning by
discovery mean an on-going reinvention

which is flexible and complex, able to
take into account the needs of individual
learners and able to adopt different
strategies when necessary.

To identify the elements of such a

learning environment, rt may be helpful
to consider the concept of 'enquiry'
rather than 'discovery.' An enquiry
learning approach does not set out to
reinvent the wheel, or withhold answers
from students, but to involve learners in
a systematic examination of an issue.

Emphasis is placed on reasoning and
process, not memory and product.

The key features of an enquiry class-
room therefore involve:
. An integration of theory and

practice. At particular times,
students may be engaged in
primarily practical activity, while
on other occasions, be primarily
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reflective. The emphasis rs on an

integration and synthesis of theory
and practice over a period of time,
rather than on each as discrete,
preferred approaches.

Negotiation as to what activities are

important. Knowledge can be

evaluated in cultural, political and
personal terms. That is, Henry
Lawson may occupy an important

place in Australian literature, but
have no attraction to a particular
eleven year old. Computers may be

important to Australia's economic
future, but be seen as irrelevant to
an aspiring fifteen year old profes-
sional golfer. What really counts, is

whether the activity makes sense to
the individual.

Neeotiation as to how activities are

to be conducted. The teacher does
not withhold knowledge or infor-
mation, but facilitates the investiga-
tion, preferably as a team member.
If information is required to
conduct an enquiry, it is provided if
appropriate, or the means of finding
it provided if appropriate. ifrue
enquiry occurs only when the
teacher does not posses truth and
must engage with students in
experimentation, trial and error,
reflection, hypothesising, analys-
ing, risk taking, using imagination
and creativitv.

The concept of negotiation introduced
above, involves the notion that students
heighten their understanding when they
are motivated to learn, when the issue

being investigated is important to them
and when the environment respects their
capacities as learners. The degree of
control that learners have over their own
learning in the school setting is central
to the fidelity of enquiry.
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Students are
writing from

now able to take control of their own
drafting to publishing stage

School Computing
The introduction of microcomputers
into schools has fallen into two broad
stages.

Initially (1980-84), the computer found
its way into post primary schools via
mathematics and business studies
departments, Programming and data
handing were the main practical appli-
cations and many schools included units
on computer awareness. During the
second stage (L984-87), a significant
shift occuffed, where computers were
seen as having multi-purpose, cross
curriculum application. This shift
appears to have been driven by two
main factors.

First, dramatic developments in hard-
ware and software have involved,
parents, teachers and students in all
years of schooling and in all subject
areas. In a number of respects, computer
use has developed past mathematics and
business studies and is making more
substantial progress in the humanities
and social sciences, particularly in
primary schools.

Second, the theoretical basis of school
computing has developed to the extent
where Computer Assisted Instruction
(CAI) is not considered as being totally
adequate. This is not to say that CAI
has been rejected as a theory of instruc-
tion by the majority of schools. But the
increasing emphasis on 'computers

across the curriculum' , pafticularly in
what are perceived as the more creative
areas such as art, music, design, writing,
means that greater attention has been
focused on Computer Assisted Learning
(cAL).

The use of the term 'computers across

the curriculum' does not of itself, imply
that different approaches to learning
will be implemented. In fact, it is quite
possible that the latest technologies will
find their way into many classrooms
without significant change in teaching
technique and learning style taking
place. This may be due not so much to a
lack of broad agreement on the potential
for learning improvement that the
technologies offer, but the difficulties
involved in implementation ensuring
that current practice is maintained.

CAL as a theory does not detail the type
of learning that is favoured, it does not
offer guidance as to how computer use
can be realistically organised in all areas

of the curriculum to support a particular
learning theory. It is to a new definition
of CAL to solve these probleffiS, that we
now turn.

Computer Assisted Enquiry Learning
Bringing together the theory and
practice of enquiry learning as it has
developed over the past twenty years
with computer-based technologies,
should enable breakthroughs in both
student and teacher learning to occur.
By so doing, Computer Assisted
Enquiry Learning (CAEL) should
provide a theoretical basis for school
computing, in much the same way that
Process Writing has filled the voice in
language. It also means that an educa-
tional and learning perspective domi-
nates the technological perspective, not
the reverse.

To illustrate the manner in which the
technology takes enquiry learning to
higher levels, two examples are given. It
must be pointed out however, that the
examples are determined by our under-
standing of the technology as it now

exists, or is likely to exist in the imme-
diate future. Similarly, as the technol-
ogy develops in sophistication, its
impact on the process of enquiry will
correspondingly increase.

Example 1. Desktop Publishing
During the 1970s, the 'language and
learning movement' became influential
in both England and Australia. It
embraced many teachers in a study of
the role of language in learning, it
promoted interdisciplinary curricula and
it encouraged serious educational debate
around themes such as 'the teacher as

researcher' and 'action research'. The
current success of process writing can in
some respects be attributed to the
practice and theory which emerged from
the language and learning experience.

Many teachers involved students in the
printing and publishing of their written
work. However, the time required was
excessive, the techniques laborious and
the results in a technical sense, often
inadequate. Desktop publishing has

altered all of that. It has completed the
language and learning cycle and
therefore student enquiry, in a manner
which was impossible three years ago.

Students are now able to take control of
their own writing from drafting to
publishing stage. Language experience,
rehearsal and testing of ideas, confer-
encing, drafting and redrafting, layout
of material to convey meaning to best
effect and production, are all within the
capability of all children when utilising
information technologies. The teacher
adopts the role of facilitator and team
member and is not diverted by the
numerous minor problems which were
once associated with producing a

document. The teacher and student now
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The mere provision
which allow enquiry
enquiry occurs

of computer-based programs
learning will not ensure that

have available the very same techniques
which are used by professional writers,
industry and commerce.

Example 2. Musical
Composition
It is envisaged that music processors
will encourage enquiry in music in the

same way that word processors encour-
age enquiry in language. Children are

now able to experiment with sound,

noise and music in a creative fashion,
rehearsing, redrafting, refining, confi-
dent in the knowledge that they are

expected to experiment, rather than fit
into the mould predetermined by the

teacher.

In discussing open-ended music and

other programs of this type, Lamb
( 1986) noted that such programs give
students

.. control of their own learning. You may

be assured that learning is taking place

and often that learning is allegedly much
'beyond' where the students 'should'

actually be. They may be gaining insight

into some rather esoteric areas of the

curriculum such as orchestration and

radioactivity which are normally taught

at university level. This exposure to new

areas often promote questions that the

teacher may not have faced before.

These questions, coming as they do out

of motivation and curiosity, can add

enormous dvnamism to a classroom.

In each of the above two examples, the

criteria for enquiry learning was noted
earlier, that is, the integration of theory
and practice and negotiation around the
'what' and 'how' of learnin E, are

satisfied. Desktop publishing and music
processing allow for both practical
activity and reflection to occur, often at

the same time" while nesotiation with

the teacher is also an on-going proce-
dure.

The mere provision of computer-based
programs which allow enquiry learning
will not ensure that enquiry occurs.
Logo, perhaps the best example of a
widely used computer application, has

been designed to support exploratory
methods but has not in general, been

used in classrooms in that way. This
indicates that computer software must
involve greater design maturity and

have more substantial educational input
at the planning stages, before the

technology itself will promote enquiry
methods.

Expert System study
For schools, the incorporation of expert
systems (or knowledge based systems)
in the curriculum is extremely new.
However, it is possible to lay the ground
work for their introduction by identify-
ing some of the principles and possible
learning outcomes which should be

taken into account and in particular,
those which relate to enquiry learning.

For example, when reporting on how
tertiary students handled their building
of a knowledge based system, Gilding
and others ( 1986) observed that control
of decision making can very much be in
the hands of the student:

She may be guided by some overall
goal, but is responsible for much of the

identification of other problems and

their solution. She is able to choose to

solve problems which interest her. She

is able to choose and solve those

problems which better match her

cognitive level. She is able to focus

upon emergent problems which she

feels are important to building her

knowledge base. Therefore, many of

problems will be intrinsically interest-

ing to her as she is the one that has

initiated them.

In late 1986, a brief classroom study
involving an expert system was con-
ducted with Year 7 students at Diamond
Creek Technical School, a post primary
school set in the outer north-eastern
suburbs of Melbourne.

The object of the study was to:
. Observe the use of a knowledge

based system in an enquiry learning
environment;

. Analyse the influence of a knowl-
edge based system on the learning
of students;

. Analyse the influence of a knowl-
edge based system on the met-
alearning of students.

The class consisted of fourteen males of
approximately twelve years of age. The
norrnal classroom setting was of an

enquiry nature.
That is, students working in mixed
ability friendship groups on projects
which had been agreed upon by discus-
sion with the teacher. The teacher's role
was one of adviser who attempted to
engage students in discussion to elabo-
rate ideas, rather than to follow tradi-
tional techniques of teacher direction
and questioning.

The overall theme put forward by the
teacher as an interesting idea waffanting
further investigation, was'robotics.'
This was emphasised in the introduction
of the student's journal which stated: " ..

we are going to investigate robotics,
computers and thinking." Throughout
the study, reference was also made to
human and machine intelligence. Thus,
the 'what' and 'howo of learning was
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The majority of students were motivated by the range
of activities provided and in general, maintained this
interest throughout the duration of the study.

suggested by the teacher and accepted
by the students.

Five computers of varying types were
available and students were able to
move from activity to activity as they
saw fit. The activities were Lego
Technic kits, a manually controlled and
a computer controlled robotic arm,
Apple Logo, and three programs which
were able to 'learn' as students supplied
information (Draughts, Ehza, Animal).

INSIGHT (128K RAM for the IBM
PC), the knowledge based system
available, requires that users present
information in the form of IF-THEN
rules. It was suggested to those students
who showed interest in discovering
what the system could do, could build
their own knowledge base by entering a
series of statements describing venom-
ous animals. Students were able to
construct rules of the type: IF the animal
has eight legs AND a red stripe THEN
the animal is venomous, or IF the
animal has pincers AND a curved tail
THEN the animal is venomous.

The program asks that a degree of
accuracy (O- 1007o) be estimated by the
user for each statement and when
interrogating the system, requests that a
degree of certainty for each answer be
recorded. After a number of answers
have been given, the system will infer
Say, that an animal is venomous with a

calculated certainty (0- 1 007o).

Approximately ten hours of observation
were recorded over a two week period,
with student performance being moni-
tored by observation and interview for

motivation and interest, trial and error,
risk taking, independence of action and
reflection on learnings. The perform-
ance of the teacher was noted for the
guidance provided, interference with
student work, questioning and discus-
sion, the knowledge and concepts
covered, the following up of student
ideas and the extension of student
thinking.

The majority of students were motivated
by the range of activities provided and
in general, maintained this interest
throughout the duration of the study.
Some of the factors which contributed
to the on-going involvement are thought
to include:
. Open access to computer equip-

ment;
. The Lego and robotic equipment

which enabled unbridled enquiry to
proceed;

. The opportunity to set goals based
on personal or group interest and to
discontinue avenues of investiga-
tion at any time;

. Independence of experimentation,
particularly as 'correct' answers
were not being sought or concealed
by the teacher;

. Discussion with teachers both
before and during the study which
promoted the view that students
were engaged in an important new
activity which would be reported to
other students, teachers and parents.

Some students were attracted to the
computer operating the knowledge
based system and were interested in
how it worked and for what purpose.
Others did not find the knowledge based

application inviting, for a number of
reasons:
. Students were unfamiliar with

expressing their knowledge in the
way the system demanded;

. The system was not powerful
enough to impress. That is, it
appeared to students that 'you only
got out what you put in.';

. The system display was visually
unattractive and it was difficult for
students to quickly find out how the
program operated;

. The program did not fit with the
other activities in that instruction
from someone who knew about the
system was required. This immedi-
ately placed them in an inferior
position;

. The program was not based upon a

student project of interest and was
not used to solve a problem or
investigate an issue which was of
particular importance to the user.

The study did gather some preliminary
data related to its primary aim of
ascertaining whether a knowledge based
system, even at this primitive stage of
development, could be usefully located
in an enquiry environment. Whether or
not students were drawn to investigate
the system only as a result of the
situation which had been created, or
because of their own individual curios-
ity, or whether the same would have
occurred in a non-enquiry classrooffi,
deserves further studv.

To obtain information related to the
second and third aims, that is what
learning actually occurred, will require
more detailed research than was pos-
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It is difficult to establish a culture of enquiry
in schools, as this often runs counter to
their normal mode of operation.

sible here, although some speculation is

possible.

Bigum (1986) has suggested that:
... the building of even very simple

knowledge based systems by children i.e.

by having them make their knowledge

and understandings explicitly and

conform to the requirements of a shell,

may provide their teachers as well as the

children themselves with an opportunity

to expand and more importantly, to

critically question, their knowledge.

While supporting this general proposi-
tion, the study reported above may
indicate that improvements in the

technology and the manner in which it
should be incorporated in classroom
work are required before knowledge
based systems will contribute greatly to
breakthroughs in learning, particularly
at the primary and post primary levels.

Establishing a 'learning culture'
Papert (1985) has linked technological
development and culture by pointing out
that:

The context for human development is

always culture, never an isolated technol-

ogy. In the presence of computers,

cultures might change and with them

people's ways of learning and thinking.

But if you want to understand (or

influence) the change, you have to centre

you attention on the culture - not the

computer.

We have seen in schools that until this
time, establishing a 'Logo culture' of
learning has not happened automati-
cally, that a word processor does not
have to be used in a process manner and

that the provision of a data base does

have to encourage a deep consideration
of how information is organised and

manipulated. Similarly, the use of an

expert system by itself will not neces-

sarily lead to a situation where students

are articulating, notating and reflecting
on their knowledge in an enquiry
manner.

It is difficult to establish a culture of
enquiry in schools, as this often runs
counter to their normal mode of opera-
tion. Outside of schools, many adults
and most children are active researchers

and enquirers and hopefully, as the
technology becomes more powerful, the

pressure for fundamental curriculum
change will be correspondingly built.
However, computer-based technologies
may provide the means of fostering an

enquiry culture and the following
general points are advanced to guide the
emergence of CAEL:

. Computer based technology should
be introduced informally across the

curriculum and not be formally
taught. This approach attempts to
prevent teachers becoming 'ex-
perts' and 'knowing' the correct
answers. The newness of the field
means that teachers and students

can accept each other's lack of
experience and learn together.

. All students should have ready
access to the powerful, open-ended
and in most cases non-sexist,
generic software that has become
available over the past few years.

. Computer use should concentrate
on the more intuitive and creative
applications, to encourage an

interdisciplinary perspective of
issues and to broaden the scope of
student involvement.

. Computing should be seen as a new
means of involving students in
legitimate research of various
kinds, where projects are based on
student interest and decision
making rests with the student.
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