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Welcome to the ACEC’93 Confer-
ence issue of Australian Educa-
tional Computing. First, a thank
you toall those who wrote or read
these papers and thus made this
issue of the journal possible. This
publication marks a departure
from previous conference pro-
ceedings. The Program committee
decided to divide all papers re-
ceived into two publications. This
decision reflects our philosophy
that th s national conference
should be usefultoa widerangeof
educators who are interested in
educational technology.

As faras possible the conferenceis
open to all in the educational
community who wish to share
their experience with their peers.
Theconference sessions are limitc«d
only by available space. The pub-
lished papers were directed into
two broad streams that are of an
equal standard but which address
two different audiences. The
Proceedings is made up of papers
of a practical nature while this
edition of the Journal contains
“refereed” papers that report on
research or scholarship. The Pro-
ceedings are intended for class-
room practitioners whoare mainly
concerned with issues of practical
pedagogy. TheJournalisintended
for whose who have more of an
analytical perspective on Infor-
mation Technology. We firmly
believe that each audience will
benefit from the others
understandings and so all confer-
enceparticipants will receive bath
documents.

Both publications have been de-
signed to be attractive and acces-
sible. The covers focus on the
peoplein whose benefit the papers
mightberead. These publications
are meant to be used now and not
put away for later reference. Ide-
ally they will left on staffroom ta-
bles for your colleagues to pick up
and browse. The bright colours
mightalso help these publications
to stand out in a rack of serials or
new books in your library. In this
area of education information
dates very quickly. The “use by”
date is not long off. Please be
active in sharing these resources
with your peers. Copies of the
journal will be sent to libraries
around the country. Additional
copies will be on sale from
NSWCEG at the address on the fly
leaf.

This journal is a refereed journal.
The review of these papers was
different from the traditional
anonymous process where all
communicationis mediated by the
journal’s editor. In view of the
collaborative philosophy of the
conference, theintended audience
for the papers and the publishing
timeframe, a peer review process
was chosen by the Program com-
mittee. The rapidly developing
nature of this area of education
requires current information on
innovation and research if pub-
lished material is to retain any real
relevance.

Following the call for papers and
thereceipt of expressions of interest
asetof guidelines weresentto those
who had responded. As part of the
call for papers people who were
prepared to act as referees were
asked to nominate themselves to
the editor. This pool of “peers”
were then sent one or more of the
submitted papers to review. They
werechoser: because of theirknown
expertise or because of their geo-
graphical proximity to an author.
They were asked to discuss their
suggestionsdirectly withtheauthor
of the paper they had read and to
send a summary of their comments
to the editor. A list of the referees
appears at the end of this section of
the journal. The papers were then
revised by their authors and sent to
theeditor. The Program committee
of myself, Leanne Samootin and
Stanislaw Wawrzyniak next made
final decisions as to which papers
would be published and in which
document it was most appropriate
to publish them. We believe that
this is the best way to encourage co-
operative improvement in the
original draft papers.

Finally I would like to thank the
national editorial panel for their
generosity in allowing us to use the
journal for the publication of con-
ference papers. The layout of this
publication is not up to their usual
excellent standard but our hope is
that this special conference issue
will raise the profile of the journal
and encourage more of you to send
more articles to them more often.

-
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On tie eve of the Eleventh Aus-
tralian Computers in Education
Conference | would like to con-
sider an important matter with
you. [tisanexplorationofanissue
which is always with us but which
is brought into clear focus at this
time of the year.

The national conference is with us
again and, as has become custom-
ary in recent years, it is a time to
not only enjoy the fruits of the
labour of our generous hosts, this
year the New South Wales Com-
puter Education Group, but also
to reconsider our learned gather-
ing and its place in the Australian
educational scene. Last year in
Melbournewehad spirited debate
concerning the current roles and
futuredirectionsofthe ACEC. Had
the institution of the national
conference become tired and out-
dated? Was it too academically
oriented? Had it become too
focussed ontechnological esoterica
at the expense of grassroots cur-
riculum issues?

Should questions like these be
taken seriously? Are they to be
dismissed with a wave of con-
tempt? Are they to be nervously
sidestepped each year? No. In
addressing issues like these we
perform the necessary exercises of
self examination and review -
critical steps if we are to continue
providinga quality serviceto edu-
cators throughout thecountry. We
must continue to re-examine the
nature and structure of our con-
ferences, their impact on the edu-
cational scene and their ability to
capture the Zeitgeist as well as
providc a springboard for the fu-
ture.

PRESIDENT'S REPORT

Thenational conferenceisconducted
each year on behalfof the Australian
Council forComputersin Education
(ACCE) - the federation of all state
and territory professional associa-
tions. A host association organises
theconferenceonbehalf of the ACCE
and in doing so helps the ACCE to
fulfil a numberof its primary aims. (I
have outlined thesein my columnin
Australian Educational Computing
Vol.8.No. 1.) The conferenceis our
centrepiece - our yearly chance to
showcase the talents and achieve-
ments of Australian educators
working with computers and related
information technologies. It also
exists to provide us with a window
to the rest of our region and the
world at large. This window works
both ways. We have the chance to
glimpse activities and trends from
around the globeand comparethem
with our own circumstances, and, as
importantly, we have the opportu-
nity toshowour overseas colleagues
what we are capable of here.

The national conferenceis notmeant
to be an enlarged version of the
largely classroom-oriented confer-
ences and workshops that state as-
sociations run so well. Neither is it
designed to be solely an academic
talkfest. Itshould and itmust provide
the opportunity foreducators work-
ing directly with students to exam-
ine the issues that relate to day to
day concerns. As well it must be
prepared to provide a forum for “big
picture” debate and the airing of
research findings. To have one with-
out the other would be to either de-
value the activities of the classroom
or dismiss the importance of aca-
demic thought. Either of these fail-
ings is unacceptable.

My great concern is that people
may start to believe that these two
“majoractivity areas” for wantofa
better term, are mutually exclusive
and that each has an audience that
will not tolerate or appreciate the
other. Are some trying to paint a
picture of teachers as an unsophis-
ticated group of practitioners only
concermmed with day to day sur-
vival issues ? What of academics?
Do they really exist in cloistered
surroundings not understanding
the challenges facing those “at the
chalkface”? [ think not. The great
majority of people | have worked
withinthisarca overthelastdozen
or so years have been uniformly
professional in their outlook, in-
terested in broad issues as well as
thespecific,and assuchhavedrawn
benefit from all aspects of repre-
sentative conferences. | make no
distinction regarding the nature of
their daily tasks when [ judgethem
my colleagues. | assume that in
order to best appreciate and un-
derstand the impact of informa-
tion technologies on education we
all must be prepared to consider
and have an interest in the broad-
est possible range of practical and
theoretical considerations.

The national conference must seek
to strike a balancein its programto
cater for the needs and interests of
all delegates. All the conferences |
have been associated with have
striventodothisand lam confident
that all in the future will do the
same. ACEC 93 will no doubt be a
fine example of the type of quality
conference we are able to offer to
the Australian educational scene
and will provide a forum which is
both enlightening and stimulating
for computer education profes-
sionals -no matter where wespend
our work days.

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993
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TELECOI\/II\/IUNlCATIONS
APPLICATIONS
IN EDUCATION:

BY BETTY COLLIS

University of Twente
Enschede, The Netherlands

ERRR

Telecommunications
applications in education
are the subject of many
different projects,
interventions, and
research investigations.

In this article, the domain
for such applications is
first defined and then a
two-dimensional
taxonomy for research in
the domain is suggested.
The taxonomy is used as a
framework for hypotheses
about the productiveness
of different research
focuses in the area. An
“intermediate indicator” of .
increased usage of
telecommunications in
educational practice as a
common performance
indicator for different
research activities is
suggested and explained.

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

.

INTRODUCTION

The implications of connecting people
to each other or to distant resources via
technology have been research focuses
in the distance education community
fora considerable time, butare becom-
ing more and moreof interest through-
out the broader educational commu-
nity. Advancesin computerand com-
munications technologies are now
making wide-area inter connectedness
for communication and information
handling increasingly fcasible for
learners and teachers. Research re-
lated to these possibilities isincreasing
at a rate parallel to the escalation of
possibleeducational applications of this
computer-mediated interconnected-
ness. The domain of this activity is still
emerging and is far from well-defined.

Animmediateconsequence of this state
of affairs is that research and experi-
ence in the area is difficult to collect
and analyze. As was the case with the
emergence of computer applicationsin
cducation a decade (or more) earlier,
rescarchers are multi-disciplinary in
background and tend to approach the
investigation area through their own
frames of reference and with theirown
vocabulary. This also complicates re-
search synthesis.

PURPOSES OF THIS ANALYSIS

The major purpose of this analysis is to
suggest a pattern for conceptualizing
research in the domain of telecommu-
nications applications in education in
orderto help betterintegratethe many
different research activities occurring
inthearea. After offeringa overview of
the domain under investigation, tel-
ecommunications appiications m cdu-

A RESEARCHTAXONOMY

cation, we thus develop a two-dimen-
sional taxonomy for research activity
in thedomain.

Such a taxonomy should serve morz
than categorization purposes. Its major
value should come from its application
to the emergence of more-coordinated
research activity in the domain area.
Thus the secondary purpose of this ar-
ticle issuggest howthetaxonomy could
be applied. One such way is to help
prioritize research activities; we illus-
trate this through a series of hypoth-
eses relating to which types of inter-
ventions are most likely to have an
impact on which types of outcome
measures in the domain. Another ap-
plication of the taxonomy is to suggest
a global performance indicator against
which the productivity of research ac-
tivity in the domain can be measured.
We also illustrate this possibility.

DEFINITIONS

Before we can go further, however,
some definitions and delimitations arc
necessary. First, the awkward term
“computer-mediated interconnected-
ness” must be defined, and exchanged
fora morecommonlyunderstood term.
We will limit ourselves to the subset of
telecommunications-mediated appli-
cationsineducationin whicha person—
teacher or learner—sitting at his or her
computer makes contact with a person
or persons in other locations or with
clectronically stored resources in other
geographically distant locations. For
simplicity, we will call this domain
“telecommunications applications in
cducation.”

11
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relatonaiy

Figure 1. Educational applications of telecommunications, from a functional-

technological perspective.

Figure 1 shows a conceptualization of
the domain, with dimensions relating
tothehuman scale of thetelecommuni-
cationsactivities and to the educational
function of the activities.

By this definition, it should be noticed
that we have delimited the use of the
term telecommunications, so that we
do not include television broadcasting
or video-conferencing or audio-
conferencing or FAX transmission or
voice mail or other such communica-
tion variations, even though of course,
microcomputertechnologyisinvolved
in the variations. In our delimitation,
from the user’s point of view, he or she
is sitting at the keyboard of a personal
computer.

Finally, we will focus on education
broadly, to include not only school-
level sectors but also higher education,
professional ecucation, training, and
non-formal education. Thus we will
usethe terms “*eachers” and “students”
forsimplicity, butrelativeto the type of
educational setting involved, we real-
ize terms such as “trainces” or “learn-
ers” and “tutors” “instructors”, “in-
structional materials providers” or
“trainers” would sometimes be more
appropriate. Alsothoseinvolvedintel-
ecommunications-mediated activities

are sometimes the teachers and other
times the studentsand othertimesboth
ininteraction. In reference to Figure 1,
for example, “small groups” could be
teachers working together on a cur-
riculum-development project, or adult
trainees in a company with branches at
different locations, or young students
in two or more classrooms working on
a common research project. “One-to-
One” could be, forexample, two teach-
ers talking to each other about lesson
ideas, two young learners getting ac-
quainted witheachotherelectronically,
or a tutor and client in a distance-edu-
cationsetting. “LargeGroup” could be
course members in a distance educa-
tion program or could be a group of
professionals, such as science teachers,
interacting informally (see, for exam-
ple, Ruopp, Gal, Drayton, and Pfister,
1993, for a description of the “LabNet”
community).

In concise terms, then, how can we
categorize research about telecommu-
nications applications in education?
How can we use this categorization to
suggest a action-oriented research
agenda in the domain?

CONCEPTUALIZING THE RESEARCH
DOMAIN

There are many ways in which a re-
searchdomain could be conceptualized.
Our approach is to divide research in
the domain of telecommunications-
applicationsineducation into twobroad
categories: one dealing directly with
the educational impact of such appli-
cations and the other with strategies to
(eventually) facilitate the realization of
the desired impact. By educational
impact, we mean outcomes or resuits of
the use of telecommunications, in terms
of educationally relevant measures. By
facilitating, w2 mean ways to intervene
in or help the telecom:iwunications-use
situation so thatthedesired educational
results are more likely to occur.

CATEGORIZING IMPACT

How can “educationally relevant” out-
comes for telecommuricationsapplica-
tions be categorized? Although we
could use the cells of Figure 1 as a
framework, we believe that from an
educational perspective, it is not the
technology which should be the focus
of outcomes but rather performance
indicators related to generaled ucational
goals, thus to learning, to attitude, and
to the process of education. We suggest
therefore the following as focuses for
measuring the impact of telecommuni-
cations use ineducation: impact relative
to the individual student, impact rela-
tive to the teacher, and impact relative
to society. This impact dimension will
bethefirst of the twodimensionsof our
proposed taxonomy of the research
domain for telecommunications appli-
cationsineducation. Table1shows this
first aspect of the research taxonomy.
Following the table, the categories are
discussed in more detail.

STUDENT-RELATED OUTCOMES

Based on our analysis of the research
literature (Collis, 1992a) we can expand
the points mentioned in Table 1 as stu-
dent outcomes into eight categories of
results, although sometimes the cat-
egories overlap. Many different studies
couldbe cited as examples of each of the
categories; we list one or two per cat-
egory as representative.
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Categorizing the Impact of Educational Uses of Telecommunications

On Students: On Teachens:

-Content-iclated learning
(faster, more. betier) delnery

-General technological
litcracy

-Process-related growth
(communication skiis.
information handling skalls,
cooperation skitls)

-Attitudes

-Changes m instructional

-Enhanced protesstonatism

-Increased cificiency

On Socicty

! “More cguitable access o
‘ educational oppariumues
t
I
!
!

Mote ilexible actess o
relevant cducational
appatumues

LEARNING-RELATED:
1.Content-Related Learning, wherethe
measure is improved subject-area con-
tent learning (inore, or faster, or of a
higher level) than what would belikely
to occur with instructional methods
not involving telecommunications.
(Krend] & Fredin, 1985; Riel, 1989)

2. Content-Related Enrichment, where
the measureis more in terms of what is
inadeavailable tothestudent—aricher,
deeper, broader, range of learning
stimuli than is likely to occur with in-
structional methods not involving tel-
ecommunications (Irving, 1991; Stuve,
1991). With such enriched learning
possibilities, it appears to be generally
assumed that students will take intel-
lectualadvantage of theenrichedrange
of possibilities available to them and
thatin consequenceimproved learning
will occur.

3.General Literacy, wherethe measure
is improved awareness of and general
facility with telecommunications-me-
diated applications. As with computer-
literacy learning goals of the previous
decade, the belief that students should
acquire familiarity with the full range
of socially utilized information tech-
nologies now includes expectations
about teleccommunications (Anderson
& Collis, 1993; Underwood &

Table 1

Underwood, 1990). Usually, general
literacy is assumed to have been
achieved if the student has had some
experiences in using a target technol-
ogy (Anderson & Collis, 1993).

PROCESS-RELATED:

4. Improved Communication Skills,
where the measure is in terms of lan-
guage-use growth rather than of spe-
cificachievement outcomes and where
communication in a second language
is often a particular issue (Levin, 1985;
Scott, 1988).

5. Improved Information-Handling
Skills, where the measures again are of
growthand increased maturity as well
as of increase in specific skills and effi-
ciency in the use of those skills
(Bingham, 1992; Grice, Galbraith, Carss,
Endean, & Warry, 1990).

6. Improved Skills in Cooperation and
Collaborative Work, where outcome
measures are hard to define but where
it frequently is assumed that the fact of
participation in collaborative activities
is s0 likely to lead to other desirable
educational outcomes that the partici-
pation becomes a goalinitself (Brienne
& Goldman, 1988; Durfee, Lesser, &
Corkill, 1990).

AFFECTIVE:

7.Enjoyment and Motivation, where it
is assumed that increases will transfer
to better learning or at least to better
work habits leading in turn to better
learning (D’Souza, 1992; Teles &
Duxbury, 1991).

8. Other Affective Results, a diffuse
category with outcomes such as in-
creased appreciation of the scientific
method or of cultural differences and
similarities among fellow on-line
leamers (Kearsley, Hunter, & Furlong,
1992, pp. 45-62; Ruopp, Gal, Drayton,
& Pfister, 1993, see in particular pp.
227-244).

Teacher-Related Outcomes. Underthe
grouping, “teacher-related outcomes”,
we seethree major categories of results,
again occasionally overlapping:

9.Changes in Instructional Style, where
the outcome is that the teacher adopts
new strategies forinstructional crgani-
zationand delivery (Hunter, 1990, U.S.
Congress, Office of Technology As-
sessment, 1989, pp. 87-107). The as-
sumption is usually that such changeis
¢ virable.

10. Enhanced Professionalism, where
the outcome relates to the teacher hav-
ing more professional contact with his
or her peers, more access to different
professional materials, more discus-
sions with colleagues, and a broader
awareness of the field {Kimmel, Kerr,
& O’Shea, 1987; Riel, 1990).

11. Increased Efficiency, where the
measure is that the teacher can do vari-
ous educational tasks more quickly or
easily or cheaply so that more time or
resources are available for “quality”
educational interactions. (Kearsley,
Hunrter, & Furlong, 1992).

SOCIETY-RELATED QUTCOMES.
Under this grouping we put out-
comes relevant to larger patterns of
educational opportunity. In particu-
lar we see outcomes relative to the
following social perspectives:
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12. Reducing Inequitiesin Educational
Opportunity, with outcomes related
to reducing discrepancies in educa.
tional access and possibility caused by
geography or other demographical
characteristics of the potential learner

Summary of Results from 42 Studies Relating (o Telecomnumications Use in Secondary
Education

}. Conteni-Relaied

-l Eastman, (1986) .

2. Content-Related, Enrichment (Denton, 1992;U.S. Congress, Officeof
Cohen & Miyake. (1956) Technology Assessment, 1989, pp.135-
Bowers, (1989) 151).

3. General Literacy
Lenardon. (1989) .

Swarson, (1989) 13. More Flexible Access to Relevant
Archer. (1989} _ Educational Opportunities, in terms of

4. Impraved Communicaion Skills time of delivery, forms of participa-
Hoffman. (1989) ti dchoi factivity (Cade, 1992:
Ricdl. (1986) ion, and choiceof a 1_ ty : e, ;
Meyer. (1990) Longworth, 1988). This is believed to
gcnwick. (1990 be important to increasing relevance,

ohen & Ricl, (198Y) N . I .
Gavin, (1987) ChO'lC.E,‘ and pa'mq‘patlon l‘n educational
Reed. (19891 activities, which in turn is expected to
Lemp, (1988} lead to desirable learning outcomes.
Schwarts, (1986)

Galligan, (1988)
Andres-Syer. (19874, 1987 APPLYING THE IMPACT CATEGORIZA-
Cohen & Muyake. ([9%6) TION TO RESEARCH IN THE DOMAIN

S. Improved Infarmaunyn-tiandling Skills In Table 2 we reanalyse data from an
Eastman. (1986) A .

Teague, Teague, & Marchiomim, ¢ [4R6) earlier research summary (Collis, 1990)
Cohen & Mivake. (1986) in which more than 30 studies relating
Goldberg, (1988) ] to telecommunications application in

6. Improved Skills in Covperation and Collaborative Wark ed . .
Rogers. Cowick, & Powell, (i989) secondary education weresynthesized.
Galvin. (1987) Thetableshows that theresultsinthese

2 En Ranebo. ‘d");:o’_ studies were more related to Outcome

. &njoyment an Qnvanon . feb
Edybum, (1987) Categories 4 and 7 of the above list
Teaguc. Teague, & Marchionnr, (1986) than they were to the other otitcomes,
Barden, (1989)
ﬁg%ﬁ:;nc‘z:v‘)l;;') & Powell (1951 A similar analysis of 13 telecommuni-
Wilson, ('1990) cations projects ir. Dutch secondary
Galvin. (1987) education (Collis & De Vries, 1991)
?2?{%5‘3{;2})(:%7“' 1987h. 1988) showed similar results, with the fol-
Douglass. (1990) lowing results per category: Outcome

8 Other Affective Results Categories 1 and 10 (one time each);
Bajard, (1989), ("Students lcamed thit there are two sides 10 cvery 1ssuc. Students wanted Qutcome Categories 2, 3, and 4 (two

to hear from the other side ™) : . -

times each); and Outcome Category 7
Viahakis. (1990). (“Learming much about cach other’s cultures, 10 make this world a L. % N '8 ry
peaceful place 10 hve ™) (six times). Again student motivation
TERC. {1987). ("Empower students to engage 1n the work of scicalists and cxplore and enjoymernt were the most fre-
questions of imponance.”) quently mentioned results.
9 Change in Teaching Style
Within these 13 kinds of impact out-

10 Change 1 Professional Halnts comes, we can see furthersubdivisions
Adam & Mackie. (1989) . .

Marshak. (1989) with m.spect to educational research.
Monn, (1988) In particular, we note that for each of
Andres-Syer, (1987 the 13 categories, theresults weremore
.. . '

Schrow. (1958) often “expected to occur” or “perceived

11 Increased Efficiency to have occurred” than they were of

measured outcomes. Many studiesare

{2 Reducing Inequuties wn Educatiunal Opporianiey a hybrid of two types of results (“ex-

13 Making the Provision of Educanonal Opportunistes More Flexible pected to occur” and “perceived to
Gunn, (1989) have occurred”), are highly descriptive
Maare, (1989) innature, and focuson whathappened

Tt T m T T T in the organization and execution of

Adapted from Collis. 1990 someon-lineactivity. Theassumption
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appears to be that the process of pro-
viding various on-line activities to stu-
dents will to lead to impact goals, even
if the goals are not directly addressed
or progress toward them measured.
Further analysis of the studies in Table
2 and the 13 Dutch projects (Collis &
De Vries, 1991) showed that only six of
these projects supported their results
with an objective form of measured
effectiveness data. The remainder
based their statements of outcomes on
the perceptions of the researcher orthe
teachers involved.

As a general summary of the impact
literature with respect to telecommu-
rications in education (see also
Wellburn, 1992), we think it is fair to
say:

1. There is strong expectation of sub-
stantial educational impact from tel-
ecommunications use, in eachofthe 13
categories suggested by Table 1.

2. Thereis enthusiasm for telecommu-
nications activities among those who
participate in them, particularly for
communications-oriented activities.

3. Measuring the educational impact
of telecommunications activity is ap-
parently difficult to do, or considered
unnecessary, in that objective meas-
urement of educational payoff occurs
infrequently. When measurementdoes
occur, itis most likely to relate to affec-
tive variables. (Collis & De Vries, 1991,
1992)

FACILITATING iIMPACT

In almost all of the studies mentioned
above, as well as in many other exam-
ples, the research reports contain not
only some comments about impact ex-
pectations and (perceived) outcomes,
but also an analysis of what factors
influenced the level of impact that was
achieved. Typically, at least some of
the anticipated outcomes did not
emerge. Most studies then make rec-
ommendations for how subsequent
researchers and practitioners can bet-
ter facilitate the desired impact out-
comes from telecommunications use
in education. (See, for example, Adam
& Mackic, 1989; Andres-Syer, 1987b;

Collis, 1992b; Cohen & Miyake, 1986,
and Riel & Levin, 1990). More explic-
itly, many research studies focus di-
rectly on what might becalled facilitat-
ing factors—characteristics of the tel-
ecommunications-usesituationthatare
of interest in that they are assumed to
directly or eventually lead to better
realization of the desired educational
impact of on-line activities.

Thus we propose that research into
theseso-called “impact facilitators” has
come to form a second major category
of types of educational research relat-
ing to telecommunicationsapplications
in education. We will thus make this
kind of research the second dimension
in our proposed taxonomy of research
relating to telecommunications in edu-
cation.

MICRO- MESO-, AND MACRO-LEVEL
FACILITATORS

The impact facilitators can be catego-
rized in many ways. We choose not to
map them directly on to the 13 catego-
ries of impact outcomes (see Table 1)
but instead to use the idea of micro-
level, meso-level, or tnacro-level inter-
ventions (see Pelgrum & Plomp, 1991,
fora conceptualization of these levels).
By “micro-level” we the actual on-line
learning environments themselves. By
“meso-level” we mean the persons,
events and materials that surround the
actual use of telecommunications for
aneducational purpose. By the “macro-
level”, we mean those policies and
practices outside of the actual on-line
use that influence that use. We next
give examples of research concerning
each of these levels. We will also note
foreachof thelevelsoffacilitatorssome
critical factors that form baseline con-
ditions for telecommunications use to
occur. Without these conditions being
met, itisunlikely thatimpact outcomes
will have a chance to emerge (Collis &
De Vries, 1991, 1992).

RESEARCH ABOUT MICRO-LEVEL
FACILITATORS.

Micro-level facilitators can relate to the
software with which the user interacts
while on-ling, the user interface of the
on-line environment, the architecture
and organization of the on-line envi-

ronment, and the types of information
and communication available through
the on-lineenvironment. Although lit-
tle has been written about the data
communications software that the
teacher or student uses to mediate on-
line activities, some research is being
done (see Soepboer, 1992, and De Vries
& Collis, 1993). There is more research
available about the user interface of
specialized on-line systers, such as
those for on-line information systems
(Horton, 1990); for computer
conferencing (Alexander, 1991); for
“groupware” (software to facilitate the
exchange and sharing of information
and ideas among learners involved in
cooperative tasks over a distance, see
Marca & Bock, 1992); and for compu-
ter-mediated commurication of the e-
mail sort (Samis, 1992). In all cases, the
assumption is that, through improved
software, users will find it easier to use
theon-lineenvironmentsefficientlyand
effectively, thus leading to eventual in-
crease in impact performance indica-
tors.

At the system-functionality level, re-
search is also being done to identify
which on-line functions, organized in
what ways, are most useful for educa-
tioral purposes. Palme (1991), for ex-
ample, has made such an analysis for
computer conferencing; Doyen and
Wheeler (1989) for on-line information
retrieval;and Collis, De Diana, and Sterk
(1992) for communication and infor-
mation systems for education more
generally. Again, the motivation for
such research is to facilitate as much as
possible the micro-level aspects of on-
line use so that the user is helped and
stimulated, not hindered or frustrated
by the human-computer interactionin-
volved in on-line activities.

The content that should be available
via on-line access to information is also
a research area (sce, for example, Van
Beckum & Van Der Burg, 1992). Those
who favour on-line communication as
themajoraspect of telecomraunications
use are not as much affected by this
issue as are those who wish to access
educationally relevant learning mate-
rialsfromon-line sources. However, in
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all cases, there are issues relating to the
internal management of the on-line er -
vironment, be it the human manage-
ment needed for effective moderation
of CMC and computer conferencing
(Mason, 1991), or the management
needed to maintain on-line collections
of information (see, for example,
Horton, 1990).

Thus considerable research is being
done with respect to facilitator vari-
ables attheso-called micro-level. Atthe
least, micro-level facilitation should
relate to the following critical baseline
conditions for telecommunications use:

- Communications software and the
user-interfaces of on-line services
should not be frustrating to inter-
pret and use

- On-line functionality should not be
poorly designed (i.e., nounexpected
system crashes occur, exit proce-
dures are manageable, on-line ma-
terials can be saved and used off-
line, etc.)

- Content of on-line information
should be appropriate to the char-
acteristics of the students and cur-
riculum

- On-line costs must be affordable

- What is obtained from the on-line
use needs to appear to be worth the
effort of obtaining it.

RESEARCH ABOUT MESO-LEVEL
FACILITATORS.

How to better help teachers in envisag-
ing instructional integration of tel-
ecommunications applications within
the curriculum and within the confines
of their teaching-delivery setting is a
critical area for research at the so-called
meso-level of facilitators (see, for ex-
ample, Roberts, Blakeslee, Brown, &
Lenk, 1990). In a multi-year evaluation
study in The Netherlands, forexample,
we have found that teachers need con-
siderable help in the implementation
aspects of telecommunicationsuse,even
when curriculum-relevantlessonideas
are carefully worked out and made
availabletotheteachers (Verwijs, 1993).
Helping the teacher to implement a
telecommunications experience with a

full class of students, where only one
modem and telephone line are avail-
able, and where the school computers
are only accessible within the net-
worked computer laboratory is a major
concern at the meso level (Collis & De
Vries, 1991; 1992). Thus instructional
strategies and lesson materials that ac-
knowledge this implementation-bot-
tleneck scenario are necessary, but not
much yet produced (see Keursten &
Nieveen, 1992). Research that investi-
gates effective waysto help the teacher
in his or her preparation and execution
of lesson activities involving telecom-
munications use is also important
(Stapleton, Levin, & Waugh, 1992).

At the least, meso-level facilitation
should address the following critical
conditions fortelecommunications use:

- Lesson suggestions and materials
should be available that show ex-
amples of relevant integration of
telecommunications use into cur-
riculum areas taught by the teacher

- Teachers must be willing and moti-
vated to try new forms of instruc-
tional activity

- Teachers must be willing and moti-
vated to invest additional time and
effort on learning to use on-line
systems.

RESEARCH ABOUT MACRO-LEVEL
FACILITATORS.

Even if the teacher has a manageable
plan for instructional use of telecom-
munications, and access to attractive
and reasonably easy-to-use on-line en-
vironments, there are still many other
facilitators to be considered. Many
critical issues relating to cost, subscrip-
tiontoon-lineinfrastructures and serv-
ices, »eacher training and preparation,
and general provision for access to tel-
ecommunications resources in the
school and preparation locale must be
addressed at the macro-orsystem level
(Collis, Veen, & De Vries, 1993; U.S.
Congress Office of Technology Assess-
ment). Personnel issues are involved
with any decision to support on-line
learning environments. System opera-
torsand moderators areneeded, as well
as other categories of support persons.

Costs of access to on-line services are
difficult to predict and budget but
strategies must be found to support ti.c
costs. How to compensate the time
needed by teachers to gain familiarity
with the innovation is another facilitat-
ing issue at the macro-level.

At the least, macro-level facilitation
needs to address the following critical
conditions for telecommunication use:

- Theteacher must beable to connect
a computer and modem to a tel-
ephone connection and to make
outside calls

- Theteacherorinstitution musthave
a subscription to some sort of on-
Jine communication and informa-
tion service and a budget to handle
connection costs

- Appropriateinserviceand technical
support must be available

- Strategies to give the teacher ad-
equate time and opportunity to
work on-line for the preparation of
lesson materials must be found

- There must be enough flexibility in
school procedures regarding com-
puter use so that student access to
on-line systems can occur.

APPLYING THE RESEARCH TAXONOMY:
RELATING EFFECTIVENESS OUTCOMES
AND FACILITATORS

Intheprevious section we haveargued
that the research domain for telecom-
munications applications in education
can be expressed in a two-dimensional
framework, where the 13 categories of
impact indicators form one dimension
and the three levels of facilitators form
a second. Figure 2 shows this idea.
However, it is important that the re-
search taxonomy do morethan catego-
rize existing research, as intellectually
helpful as such a categorization may
be. It is also important that the tax-
onomy suggest applications for subse-
quent research. We will suggest two
such possible applications in this sec-
tion.

Figure 2.
Hypothesized order of influence
of facilitators on impact outcomes
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APPLICATIONS OF THE TAXONOMY:
IDENTIFYING CRITICAL AREAS FOR
RESEARCH AND INTERVENTION

One such application is to use the tax-
onomy as a stimulus for discussion of
what facilitators are likely to have the
strongesteffect on whatoutcomes. This
discussior. can then be helpful for
priorization of research choices, based
on which outcomes are stressed within
a particular situation. Figure 2 also
showsthis applicationofthetaxonomy.
The indications “1st”, “2nd” and “3rd”
within the cells of the matrix are hy-
potheses as to the order in which each
type of facilitator may have most sub-
stantial impact on which type of out-
come. The hypotheses are based on our
synthesis of the research literature and
our own work in thearea. The rankings
in Figure 2 are hypotheses based on the
assumption that theminimal conditions
for telecommunications use have been
generally addressed.

Figure 2has presented an hypothesized
order of influence for different typesof
interventions, relative to different im-
pact outcomes. Let us examine some
implications of these hypothesesmore
closely.

MICRO-LEVEL FACILITATORS.
Wehypothesizemicro-level facilitators
to have the strongest influence relative
to the meso- and macro- levels on five
of the impact-outcome categories: (2)
Content-Related Enrichment; (5) Im-
proved Information Handling Skilis:
(7) Enjoyment and Motivation; (10}
Teacher-Enhanced Professionalism;
and (13) More Flexible Access to Rel-
evant Educational Opportunities.
Why?

Impact
QGutcome Category:

Facilitation Levels

Micro-

Meso- Macro

1. Content-Related nd
Learning

11 3rd

2. Content- v
Related Enrichment !

2nd rd

3. General !
Literacy

4. Communication | nd
Skills

S. Information. Y
Handling Skills

“nd : il

6. Cooperation . 2nd

st ind

Skills |
i

7. Enjoyment,
Motivation

It

2nd ird

8. Other Affective |
Results i

9. Teacher-Changes | 4
tn .
Instructional Style

2nd [N

10. Teacher-
Enhanced Pro-
fessionalism

nd

11. Teacher- ' nd
Efficiency !

12. Society-Lquity Ud

st

4
c
PR USRI SIS S

2nd I}

13. Society- st
Flexibility,
Relevance

d Ind

Because each of these is directly related
to the contents of what is available on-
line and how well it is organized. For
Outcome Categories (2)and (13), and to
a lesser degree Outcome Category (10)
to occur, large quantities of attractive,
timely, relevant and well-indexed ma-
terials must be easily and affordably
availableand findableon-line. For Out-
come Categories (5) and (7), quantity is
notas much important compared tothe
organization and structure of the infor-
mation, learning materials, and com-
munication possibilities offered by the
on-line environment (Walker, Young,
& Mannes, 1989). For Outcome Cat-
egory (7) to occur, user-handling prob-
lems and frustrations must not occur;
as simple as that.

MESO-LEVEL FACILITATORS.

We hypothesize meso-level facilitators
to be of paramount importance with
respectto Jutcome Categories (1) Con-
tent-Reiated Learning, (4) Communi-
cation Skills [mprovement, (6) Coop-
eration Skills, and (8) Other Affective
Results. Why?

Because we believe that all of these
outcomes are most directly connected
with the teaching process, and, as has
been demonstrated again and again in
educational research, the teacher is the
critical variable in such processes (see,
for example, Collis, 1988). How the
teacher organizes the leamning experi-
ence and environment, the interaction
between the learners and the teacher,
the skill and flexibility and creativity
that the teacher brings to integrating
media of any sort into a learning set-
ting—all of these we believeto be justas
pertinent to the effectiveness of tel-
ecommunications-mediated activities
as they are to any other media-medi-
ated learning situation. The meso-level
variables are those which most directly
involve the teacher-teaching-learner-
learning moment and thus will bemost
directly involved with student-learn-
ing outcomes.

It is arguable if Outcome Category (7)
should notalso beincluded in this meso-
level teacher-oriented group of
facilitators. However, we have placed
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it in the micro-level category because
we feel that the novelty value of tel-
ecommunications may be enough at
the present time to have a strong affec-
tive impact on learners even above the
effect of the teacher, and conversely
that badly designed and hard-to-use
on-line resources will frustrate even
the efforts of the excellent teacher.
Similarly, we have placed Outcome
Category (5), Information Handling
Skills, in the micro-level category, for
the negative reason that poorly-de-
signed and poorly-accessible informa-
tion materials will also defeat the ef-
forts of even the excellent teacher in
terms of telecommunications use.

MACRO-LEVEL FACILITATORS.

Finally, we hypothesize Outcome Cat-
cgories (9}, (11), and (12) to be most
strongly influenced by macro-level
facilitators. We believe that expecta-
tions about change in teachers’ pre-
ferred styles of teaching or patterns of
work (Outcome Categories 9 and 11)
are highly context-bound. Withoutan
institutional framework tosupportand
value and reward and facilitate inno-
vation in teaching and working habits,
it is unlikely such innovation can take
root, beyond the stray-blooming “pio-
neer enthusiast” (see, for example,
Roberts, Blakeslee, Brown, & Lenk,
1990, pp. 139-151). And theenthusiasts
are not enough to bring about change
in a system; diffusion must occur and
this must happen under institutional
support (Fullan, 1982). Outcome Cat-
egory (12), relating to increased equity
in educational opportunity, is particu-
larly a function of policy and top-level
facilitation.

APPLICATIONS OF THE RESEARCH
TAXONOMY: TOWARD A COMMON AND
MEASURABLE PERFORMANCE INDICA-
TOR

In addition to the use of the taxonomy
to suggest priorities for types of facili-
tation research relative to types of im-
pact outcomes, we see a sccond appli-
cation. The taxonomy allows us to
morecasily considertheresearchactiv-
ity relating to telecommunications ac-
tivities in education as a whole, and
thus suggests the value of suggesting a

common “perforraance indicator” for
the different types of intervention ac-
tivities that occur in this domain. Thus
a second application of the research
taxonomy suggested by Figure2 canbe
to suggest a common interim per-
formance indicator against which the
contribution of different facilitating
strategies can be evaluated. This al-
lows the taxonomy to contribute more
directly to action research in the area of
telecommunicationsineducation.Such
a common intermediate performance
indicator should be measurable and
easytounderstand. Wesuggest “usage
in practice”, expressed in terms of an
increased number of persons making
use of telecommunications for educa-
tional purposes, as a useful intermedi-
ate performance indicator relative to
the overall taxonomy.

Why is increasing the quantity of useof
telecommunications applications in
education a reasonable intermecdiate
goal for the different facilitative strate-
gies identified in the research tax-
onomy? Not because of technology
push, but for at least the following rea-
SOns:

1. Without broader use in practice than
is now occurring, the payoff of telecom-
munications use relative to educational
impact outcomes may not be consid-
ered substantial enough froma system-
wide perspective to justify financial
resources and support.

2. Without broader use in practice than
is now occurring, a market will not
develop for tclecommunications-re-
lated activities in education, and thus
the benefits of scale and competitive
supply that come with such a market
will not develop. As telecommunica-
tions use requires depth and complex-
ity of resources to meet many of its
hoped-for impact outcomes (sce Out-
come Categories 2, 5, 6, 7, 10, 12, and
13), the lack of development of a viable
market for on-line services will be a
serious and even deadly blow to even-
tual impact.

3. Without broader use in practice than
is now occurring, a critical mass of us-

ers and experiences and 1deas and in-
put into the various on-line systems
will notoccur, thusalso drying up their
potential educational value and moti-
vational level.

4. Without broader use in practice than
is now occurring, research activities in
this area will appear more and more
divorced from reality and the field, a
perception to be fought against for
many different reasons.

5. Broader use in practice implies at
least the perception of impact potential
among thoseinvolved intheuse.Italso
implies that baseline conditions for im-
plementation at the micro-, meso-, and
macro-levels have been met.

Thus we have suggested a second ap-
plication of the taxonomy—by super-
imposing overittheintermediate crite-
rion of “Will such an intervention be
likely to lead to more use of telecom-
munications by teachers and stu-
dents?—decisions about priorities for
research can be commonly grounded.
Researchers coming from different
backgrounds and with different per-
ceptions of the target domain can per-
haps come to relate to this common
outcome.

As a final comment, we believe the
“more use in practice” criterion needs
tobeattheshort-termrather thanlong-
term level as much as possible. Al-
though researchers should not be
pushed by technology, the rapidly in-
creasing interconnectedness of society,
especially for masscommunicationand
information purposes (see, for exam-
ple, Dertouzos, 1991,and Romiszowski,
1990), should not occurinisolation from
what goes on in schools. Already the
notion that information and ideas are
entities tobe nurtured and transmitted
by the educational system is no longer
much relevant to many students. We
as educators may not be in control of
our long-term perspective if we fail
now to analyze the ways "~ which we
operate relative to the ways in which
our students are already communicat-
ing withand getting information about
the outside world.
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There are important
pedagogical, political,
social, cultural, and
economic reasons why
schools shouid consider
telecommunications
technologies as learning
tools. This article
examines a number of
these issues.

GLOBAL LITERACY IN
A GUTENBERG CULTURE

LIVING IN THE GLOBAL VILLAGE

Since Marshall McLuhan coined the
term in the 1960’s, few of us have truly
understood what the term “global vil-
lage” means. Most of us have been im-
pressed with CNN’s instantaneous
global video broadcasting, but the pas-
sive medium of television gives few of
us the feeling of much involvement
beyond our favoritereclining chair. (For
an incisive critique of the influence of
television or: our culture, see Postman,
1985.

Yet today, growing thousands of chil-
drenin dozens of countries around the
world areliving thereality of the global
village in personal, hands-on, interac-
tive ways. Through the medium of
networking and telecommunications
technologies these students are for the
first time learning to think of them-
selves as global citizens, sceing the
world, and their place in the world, in
ways muchdifferent thantheir parents.

Today’'s global networks create con-
nections between people which span
time and distance in ways the world

. has neverbefore seen...and with impli-

cations which are beginning to have
major political, social, and economic
implications. (Toffler, 1990)

Since the days of Gutenberg, the pub-
lishing of information has been an au-
tocraticenterprise. _TimeMagazine's_"”
Man of the Year” for 1991 was Ted
Turner, founder and owner of CNN, in
recognition of CNN's news coverage of
globalevents. Yet the fact of the matter
is, the “selection” of that news is de-

pendent upon a tiny handful of execu
tives in Atlanta. In fact, the “informa
tion media” boil down to this: a limites
cadre (or cabal?) of reporters, writer:
publishers, editors, producers, an
other arbiters of “news,” “good taste
or “political correctness” decide whe
is “news,” whatis “important,” whati
“good for us,” and ever what is “art
and “entertainment.”

In contrast to this managed flow ¢
information, however, the glob:
Internet of networks is giving millior
of people direct access to informatio
in ways the world has never befor
seen. Information of every sort flow
freely, across national borders an
around the world, directly from “wher
it’s happening” to where there ai
“inquiring minds who want to know

For instance, the world was electrifie
in August 19,1991 by the coup d'etat i
Moscow. For the first time in over
thousand years, Muscovites raised tt
barricades and defied the powers b
hind the coup. Boris Yeltsin, preside:
ofthe Russian Republic, issued adecrs
of defiance, proclaiming the leaders:
the coup to be illegal and seizing a1
thority within the Russian Republ
from the central government.

Within hours the following messag
vontaining Boris Yeltsin’s decree,
bothtransliterated Russianand Engli
translation, flashed around the worl
directly to tens of thousands of cor
puterson collegecampuses, businesse
homes, and schools:
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To:  NEWS.GENERAL

From: dvo@hq.demos.su(Dmitry V.
Volodin)

Organization: DEMOS, Moscow, USSR
Subject: Yeltsin's decree

Date: Mon, 19 Aug 91 21:20:13 +0300
(MSD)

Please redistribute this as wide as
possible the followin in stripped Russian
and an approximate translation to
English. It’1l be fine, if this reachs world
information agencies. Thank you.

Dima ukaz

PREZIDENTA rOSSIJSKOJ
fEDERATIWNO] sOUIALISTI"ESKO]
RESPUBLIK!I

pREDPRINQTA POPYTKA
GOSUDARSTWENNOGO
PEREWOROTA, OTSRANED OT
DOLVNOSTI pREZIDENT sssr,
QWLQ®@IIJSQ wERHOWNYM
gLAWNOKOMANDU®@] IM
wOORUVENNYH sIL sssr. wICE-
PREZIDENT sssr, pPREMXER-
MINISTR sssr, PREDSEDATELX kgb
sssr, mINISTRY 0BORONY |
wNUTRENNIH DEL sssr WO[LI W
ANTIKONSTITUCIONNY] ORGAN,
SOWER[IW TEM SAMYM
GOSUDARSTWENNOE
PRESTUPLENIE. w REZULXTATE
\TIH DEJSWTWI] DEQTELXNOSTX
ZAKON NOIZBRANNO]
ISPOLNITELXNO] WLASTI SO@ZA
ssr OKAZALASX
PARALIZOWANNO)].

...lines deleted
pREZIDENT rsfsr b.eLXCIN

mOSKWA, kREMLX
19 AWGUST 1991 GODA
né6l

DECREE of the president of the Russian

Federative Socialist Republic

An attempt of a coup d’etat was taken,

the President of the USSR, who is the

Commander-in-Chief of the Soviet Army,

was dismissed from this post. The Vice

President of the USSR, the Prime

Minister of the USSR, Ministers of

Defrisce anid Internal Affairs of the USSR

formed an unconstitutional body,

therefore committing a state crime.

As a result of this action the activity of

the constitutional executive power of the

USSR was paralised.

In this situation I decree:

1. Until the emergency Congress of the
People’s Deputies of the USSR is
taken all bodies of the executive
power of the USSR, including the
KGB, Internal Ministry, Ministry of
Defence, acting on the territory of the
RSFSR, are taken under the submis-
sion of the President of the RSFSR,
elected by the people.

2. The KGB of the RSFSR, Internal
Ministry of the RSFSR, State
Committee of the RSFSR on Defence
Problems are prescribed to temporary
execute the functions of the corre-
sponding bodies of the USSR on the
territory of the RSFSR. All the
territory and other bodies of the
Internal Ministry, KGB and Defence
Ministry on the territory of the
RSFSR immediately have to obide
decrees and orders of the President of
the RSFSR, the Consil of Ministers of
the RSFSR, the orders of the the KGB
of the RSFSR, the Internal Ministry
of the RSFSR, the State Commettee of
the RSFSR on Defence Problems.

3. Allexecutive bodies, persons, and
citizens of the RSFSR have to take
immediate actions to prevent the
execution of any decrees and orders of
the unconstitutional Commettee on
Emergency Situation.

Executive persons, obiding orders of this

commettee, are dismissed from their posts

in accordance with the Constitution of
the RSFSR. Bodies of the Procurature of
the USSR have to immediately take
actions to enforce the criminal law onto
this persons.

The President of the RSFSR

B.Yeltsin

Moscow, Kremlin

August 19, 1991

This message came directly from Mos-
cow to the people of the world...
unfiltered, unedited, without the ben-
efit of selection or “commentary,” “in-
terpretation,” or embellishment. (This
kind of internetworking transmission
is substantially different than radio or
television broadcasting, which require
expensive transmitters: anyone with
access to a personal computer and a
phone line can accomplish the same
thing as our Moscow “correspondent.)

Thequality of “news” and information
which flows through the global village
networks can also be substantially dif-
ferent than what we have come to ex-
pect as “news.” It becomes more per-
sonal and intimate and “real.” Read
this message which came out of Bosnia
during the early days of the troubles
there:

Date: November 26,1991 11:22
Subject: Appeal for Vukovar

Translation courtesy of Tomislav

Subj: APEL ZA VUKOVARIZ

Hotw can I start a story of death and desire
to live?

How can I describe millions of feelings in
plain words?

How can I concentrate when a packet of
death explodes nearby every few minutes?
How can I ask for help from someone whese
face I cannot even imagine?

How can I ask in the name of thousands of
people, and whom can 1 ask, when all the
appealsand cries for help to stop this insane
bloodshed have been unanswered?

Death hasbecome the most important aspect
of life in this devastated city. She follows us
in every step;sheis anintegralpart of every
thought, of every word that is being said.
Separated from our wives, mothers, sisters,
and brothers; in the constant presence of
terrible massacres of our closest friends;
deprived from the most basic needs; de-
graded to the level of the cattle awaiting to
be slaughtered we live in damp cellars with
no electricity, running water, toothpaste,
soap, diapers for the babics; with no hope of
resting even for a moment, because dreams

14
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on improvised beds are only the horrible
repetitions of the cruel reality.

Can anyone who has not experienced even
alittlepiece of Vukovar sreality understand
the bitter feeling in every single one of us?
Can anyone explain to himfherself and ac-
cept us as savage reality that maybe
tommorow they will not see their families
anymore? In our twisted world there are no
lies. There is only one truth; the truthabout
life. Life in Vukovar today is the fight for
everydoorstep, for the remains of our hopes,
of a town that in the morning mist resem-
bles the site of a Hollywood horror movie.

We are not asking for charity, we are only
asking for life with basic human decency.
We are asking for a chance for our children
to have their children. How would the West
react if 2,000 of their children were confined
to damp cellars with a threat of imminent
death for everyonewhodares to go out; with
only one skimpy meal a day and uncer-
tainty of how long such state will persist?
Can you imagine something like that in
London, Paris, Washington, Berlin, Vi-
enna?

We may be separated by thousands of miles,
butare our hearts separated that much? Let
us bring negotiators to Vukovar! Let any-
one come up with a single argument for the
war when surrounded by dying babies! Let
usgather all the children that have lost their
parents, whose chance to walk side by side
with their fathers and mothers has forever
been lost. No institution will ever be able to
replace the care of the parents.

Vukovar is not just a bunch of shattered
buildings;it isa live organismthat breathes.
Vukovar has got its own bloodstream, its
life that is being taken away fromit. Itsflesh
is being torn apart; its bones are being
broken. And while the city is defending
itself in a spasm, it is being attacked by
people towhom it represents only apointon
the map.

This message is directed to all of those who
love life; to all those who can appreciate the
little things that make life; to all those who
have ever seen a smile of a baby; to all of
those who still care...

STOP THE WAR IN CROATIA, GIVE
VUKOVAR A CHANCE!

Information of all types circulates on
“the net.” NASA scientists, aviation
professionals and hobbyists, biologists
mapping the human genome, Semitic
and Middle Eastern Scholars studying
the Dead Sea Scrolls, musicians, dissi-
dent Chinese refugees... and teachers
and thei- students...canallbefound on
line, 3’ ong with the information gener-
ated by their research and activities.
The implications for schools are pro-
found.

SCHOOL IN THE GLOBAL VILLAGE

When teachers and their students are
“connected” to the world, teaching and
learning strategieschange. The “world”
becomes an indispensable curriculum
resource. Whenstudents communicate
with people in distant and foreign
places they begin to understand, ap-
preciate, and respect cultural, political,
environmental, geographic, and lin-
guistic similarities and differences.
Their view of the world and their place
in the world changes. When teachers
use their international connections as a
learning medium,

* Subiect matter becomes current,
rclevant, and integrated from a
multi-disciplinary, global perspec-
tive.

Students learn about their own
culture and foreign cultures, their
differences and similaritizs... di-
rectly from their distant peers, in
real, meaningful, and exciting ways
Students consider issues that are of
global concern.

Consider this simple project an-
nouncement (“call for collaboration”)
from a teacher in the U.S. Virgin Is-
lands:

To: SCHL.CALL.IDEAS

From:
QJOE@VIRGINI.CERF.FRED.ORG
Date: Feb 6, 1992 13:07

Subject: Virgin Islands Geography
Project

This simple geography project should
suit a teacher in your building. Please
circulate this call for collaboration
among your geography-teaching col-
leagues.

Hello from the Virgin Islands in the Car-
ibbean!

My name is Joe Quain and I'm looking for
5 (five) classes from various countries and
the U.S. to participate in a simple Geo/
Cultural project with my middle school
(ages 12-14) geography class located on St.
Thomas in the LS. Virgin Islands.

EmailContact:
gjoe@virgini.cerf.fred.org

Length of Project - 2 weeks

DESCRIPTION OF PROJECT

Atthe beginning of this project you wil
receive two essays created by my stu
dents in the Virgin Islands. One essa)
will describe the physicai geographyo
ourCaribbeanisland and theotherclas
essay will contain a description of ou
island’s culture.

Two weeks after you receive these es
says, you will send back two simila
essays about your geography and cu!
ture, using our essaysas models. Thes
essays will also be forwarded to th
other participating sites.

Virgin Islands students will then conr
pile this information and give oral r¢
ports. Wewill video tape these repor
and send you a copy of the video tap
(in USA VHS format).

OBJECTIVES OF PROJECT

(1) Each class learns about their ow
geography and culture and tran
mits this knowledge to real aud
ences

(2) Students become better commur
cators

(3) Students conduct collaborative r
search culminating in the final vids
tape

(4) Students compareand contrastsea:
site’s essays.

REGISTRATION
Send email as soon as possible to ]
Quain at:

qjoe@virgini.cerf.fred.org

Include your full name, voice pho
number, school, district, city, count:
and mailing address. Please inclu
your grade and subject area. If m¢
than five schools reply, I will select fi
classes which represent an interesti
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geographical and cultural diversity. 1
will notify all schools by February 21
regarding their selection.

TIME LINE
February 21 - Five sites chosen for
project are notified on Email

February 24 - Virgin Islands Essays
sent to participating sites.

March 9 - Five rernote sites send
Fhysical Geography class essay to the
VirgiaIslands.

March 16 -  Five remote sites send
Cultural description class essay to the
Virgin Islands.

March 30 - Video sent to five remote
locations.

ESSAY DETAILS

Physical Geography Essay - Your stu-
dents willcollectinformationregarding
your own physical geography, and
write a descriptive essay not to exceed
34 pages. This description should in-
clude information pertaining to the
relief of the country or state. All sig-
nificant land forms (mountains, pla-
teaus, coastal plains, unusual features)
and water bodies (important rivers,
lakes, coast lines! should be described
(both physically as well as utilization
(economic, recreation, tourism)). The
longitude and latitude should also be
noted. Some information with how...
physicalland hasinfluenced thehistory
and development of your region should
also be included.

CULTURAL GEOGRAPHY - TOPICS
OF ESSAY CAN INCLUDE

What is germane and unique about
your culture?

food/preparation, housing, music
art, schools, religions, political
system, dress, transportation,
employment, positions or status of
children, adults, and senior citizens

Whatare the essential cultural elements
that give your locale its distinct flavor?
This essay may well be longer than the
first (3-6 pages).

Your students can use the models pre-
pared by my students as a guideline for
the essay which they write.

To contact project coordinator joe
Quain, send mail to:
gjoe@virgini.cerf.fred.crg

Within two weeks after announcing
this project, Joe had over 40 replies. He
selected eight sites to prin him in this
project:
- Helsinki, Finland

- Tarty, Estonia

- London, England

- Amsterdam, the Netherlands
- Madrid, Spain

- Cape Town, South Africa

- Melbourne, Australia

- San Antonic, Texas.

Joe reported that this project not only
accomplished hisobijectives instudying
geography and global cuttures, it also
engaged and motivated his students.
He also reported an unexpected divi-
dend: his student’s grammar and
overall writing skills dramaticaliy im-
proved as they corresponded with
students who spokeEnglishasasecond
language and sought to “coach” them
in improving their English.

NETWORKING AND PROJECT-BASED
LEARNING

The lingua franca of email and compu-
ter conferencing (electronic text) is the
written word.  Although the input
device (keyboard) is new, the mode of
expression (written language) is thou-
sands of years old. In today’s “reach
out and touch someone” age, millions
of people who would never put pen to
paper to write a letter will spend eve-
nings writing to dozens of people
through their online connections.
Electronic mail has given new life and
new meaning to a profoundly tradi-
tional form of communication,
Telecomputing may in fact be the last
frontier of written literacy available
which willincitestudents totraditional
literacy skills.

The process writing movementhas had
an important impact on the way that
writing is taught in schools acrcss the
nation. Researchers such as Donald
Graves (1983), Donald Murray (1985),
and Lucy Calkins (1986), and such

programs asthe Bay Areaand National
Writing Projectsall agree on the impor-
tance of audience: give children a
sympathetic audience, something of
value to write about, and help them to
find their voice, and they will become
eager writers.

Telecomputing offers an efficient, ef-
fective means of finding and using
many interestingand varied audiences
for the exchange of various student
activities. Furthermore, the activities
can be embedded in other content ar-
eas, such as science, math, geography,
history, currentevents, and other top-
ics... providing an ideal environment
to facilitate pwhat is becoming known
as "project-enhanced” learning (Ruopp,
1993)

Joe Quain’s geography project was
successful because his students were
engaged inactivities whichhad rational,
meaningful goals that made sense to
them. Their research, writing, and
communicating was directed at a spe-
cific audience with a specific purpose
in mind. This illustrates a simple but
powerful example of "project-en-
hanced” learning.

According to at least one stidy, the
effect of this kind of approach to
learning is significant. Cohen and Riel
(1989) concluded that when students
write for a distant audience of their
peers,

* They are more flucat

They are better organized

Their ideas are more clearly stated
and supported

Their content is more sabstantive
and their thesis is better supported
They consider the limits and needs
of their audience

We also have abundant anecdotal
reports from teachers who testify to
the effects of collaborative projects on
student learning:

* They erjoy writing more

Students are more willing to write,
proofread, revise, and edit their
work when they are writing for a
distant audience.

They are more careful about their
spelling, punctuation, grammar,
and vocabularies.

»

»

L]

»
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This letter we received from a teacher
in Rhode Island regarding one of our
FrEdMail projects illustrates this point:
Ppath: bonita2!nsutherl
From: nnnnnn@cat.cis.brown.edu )

To: fred@bonita.cerf.fred.org

Subject: letter of thanks from 3rd gradersat
Newport, RI

Frkd,

The following letter was written by
3rd graders at Underwood School in New-
port, Rl.... The Geogame provideda GREAT
example of what types of learning experi-
ences exist on the INternet for kids.

A footnote to the letter was written
by the teacher of this class. I think her
closing statement summarizes the feelings
of all of us who participated in the Geogame.

Thanks again to you for all of your
good work {! ;-)

Forwarded message:

From: mmmmmm

Subject: using computer connection
To: 0o0oocooBrown.Edu

Date: Fri, 22 May 92 15:48:05 EDT
Dear 00000,

We are writing to tell you that we really
enjoyed the computer connection to Brown.
We had a great time and couldn’t wait to
work on it every day.

We learned so many things like different
things about our country and Europe. We
also learned about latitude and stuff like
that. We used big maps, road atlases, social
studiesbooks, P.C.USA program, childrens
atlas’, encyclopedias, wall maps and our
brains. Roger,whoisasp.ed. student that
worked with us on Geogame says that it
tnade himfeel like we’re the smartest kids in
the whole world!!

It was so much more fun than just using
our books and maps and it was neat to get
mail from other classes each day. We are
now in the process of writing to the other
schools across the country and Europe that
we played Geogame with. We're learning
so much from each other. We got to know
oneclass so well that we invited themto our
school so that we can meet each other and
have lunch together.

much for letting use the computer connec-
tion!
From the great third grade at Underwood

Dear 0000,

The children in my class compiled the letter
above in their own words and typed it to
you on the computer. I think you can hear
their enthusiasm in their words. What [
wanted to share with you though is, that if
you were able to see the enthusiasm, the
cooperative learning and the growth in
these children during the weeks that we
used your connection, there would be no
question that this typeof programshould be
accessable to every classroom.

I have a wonderful group of children that
love school and love learning but I have
never seen the level of motivation in themas
1 did in the use of this service.

1 can’t thank you and the people at Brown,
enough for your patience in teaching us
how to get “on line” and for allowing us
access to such an exciting program. You
helped us to do great things in educating
ourstudents. If thereisanything that you
can do to continue a program of this nature
in the future, pleasedon’t hesitate. If anyone
has a hesitation, just tell them to come to
our room and see first hand the positive
learning experience that this has been.

Thank you for everything. You've done
more than you know!
sincerely, nnnnn gr.3, Underwood School

Similar stories about student involve-
ment and achievement percolate
through the online networks:

* The Global Grocery List stimulates

adiscussion withJapanesestudents

who are surprised that their diet
staple, rice, is so much more ex-
pensive than in other parts of the
world. Students in Japan and

America discover principles of pro-

tectionist trade policies.

Students in Europe and America

find out from childrenin Israel what

a SCUD attack is REALLY like.

Students in Southern California

learn from children in Santa Cruz,

California, what they need to do to

prepare for an earthquake... lessons

learned from bitter experience.

* A student in Cold Harbor Springs,
New York interviews Russian Jew-
ish immigrants in Brooklyn. He re-
cruitsonline acquaintancesin Mos-
cow and Jerusalem to interview

Russian Jews in those places, ang
send him the results, so he can
compare the stories from all three
places in his high school sociology
project.

Students in New York collect relief
supplies to send to their online
friends devastated in the Florida
hurricane.

There is no question that curriculum
will change as more and more schools
join the net. Students who have the
opportunities described here have al-
ready begun to make their own para-
digm shifts regarding their placein the
world, and how to relate to it. As the
global market economy grows, these
studentsas adults will haveadvantages
in their experience and mindset over
those who were isolated to their own
classrooms and communities.

The only question left, then, is when
will you join the Global Village?

For more information about FrEdMail
and SCHLnet, send email to
fred@acme.fred.org.
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s butlt for educarion

At Apple Computer, we work closely with
educators and software developers to
make sure our computers tun education
software that focuses on what we teach in
school - the Australian school curriculum.
Naturally. Macintosh computers atso run
the full range of business applications.
The Macintosh is renowned for its ease
of use. To make it even simpler. we now

have At Ease. a new computer interface
designed especially for schools. Students

do schools prefer
Macintosh?

point and click on the program they want -
once. And immediately. thev start working,

Recently. Choice magazine voted €
Macintosh the best computer against 4
competitive field of MS-DOS computers.
They said it was “the easiest computer tested
to getstaned on - especially for novices™

Every Macintosh LC I comes with a micro-
phone that lets students tlk. sing. play music
or make sound effects and record them
directly into the Macintosh.

This allows them to take advantage of
educational software that suppons sound. For
example. they can produce animated stories
and then record their own voice-overs and
special effects or leamn a foreign language by
hearing the actual voice of a Japanese person.
and then recerding and comparing their own
voices, They can also hear the works Mozant
or Beethoven and other famous composers
compiete with annotated musical analysis.
historical notes and more.

Sound is also the gateway to musical
composition. Synthesisers can be connected
to the Macintosh allowing students to piay.
compose, record multiple sound tracks.
analyse and study music.

You can nerwork 1t -

A network mukes financial sense 1o schools.
You'll definitely need to share the school
printer around. All Macintosh computers are
‘network ready” Just plug LocalTalk cobling
into the hack of each computer.

Times change. Technology changes faster!
To protect your investment. every Macintosh
can he easily upgraded. If vou want more
memory, an extra disk drive or a CD-ROM
player. it’s as easy as plugging it in.

A Macintosh LC 1T now costs under $2.400. So
the compuiter that's built for schools is priced
for schools. too. For more information.
contact Chris at (008 023 333 for the location
of vour nearest Apple Education Reseller

" Dedicated to learning,

hABE




lNCREASING SELF
ESTEEM AND CREATIVITY
OF PEOPLE WITH A
DEVELOPMENTAL
| DISABILITY THROUGH THE
USE OF COMPUTER
TECHNOLOGY

BY GREG ALCHIN
N.S.W Dapartment Of Community Services

' ERRR

The aim of this single
case investigation paper is
to examine the effects
Computer Technology has
on increasing the self
esteem and creativity of
people with a
developmental disability.
Previous studies in the
area of increasing Self
esteem and/or creativity

Previous studies in the area of
increasing Self esteem and/or
creativity have had mixed results
mainly due to the process used ,which
was mainly stuctured lessons.

Work by Grinder and Lowenfeld
highlighted the need for an
individualised approach based on the
needs of the learner.

The use of computer Technology in
particular computer based drawing
programs such as KID PIX providesan
appropriate environment for the
personwitha developmental disability
to take control.

“It is one of my deepest innermost
convictions that wherever there is a
spark of human spirit - no matter how
dim it may be - it is our sacred
r&sponsibilityashumans,teachers,and
educators to fan it into whatever it
conceivably may develop ... We as
humanr beings have no right

‘basic drives’, a drive without which
we cannot exist.” Lowenfeld 1957 pp
112.

Nearly 40 years later Lowenfeld’s
comments still stand as a goal to be
reached.

Whilst the changes in philosophy and
service provision to people with a
developmental disability over this time
are laudable, there are significant
deficits in our efforts which need to be
addressed.

Considerable resources and energy
have been devoted to ‘the basics’ of
literacy and numeracy and to functional
life skills.An examination of
Department Of School Education
curriculum guidelines forstudents with
severe levels of disability and
Departmentof Community Services ISP
Individual Service Programs) system
clearly demonstrates where the focus

. whatsoevertodeterminewheretostop  hasbeen. Effortsinthearea ofincreasing
have had mixed results inourendeavoursto useallourpower  self esteem and creativity in people
mainly due to the process to develop the uppermost potential ~ with a developmental disability seem
used ,WhiCh was mam’y abilities in each individual. We all are pale in comparison.
stuctured lessons by nature more or less endowed with

Work by Grinder and
Lowenfeld highlighted the
need for an individualised
approach based on the
needs of the learner.

intrinsic qualities and no one has the
rightto draw ademarcationline which
divides human beings into those who
should receive all possible attention
and those who are not worth all our
efforts. One cf these intrinsic qualities
is that every human being is endowed
with a creative spirit ..... one of the

The reasons for this imbalance are
unclear, but what s clear is the need for
an understanding of the power of seif
esteem and the role it plays in the way
individuals learn by service providers
whether they be teachers, carers or
workshop supervisors. New ways of
increasing self esteem need to be
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found.Therolethat computerscan play
in redressing this imbalance needs to
beexamined as a possible key breaking
the focks of low self esteem.

The powerofone’s selfesteem /concept
on one’s ability to perform skills and
interact with the wider community is
widely documented. Examples of this
relationship are commonly displayed
in the popular press as sporting
personalities having a ‘slump in form’.
They have the skills but the confidence
is lacking. With self confidence comes
the ability to tackle new challenges,
take risks, think and act creatively,
thus extending one’s potential.

This paper will attempt to highlight the
significant relationship that exists
between an individual’s self estteemn
and their ability to think and/or act
creatively, further how computer
technology may offer people with an
intellectual and /or physical disability
the opportunity to discover their
creative potential and increase their self
esteem. ]t is important to note that this
is only a preliminary single case
investigation and that further research
is needed in this area.

To ensure that the thrust of this
discussion is not lost in
misinterpretations of key terms it is
essential that they be defined.

Maslow (1971) as quoted in Yau (1991)
defined primary and secondary types
of creativity. Primary Creativity was
defined asthat “which comes outofthe
unconscious, which is the source of
new discovery - of real novelty, whilst
secondary creativity is defined as the
natural, logical productivity displayed
in the behaviour of well adjusted
mentally healthy individuals.” pp 158.
The successful integration of both
primary and secondary creative
processes defines the essence of true
creativity. Work by Fran 1955 and
Rogers 1959 is consistent with this
definition.

Self image or self esteem is in essence
self evaluation. That is what a person
thinks about themselves. Itisimportant
to note that self evaluation is based

upon Perception. That is how we
perceive important others perceive us.

Yau (1991) states, “One’s self image
serves as the organising filter through
which one perceives their work and
others. Itcolourseverything onesees. It
screens one’s experiences and
determines what meaning one takes
from them. Self image is not only one’s
frame of reference but the cornerstone
of one’s personality.” pp155

Yau (1991) identified the relationship
that exists between self esteem and
contrasts in the mental state and
motivations of behaviour. Furthermore
she identified a high correlation
between the personality characteristics
of individuals with a high self esteem
and a creative and productive
personality as can be seen in Appendix
1(Charts 1-3). Thishasbeen reinforced
by Stasinos (1984) in referring to work
by Fromm (1959) and Guildford (1950)
whern he states “Creative individuals
tend to display strong self acceptance
and positive selfevaluativebehaviour.”

pp 117

1f this is so for the general population,
what then of people with
developmental disabilities?

Further, if there is agreement that all
individuals, no matter what their
intellectual capacity, has a sense of self
esteem, then what of Lowenfeld’s
comments On creativity?

Crutchfield 1966; Maslow 1959, Rogers
1959 all found that the ability to think
creatively is present, atleast potentially
in almost all persons including people
with a developmental disability.
These assumptions have been further
confirmed by research by Getzels and
Jackson 1962, Taylor and Holland 1967
when they found that there is low
correlation between intelligence and
creativity. Theimplication of this work
is that it reinforces the people with a
developmental disability to have a
creative potential.

Ifitisaccepted then, that people witha
disability have a sense of self and a
creative potential, then why is there a
significant public perception that

people witha developmental disability
have low self esteem and no creative
potential? Further, what can and is
being done to rectify it and what roles
do computers play?

There have been numerous studies on
the general population which indicate
that creative potential can be enhanced
through systematic classroom
experiences in creative thinking
activities. (Britton 1968, Callahan 1973,
Covington & Crutchfield 1965)
However, Stasinos 1981 states that
“very few intervention studies in
creativity of people with disabilities
suggest that their creative potentialcan
be improved through systematic
training involving creative thinking
activities”.pp 130

This is not to say that creative
performance cannot be increased for
Rouse (1965), Stasinos (1981), Ladner
(1971), Ross and Ross (1973)
demonstrated that the use of
Brainstorming as a teaching tool,
provided a solid base in “learning by
doing” and that significant increases
were shown in verbal and non verbal
scores. So it would seem people with
disabilities have a creative potential
that can be developed; the key is using
the right approach.

Grinder (1991) highlights the need to
understand the wayin which thelearner
inputs, processes and outputs
information. Understanding an
individual’s learning style is an
important part of the process of
providing appropriate experiences to
be discovered. To not take an
individual’s learning style into
consideration is setting up that per.on
for unnecessary failure.

Previous work by Raise, Stasinos and
Ladner whilst acknowledging the
importance of “brainstorming and
learning by doing” failed to take into
account the persons mode of learning
and the need to attach meaning and
purpose to the creativity training.

Matson’s (1991) work further provides
direction. Matson’s work on creativity
saw the importance of having a
meaningful project to work with the

20
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validity of failure. Validity is used here
in the sense of learning from one’s
mistakes. He argues that instead of
rewarding success, we should be
rewarding failure or more to the point
intelligent failure or risk taking. As
Matsonstates you need failureto define
the boundaries of success. The
implication of this belief is that there is
in many cases more than one right
answer to a problem, and that trialand
error, exploration and discovery are
just as important phases as mastering
the skill itself. The process therefore is
justasimportant if not moresothan the
product.

For people to feel comfortable and
secure in taking risks and dicovering
their potential thereis a need forrapport
between ‘the learner and the teacher’.
The key as Lowenfeld states is “the
estabiishmentof rapport .... this feeling
ofempathyis oneofthemostimportant
pre-requisites to success”pp 115.

Partof gaining rapport withthe person
is to have not only an understanding of
the nature and degree of the persons
disability and how that person reactsto
it but of their mode of learning as
outlined in Grinder’s (1991) work on
Neuro Linguistic Programming. How
the person learns is a variable which
cannot be overlooked or understated.
Tonot fosterit can seriously effectone’s
effort to support a persons chances of
achieving success.

Lowenfeld’s (1957) work in art therapy
clearly demonstrates the value of art as
a medium in which to nurture self
esteem and creativity. Lowenfeld
believed that people with a disability
“not only gain self confidence through
their own creative achievement ... and
... often derive from it a great deal of
independence and achievement so
badly needed by them” pp 115. Once
rapport has been gained then the
educator can aquaint their client with
the art medium to be utilised and the
creative process.

Lowenfeld’s work in the late 1950's
focused on the use of traditional art
media to allow individuals to express
how they perceived themselves and

their relationship to the environment
in which they interacted. In being
constrained to using only traditional
media many individuals would dueto
the nature of their disability have had
their opportunitiesand boundaries for
success limited.

NowinthefinaldecadeoftheTwentieth
century, computer technology has
significantly broadened the boundaries
and opportunities for sucess. The
processing power of current desktop
machines allows for sophisticated
images to be generated, adapted and
created simply and quickly.

Further the wide range of alternative
input devices ensures that an
individual’s level of physical disability
is no longer a barrier to expression in
the fullest sense.

The powerofcomputersand thechoice
of multi-sensory interactive software
provides the opportunity for people
with a developmental disability to
increase self esteem and creativity in a
way unavailable in other more
traditional approaches.

Piper 1988 identified a range of factors
which highlighted the value of
computers as a tool for teaching
functional skills and increasing self
esteem. Some of these were:

1.Being in control of a sophisticated
piece of technology which was socially
valued gave individuals a sense of
importance.

2.The non threatening and judgemental
aspects of computer aided learning
assistedinthedevelopmentofa positive
and secure environment in which to
work.

3.Motivation, attention and
concentration spans could beincreased
using multisensory/modality feedback
of computer based drill and practice.

4.Greater control of the learning
situation could be achieved by the use
of well designed software.

5.Thinking and problem solving skills
could be enhanced.

6. Use of alternative input devices and
the ability of software programs to be
individualised allowed persons with a
range of physical and communicative
disabilities the opportunity to interact
as equals with their peers be it for
instructional or recreational purposes.

Well designed computer software
which allows for brainstorming and
experimentation and is presented in a
range of modalities ie is multi sensory,
provides the vehicle by which self
esteem and creativity can beincreased.
Onesuch programis Broderbund’sKID
PIX’s drawing and communication
package which is available on
MACINTOSH, IBM compatibles and
ACORNS.

The other key factor is the rapport
between the educator and the learner
as discussed earlier.

The research question, then, is can a
person witha developmental disability
increase their self esteem and creative
ability through successfully mastering
Graphic focused computer programs
as a means to express oneself.

METHOD

SUUBJECT

The subject was a female aged 8 years
(Kelly) who has been assessed with a
moderatelevel of intellectual disability.
Kelly has no physical disability.

SETTING

A Department of Community Services
office. (It isimportant to note that Kelly
had visited the setting on previous
occassions and felt at ease in the
surroundings.).

APPARATUS
1.Personal Computer

At the time of intervention an Apple
Macintosh LC with 12* RGB Colour
Screen with image writer I and colour
ribbons was used. As KID PIX is
available on 3 different platfortns any
configuration could be utilised.
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2.Computer Software

a)Games

b)Creativity Program - titled KID PIX
c)Personality characteristic checklist

PROCEDURE

1. Develop rapport with the person.
Thisinvolves getting to know them
as a person sharing recreational
activities ie playing computer
games.

2. Undertake baseline of personality
characteristics.

3. Demonstrate KID PIX’ program.

Client experimentation with

program. Asks questions/prompt.

What would you like to add now?

Printing or artwork/printing.

Display of artwork/ printing.

Observation of personality

characteristics.

8. Repetitionof steps4-7 until mastery
is achieved (needs no prompt on
using tools).

-

N oW

NB:

It is important to note that there is no
specific time frame given for the
procedure. The reason for this is it is
inappropriate toquantify a figure. What
is important is the PROCESS.

DATA ANALYSIS

The checklist of observable
characteristics was implemented
through incidental observation. The
higher thescoring of characteristics the
higher the self esteem and creative
potential. This will be implemented at
the beginning and end of each session
and on mastery of the program.

The complexity and type of work
developed by Kelly was theother form
of data collection. Changes in style
should occur as mastery grows. This
should provide an appropriate level of
reliability / validity.

DISCUSSION

Examination of the results charted in
Fig 4 shows a growth and/or
strengthening of personality
characteristics as Kelly developed
proficiency and mastery was finally
achieved. Concomitantly there is
corresponding developmentor growth
in the artwork she produced.

As proficiency increased prompts were
faded out. In fact prompts were no
longer necessary after the second
session.

Therewas adip of perceived personality
characteristics on the second attempt
before a gradual rise to mastery.
Reasons for such a trend is because of
the high result at the end of Session 1
which it would seem is due to the
excitement of additional attention and
having access to the computer. At
Kelly’s school there is only one
comg-terintheclassroom, and gaining
access to it at school is ‘a reward’. The
drop in Session 2 can be explained by
frustration at realising the capability of
the program but not being fully aware
of how to utilise it.

Finally, asKelly’s proficiency increased
her desire to try other programs has
increased also.

Examination of Kelly’s artwork
(Appendix 2) shows a noticeable
increase in complexity and also
connection to her envir n"ment as
Kelly’sskills atusing KID PIXincreased.

This growth in complexity and
connection to the local environment is
consistent with that of changes in
development asoutlined by Lowenfeld.

PERSONALITY CHARACTERISTICS

Greater need to be alone

Courage

Openess to experience

Trust of one’s intuition
Spontaneous ability to be childlike
Unusual task committment
Attraction to the unknown

and the mysterious

Tendency to be flexible and exploring
Self confidence

In control of one’s life

More freedom from inhibitions

SCORING TABLE

4 -PERSONALITY TRAIT WAS ALWAYS OBSERVABLE
3 -PERSONALITY TRAIT WAS OFTEN OBSERVABLE
2 - PERSONALITY TRAIT WAS SOMETIMES OBSERVABLE

1- PERSONALITY TRAIT WAS RARELY OBSERVABLE

BASELINE S1 S2 S3 S4 S5 POST TEST
2 3 2 3 3 2 2
2 2 2 2 2 2 2
2 3 2 3 4 4 4
z 3 1 3 4 4 4

3 4 4 4 4 4
1 4 2 3 4 4 4
3 4 3 4 4 4 4

2 3 2 4 4 4
2 3 2 3 4 4 4
2 2 2 2 2 2 4

2 3 2 3 4 4

(> 75% of time)

(> 50 -<75%)

(> 25 - < 50%)

(0 - < 25%)

RIC”

Aruitoxt provided by Eic:
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CONCLUSION

Whilst these results are only from an
exploratory case study, I believe there
is much to be gained from conducting
wider scale research in this area.

Many parents, educators and carers
hold a perception that people with an
intellectual disability prefer, even
require, a high level of routine to cope.
It is important to note that there is
nothing intrinsically wrong with
routines; indeed most of the general
populations lives arebased onroutines.

Whatisof concernis the level of routine
and CHOICE and CONTROL we have
overit,compared to that of people with
an intellectual disability. (For some
there is a fine line between routine and
boredom).

As Lowenfeld stated we have to
continue to strive to empower the lives
of people with disabilities. Computer
Technology offersakey to empowering
people. It has been widely documented
asa facilitation of learning ‘basic skills’,
so why not basic drives and needs;
creativity and self esteem?

A computer driven by quality software
like KID PIX provide people with an
environment that is muiti sensory, non
judgemental, patient, empowering and
fun? Such an environment, which the
individual has choice and control
provides the breeding ground for
exploration and innovation and thus
growth in creativity and self «.'eem.

Appendix 1
CHART 1

Contrasting Motivation of Behaviour in Person
with Positive Self Esteem Versus Person with Negative Self Esteem

Behaviour motivated by Behviour motivated by:
Mental health Neurosis

Rationality Irrationality

Self confidence Self doubt

Trust Fear

Desire to achieve happiness
Desire to use one's consciousness
to the fullest - sees life as a

series of challenges

Challenges

Confidence and openness

- coping reaching out

inviting life’s challenges

Love of self and existence

Desire to minimise pain

Desire to escape one's
consciousness - sees

strategies to withdraw from life
Defensive mechanisms
Distrtiono, reression and

and evasion

Fear that one is inadequate

and unfit for existence

CHART 2

Opyposing attitude or Mental State of Persons with Positive

] em Vercus

Positive Self Esteem
Behaviour an expression of:
Psychological maturity
independent thinking based on
deliberate thought processes
Personal choices that lead

to integration of personality
and personal health
Perception of reality based on
clarity, intelligibility and
understanding

A state of control in one's

life

A life that has direction and
purpose and specific goals

with iU i teem

Negative Self Esteem
Behaviour an expression of:
Arrested or stunted devel-
opment passive, uncritical,
acceptance of others' ideas
Personal choices that lead
to disintegration of
personality and neurosis
perception of reality based
on confusion, unintelligib-
ility and bewilderment

A state of helplessness and
chronic anxiety

A life that lacks direction
and purpose and productive

goals
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CHART 3

ali haracteristics Shared by High Self Est nd

roductive, Creatipe Indipi
Ego strength Internal locus of evaluation
Greater need to be alone
Courage Self acceptance & self
awareness
Openness to experience Independent thinking

Trust of one's intuition

Openness to the subconscious

Spontaneous ability to be Intrinsic motivation in
child-like one's work
Unusual task commitment Need for freedom

Attraction toward the unknown
and the mysterious

Attraction for complexities
in ideas, relationships

Tendency to be flexible and Acceptance of conflicts and

exploring ability to resolve opposites into
integrated wholes

Self confidence Seeking self growth and self-

In control of one's life
More freedom from inhibitions

fulfilment

challenges

Ability to risk-take
Tendency to be excited by life and
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No computer technology |
has caught the public’s |
eye more in recent times,
than that of Virtual Reality
(VR). It has been touted as
the technology of the
future, as the stuff dreams
are made of, as permitting
the visitation of alternate
worlds, in short as revolu-
tionising the ontological
and epistemological
bases of reality itself, But
what is VR in reality? This
paper defines the technol-
ogy, reviews the recent
literature, and presents
some of the educational
possibilities. It concludes
by arguing that what is
most deficit is hands-on
experience with the hard-
ware of VR. Once fulfilled,
the imperative becomes
that of ideas which will
enable VR to reach its full
potential.

INTRODUCTION

Barely a week passes without some
mention in the media of VR. It is news-
worthy for the likes of the news, cur-
rent affairs programs, Beyond 2000,
computer magazines, film reviews,
newspapers, hi-fi magazines, commer-
cials for confectionery, and Playboy.
(Surprisingly theacademic community
has been slow to jump onthe VR band-
wagon). VR was of negligible interest
to the media before 1989 with the main
thrust coming in 1990. VR can be
thought of as fin de siécle for the nine-
ties: it is simultaneously fashionable
and dangerous. Containing elements
of psychedelia, alternative lifestyles,
and virtual sex, VR poses a real chal-
lenge to academia, in particular educa-
tors, who are constrained by hardware
costs, whilst a rapacious corporate
sphereconcoctsits next marketing plan.

Krueger (1991: xiii) states that the ac-
tual term “virtual reality” was coined
by Jaron Lanier, the managing director
of VPL Research Inc, a company which
up until recently sold high-tech VR
hardware. Lanier used the term VR as
acatch-phraseto describea wholerange
of “virtual” things, such as “virtual

)

worlds”, “virtual cockpits”, “virtual
workstations”, “virtual environments”,
and “virtual memory”. Itis salient that
the term itself was coined by the head
of the corporation which held the pat-
ents on many of the hardware accou-
trement of VR research, such as the
Dataglove and the Eyepliones. Hence
typically:

“VR refers to three-dimensional reali-
ties implemented with stereo viewing
goggles and reality gloves”

Krueger (1991: xiii)

A more general definition comes from
Shermanand Judkins (1992) who stress
the immersive nature of VR:

“VR allows you to explore a computer-
generated world by actually being in
it... It has three components: it is inclu-
sive, it is interactive, and it happens in
real time. That is to say you become
part of the world, you can change it,
and the changes occur as you make
them.” Sherman and Judkins (1992:17)

Arelated term, “Artificial Reality” was
coined by Myron Krueger in the 1970s
to cover his own Videoplace art tech-
nology (2D interactive video images)
and the 3D head-mounted viewing
technologies of lvan Sutherland. In the
nineties “artificial reality”” mainly re-
fers only to Krueger’s artistic works
whereby video images are computer
controlled and projected large so that
the participants may interact in novel
ways - with each other, and with com-
puter-generated objects and creatures.
However Krueger does not exclude
the use of wearable technologies such
as gloves, 3D goggles and reality suits.

Yet another term, “Cyberspace” is of-
ten confused with VR - Rheingold
(1991), usesthe terms synonymously -
butisin fact a term invented by science
fiction writer, William Gibson in his
novel, Neuromancer (1984) to describe
the “consensual hallucination” of the
worldwide digital network into which
the hero directly jacks his nervous sys-
tem. Inthe novel, the “Matrix” was the
repository of all the world’s data and
bears someresemblanceto the Internet,
the Unix-based computer network that
links the majority of the world’s terti-
ary educational institutions and high-
tech organisations.
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The popular literature concerning VR
is small and highly descriptive.
Rheingold (1991), Shermanand Judkins
(1992), Aukstakalnisand Blatner (1992),
Pimentel and Texeira (1993), and
Wooley (1992) have authored books
which usually overview the technol-
ogy, chronicle its development and
warn of its misuse. Research articles by
Lowensteinand Barbee(1990), Schreier
(1990), Allen (1991), Lewis (1991), Trot-
ter (1991), Fritz (1991), Wright (1991)
and Peterson (1992) have likewise ap-
peared under different disciplinary
guisesbut havealso mainly highlighted
the existence of VR and its potential
applications. Whilst the military has
been using virtual cockpits for many
years, there has been little published
primary research to date, on the effect
of VR technologies in the classroom.

A BRIEF HISTORY OF VR

Itis highly contentious as to what con-
stitutes the beginning of VR. Accord-
ingto Rheingold (1991) and depending
on your exact definition, it can be said
that the origin of VR started in prehis-
toric times when ancient shaman used
caves and labyrinths to induce altered
states of consciousness in their disci-
ples; when paintings and sculptures
were created which depicted meta-
physical beings and supernatural
forces. Virtual world remnants can be
found at Lascaux and hundreds of
othersites across the planet, including
Australia. Whether the experiences of
tPalaeclithic neophyte can be likened
to that of a be-helmetted VR aficianado
is one of considerable conjecture.

Other possible beginnings of VR in-
clude: David Brewster who in 1844 in-
vented the stereoscope; Duhauron'’s
anaglyphic photographic process(1891)
whereby red and greenimagesare used
to give the sensation of depth; the first
3D movie aptly called Bwana Devil
(1952) began a spate of such movies; the
birth of computing, ENTAC in 194¢;
papers by Englebart and Licklider in
the fifties which were blueprints for
modern day VR technology; and the
science fiction writer, Hugo Gernsback
who in 1963 conceptualised future vir-
tual realities. And Ivan Sutherland, the
father of computer graphics who de-

signed the world’s first graphics pro-
gram in 1962, and the first head
mounted display in 1965. Before the
1960's computing was seen purely as
the processing of data, computers were
numbercrunchers. Sutherland changed
forever the potential of computing by
launching CAD one of the main indus-
trial drivers of VR in the nineties.

EPISTEMOLOGY, COMPUTER LITERACY
AND PEDAGOGY

Whilst the published research on VR
and educational theory is virtually (sic)
non-existent, Piaget’s “constructivism”
(1973), Vygotsky’s social vision theory
(1978) and Seymour Papert’s
"constructionism” theory (1980, 1992)
have been cited as some of the theoreti~
cal underpinnings of contemporary
research in using computers to facili-
tate children learning mathematics
(Harel, 1991). VR could just as easily be
grounded by such theory.

Piaget's cognitive stage theory states
that the child develops intelligence by
experience with the world, via sponta-
neous and individual progression. VR
would presumably enable the creation
of new worlds to experience and navi-
gate leading to new varieties of cogni-
tive and intellectual development.

A feature of Vygotsky’s model is the
effort to show the importance of the
active, vigorous learner at every stage
of growth of the child. Mastery of the
environmentis accomplished by use of
“auxiliary stimuli” which lead to im-
mediate and chailenging situations nc-
cessitating interactive reactions with a
range of activities. Language, cultural
artifacts, the child’s own body and the
ingenious useof any resourcesasplay-
things are examples of this need. The
interactive and imumersive nature of
VR is perfectly sympathetic to this
Vygotskian model.

Papert’salternateepistemology ofedu-
cationis significant insofaras histheory
almost guarantees the use of comput-
ers as more than mere tools. In the
Introduction to  the book,
“Constructionism” he delincates the
difference between instruction and
constructionism, by stressing that the

traditional telling model should be
supplemented by learning by making
and doing, by having children actively
engage in the dissemination of knowl-
edge. Papert argues that computers,
programming (and presumably VR)
serve the child admirably as methods
of active participation and dialogue
with both mentors and the actual edu-
cation process itself.

The use of 3D graphics has been inves-
tigated by Sachter (1991) who devel-
oped children’s spatial knowledge us-
ing a 3D graphics package. Fifth grade
children performed both structured and
play tasks in virtual space. She found
that children improved in their ability
to solve spatial problems both on the
computer and in the real world. Im-
provements werealso recorded forspa-
tial concepts seen in the language cho-
sen to describe space, drawings of 3D
space, understanding of Cartesian ge-
ometry, and the ability to coordinate
objects and view transformations. One
ofthe mostinteresting findings was the
factthaton pretest measures, girls rated
lower than boys, however posttests
showed no significant differences with
respect to gender.

Thevalueof computerliteracy hasbeen
questioned by several educators.
Stevenson (1985) highlighted the dual-
ity of “literacy” as both functional
knowledgeand ascommunicationskills
which has fuelled the debate on com-
puterliteracy, and has focussed on what
type of knowledge is necessary.
Stevenson offers as an alternative, the
critical paradigm. This views knowl-
edge as more subjective, spiritual, and
personal; recognizes the learner as an
active participant in the production of
meaning;and links the possession with
the creation of knowledge. In order to
empower students’ learning, the only
solution compatible with the critical
paradigm is to treat the computer as a
cultural object for csitical reflection.
Thus the computer has a place in the
curriculum as an object of inquiry in
the continual construction of social
knowledge. This conclusioli has spe-
cialreferenceto VR whichalso attempts
to construct other realities and con-
comitant other cultures.
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Salomon (1985) investigated the gap
between the learning potentials that
computers provide and the actual im-
pact of computer use on learning and
development. Heargued that the com-
puter’s unique potential is derived in
part from four basic attributes: infor-
mation, symbol systems, user activi-
ties, and relations with the user.
Salomon concludes that high level
learning depends upon a range of fac-
tors such as volitional mindfulness,
which in turn is partly determined by
the materials encountered and by per-
sonal, perceptual, and attitudinal fac-
tors. Partner-like interaction (vis a vis
VR) is one way that such mindfulness
can be facilitated.

Pea (1986) considered the possibilities
of usingcomputers notonly toenhance,
but to reorganise children’s thinking
and mental functioning. Pea analysed
several examples of software as cogni-
tive technologies, outlining the advan-
tages of the reorganiser approach. It is
argued that since the cognitive tech-
nologies we invent can serve as instru-
ments of cultural redefinition, educa-
tional goals need careful selection in
terms of their inherent values. What is
required is an “activist” research para-
digm for simuitaneously creating and
studying ckanges in the processes and
outcomes of human learning with new
cogritive and ed ucational technologies
{especially VR.)

Emihovich and Miller (1986) reviewed
how computers are currently being
used and studied in the schools. They
stressed the ways in which comguters
will be used to enhance learning and
development, and the need forresearch
on computer learning to consider the
multi-functional uses of computers in
various contexts, instead of seeing it as
a medium with a single effect on learn-
ing. The authors used Logo with 1st
grade children as a learning cest-t-ed
and argue that any research oncompu-
ter usage needed to employ 2 multi-
layered approach accounting for: (1)
value questions concerning learning
content; (2) the social cortext in which
computers are placed; and (3) theoreti-
cal principles explaining the process of

learning with computers. The possibil-
ity of employing VR systems in the
classroom should invoke serious re-
valuing of these and other issues.

Salomon et al (1991) again stress the
interactiveness of the technology, con-
cluding thatcomputer technology, in a
similar manner to older technologies
such as writing, augments its potential
for enriching intellectual performance
when the individual is consciously en-
gaged in the mind-machine partner-
ship. They state that some change in
performance occurs only in interaction
with the “tool”, whilst other change is
more global and longer lasting. VR of-
fers the potential for the most engross-
ing mind-machine relationship so far.

Interestingly the NSW Department of
Education Years 11-12 Secondary Syl-
labusin Computing Studies(1988) sees
computers in terms of “problem-solv-
ing tools”. This definition is but an
extension of the giant calculator pre-
1960 view. The syllabus takes heed of
“social implications” and points to the
“awareness of theinteraction of people
and institiztions with computer based
systems” (p.4). But the syllabus does
not consider computers as media, as
tools for creating identities and chang-
ing our world views, nor as doors to
other worlds. “It(computing) is prima-
rily concerned with the representation
and manpulation of data.” (p.1)

Many people view computers as alien
machines, are intimidated and thus
shun the technology; many people see
them as mere tools to either clect to use
or no. Both views miss the point that
computers have irrevocably changed
so many aspects of our personal and
social lives: the way we write, the way
we work, the way we communicate
and travel; indeed the way we think
about ourselves. So pervasive arecom-
puters are in our society that we fail to
recognise their substantial effects onall
our lives. This will not be the case with
VR however. Media attent;on, the hard-
ware commitment and the very obvi-
ous potential of the technology should
lead to conspicuous and distinctive ef-

. fects. VR will be no mere tool.

VR IN EDUCATION

Sherman and Judkins (1992: 88) report
on the first use of VR in educational
curricula: five groups of children, aged
9 to 15 were able to design and create
virtual worlds of their own. Athough
technical assistance came from the
HITLab (from the University of Wash-
ington) initial predictions were wrong;:
the children took far less time to under-
stand and assimilate the new technol-
ogy. Working cooperatively and col-
laborativeiy the chiidren were highly
motivated; the longest duratiorn of any
group was three days. Whilst complet-
ingthe project thechildrenlearned pro-
gramming, networking and design. The
technology had a short learning curve,
kids could easily retrace their steps. it
was very successful, for teachers as
well as children.

Noteworthy was the finding that girls
relished the process just as much as
boys. Normally it is the boys who tend
tofavourcomputing and programming
type subjects and tend to perform bet-
ter.Butthe “Girlsloved it... the process,
ratherthangoal-oriented system ... they
were more creative, more whimsical.
They produced non-violent worlds, no
blowing up of anything!” (Meredith
Bricken, co-ordinator, cited inSherman
and Judkins: 89).

A school at West Denton, near Newcas-
tle was the first European school to use
VR. Avirtual city wascreated complete
with shops, streets and consumer
goods. Senior high school students were
able to shop in virtual French and Ger-
man streets, order goods in both lan-
guages and calculate paymentin francs
or marks. Thisvirtual language labora-
tory was in part developed by students
themselves who, it was discovered,
enjoyed the rreation part just as much
as the interaction. Other projects in-
<lude a virtual factory for Health and
Safety subjects, wherefalse steps result
in bricksand mortarfalling all around,
and a third project which looks at pub-
lic placesforexhibitingart works, which
themselves are redefined by the VR
medium,

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

27



The Canadian system, Mandala, uses
video cameras in order to place an im-
ageof a person in a 3D computer-gen-
erated world. Users view themselves
on an ordinary television screen, but
the background can be one of several
pre-fabricated worlds, which include
jungles, rooms full of playable drums,
icehockey fieldsand soon,oroneofthe
participant’s own creation. “Hotspots”
on the backgrounds can be pro-
grammed to trigger variety of periph-
erals via Midi signals. The participant
can, of course interact with the objects
around him or her by just virtually
touching the hotspot.

Mandala has already been used in On-
tario schools where it has been de-
scribed as “stepping into Sesame Street:
for elementary classes, and as a “chal-
lenging, teaching video game” for older
childres. Ithas been used toteach dance,
music, rhythm, as wellas mose intellec-
tualsubjectsasreading, languageteach-
ing, business charting, and economic
data presentation.

As the basis of modern simulators, VR
has the potential to affect all our jobs,
especially the dangerous and physical
ones. Simulators are now used to train
pilots, train drivers, and fire-fighters.
Virtual welding, motor vehicle driv-
ing, ship navigation, controldesk work,
engineering, architecture, plumbing,
oil-rig work, police riot control, crisis
management, first aid, and a range of
medical, dental and veterinary appli-
cations are all being used at this mo-
ment.

Krueger (1991:192) proposes that chil-
dren be asked to be scientists on artifi-
cial reality planets, so that they might
discover the laws of cause and effect,
and identify the nature of the virtual
{lora and fauna. The system would al-
low children to enter the world oneata
time, in order to interact with the alien
world; then they could be asked to
compare notes by discussing whatthey
had seen. Their incongruent observa-
tions would lead toadifferent notion of
scientific observation, they would be
confused, but eventuaily comprehend
just as real scientists do.

Krueger suggests that Sesame Street
characters could come to life and that
words and mathematical symbols be
animated so that the young child may
interact with the figures and thus rec-
ognise and be at ease with words and
syinbols when they are again encoun-
teredt on paper. Artificial reality could
permit aspects of geometry, spatial
knowledge and probability to beexpe-
rienced first hand without the child
having to come to terms with abstract
concepts. Mathematical concepts such
as fractions, cartesian geometry and
algebra (notoriously difficult concepts)
would be amenable to “concretising”
using VR cr artificial reality systems.

Winn and Bricken (1992) did just ¢hat
by creating virtual worlds for thelearn-
ingof mathematicalconcepts, especially
“spatial algebra” (as opposed to tex-
tual algebra). By assigning x, y and z
values to three-dimensional spacechil-
dren could interact with symbols in
entirely predictable and naturalistic
ways via an immersive VR system. Al-
though this preliminary work-in-
progress report does not include any
pretest/posttest data, Winn and
Bricken’s concluding six remarks sum-
marise the potential advantages of VR:

1. Virtual worlds aretotally engaging
and immersive for the student, both
cognitively and affectively.

2. Interaction in the virtual world is
intuitive, enabling children to
naturally grasp, point and gesture.

3. Virtualworlds may be programmed
to provide various levels of guid-
ance to students.

4. Virtual objects behave in concrete
ways enabling children to use their
previous experience with the real
world.

5. Students may repeatedly accessthe
same virtual scene thus building on
previous knowledge and under-
standing.

6. The system can automate some
procedures leaving the studentfree
to concentrate on more important
activities.

THE HARDWARE OF VR

At this point in time, the hardware
commitment of a VR system is the main
obstacle to VR becoming a usable tech-
nology fortheaverageperson.Noother
potentially beneficial computer appli-
cation necessitates such a large number
of expensive and dedicated input de-
vices. There are two main ways of im-
plementing VR: as a ..tally immersive
environment via head-mounted dis-
plays and datagloves; or as a desktop
system, using the monitor to view the
virtual environment, which may also
include theuseof gloves, special glasses
or 3D mice.

Most immersive systems utilise high-
end graphics workstations such as the
ones marketed by Silicon Graphics Inc
and costing between $20,000 and
$200,000 before the addition of input
devicessuchasthe VPL dataglove, cost-
ing $9,000. There are also systems be-
ing developed which use paraliel proc-
essors, and exotic platforms well be-
yond the reach of most schools. Of
course there are no standards for this
pioneering work, all VR companies
being small businesses competing for
what is a miniscule market at present -
there are but 300 estimated fully
immersive systems worldwide
(Pimentel and Teixeira, 1993).

As an alternative, the humble PC is
capable of being used as a desktop-
based non-immersive platform and is
thus within the reach of many compu-
ter enthusiasts who would like to expe-
rience VR first-hand without standing
in long queues or visiting Timezone.
Software such as Sense8's
WorldToolKit and Autodesk’s 3D Stu-
dioallow the creation of 3D objectsand
the “flyaround” via special 3D input
devices. Although resembling AutoCad
architectural  walkthrus, the
“flyaround” permits the viewer to in-
teract with an object from any angle
whatsoever.

Yet another alternative, even more ac-
cessibleis the use of a soft ware package
called REND386 and the Mattel/
Nintendo Powerglove and Sega shut-
ter glasses, which can be both attached
to the serial port of an ordinary 386 or
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486-based PC. Originally designed by
VPL for the Nintendo Entertainment
System, thePowerglove, in facta scaled-
down Dataglove, can be used as an
input device to control a library of pro-
grammed worlds and games. The Sega
glasses, also for games machines, per-
mit a 3D effect. It is this platform which
could serve the basis for a range of
educational ideas which the VR indus-
try is currently struggling to imagine.
For while the VR industry is good at
producing realistic images and fantas-
tic worlds, thereisa dearthof appropri-
ate ideas to best utilise the technology.

Without such personal experience, VR
is but pie-in-the-sky for most people.
Media hype and the high cost of high-
end VR systems mean that the technol-
ogy willremain mysterious and forbid-
ding by society, that is, until a major
manufacturer offers a complete and
inexpensive system. Butcan weasedu-
cators sit back and wait for this to oc-
cur? VRisalready the siteof new theory
inawholerangeof disciplines from Art
to Zoology. Aseducators we need to be
able to experience this new technology
first-hand, and so be ableto makesome
informed judgements as to its value for
our classrooms and for our students.
Some of us may be excited by the pros-
pect of new worlds and new ways of
teaching. Someof us may even havethe
skills to develop new VR applications.
[ believe that we need to start thinking
about this technology now, before the
entertainment industry proffers VR,
replete with its own visions, and its
own values to our children in the form
of the latest arcade game. No other
computerapplicationhassucha poten-
tial for both use and misuse.
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The abiiity to identify
specific plant species and
have a knowledge of their
characteristics is very
important for a horticultur-
ist. The teaching of this
aspect is a major part of
the horticultural courses
taught at the Burnley
Campus of the Victorian
College of Agriculture and
Horticulture Ltd. Depend-
ing upon the course un-
dertaken students have to
learn to identify over 1,000
plant varieties. In addition
to species and common
names the students must
also learn over 20 charac-
teristics relating to growth,
special features, toler-
ances and taxonomy.

THE DEVELOPMENT OF A
PICTORIAL DATABASE TO
TEACH PLANT
IDENTIFICATION

|
|
|

The subject has been traditionally
taught by the use of collected speci-
mens and plant manuals. This method
has been very successful over the 100
years that horticulture has been taught
at Burnley but it does have its limita-
tions in the expense of collecting the
material and thetiming of its availabil-
ity. Specificidentificationfeatures such
as flowers are obviously only present
at certain times of the year.

It was decided that an ideal way to
overcome these difficulties, and to as-
sist the traditional approach, was to
produce a computerised pictorial data
base which contained not only the rel-
evant data pertaining to each plantbut
alsoa number of images of that plantas
well. These images were to show major
plant features for either identification
or use.

EXISTING SYSTEMS

A number of plant data bases areavail-
able commercially, there are also a
number of video disks available which
hold plant images, but none combined
both data and images. Theother prob-
lem with the existing systems was that
they were not the range of plants that
were taught and werecommonin Aus-
tralia since some of the systems came
from overseas or interstate. The other
problem was that the characteristics
which werestored inthedatabaseswere

not those in which we were interested
in teaching. It was piainly necessary to
develop the database and images our-
selves,

WHAY WAS DEVELOPED

The development process took two di-
rections. The first was to utilise the ex-
istingimages on videodiscand to make
them more readily accessible to the
uninformed user. The video disc play
which was used wasa Sony LDP2600D.
This player will play both PAL and
NTSC discs. This was necessary since
the discs purchased (Table 1) were from
the United States of Americaand hence
were in NTSC format. Normally this
player is controlied using a hand con-
trol unit in which the user enters the
number of the frame they wish to view.
To make access easier a controller pro-
gram was writter: for a P.C. using the
dBaselll+ programminglanguage. This
was later compiled using Clipper 5.0.
Data for each of the 900 plants on the
videodisk was entered into a data base,
this data included Botanical Name,
Common Name, ard Starting and fin-
ishing frame numbers. This meant that
images could be accessed via Botanica
and Common names or any part there
of. Once having selected a plant the
user is able to scroll forward and back-
wardsthrough theimages of that plant
In somecases that may beas many as 1¢
images for one variety.

Name Images Video Size
Sequences
Encyclopedia of Landscape Plants 9000 Y 12"
Exotic Plants 2000 Y 12¢
Herbaceous Ornamentals 1200 N 8"

Table 1. Video Discs purchased.

All discs were purchased from Videodiscovery Inc., Scattle, Washington.
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OUR OWN IMAGES

The second process was to develop our
own images and use them in conjunc-
tion with the data which was already
contained in the plant manuals and
stored on disk as Microsoft Word 5.0
files. This data was converted into a
dBase I+ file by a conversion pro-
gram which utilised the standard for-
mat of the Word 5.0 plant data sheets.
This allowed an easy conversion in
much less time than would have been
required by retyping the data.

The capturing and use of the plant
images was a far more involved exer-
cise. It was decided that since the tech-
nology was improving rapidly in this
area the images should be captured
and stored in as higher resolution as
possible, even if at this stage a down-
graded image was used to present the
data. This was based upon the reason-
ing that an image would be unlikely to
be captured twice, once at low resolu-
tionand later after achangeintechnol-
ogy again at a higher resolution. The
costs of being able to provide mulitiple
displays of high level creation were too
great for the project, therefore it was
necessary to be able to dispiay the im-
ages at lower levels of resolution.

The system for capturing the images
comprised:
Apple Macintosh I ¢i Microcom-
puter
330Mb H.D., 4Mb RAM, Cannon
Erasable Optical Disk
Rasterops 24STV Graphics Card
SVHS Video camera with 35mm
slide holder
Mediagrabber 1.0 Software
Photoshop 1.0 Software

The images were taken from 35mm
slides and captured using the
Mediagrabber software as 24 Bit im-
ages which are approximately 1 Mbyte
insize. Photoshop was used to convert
these images to 16 Bit Targa files which
reduces their size to about 320 K.

These files are then transferred to the
P.C. system using LapLink Mac III.
Once there they are converted the 8 bit
Super VGA files of about 156 K. These
files are now in a format which can be

displayed on a P.C. using a Paradise
SVGA card which gives 256 colours x
640 x 480 pixels. There is surprisingly
little loss of quality in the image in its
reduction from a 24 Bit (16 million col-
ours) to an 8 bit (256 colour) image.

The pathway for capturing the image is
set out in figure 1.

The software which is used to link the
image to the database is Picture Power
3.1 from Pictureware Inc.

This is a stand alone package that also
comes with commands that can be uti-
lised in dBase Ill+ and Clipper pro-
grams. The programs were then writ-
ten to allow records to be called by
Botanical name, Common name and
Family name. These were again writ-
ten in the dBase IIl+ programming lar-
guage and complied later using Clip-
per 5.0 with some minor adjustment.

The software is written to allow the
user to see multiple screens of data on
thechosen plantand alsoto callupany
images that are attached to the data
record (Figures 2 & 3). Thereis no limit
to the number of images that may be
attached to each record. The only limi-
tation isthe size of the hard disk used to
store the package. Currently the sys-
tem holds data on 1,000 plants and 385
images for 244 of those plants. This
requires

63 Mbytes of space on the hard disk.
The data is made available to a number
of 386 and 486 computers viaa network
running under Netware Lite 1.0

FUTURE DEVELOPMENTS

The capturing of images and attaching
them to the plant database is an on
going project. The 35mm slides re-
quired need to be of high quality and
concentrate on a specific plant. The
takingof these slides continues through-
out to year as plants show different
characteristics at varying times of the
year.

The development of other pictorial
databases is also continuing. Current
projects includea database of Victorian
Eucalypt species and also a database of
horticultural pest and diseases.

Super VHS
video Camera
with slide
attachment

Image captured
from the video
camera through
Media grabber
and saved in 24
Bit PICT format

The image is
then resized
and Converted
via Photoshop
into 16 Bit
Targa Files

Transfer from
Mac to MSDOS
through
LapLink Mac III

MSDOS 386/25
computer

4 MB Ram

320 MBH.D.
Paradise VGA
1024 Video card

The image is
then converted
from 16 Bit
Targa Files into
8 Bit SVGA files
for display in
Picture Power
31

PPTGAVGA
file utitity &

Fig. 1 The pathway from capturing images on th
Macintosh to their display on an MSDOS machit

32

ERIC

Aruitoxt provided by Eic:

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

42



Q

ERIC

Aruitoxt provided by Eic:

Height at S years:
Height at maturity:

Growth Rate :
Pests ard Disease:

Propagation:
Availability:

Tolerances
Light: Sun to
Wind: High.
Drought: High.

Carmpaction: Not known.

LPress <PgDn> for next screen - <ESC> to exit - <I> to view the Image

VCAH - Burnley Plant Materials Database

Iris unguicularis (syn. I. stylosa)
Algerian Iris.

Family: Iridaceae

Origin: North Africa, Southern Europe to Asia Minor.

30amm x 450mm

30Qmm x 60Cmm

75Tm per annum.
Generally trouble free.

Rarely seed, division.
Frequently.

shade. Winter Cold: > -10cC.
Salt Spray: High.
Water Logging: Average
PH: Complete range.

Cultivation Ease: Easy.

Figure 2. Opening data screen of plant database.
- A
VCAH - Burnley Plant Materials Database
Botanical Name: Iris unguicularis (syn. I. stylosa)
Comnon Name: Algerian Iris.
Family: Iridaceae Image 1 of 1

(+) for NEXT (-} for PREVIOUS (Esc) to eXit

.

Figure 3. Plant image screen of plant database.
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Remember what you
missed out on because you

thought 1t was too hard?

Remember when you started to realise that what looked difficult at first tumed out to be casy after all? Then

it became enjoyable. And, before long, it was very rewarding.

A lot of people look at computers and think, “Too hard!". But Microsoft have changed the way computers

and people work together, making it casier to really enjoy computers. That's why millions of people - not comi-

puter trained — have found Microsoft very rewarding. So rewarding
they have made us the largest PC software supplier. worldwide.

Microsoft can help you turn a personal computer into personal
satisfaction, too.

For a free information pack call (008) 062 062. Otherwisc. you can
complete the coupon and fax 1t to (008) 677 678: mail it to Reply
Paid 66, PO Box 540. Artarmon NSW 2064 or, simply visit your
local computer store.

You'll be cnjoying yourself after just a few casy steps. But to get
started. you have to make the first move. (Call us, or send in the

coupon. Go on!)

EMR:J MRS M1 miss ) OTHER __ .

:
! SURNAME

| GIVEN NAME

P TImE

| COMPANY

S STREFT ADDRFSN

1 SUBURB, POATCONE

TPHONE ) FAX( 3
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The great educaticnal
potential of spreadsheet
programs such as
Microsoft Excel is briefly
described and the
different types of
educational application
are outlined. This
educational potential is
taken advantage of ina
system called the
Warwick Spreadsheet
System which adds
additional features to
Excel and overcomes a
number of drawbacks
with using it as it stands.
Simple examples are
given to illustrate the
exploration of data and
mathematical modelling
using spreadsheets.

A SPREADSHEET
SYSTEM FOR
EDUCATIONAL USE

BASED ON MICROSOFT
EXCEL

Reference is made to the ways in
which spreadsheets can aid the
leaming of concepts particularly in
the context of modelling and
simulations. This is related to the
psychological ideas of concept image
and generic organiser. Evidence is
given ‘o support a constructivist
approach to the use of spreadsheets.

EDUCATIONAL POTENTIAL OF
SPREADSHEETS

Spreadsheet programs are now

available which combine sophisticated

graphicsand database capabilities with

an easy to use mouse-driven user

interface and pull down menus. Such

spreadsheet programs offer the

following benefits:

¢ they are interactive; i.e. they give
immediate numerical and graphical
feedback to changing data or
formulae,

¢ they enable data, formulae and
graphical output to be awilable on
screen at once,

¢ they can solve complex problems
and handle large amount of data
without any need for programming.

Because of these characteristics they
havethecapability tofacilitatea variety
of different learning styles which can
becharacterised by such termsas: open-
ended, problem-oriented, investigative,
discovery oriented, active and student-
centred. Through such learning styles
students having a large measure of
control and ownership over their
learning.

Figure one summarises some of the
main uses of spreadsheets in
educational contexts. These categories
are not exclusive but overlap; indeed
the boxes in the diagram have been
deliberately grouped to suggest areas
of overlap. A spreadsheet that
czlculates the trajectories of projectiles,
for example, is an example of a
numerical solution being found to a
problem; however it could be used asa
simulation, it could be a student
modelling exercise and it could be seen
as a conceptualteaching tool to helpthe
understanding of the Physics involved
in projectile motion. However, two
main areas of overlap may be
distinguished in the diagram: the
graphical exploration and analysis of data
and mathematical modelling, simulations
and solving problems.

There is not space here to develop in
detail the various categories of usage,
butdiscussionof applicationsin Science
and Mathematics will be found in Beare
(1991, 1992, 1993a). Further references
and examples will befound in Attwood
(1992), Beare (1993¢), Brosnan (1989,
1990), the CBMACP (1992), Davies
(1992), Elliot (1988), Finnemore (1990},
Healyand Sutherland (1991), Hewitson
(1992), Keeling and Whiteman (1990),
NCET (1990) and Osborn (1987).

THE WARWICK SPREADSHEET SYSTEM

In order to realise the full educational
potential of spreadsheet and graphical
database programs a way of usingthem
is needed which is simple and easy to
usein the classroom while at the same
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Simple Aiding conceptual

calculating learning
Process.ing and Database EquaFion Simulating
analysing data solving
Exploring data .

graphically Modelling

Testing models
against data

Figure One: Different educational applications of spreadsheets

time offering as many educationally
useful features as possible. The
Warwick Spreadsheet System (WSS)
was developed 1o meet these needs
(Beare, 1993b). Itisbased on Microsoft
Excel and has its own set of pull-down
menus. The menus contains sets of
commands each of which effectively
runs a program written to use Excel ’s
in-built ‘macrolanguage’ to carry outa
particular operation, e.g. plotting a
given quantity of a graph or making a
fixed copy of a particular plot on a
graphso thatcomparisons can be make
with other plots when the spreadsheet
dataischanged. The system makesuse
of as many of Excel's educationally
powerful features as possible,
especially:
¢ itsrange of different types of graph
and chart,
¢ dynamiclinkingofspreadsheetdata
to graphs and charts so that they
change whenever the spreadsheet
changes,
¢ the ability to refer to cells using
names, so that formulae can be
written in ordinary words or
algebraic symbols, (i.e. without
needing cell references such as C3
or $C$3),
¢ the ability to exchange data with a
wide range of other applications
including other spread sheets, word-
processorsand desk-top publishers,
» Excel (and WSS) is available for
both Apple Macintosh and PC
comiputers.

WSS overcomes a numberof problemns
in using Excel . It eliminates:

¢ much of the complexity of many
common Excel operations,

¢ the need for several operations to
produceand label a graph orchart,
(even with Excel 4's ‘chart wizard’
facility),

¢ the bewildering range of different
options and possibilities that Excel
offers, only a few of which are
needed in the classroom,

¢ the need to name cells manually
before using names in formulae
(WSS does this automatically),

¢ thefactthat within Excel quantities
in successive rows of a step by step
calculation cannoteasily bereferred
to without cell references.

During the three and a half year
development phase of WSS
spreadsheets were written for Science
subjects and these are published
separately, (Beare, 1993c, Hewitson,
1993, Stephen, 1993).  These
spreadsheets and the Warwick
Spreadshcet System itself were trialled
extensively by Hewitson and Stephen
with classes at Oundle School. The
resulting feedback was valuable in
suggesting what features to include
and the best ways of implementing
them. Some of these features are:

¢ up to three charts or graphs
automatically linked to each
spreadsheet,

¢ superimposingofscparate plotsfor
comparison purposes,

¢ plotting ofall oronly part of any set
of data,

¢ easy formatting commands for
spreadsheets, charts and graphs,

¢ best fit lines and exponentials,

¢ selection of data to meet specific
criteria,

¢ automatic drawing of frequency
charts (not done by Excel itself),

¢ easy-to-use modelling system
capability.

Some of these features will become

moreapparent in the next two sections

which also show how new

spreadsheets are created.

A VERY SIMPLE SPREADSHEET
CONTAINING NUMERICAL DATA

Figure2 shows a spreadsheetset up by
a thirteen year old for her Geography
homework. It contains petrol prices
and kilometre readings logged on a
trip through the Outback from
Adelaidetothe Red Centreof Australia
in 1991. Three charts and graphs are
shown. WSSautomatically savesthree
Excel ‘charts’ (some of which might be
graphs in the usual sense) whenever it
saves a spreadsheet and these are
opened automatically when the
spreadsheet is opened. The student
hasused commandssuchasChooseas
y1 to indicate which columns of data
areto be plotted. Chart titles and axis
labels appear automatically and are
linked toappropriate spreadsheetcells.
The charts and scatter graph with best
fitlineillustratedifferent waysin which
data can be explored graphically to
find features such as trends and
relationships.

The student expected to find petrol
prices increasing the farther the fuel
had to be transported and this clearly
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influenced what data she entered onto
the spreadsheetand what was plotted.
In this way data interacts with
hypotheses and theories about it,
sometimes to suggest whatcorrelations

and trends to look for; sometimes to
suggest theories after a relationship
hasbeendiscovered. Why, forexample,
is petrol so much more expensive at
King’s Canyon than at Alice Springs?

A SPREADSHEET CONTAINING A SIMPLE
MATHEMATICAL MODEL

Figures 3 shows a spreadsheet set up
to model hypothetical changes in a
population (rabbits perhaps?).

e
PETROL PRIC§S IN THE QUTBACK
Place number Place name Pric: in cents/litre KmTrom Adelaide
X2 X3 X1 Y1Y3 Y2
n
1 Adelaide 63.9 0
2 Pert Pirie 66.9 226
3 Port Augusta 726 318
4 Pimba 79.9 504
5 Glendambo 78.7 623
6 Coober Pedy 86.9 889
7] Cadney Homestead 83.9 1055
8 Kulgera 829 1328 |
9 Eridunda 85.9 1406
10 Alice Springs 804 1533
11 Curtain Springs 88.1 1575
12 - Ayers Rock 86.5 1665
AALLEL 13 Kings Creek 102 1701
Km from Adelaide Price in cents/litre
0 1000 0 S0 100
Adelaide | ' [ —
Port Pirie |
Port Augusta ]
Pimba
Glendambo L
Coober Pedy ]
Cadney Homestead ]
Kulgera |
Eridunda ]
Alice Springs A R
Curtain Springs ]
Aysers Rock |
Kings Creek - |
Price in cents per litre
100 [ ]
R
50
Figure 2:
a simple spreadsheet containing o4 — .
numerical data, (tOp: the 0 1000 2000

spreadsheet, bottom: two different
graphical views of the data)

Km from Adelaide
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Figure 4 is the resulting graph.

Figure5is an

alternative way in

which the spreadsheet can be
viewed. It shows the formulae used.

POPULATION Richard Beare | 6th June 1991
birth rate ; death rate starting| rate of growth
(%) (%)] population (as fraction) Bl descriptive
A br dr start rate |A labels for
8 B -8 quantities
i i i i names for
g year increase | population ?::tgratlon ] — vse in
oarea|D formulae
X1 Y1
E n inc pop migl|E ~— formulae in
F 1990 1000 O1F Z%Wigdg;JWn
G 1991 80 1080 olGg b ‘r’ow H by
1992 336 1416 250 Initialise
1993 363 1780 250 command
1994 392 2172 250
1995 174 2346 0
1996 188 2534 0
1997 1203 3736 1000
1998 299 4035 0
1999 323 4358 0
H 349 4707 OjH

AUTOMATIC CHART LABELS
x-axis and y-axis labels - row C
x-y data labels - row D

title - row D if using separate charts otherwise the top left hand cell

Figure 3: a spreadsheet showing changes in a population

2000 -

1000

590 -~ —CUVT OV

0+

POPULATION

1980

1992

1994

1996
year

1998 2000

Figure 4: the corresponding graph of population changes
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POPULATION Richard Beare | 6th June 1991
birth rate death rate starting rate of growth
(%) {%) population (as fraction)
Aibr dr start rate A
B|10 2 1000 br-dr)/100 B
C|lyear increase population migration C
D irto area D
X1 Y1
Ein inc pop mi E
F 1990 =stant 0 F
G =(iastpop‘rate)+mi =lastpop+inc {0 G
=(lastpop*rate) +mig =lastpop+inc 1250
=(lastpop*rate)+mi =lastpop+inc 1250
=(lastpop‘rate)+mig | =lastpop-+inc 250
=(lastpop*rate) +mi =lastpop+inc _ 10
=(lastpop*rate)+mig | =lastpop+inc 0
=(lastpop‘rate)+mig =lastpop+inc 1000
=(lastpop*rate)+mig =lastpop+inc__ {0
={lastpop‘rate)+mig =lastpop+inc__ 10
H =(lastpop-rate)+mi =lastpop+inc__ {0 H

Figure 5: an alternative view of the population spreadsheet showing formulae rather than values

POPULATION Richard Beare | 6th June 1991
birth rate death rate starting rate of growth
(%) (%) popuiation (as fraction)
Aibr dr stant rate A
B|10 2 1000 br-dr)/100 B
Ciyear increase population migration C
D into area D
X1 Y1
Eln inc pop mig E
F | 1990 =stant 0 F
G =(lastpop’rate)+mig | =lastpop+inc_ {0 G
250
250
250
0
0
1000
G
0
H 0 H

Figure 6: showing the data and formulae that the user needs to enter (the sytem automatically
replicates the formulae in row G)
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To create a WSS spreadsheet the
numerical data, descriptive labels and
formulaerequired are firstentered onto
a blank template. (Having such a
template necessarily restricts one’s
freedom a little but it greatly reduces
thethinking and planning time for new
spreadsheets and makes other’s
spreadsheets more readily
understood.) It will be seen that
different sections on the spreadsheet
are used for different purposes. The
top section (above the shaded area) is
used for numerical quantities and
formulae that are calculated just once
(e.g.therate of growth). Thelowersection
is used for tables of values, both
calculated ones, (e.g. increase and
population) and those entered as
numericaldata, (e.g. migration intoarea).
Rows A and E have a key role to play
becausethey contain the names that are
used to name automatically the
quantities immediately underneath so
that they can be used in formulae(rows
Band FtoH respectively). RowsC and
D are used to provide (default) titles,
axis labels and “data labels’ for graphs
and chzrts. Theseappearautomatically
when particular columnsare chosen as
x and y coordinates.

To set up the spreadsheet one has only
to type in the data shown in figure 6.
The Initialise command then replicates
any formulae in the second row of the
bottomsection (row G)soautomatically
setting up the series of step by step
calculations needed to model the
population changes. A useful feature

is that constant values (e.g. migration)
do not get copied down (as they would
normally with Excel). The top row in
the lower section (row F) is not copied
down in order that it can be used for
initial values and formulae. Ascanbe
seen from figure 6, formulae used ina
model can contain whole words or just
abbreviations and there is no need to
employ cell references in formulae
(although this is occasionally also
convenient). The namelastpop refersto
the last value of the quantity in the
column named pop, i.e.the valuein the
row above.

These features make WSS effectively a
modelling system, but with theimportant
extra feature that mathematical models
can be combined with numerical data
(as illustrated in simple form by this
population spreadsheet). Sometimes
this ability to combine formulae and
data is very important, for example
when processing data from
experiments or fieldwork, and when
comparing a theoretical model with
real data. An example of the latter
would be a genetic model that
explained how the numbers of dark
formsof peppered mothsin Nineteenth
Century England increased after the
Industrial Revolution while the
numbers of light forms decreased
(Hewitson 1993).

SPREADSHEETS TO AID CONCEPTUAL
LEARNING

Fundamental to modern educational
thinking is the idea that concepts are

most effectively internalised when
related to their active use by students
in a variety of situations. Such ideas
were implicit in Piaget’s views on
conceptdevelopmentand werebehind
active approaches to teaching
Mathematics and Science. Practical
investigations that the pupils carried
out were intended to act as vehicles
through which students’ cognitive
structures could develop. Much effort
hasgone into theidea of mathematical
modelling as a means of achieving
conceptual understanding through
making students express their
understanding in quantitative terms
(e.g. Gorny, 1988, Schecker, 1991,
CBMACP, 1992). A model is just a set
of equations chosen by someone
(teacher or student) in order to
represent an aspect of reality. When,
however, it is used by someone to
investigate that reality it becomes a
simulation. Simulations allowstudents
to explore ideas in a practical way so
helping themtodevelop their cognitive
structures . They are less powerful
than modelling because the student is
only concerned with observable
behaviour rather than underlying
theoretical relationships. Nevertheless
they are very useful because they are
accessible to a much wider range of
students and need very limited
mathematical skills.

Building on the idea of cognitive
structures Tall (1989) has suggested
the useful idea of software as a generic
organiser. This is ‘an environment (or

!
!

3500
3000
2500
2000
1500
1000 °

500 o

530 —~—~0 ~C 0 [oln e}

——Be— hirth rate = 15
—O——nhbirth rate = 10

e ¢ —~— hirth rate = 5

1990

1995 2000
year

e -

Figure 7: the effect of different birth rates on a population
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microworld) which enabies the learner to
manipulate examplesand (if possible) non-
examples of a specific mathemetical concep!
or a related system of concepts. The
intention is to help the learner gain
experiences which will provide a cognilive
structure on which the tearner may reflect
to build the more abstract concepts’. The
idea of generic organiser is very helpful
in understanding why simuiationsare
usefullearning tools. WS5 providesan
idealenvironment for the construction
of models and their manipulation as
simulations. The population
spreadsheet described above, for
example, could be used to explore the
concepts of birth rate and growth rate
and how they affect the graph of
population growth. This is illustrated
in figure 7 where three growth curves
have been superimposed for different
birth rates, (the death rate having been
fixed at 2 per cent per annum and
migration having been made zero).

A verygreatadvantageof a spreadsheet
system over other ways of modelling
and creating simulations (e.g. by
programming) is that it is quick and
easy to do as the population example
demonstrates. The student can
therefore more easily understand not
just what the computer is doing but
how it does it. Tall calls this specific
insight as opposed to analogue insight
(where only the principles are
understood) and external insight where
the computer is acting as what a
scientist would call a biack box, i.c. its
behaviourisunderstood but not howit

works. The advantageof specificinsight
isthatitinvolvesthestudentinthinking
at a deeper level about the ideas
involved. Italso helps the synthesis in
the student’s mind between different
aspects of a student’s understanding of
a concept, what Tall calls the concept
image: ‘We shall use the term concept
image to describe the total cognitive
structurethat is associated with the concept,
which includes all the mental pictures and
associated propertiesand processes .. ... As
the concept image develops it need not be
coherent at all times . ... Given the
simplicity with which spreadsheetscan
be set up using WSS one may go even
further and suggest that students
should whenever possible set them up
for themselves - a process which forces
them to construct their own
understanding. This fits in very well
with constructivist views of learning
and with much work that has been
done on modelling as an effective
learning activity.

CONSTRUCTIVIST WAYS OF USING
SPREADSHEET

Theauthor recently used a spreadsheet
approach to aid understanding of two
different types of biological growth
strategy, known as r-selection and K-
selection after the significant
parameters in the equations governing
their growth rates: dN/dt = rlN and
dN/dt = tN(K-N)/K. The first (see
figure 8) gives an exponential growth
curve and relates (crudely) to species
such as greenfly which will rapidly

favourable growth conditionsexistand
then suddenly crash to a low level for
a variety of reasons. The second gives
a growth curve which is initially
exponential but then levels off to the
value K. It describes (again crudely)
species which are slower growing but
more competitive than others in the
long run (oak trees for example). The
students used a spreadsheet which
drew (without theirunderstanding the
formulaeused) the two typesof growth
curve. Values of r and K could be
altered and different graphs
superimposed for comparison
purposes.

Figure 8: typical growth curves for
r and K-selecting species

Threegroupsofabout 20studentseach
used the same spreadsheet but were
givendifferent printed worksheets. At
the top of each worksheet a different
setofinstructions wasgivenas follows:

o ‘Prescriptive’ group: Go through
the numbered instructions and
questions in order. Record any
answers required in the spaces
provided,

+ ‘Constructivist’ group: Before
carrying out each investigation I
would like you to try and predict
the outcomeofitandtogivereasons
for your prediction. Record these
things in the spaces provided.
Afterwards record your findings.
Ifthey differ in any way from your
predictions try and modify you

mushroom in numbers when explanation to account for the
differences,
60
a ]
m 40 r
b K
e 204
r
S 0 1 T 1 L4 R}
0 20 40 60 80 100
time
l: TC . AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993 41
1

ol



Q

¢+ ’‘Open-ended’ group: Before
carrying out each investigation
think about how you are going to
carry it out. In some cases the
approach might be quite obvious;
in other cases it may require some
thought. After carrying out the
investigation give a short
explanationin the spaces provided
of huwyou went about theinvestigation
and what you expected to find, what
you actually found out and what your
conclusions were.

A pre-test and an identical post-test
were given as well as an attitude
questionnaire. Of those students who
originally got a given graphical
question wrong, about twice as many
subsequently got it right in the
‘constructivist’ group as in the other
two (68% as compared with 30% and
37%). The increases on non-graphical
questions (i.e. those testing biological
understanding) wereabout halfasgreat
but in the same relative proportions
between the three groups. The
spreadsheet was intended to help
students construct and integrate the
various components of a complete
concept image of r or K-selection.
However it seems that this did not
happen efficiently unless specificsteps
were taken to cause it to happen - as
with the predict with reasons - observe -
explain sequence carried out by the
‘constructivist’ group. The other
groups did not have to reflect on their
own understanding and many probably
noted down what they observed
without thinking about its meaning,
their motivation being perhaps to get
the right answer rather than to
understand better themselves.

CONCLUSION

Graphical database and spreadsheet
programs like Microsoft Excel have a
great deal of potential for enhancing
learning by performing a range of
different functions and facilitating a
range of different learning styles. A
system such as the Warwick
Spreadsheet System harnesses this
potential and overcomes many of the
difficulties. As Excel becomes more
widely available in schools on both
Macintosh and PC computers a whole
new field of spreadsheetbased learning

could be opened up. Further
development of ready-to-use
spreadsheets and further research into
the best ways of using them will help
developthis newapproachtolearning.
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ULTIMEDIA AND
MONSTROSITIES:
REINVENTING
COMPUTING IN
SCHOOLS AGAIN?

BY CHRIS BIGUM WITH
BILL GREEN, LINDSAY
FITZZCLARENCE AND
JANE KENWAY

Faculty of Education

|

The selling of computers
and their related products
to schools, in part, requires |
that the product is !
‘reinvented’ or constructed
for educational purposes
and, further, that the '
categories of schooiing
(students, teachers,
classrooms and
curriculum) are, moreor
less, represented as !
caricatures of schooling
from the 1950’s and 60’s.

By restricting _
constructions or inventions .
to new computer products
the understandings of the
new information and |
communication ‘
technologies in education
are normalised and limited.

i
|
|
|
!

New, seemingly  monstrous
constructions such as that of the cyborg,
give rise to new, disruptive accounts
which provide more useful means of
understanding the dilemmas of
schooling in an era of increasingly
pervasive digital media. The paper
describesa particular, new construction
inwhichhuman and non-human ‘actors’
are not distinguished. This approach,
called the ’actor-network’ model, has
been usefully applied to the study of a
wide range of technical innovations. In
this paper it is illustrated by analysis of
a recent multimedia release to schools.

THE CURRENT WAVE: MULTIMEDIA

Under the banner of ‘CD-ROM to put
science in a spin’ (McIntosh 1993), The
Australian reported a recent launch of
anIBM-N.S.W Board of Studies product,
a CD-ROM disc for primary schoo!
science. This is only one of a number of
new multimedia products offered to
schools this year. The momentum is
clearly growing: multimedia, it seems,
is much in vogue for computers in
schools. An important part of
developing momentum fo: any new
computer related product is to create
the same senseof need and urgency that
was created in schools when
microcomputers  first became
commercially available and then, for
each subsequent set of ‘high tech’
products. When you look closely at the
advertising or press releases or
commentary associated with the
reporting of new products like

multimedia, there is a clear sense of
déja vu. A simgle thought experiment
in which we swap the multimedia
product for, say, an 8-bit
microcomputer and step back in time
thirtezn years would reveal that little
haschanged inthe waythat computers
and their related technologies aresold -
literally and rhetorically—to schools.

Just as in the early 80’s and for every
previous wave of the new information
and communication technologies,
schools have little choice. What choice
there is is like the choice associated
with toothpaste, that is, between
brands. For some schools the fact that
they have a choice is much less
important than that they have to make
one. When they first embarked on a
high technology path the prospect of
never ending purchases of computers
and their related products was
unimaginable. It has taken some
schools a long time to come to grips
with this prospect. Others have
adjusted tothe commercial rhythmsof
theindustryand recyletheircomputers
every year or so and in so doing
effectively become an extension of the
distribution network of the computer
market.

Whether a school resists or adapts to
the commercial cycles of the industry,
jtis useful to ask somequestions about
the circumstances that most forms of
schooling now find themselves in.
How is it that in the early 90's
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consumption of this year’s product
range is now, more or less, taken for
granted? Whatisitaboutthetechnology
that makes it “ideally suited” foruse in
schools? It all seems so natural, so
obvious. How do the “educational”
properties of things like CD-ROMs
arise? How is it that multimedia has
become a new and likely significant
component of expenditure for many
schools?

REINVENTING COMPUTING !N SCHOOLS:
OLD CONSTRUCTIONS

We want to argue that the process by
whichtechnologies likeCD-ROMs,and
other multimedia-related products
achieve their significance in schooling
is, as Grint and Woolgar (Grint and
Woolgar 1992: 377) arguc,
“irredeemably social”. Ursula Franklin,
in her analysis of the patterns that
emerge during the introduction of
technologies into society, makes a
similar point. She claims that the social
acceptance of any technology requires,
as a first stage, a period of invention.

.. we see that in the early stage of a
particular invention, a good deal of
enthusiasm and imagination is generated.
There areefforts toexploreand explain just
how wonderful and helpful the new
invention will be... Wellsprings of
creativity and freedoi from toil seem to be
just around the corner. In this phase
technologies create human bonds and a
sense of excitement in people who feel
grateful to be part of such wonderful,
progressive tines.

(Franklin 1990: 95-96)

That s, after materialdevelopment, the
physical artefact, the product has, in a
sense, to be reinvented sociaily. If it i<
to survive in education, it has, over a
relatively short period of time, to
become an educational necessity. This
is what makes multimedia products so
interesting at this time. As yet they are
not regarded as essential and so it is a
good time to observe the processes, the
social invention or construction which
oceurs,

For those who invent particular
educational meanings for the new
information media, it is important to

do so in a way that does not draw
attention totheact ofinvention. Usually
theartefactis sufficiently engaging that
little effort isrequired. It isaninteresting
problem: to be given a particular high
technology product and reinvent it, so
that it can be sold to as wide a range of
schoolsas passible, withonesizehaving
to fit all. It has to be given what appear
to be explicit educational attributes,
offering either to do something that
schools cannot do, or improve in some
way something they already do. If an
urgency canbecreated about acquiring
the product, all the better.

Reinventing a product with which
schools are unfamiliar is a relatively
simple task. It typically takes on the
guise of familiarising schools with the
technology and its educational
attributes, tapping what arenowdeeply
ingrained anxieties about a highly
uncertain but definitely high
technology future. In a real sense, the
new information and communication
technologies offera certainty of being a
part of a future in which the only thing
certain is computers and their
associated technologies. It can be
expressed in a kind of equation that
says:

SCHOOLS + COMPUTERS =
UNCERTAINTY

1t represents a way of managing the
complexity and uncertainty of ‘the
future’. In such an account it is
important to keep the other variable in
the equation, schools, as constant as
possible. If the new information media
are to transform schools to a less
uncertain state, then schools need to be
seenina particularand almost constant
state of low, or at least lesser,
technology. One of the TV
advertisements run by Apple last year
shows a small girl walking through a
dark, bare, old classroom toa Macintosh
on a bench. She receives her
enlightenment, literally, by turning the
computeron, Theadvertisement would
lose much if the girl had to walk past
rows and rows of well-lit computers
being used enthusiastically by other
children.

LESS

Extreme caricatures of educational
institutions and practices characterise
representationsof schoolsand learning
by advertising agencies. If we were to
accept these representations of
schooling, it would seem that since the
very earliest days of computing in
schools, schools have been caughtina
kind of time warp, around about 1950
or 1960, desperately in need of
transformation and improvement, a
transformation that, as it happens, can
beconveniently broughtabout through
consumption of enough of the current
product range.

The difficulty is that schools have been
acquiring computersnow formorethan
fifteen years. They have changed in
part through their use of computers
and, asa consequence of being partof a
society which has experienced
enormous social and economicchange,
in much of which the new information
and communication technologies have
been deeply implicated. It would
indeed be remarkable if anything had
stayed the same over this time.

NEW CONSTRUCTIONS: CYBORGS

So computers and their products
require a social invention or
construction in order to be sold to
society generally and to schools in
particular, something that we ar
witnessing now in the selling of
multimedia products. But theseareina
senscold constructions: they havebeen
associated withthesclling of computers
to schools from the days of the first
microcomputer and for every
subsequent wave of computer-related
products. An important part of these
constructions is, as hasbeen argued, to
hold certain other categories constant
whilethe new oneisadded. Thingslike
child, student, school and classroom
remain the same, so focus remains with
the new product. Further, the new
productis, typically, gently demonised
so that much effort has to be expended
in allaying fears about it, running
familiarisation courses, awareness
coursesand soon.Such courses assume
an essentially stable, and more or less
fixed set of educational givens, ie.
students, classrooms and so on.
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A new, gently demonised technology
is of course much easier to deal with
than however-gently demonised
students, classrooms or curriculums.
Wearethereforeuneasy withtalkabout
new kinds of humans, new kinds of
classroomsornew kindsof curriculum.
Talk about new kinds of humans, post-
humans perhaps, is usually relegated
to science fiction where new forms
humans abound. A significant member
of this new class of humans is the
cybernetic organism or cyborg. It is a
construction1,  literally  and
metaphorically, that drawsattentionto
the intimate associations we have with
the machines of the late 20th century,
which as Haraway (1991:152) suggests:

have made thoroughly ambiguous
thedifference between natural andartificial,
mind and body, self-developing and
externally designed, and many other
distinctions that used toapplytoorganisms
and machines. Our machines are
disturbingly lively, and we ourselves
frighteningly inert.

Humans have always had intimate
associations with the devices and
technologies they havebuilt, but never
before with technologies that operate
in the manner and at the speed of the
new information media. Coupling an
organism whose signalling
mechanisms operates at about three
hundred metres per sccond with a
technology thatoperatesabouta million
times faster underlines the difference
between contemporary machines,
computers, and those of the industrial
revolution. Previously, humans built
devices that were, within an order of
magnitude, of similarspeed to humans.
Thespeed of thesetechnologies tended
to distort geographical scales, but in
such a way that people could readily
and adequately deal with thedistortion
by mapping it onto previously known
geographies. Now, however, “with the
advent of instantaneous
communication (satellite, TV, fibre
optics, telematics) arrival supplants
departure: everything arrives without
necessarily having to depart” (Virilio
1987: 19). Instead of distorting the old
space-time reality, we live, as Virilio

argues, in speed-space, aspacein which
the speed of the new information
technologiesdistorts “theillusory order
of normal perception” (Virilio 1991:
100). Speed blurs the boundaries
between human and machine,
boundaries that once wereregarded as
fixed. In an age of an increasing range
of prosthetic machines, just what is us
and what is machine is increasingly
unclear. Katherine Hayles puts it this
way:

If corneal implants are part of us,
why not contact lenses? If contacts, why
not eyeglasses? If eyeglasses, why not an
automated telescope? If a telescope, why
not the computer interfaced withit? Gibson,
in an interview (Greenland 1986), pointed
out that a teenager playing an arcade video
game could be considered a cybernetic unit.
... By this reasoning anyone who finds a
word processor indispensable for writing is
already in a cybernetic circuit. The only
distinction between it and the cyborgs in
Neuromancer [ his SF novel|is howdifficult
it is to detach the various parts from the
circuit.

(Hayles 1990: 217)

These are disturbing images. They are
the things we prefer to ignore. These
considerations surely don’t apply to
computer-using educators? After all,
we have found ways to negotiate this
new technological culture, or
technoculture (Penley and Ross 1991).
Some of us grew up at a time when
there was no video or television, and
computers were arcane devices used
by men in white coats, or so film
representations told us. Our ways of
seeing the world were developed at a
time when the pervasiveness of d.gital
media was almost unimaginable. We
are more or less certain that our use of
computers hasn't changed us (much?),
but can we be as certain about the
students we teach?

[ Wihen we read about young people
(‘kids’) attentively watching two films
projected side-by-side on a screen and the
adults in the audience getting up and
walking out (Adams 1991); when we are
told by teenagersthat 'youdon'tunderstand
MTV, you process it'2; when we watch
three- and four-year-olds use the remote

controls of VCR's to replay a favourite
section of a cartoon over and over; when we
see five-year-olds almost merged with the
control pad of their Nintendo game; and
when we sce extremely young children
explore a Macintosh drawing program in
ways we never believed possible, our
perceptions are constrained and filtered:
we cling to reassuring categories and
recollections of an age when the world
seemed more predictable, less fragmented,
and certainly more immediately tangible.
To explain (away) what we “see’, we resort
to causal accounts that draw upon
experiences from a period in which digital
media were far less intrusive.

(Green and Bigum 1993)

Dator (1989) makes the point more
bluntly,

Since we live within the envelopeof
the dying (or marginalizing) print cultures
and the rise of audio-visual ones, those of us
who have been conditioned all our lives 'to
think like abook’ usually ignore,disparage,
or simply cannot understand those who
may learn to think and to express therr
thoughts through moving holographic
images. Being so (literally) brainwashed by
print, we can no more truly understand the
new cultures that are overwhelming us
than we can truly understand 'the savage
mind’ of pre-literate societies we distorted
or destroyed.

(Dator 1989: 363)

Thesearescandalous,dangerous, even
monstrous images. They are not the
images that vendors would like
associated with their multimedia
products. It is in the vendors’ interests
to keep categories simple, obvious,
uncomplicated. Yet old categories that
artificially separate human and
machine arguably restrict our ways of
thinking and speaking about the new
information and communication
technologies. Inequivalentautomobile
terms, we limit ourselves to thinking
about “horseless carriages”.

The same patterns of category appear
ona largerscale whentalking aboutthe
social and the technical. When talking
about technical artefacts we position
the social as context, or when speaking
of the social, the technical is context.
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delineation of a scenario. It speaks for
others but in its own language” (Callon
1986a: 26). How successful translation
is depends upon how well the actor-
world redefines thoseactorsorelements
which are likely to challenge their
redefinition.

Translation then, is the general term
that is applied to the methods that an
actor uses to “enrol” other actors in a
network. One such method is
“problematisation”, a form of
translation  that posits the
indispensability of one actor’s
‘solutions’ for another actor’s
‘problems’ (conveniently defined by the
first actor). In the case of the CD-ROM
disc, IBM’s chief designer for the project
is reported as saying: “For teachers,
this product will be a valuable
curriculum tool in a subject area
regarded by many teachers as
traditionally difficult to teach”. The
problem, the teaching of primary
science is defined as difficult and
traditionally so. Primary teachers of
science are being persuaded that ‘their’
problems in teaching science can be
‘solved’ with this disc. The curriculum
designer with the N.S.W. board of
Studiesis quoted as saying: “Ouraimis
tointroduce young students gradually
to a number of sophisticated concepts
without intimidating them”. The
‘problem’ is further defined in terms of
student fear of “sophisticated
concepts”, something, presumably
teachers have trouble teaching. As
Callon says: “.. to translate is to speak
for,tobe indispensable, and todisplace.
All translation works to solidify actor-
worlds. Successful translation quickly
makes us forget its history” (Callon
1986a: 28).

In the final part of translation, actors
have to be “displaced” in the
construction of a network. It is
insufficient to simply use words, to
describe new roles forthe variousactors
of the actor-world; redefinition only
occurs through action. “Interessement
is the group of actions by which an
entity ... attempts to impose and
stabilize the identity of the other actors
itdefinesthroughits problematization”
(Callon 1986b: 208-209). For examplc,

in the example being considered, the
links that currently exist between
science teachers and their studenss will
have to be disrupted. The use of the
term “tool” imagines a particular kind
of disassociation, one with which most
teachers who use computers will be
familiar. y

So, in order to enrol teachers in an
actor-network that containsa CD-ROM
disc, Make the Connection!, the IBM
Ultimedia machine, the N.S.W. Board
of Studiesand IBM Australia, atleast, it
is essential for the “heterogeneous
engineer”, in this case IBM Australia,
to be able to speak on behalf of science
teachers and have other actors in the
network act in predictable and
supportive ways. Todothis, IBM hasto
treat each actorasakind of “blackbox”,
ignoring the complexity that each
represents. Each actor masks a set of
other actors which it draws together.
The N.S.W. Board of Studies is more
complexthanthesingleentity described
in this example. Science teachers may
well provetobedifficultto “black box”.
Even CD-ROM technology may not be
as stable a black box> as IBM requires,

The simplification of entities is a
necessary part of linking them in an
actor network. Without simplification
it would not be possible to do the
redefinitions of role that IBM has
embarked on in this example. Some of
the black boxes would appear, at first
sight, to be somewhat more stablethan
others in the network. We might, for
instance, imaginethat the predictability
of the Ultimedia machine is much
greater than that of N.S.W. primary
teachers. Simplification is also thebasis
ofthepowerof any network. Eachactor,
which can be represented as a network
of actors, each of which in turn can be
represented by networks of actors, and
so on in a kind of hierarchy or fractal
arrangement, derives its strength and
credibility fromthemass of silentactors
beneath.

The construction of this actor network
thusdepends upontheresistanceof the
various actors that make up the actor-
world. Is it easter to cLange primary
teachers, sciencecurriculum, theN.SW.

Board of Studies, primary students, or
the educational characteristics of CD-
ROMdiscs? Oneaspect of thehistory of
this actor-network that would be most
interesting to record is the translation
of the Board of Studies from an
organisation presumably concerned
with the planning, design and
evaluation of school curriculum to an
organisation which is a vendor, and
even an exporter, of CD-ROM discs.
The other interesting translation is of
1.B.M. Australia, essentially ahard ware
and softwarevendorand manufacturer,
into a ‘high tech’ curriculum designer
and developer4. Other translations (e.
g.of primaryteachers) haveyettooccur.

All translations, or at least those that
are effective and lead to stable
configurations of actors, need to be
“anchored ... to physical and social
displacements” (Callon 1986a: 27). The
actor-world if it is to survive has to
build up materials that make it
“durable”. So presentations at
Computer Education conferences,
reports in the computer sections of
newspapers, trials, evaluations and
experiments will all contribute to
making the networklast. Of course, the
key stage in the history of this actor-
network willbetheenrolment of science
teachers. The disc will need to be more
than an optional extra if investments
are to be recouped. It will be therefore
interesting to see what methods are
employed to “translate” the primary
teachers of N.S.W. into the
‘technosystem’ that is now forming in
Australian education, as elsewhere in
advanced capitalist societies.

STORY TELUNG

The story of the current reinvention of
computing in schools can be told many
ways. There is not the space available
to describe the (reassuring?) stories
derived  from  technological
determinism (the existence of the disc
will coerceteachersintousingit), social
determinism (adoption or rejection of
the disc will be a matter of social
construction by teachers), or accounts
of “designer technology” (Grint 1992:
153-4) (the “political qualities” [Winner
1985} of the disc will determine its
acceptance, useetc.). Accountslikethese
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This never allows us to consider
simultaneously the social and the
technical. In work that is concerned
with explaining the development and
stabilization in societies of different
technologies, Law, Latour, Callon and
their associates have developed an
approachin whichtheyregard thesocial
as never purely social but, rather, as
technosocial, being comprised of
networks of human and non-humans.
It is to their work that we now turn.

ACTORS, NETWORKS AND MULTIMEDIA
The organising premise of what is
referred toas ‘theactor network model’
of Callon (1986a,b), Law (1988) and
Latour (1988) is that no distinction is
made between humans and non-
humans. Replacing both categoriesisa
single category or “heterogeneous”
entity called actor. Actors together can
then constitute a network, the whole
assemblagebeingreferredtoasanactor-
world. A network then “iscomposed of
a series of heterogeneous elements,
animate and inanimate, that have been
linked to oneanother fora certain period
of time” (Callon 1987) :93. The model s
bestillustrated by exampleand we have
chosen a small one from the current
work concerned with the educational
reinventionof muitimedia products for
schools. The data from which this
analysis is based is taken from a press
report which, although limited, offers
enough information to illustrate the
workings of the model.

The newspaper article (Mcintosh 1993)
reports the launch of a CD-ROM disc
for primary school science. The disc is
the first of a series of discs being jointly
produced by IBM Australia and the
NSW Board of studies.

First, IBM, the prime mover in this
account, defines a certain scenario for
the teaching of primary science in
schools. Science is described as being
“traditionally difficult to teach”.
Teachers are described as welcoming
of “a valuable curriculum tool” for this
area. The disc offers a "high level of
interactivity” to students, as opposed
to, one presumes, a low level of
interactivity for students in
“traditional” scienceclassrooms. Asthe

account develops, an actor-world
Callon (1986a: 22) emerges, a world
made up of a number of entities (the
N.S.W.Board of Studies, the Ultimedia
machine, the CD-ROMdisc, thelenses,
the laser, the grating, the photodiode,
primary teachers, primary students,
etc.), each with their repertoires and
histories redefined by IBM. None of
these elements can be placed in a
hierarchy or categorised usefully. The
laser is as important as the science
teacher.If wetook outanyoneelement,
the whole would collapse. The
interdependence of the elements is
described by Callon:

Accordingly, technical objects must
be seen as a result of the shaping of many
associated and heterogeneous elements.
Theywill beasdurable as theseassociations,
neither more nor less. Therefore, we cannot
describe technical objects without describing
the actor-worlds that shape themin all their
diversity and scope.

(Callon 1986a: 23)

Theactor-world is the place wherea set
of heterogeneous entities have their
roles, how they are related, their
identity, and even their history
redefined for them. The process of
redefinition is termed “translation”. In
the example under consideration, IBM
attributestotheN.5.W. Board of Studies
an identity, a role to play, a course of
action, and projects to conduct. 1BM
attributes properties toCD-ROMdiscs,
the way they work, how they are to be
used, and soon. Thetranslatorbecomes
the spokesperson for each element that
is redefined: Translationis a definition
of roles, a distribution of roles and the
delineation of a scenario. It speaks for
othersbutinitsown language” (Callon
1986a: 26).

How successful translation is depends
upon how well the actor-world
redefines those actors or elements
which are likely to challenge their
redefinition.

Translation then, is the general term
that is applied to the methods that an
actor uses to “enrol” other actors in a
network. One such method is
“problematisation”, a form of

translation  that posits the
indispensability of one actor’s
‘solutions’ for another actor’s
‘problems’ (conveniently defined by the
first actor). In the case of the CD-ROM
disc, IBM’s chief designer for the project
is reported as saying: “For teachers,
this product will be a valuable
curriculum tool in a subject area
regarded by many teachers as
traditionally difficult to teach”. The
problem, the teaching of primary
science is defined as difficult and
traditionally so. Primary teachers of
science are being persuaded that ‘their’
problems in teaching science can be
‘solved” with this disc. The curriculum
designer with the N.S.W. board of
Studies is quoted as saying: “Ouraimis
to introduce young students gradually
to a number of sophisticated concepts
without intimidating them”. The
“problem’ is further defined in terms of
student fear of “sophisticated
concepts”, something, presumably
teachers have trouble teaching. As
Callon says:

”.. to translate is to speak for, to be
indispensable, and to displace. All
translation works to solidify actor-worlds.
Successful translation quickly makes us
forget its history” (Callon 1986a: 28).

In the final part of translation, actors
have to be “displaced” in the
construction of a network. It is
insufficient to simply use words, to
describenew roles forthe variousactors
of the actor-world; redefinition only
occurs through action. “Interessement
is the group of actions by which an
entity ... attempts to impose and
stabilize the identity of the other actors
itdefines throughits problematization”
(Callon 1986b: 208-209). For example,
in the example being considered, the
links that currently exist between
scienceteachersand their students will
have to be disrupted. The use of the
term “tool” imagines a particular kind
of disassociation, one with which most
teachers who use computers will be
familiar,

So, in order to enrol teachers in an
actor-network thatcontainsa CD-ROM
disc, Make the Connection!, the IBM
Ultimedia machine, the N.5.W. Board
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of Studies and IBM Australia, at least, it
is essential for the “heterogeneous
engineer”, in this case IBM Australia,
to be able to speak on behalf of science
teachers and have other actors in the
network act in predictable and
supportive ways. To dothis, IBM hasto
treat each actor as a kind of “black
box”, ignoring the complexity thateach
represents. Each actor masks a set of
other actors which it draws together.
The N.S.W. Board of Studies is more
complexthanthesingleentity described
in this example. Science teachers may
well prove tobedifficult to “black box”.
Even CD-ROM technology may not be
as stable a black box3 as IBM requires.

The simplification of entities is a
necessary part of linking them in an
actor network. Without simplification
it would not be possible to do the
redefinitions of role that IBM has
embarked on in this example. Some of
the black boxes would appear, at first
sight, tobe somewhat more stablethan
others in the network. We might, for
instance, imaginethatthe predictability
of the Ultimedia machine is much
greater than that of N.S.W. primary
teachers. Simplification isalso thebasis
of the powerof any network. Eachactor,
which can be represented asa network
of actors, each of which in tum can be
represented by networks of actors, and
so on in a kind of hierarchy or fractal
arrangement, derives its strength and
credibility fromthemass of silentactors
beneath.

The construction of this actor network
thus depends upon the resistance of
the various actors that make up the
actor-world. Is it easier to change
primary teachers, science curriculum,
the N.S.W. Board of Studies, primary
students, or the educational
characteristics of CD-ROM discs? One
aspect of the history of this actor-
network that would be mostinteresting
to record is the translation of the Board
of Studies from an organisation
presumably concerned with the
planning, design and evaluation of
school curriculum to an organisation
whichisavendor,and evenanexporter,
of CD-ROMdiscs. Theotherinteresting
translation is of 1.B.M. Australia,

essentially a hardware and software
vendor and manufacturer, intoa ‘high
tech’ curriculum designer and
developer4. Other translations (e. g. of
primary teachers) have yet to occur.

All translations, or at least those that
are effective and lead to stable
configurations of actors, need to be
“anchored ... to physical and social
displacements” (Callon 1986a:27). The
actor-world if it is to survive has to
build up materials that make it
”“durable”. So presentations at
Computer Education conferences,
reports in the computer sections of
newspapers, trials, evaluations and
experiments will all contribute to
making the network last. Of course, the
key stage in the history of this actor-
network will be theenrolment of science
teachers. Thedisc will need to be more
than an optional extra if investments
are to be recouped. It will be therefore
interesting to see what methods are
employed to “translate” the primary
teachers of N.S.W. into the
‘technosystem’ that is now forming in
Australian education, as elsewhere in
advanced capitalist societies.

STORY TELUING

The story of the current reinvention of
computing in schools can be told many
ways. There is not the space available
to describe the (reassuring?) stories
derived from  technological
determinism (the existence of the disc
will coerce teachers into using it), social
determinism (adoption or rejection of
the disc will be a matter of social
construction by teachers), or accounts
of “designer technology” (Grint 1992:
153-4) (the “political qualities” {Winner
1985} of the disc will determine its
acceptance, useetc.). Accountslike these
are generally not the stuff of
technological bad dreams. They do not
threaten or challenge the taken-for-
granted componentsof schooling. They
are all accounts that the vendors of
multimedia can, moreorless, live with.

On the other hand, stories that call up
monstrousimages, of the part-machine,
part-human cyborg, or of networks of
actors in which no distinction is made
between the non-human and the

humans, are, to say theleast, disturbing.
They disrupt the dreams (of reason?)
about this and each new wave of
information media that is sold to
schools. Most importantly, at this time
of high interest in multimedia, they
disrupt normalising accounts of media
and education, and draw attention to
the growing range of new and emergent
relationships between media (multi or
otherwise) and education.
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FOOTNOQTES

1 A counstruction that already enjoys
considerable scholarly discussion
and writing to the point that
properties and attributes are
debated seriously. For instance,
Terry Harpold (1993) recently
suggested that “a good measure for
thecyborg|is} someone whodoesn’t
worry thatthedigital sign will fade”.

2 David Smith, Faculty of Education,
University of Sydney, personal
communication, July 1991.

3 This can be read in terms of the
technical reliability of current
technology as well as the possible
shift in CD-ROM technology to a
different assemblage of actors.

4 Another instance of the shifi from
Education per setothe mediaasthe
institutiondetermining curriculum,
schooling etc., see (Hinkson 1991).
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EMPLOYING

CONSULTANTS TO

RETRAIN BUSINESS

STUDIES TEACHERS

BY GREG CALVERT

Principal Curriculum Officer Work Related
Studie, Department of Education and the

Arts, Tasmania

KRR R

The Computers for Com-
mercial Subjects program
was designed to replace
the ageing and irrelevant
typing equipment in Tas-
manian state schools with
state-of-the-art hardware
and software that will
provide students with the
opportunity to use the
same equipment that serv-
ices the needs of business
and industry.

The program was initiated
in the light of a study con-
ducted in 1986: Facilities
for Commercial Subjects in
Tasmanian Secondary
Schools and Colieges.
(unpublished).  /

I
i
|

At that time, keyboard, typing and
word processing skills were taught in
Business Studies courses, conducted in
rooms mainly equipped with manual
typewriters, some schools had a small
number of electricand electronic type-
writers. Arising from this report was
the recognition that micro-computers
could be used to introduce students to
a range of skills which were being re-
quested by a number of employers,
including many in small businesses.
Amongst these requests was the need
for students to be skilled in the use of
spreadsheets and data base manage-
ment.

Initial pilot work began in 1988 at
Ogilvie High School. The program
itself began in 1990 and the original
plan was to complete it in 1993. This
schedule coincided with the introduc-
tion of the new Tasmanian Certificate
of Education at Year 9, substantial
changes in syllabuses having occurred
to reflect theuseof micro<computersin
business.

All 68 secondary schools were to ben-
efit from the program. The majority of
these schools were to receive $36,000
towards the provision of microcom-
puters. District high schools, being
smaller, were to receive a pro rata allo-

cation.

Because of a reduction in the planned
amount in 1991/2, the program has
beenextended toachieveits objectives.

IMPLEMENTATION
Tasmanian schools have used the pro-

gram for four major purposes:

1. Acquisition of hardware, particu-
larly IBM-compatible and Macin-
tosh microcomputers.
Acquisitionof software, particularly
Microsoft Worksin high schoolsand
Word for Windows, Word 5 and
Excel in the senior secondary col-
leges.

3. Provision of training. The sophisti-
cationof thehard ware and software
being purchased and thelack of pre-
vious computing experience on the
partof manyof theteachers involved
highlighted a need for training.

4. Upgrading of the furniture and fit-
tings in rooms that are being used
for commercial subjects so that they
are ergonomically suitable, and re-

a4

flect modern offices.

The funding principle is that central
funds provide approximately 60 per-
cent of the cost of replacing the type-
writers and refurbishing the keyboard-
ing rooms, with the school responsible
for the remaining 40 percent.

The first use of school funds was to
provide furniture, electric wiring and
data cabling for printing. Any further
funds were putinto additional comput-
ers, software and other support equip-
ment.
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In 1989-90 all schools were advised to
select IBM compatible unless they had
compelling reasons to justify another
selection.

In1990-91 the equipment selection was
increased with the addition of the Mac-
intosh Classic range. At the same time
the BBC Master Compact and the [BM
compatible XT (except for the laptop
version) were deleted.

teachers indicates that the provision of
training services from a consultancy
outside the Department can be deliv-
ered with a very high degree of suc-
cess.

The overall equipment selection by
schools for 199091 was as follows:

Type of computer Number Iercent

IBM Compatible 218 632
Macintosh 101 293
Archimedes 26 75
Total 345 1000

This selection reflected the program
recommendation on choice of comput-
ers with the overwhelming choice, 92.5
percent, being the machines which are
used in the workplace.

SOFTWARE

As theintention of the program was to
make business studies and keyboard-
ing courses relevant to the needs of
business, it was necessary to use indus-
try standard software or software ca-
pable of teaching industry standard
concepts. As a result, there has been a
focus on character, paragraph format-
ting, styles, mail merge, introductor
spreadsheet concepts, and the use of
storing names and addresses in adata-
base.

Microsoft Works for DOSor Windows,
and Microsoft Works for the Macin-
tosh have been widely used in Year 9
and 10. Atcollege level Word for Win-
dows, Word for the Macintosh and
Excel have been used.

TEACHER TRAINING AND SUPPORT

It is recognised that training is an es-
sential part of any re-equipment pro-
gram. As aresultofthe limited amount
of systemic support which was avaii-
able from within the Departmeat of
Education and the Arts, central fund-
ing was madeavailableto provide semi-
nar leaders from an outside consul-
tancy firm. The seminars were organ-
ised on a district basis for all secondary
schocls. They are free-ofcharge to all
teachers of commercial Subjects but
schools are responsible for travel and
teacher relief.

Separate seminars were held for [BM
compatible and Macintosh computers,
ranging from introductory sessions on
theequipment, theiroperating systems
and MS Works through to advanced
teaching applications.

Training and support currently takes
four forms:

1. SEMINARS

The majority of these aim to develop
teachers’ applicationskills. Other semi-
nars are school based and address cur-
riculum specific issues, for example,
the use of spreadsheets for Accounting
students.

2.IN-SCHOOL SUPPORT

The consultants work with a particular
school to assist it tomore efficiently use
its laboratory or software. This assist-
ance was especially important in set-
ting up a network or resolving printing
problems.

3.ONGOING TELEPHONE SUPPORT
Thisservice involved trouble shooting,
giving advice about equipment pur-
chases, follow up to seminars espe-
cially relating toapplication use or cur-
riculum related matters.

A telephone hotline service was pro-
vided on specified days after the re-
lease of a booklet listing the State Pur-
chasing and Sales Contract providers
and giving details of recommended
equipment..

4 NEWSLETTER

A newsletter has been provided for the
first time in 1993. This has been devel-
oped to improvecommunicationabout
the program to teachers. It incorpo-
rates a seminar list with registration
form, reviews of software and tips re-
lating to the use of applications.

THEUSEOF ACONSULTANCY SERVICETO
UNDERTAKE TRAINING
Theprogramismanaged by a Principal
Curriculum Officer in the Curriculum
Services Branch, Department of Edu-
cation and the Arts. The PCO is in-
volved in developing policy direction,
is the contact point for teackers about
training needs, and is responsible for
managing thetendering processforthe
provision of training services and for
the monitoring of the program.

Oneverydistinctiveaspect of the project
has been the use of a computer consul-
tancy service to undertake the training
and support aspects of the project. This
in part coincides with the downsizing
of the Department of Education and
the Arts (Tasmania) which reduced its
ability to continue to service the needs
of schools and colleges through the
Elizabeth Computer Centre (now
known as the Information Technology
Branch). The latter now is concerned
with computer management systems
rather than educational computing is-
sues.

A tender has been advertised annually
foreach of the past three years. Ineach
year the tender has been successfully
won by The Quill Consultancy in Ho-
bart. Tenders have had to address spe-
cific criteria in the tender documenta-
tion submitted;

1. Demonstrated ability to provide
courses which are relevant to the
needs of teachers of Commercial
Subijects. In particular there is a
requiremeni that the courses be
designed to meet the specific cur-
riculum needs of schools.

2. Demonstrated expertisein both the
use of, and training in, specified
software packages.

3. Expertise of those involved in the
training.
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4. Willingness to run courses in all
parts of the state.

5. Quality of training materials.

6. Demonstrated ability to provide
teachers of commercial subjects
with information about the imple-
mentation of the concepts they ac-
quire in the training courses.

7. General expertise in the area of
computer applications.
8. Theavailability of backupresources.

Anexaminationof feedback forms from
teachers indicates that the provision of

training services from a consultancy
outside the Department can be deliv-

EVALUATION OF SEMINARS

TABLEI

ered witha very high degree of success.
Tables [ to V indicate that the consult-
antsin1991 and 1992 scored inexcessof
90% in providing information for an
appropriate knowledge level. In com-
bining ratings 5 and 4 for effectiveness,
respondents also scored the consuit-
ants in excess of 9% for their presenta-
tion of the seminars, quality of materi-
als and relevance of the topics to the

PRESENTATION OF INFORMATION FOR KNOWLEDGE LEVEL

RATING 1991 1992
Appropiate 91% 909,
Too Elementary 6% 10%
Too Advanced 1.5%
No Response 1.5%
TABLEII
COVERAGE OF TOPICS
RATING 1991 1992
5 (Effective) 43% 60%
4 43% 33%
3 6% 7%
2 3% -
1(Ineffective} 2% -
No Response 3%, -
TABLE 11
rRESENTATION
RATING 1991 1992
5 (Effective) 61% 68%
4 29% 23%
3 4% 8%
2 - -
1(Ineffective) - -
No Response 6% 1%
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TABLE IV

MATERIALS DISTRIBUTED AT SEMINARTS

RATING 1991 1992
5 (Very Useful) 75% 68%
4 22% 25%
3 - 5%
2 - -
1(Not Very Useful) - -
No Response - 2%
TABLEV
RELEVANCE OF TOPICS TO THE CURRICULUM
RATING 1991 1992
5 (Very Relevant) 72% 63%
4 18% 33%
3 4% 2%
2 2% -
1(Not Very Relevant) - -
No Response 4% 2%

curriculum. There was an improve-
ment in the coverage of topics from
1991 to 1992 so that now the combined
rating of 5 and 4 for effectiveness ex-
ceeded 90% of respondents.

CONCLUSION

The use of an outside consultancy to
assist in the training of teachers is pos-
sibly unique amongst Australian Edu-
cation Departments. Dr Grahame
Dowling in a recent paperl has indi-
cated the increased use of professional
consultanciesina wide variety of fields.
Usually such services are used to rec-
tify management mistakes rather than
in anongoing role. Themostimportant
choice criterion (ie. reputation of the
consultants in the specific functional
area) indicated by Dr Dowling in his
paper is 2lso reflected in the selection
criteria for this program.

The employment of outside consult-
ants to undertake training has proved
to be cost effective and an efficient de-
livery mechanism in relation to this
project. As an illustration of this, the
current March-April 1993 training pro-
gram of 12 seminars was planned in
December 1992. The consultants withé
trainers (each of whom has developed
specialist knowledge) were able to re-
spond to 4 seminars being conducted
in one week towards the start of the
school year{an optimum period tocapi-
talise on the previous November-De-
cember training program). The De-
partment through this type of organi-
sation avoids on-costs and course de-
velopment costs.

Importantly, the use of consultants in
this program signals a new field of
possible future employment of consul-
tancies as providers of a range of train-
ing activities. However, it should be

recognised that the successful use of
consultants, in this program, can be
directly attributed to an implementa-
tion and training strategy which recog-
nises that the provision of computing
hardware and software itself will not
ensure change in schools.

Dowling, G. (1993) Buying Profes-
sional Services - A Client’s Perspec-
tive. Management No 1. Jan/Feb.
p13-14

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

69



OPEN DISCOURSE
TOWARDS ENRICHED
COMPUTING HIGHER
EDUCATION:
BACKGROUND FOR AN
INTERPRETIVE ACTION-
RESEARCH CASE STUDIES

BY MARK CAMPBELL-
WILLIAMS

Lecturer, information Systems, Business Fac-
ulty, Edith CowanUniversity, Westem Austraiia

RRRR

There is growing evidence
that computing education
as generally practiced

This paper is an initial report on an
interpretive action-research study
being conducted in computing higher
education at the School of Manage-
ment Information Systems, Business
Faculty, Edith Cowan University.

Lecturers, tutors and students are being
encouraged todisclose their values, goals
and worldview beliefs (relevant to in-
formation systems). This is based on an
applicationof Yurgen Habermas’ theory
of communicative action(1984, 1987)

However, [ am disturbed by an under-
lying, almost universal aspect of cur-
rent computing education. I perceive
that lurking behind the user-friendly
interface may be a hegemonic process
of indoctrination. Computing educa-
tion as generally practiced may indoc-
trinatestudentsinto a narrow technicist
mindset, into an instrumental rational-
ity that would view the natural and
social world as consisting of objects to
be dominated and controlled through
technology forthe desires and interests

tends to propagate a which stresses open discourse. The re-  of autonomous human concerns. To

Py . search questions are: to whatextent can  coina phrase from Bowers(1992),itcan
harrow fe.ChnlCle min dset’ values, beliefs and goalsbe disclosedin  be argued that this situation is moraliy
a type of instrumental information systems studies and does poor, perhaps even morally poverty

rationality that springs
from a positivist liberal
ideology. This can create
a ‘poor’ teaching/learning
environment - an example
of what C., A. Bowers
(1992) refers to as “moral
poverty of the information

this disclosure enrich the teaching/
learning process?

INTRODUCTION

For more than fifteen years in Australia
and overseas | have been involved in
industry, then secondary, then TAFE,
then computing consultancy and now
university computing education. My
work in education has been immeasur-
ably enriched by the advent of micro-

stricken.

Even with the ‘explosion’ of multi-me-
dia and the widespread use of power-
ful educational hardware and compe-
tent educational software across the
curriculum, I would still tend to agree
with Weizenbaum that:

"Thecomputerisa powerful new meta-
phorforhelping ustoundarstand many

age”. Other, per haps computers and I have seen many stu-  aspects of the world, but ... it enslaves

richer values and :i:nts, eshpezially tthe handicza]f;?e<:lt ar:d th(ii n;ind ttt\:t has no othert mete;{ahorf
. ose who do not score well in tests, and few other resources to call on.

W.Of Idviews are f ar ely enabled to achieve sometimes remark~ {(quoted in Fleit,1987).

given opportunity to influ- | abie results and to display uncharacter-

ence compuﬁng educa. istic enthusiasm about education And possibly even more controversial

tion. through using this technology. (the emphasis must be on “the funda-

mental questions in education”):
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Computers drain resources, and what
is worse, they make people think prob-
lems are being solved when they are

not.Idon’tthink computers willbeany -

better for answering the fundamental
questions in education than were tel-
evision or audiovisual equipment.
(1977, p.76). [my emphasis]

[ would say that one of these “funda-
mental questions” in computing edu-
cation is whether education is an in-
doctrination into a dominant ideology
or whether education allows for the
understanding and exploration of the
dominant and other ideologies. The
crucial point is that every person and
community has a dominant ideology
(springing from adominant worldview
with associated vatues) that is reflected
in the education process. Bowers
presents a compelling case in his book
The Cultural Dimensions of Educa-
tional Computing: Understanding the
Non-Neutrality of Educaticnal Com-
puting (1987) that education computing
is not value neutral but endorses and
indoctrinates intoadominant ideology
- in our education system this ideology
isassociated witha wholehostof ‘isms’
such as technicism, positivism, ration-
alism, naturalism, materialism,
scientism, and liberalism. Thisideology,
for which I will use theterm technicism
(because of our focus on information
technology), tends to “view all aspects
of human experience in terms of prob-
lems that require technical solutions”
(Bowers, 1988, p.8).

in his recent article Ideology, Educa-
tional Computing, and the Moral Pov-
erty of the Information Age (1992)
Bowers relates his earlier work to the
ecological crisis:

i have already argued that the
epistemology embedded incomputers,
inspite of the technology’s capacitiesto
collect and process vast amounts of
data relating to changes in the earth’s
ecosystems, contributes to deepening
the ecological crisis. Thus 1 want to
focus heremore specifically onhow the
educational uses of computers reinforce
the nihilistic tendencies in liberalism -
which must also be understood as
having devastating consequences for
the rest of the biotic community. (1992,
p-20).

_Bowers is addressing a second “funda-

mental question” in computing educa-
tion - the extent to which computers
divorce students from the reality of
their natura} and social environments.
He contrasts technicism (expressed in
what he sees as the moral poverty of
computing education) with other
worldviews that understand humans
as interdependent members of a larger
biotic community. He ends the article
with a passionate plea that “the real
crisis is not thelack of data orcomputer
literacy, but in the lack of a form of
moral and spiritual development that
takes account of theinterconnectedness
of life.” (1992, p.21)

For instarce, in a computer simulation
of cleaning anoil spill, students are not
only vicariousiy divorced from expe-
riencing reality but they are left with
the impression that in a similar way,
usinginformation technology, scientists
and engineers can deal with real eco-
logical disasters. Here there s a vicari-
ous knowing without really knowing
orexperiencing; of being twicedivorced
from reality; of solving chimerical
problems while the technology gives
the impression of being able to cope
with the real problem.

I have used some terms which may be
unusual to computer educationalists.
‘Worldview’ is generally understood
to be “a set of presuppositions {or as-
sumptions) which wehold (consciously
or unconsciously) about the basic
makeup ofourworld” (Sire, 1976, p.17).
The term ‘lifeworld’ will be discussed
as synonomous with worldviews in
communalsituations. [willusetheterm
‘ideology’ to allude to economic or
political overtones which, although
important, will not be explored in this
paper. Thus, the technicist worldview
of a society may be referred to as a
technicist ideology in relztion to, for
example, educational indoctrination.
The term ‘rationality’ (as in ‘instru-
mental rationality’ or ‘communicative
rationality’) is used as to refer to a
person’s or a community’s way of
thinking and acting which resultsin a
habitual’mind-set’. Thusthe technicist
worldview may be seen to outwork
jtself ina technicist mind-set, aninstru-

mental rationality. For example, in my
information systems lectures 1 find it
difficult (surrounded by a technicist
worldview) not to give the impression
that our ‘information age’ is superior
and more generally advanced than
other ‘ages’ - the text books and the
videos are usually peons of praise for
technologiczl progress. I find itdifficult
to expre<s the idea that the information
ageis seen by many philosophers to be
morally and spiritually inferior
(Macintyre, 1985). Surrounded by an
instrumentally rational millieu, Ifind it
difficulttolegitimately expresstheidea
that the only way instrumental ration-
ality can think of solving ecological
problems is by technological control
and domination of people or things -
that there are other ways of thinking
that promise more hope.

WIDER THEORETICAL BACKGROUND

Since the 1930’s, critical theory has con-
tended, from a moral position led by
social philosophers such as
Horkheimer, Marcuse, Heidegger and
Adorno, thatthe values associated with
instrumental rationality (including
technicism) have increasingly and de-
structively dominated business, indus-
try, governunent and education in mo-
dernity (Agger, 1991; Held, 1980).
Referring to the current environmental
predicament, Dryzek (1990), from an
ecological perspective, states that, for
persons under the grip of instrumental
rationality the human mind and its
desires are absolute and allimportant -
the natural world and other people are
viewed as mere objects for manipula-
tion, to be dominated. With this fun-
damental intention to dominate, he
contends that there develops an overly
goal-oriented approach, a tunnel vision
which is blinding to alternative ap-
proaches, an individualistic, competi-
tive manner of forcing results at what-
ever cost to the surrounding natural
and cultural and social ecology. In-
strumentalrationality abstracts persons
from the world and from others, blocks
them from truly experiencinglife to the
extenttowhichitisadopted.Inbusiness
for example, the best way of returning
a profit is thus viewed as individuals
“makingakilling” ratherthan the com-
munal and ecological perspective of
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sustainable viability in the long term
with profit sharing and worker partici-
pation.

The leading thinker in contemporary
critical theory, Jurgen Habermas (1929-
) provides a fruitful theoretical posi-
tion. A unity of perspective has charac-
terised all Habermas’ work, basically
how to understand modernity, in par-
ticular the capitalist modernisation of
society, but also a distinction between
‘work’ and ‘interaction’ and a close,
reciprocal collaboration between phi-
losophy and the social sciences.
Habermas refers to his recent work as
fallible and open to change - a platform
for research rather than a static phi-
losophy of reality (White, 1988, p14).
Since around the 1970’s some of the
distinctive core themes have been
communicative action or communica-
tive rationality (White, 1988, p. 1), and
social evolution in terms of social sys-
temsasdistinct from thelifeworld (that
is, viewed on one hand from a position
»outside” of the community; and on
the other hand, from a sociological and
psychological perspective from “in-
side”) (Dews, 1986, p. 14).

Communicative action will be taken to
refer to any human discourse oriented
to achieving exchange of ideas, nego-
tiation, consensus, understanding or
problem solving. I will use the term
‘open discourse’ to refer to that dis-
course which addresses values, goals
or worldview beliefs. Such discourse
can beinitially encouraged by detailed
introductions and simple name re-
membering games at the first meeting.
Similar activities can be used to aliow
the teachers and students to progres-
sively disclose their personal values,
goals and worldview beliefs with rel-
evance to the discipline being studied.

As exemplified by A Theory of Com-
municative Action (1984, 1987),
Habermas argues that communicative
action can balance instrumental ra-
tionality (White, 1988). I am exploring
this possibility Can educational dis-
course in the lecture theatre and com-
puting laboratory be used to balance
technicism? Can students and teachers
alike explore and question the domi-

nant positivistic technicist values by
discussing values, goals and under-
standingofinformationtechnology that
spring from other worldview beliefs?
Does this open discourse lead to an
enriched teaching/learning process?

Habermas asserts that humans have a
“lifeworld”, “an implicit knowledge
thatcan notberepresented inaninfinite
number of propositions; it is a
holistically structured knowledge, the
basic elements of which intrinsically
define one another; and it is a knowl-
edge that does not stand at our dispo-
sition, inasmuch as we can not make it
conscious and place it in doubt as we
please.” (Habermas, 1984, p. 34). Fur-
thermore:

Subjects acting communica-
tively always come to an understand-
ing in the horizon of a lifeworld. Their
lifeworld is formed from more or less
diffuse, always problematic, back-
ground convictions. This lifeworld
background serves as a source of situa-
tion definitions that are presupposed
by participants as unproblematic. (p.
70)

Itakethislifeworld tobe pre-theoretical
understandings and beliefs and thus
can be taken as synonomous with
worldviews in communal situations. [
am exploring the extent to which
worldview based values and beliefs
can be explored through open dis-
course. Can values and beliefs associ-
ated with the dominant technicist ide-
ology be disclosed and compared with
other values and beliefs from other
worldviews?

Habermas isalso concerned by whathe
terms the “colonisation” of lifeworlds -
“like colonial masters coming into a
tribal society” - when instrumental ra-
tionality forces itself into lifeworld
understandings viathe‘steering’ media
of bureaucracy or institutional fund-
ing.Incomputing education Jaminter-
ested to seeifthedominant ideology of
positivistic technicism does indeed
colonise the lifeworlds of teaching/
leamning groups through the stcering
medium of computing education.

INSIGHTS FROM CONSTRUCTIVISM
The context to be explored is that of
computing education in which recent
works (Bowers, 1988; Young, 1989)
have shown a more mature under-
standingof Habermas’ communicative
theory compared with earlier inter-
pretations suchasGrundy(1987). There
has been insightful work to relate
technicism back to personally held in-
dividual world-views and belief sys-
tems which can be disputed in educa-
tional discourse (Sires, 1976, 1988).
Somewhat similar understandings are
incorporated in a recent development
in educational theory known as ‘radi-
cal constructivism’ or ‘social
constructionism’ (Tobin, 1991; Taylor
and Fraser, 1991; Taylor, 1990) and in
feminist pedagogy (Davis, Steiger and
Tennenhouse, 1989). Tobin's
understandings of negotiatior in the
learning process sound akin to
Habermas’s communicative action:
The heart of the curriculum is
negotiation of meaning. ... The process
involves discussion and attentive lis-
tening, making sense of the points of
views of others, and comparing per-
sonal meanings to those embedded
within the theories of peers. ... Justify-
ing one position over another and se-
lecting those theories that are viable
canlead to consensuses thatareunder-
stood by those within a peer group.”
(1991, p. 32

Habermasian understandings of
lifeworld, ideology and critical con-
sciousness and reflection are used by
Taylor (1991): .
Itis important that teachers be-
come critically aware of the nature of
the prevailing ideology that shapes
their pedagogical beliefsand practices,
and of their social roles in propagating
the ideology amongst colleagues and
students. A critical focus on the meta-
phors,imagesand mythsembedded in
the discourse between teachers and
students is likely to reveal the socio-
cultural underpinnings of established
teachingand learning practices ... From
the perspective of critical curriculum
theory, an alternative vision would fo-
cus on the development of both teach-
ers and students as autonomous intel-
lectuals who are capable of both criti-
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cal reflection and socially responsible
action in relation to the democratisa-
tion of their lifeworlds. (p. 20)

Viewing computer tutorials as scenes
for teaching/learning cultures com-
plete with images, metaphors and
myths has been a fertile tool. In the
following quote from Tobin (1991),
‘tutor’ or ‘lecturer’ could be read for
‘teacher’ and ‘computer lab’ or ‘lecture
theatre’ for ‘classroom”:

Myths are usually negotiated
within the culture and are accepted by
those who belong to the culture ... The
teacher as controller of students is 2
myth that pervades classrooms. Al-
though it does not seem appropriate
forstudentstobeemancipated inevery
sense, there is a strong rationale for
teachers to emphasize emancipatory
interests with respect to learning. From
a constructivist perspective students
must have control over their own
learning. Referring thoughts and ac-
tionstothemyth ofteacherascontrolier
of students has led to the highly con-
trolled learning environments that
characterize traditional classrooms.
Changing the myth mightlead to inter-
esting changes in classroom environ-
ments. (p. 33)

It is interesting to think that perhaps
tutors could see themselves as ‘social
directors’ for learning rather than as
‘individuai student helpers’ and as
‘learning facilitators’ rather than as
‘expert knowledge givers’ or as ‘movie
directors witha scriptand actors’ rather
than as ‘business consultants’. The
metaphors suggest certain
Habermasian understandings of cog-
nitive interests and idezs of commmuni-
cative action and, indeed, may give
glimpses into lifeworlds.

The following edited extract (names
changed) from a recorded interview
(17 August 1992) with one of the tutors
from the pilot research may serveas an
example of the rich ideas generated by
this approach:

MARK: “When | was talking to her
before, ’cta said that she considered
that the metaphor or immage she saw
herself to be as a computing tutor was

that of an aeroplane instructor. She
extended that to see herself as a parent
bird teaching another bird to fly or
something likethat. A flying instructor
at one time will pass on the skills to the
student and then the student takes off
as it were, and in the process of taking
off they learn skills themselves as they
go along. First we help getting them
overthehumpand thenthey start soar-
ing, being powered, as a metaphor. |
thought about that a bitand it’s a good
metaphor in some ways for empower-
ment but it’s an unfortunate metaphor
because it’s just one to one, it’s just the
individual students themselves. There
is no idea of the community, of a tribe,
of a group, being empowered.”

JANE: “I see myself as more as a foot-
ball coach. A lot of people coming in
with a lot of different skills and so
they’re working towards a common
goal, which s to win. But they all have
different jobs to do and they all have
different skills.”

MARK: “And you're the team work-
ing together.”

JANE: “Ido, but [ see it as a coaching
rolethat you havetounderstand thatas
a coach that they are all very different
and they are all in there for different

purposes.”

MARK: “Perhapsthen ananalogy you
might be abletothink about yourself as
coaching an athletic squad.”

OPEN DISCOURSE

In my experience it is rare for values
and worldviews other than positivist
technicism to be given a hearing (let
alone weighty consideration) in con-
ferences, especially in information
systems. Even though every major
tenant of positivism hasbeenshown as
problematic (Macintyre, 1985), most
academics still talk and write and give
conference papers based on this posi-
tion. Given the dominance of positiv-
ism with itsbelief that scienceand tech-
nology are value free (note the glaring
inconsistency) it is very difficult to
credibly state other values, goals, and
worldview beliefs in computing con-
ferences.

However, in the lecture theatre, the
tutorial, the laboratory, or the class-
room there are many opportunities to
gently allow disclosure of teacher and
student values and beliefs with rel-
evance to the intellectual discipline of
information systems. Strategies in-
cluded an interactive lecturing ap-
proach and encouraging tutors and
students to engage in rich discourse in
tutorials through the use of detailed
introductions, the writing of learning
journals (which thetutorshaveto check
regularly), group work, work partners
(‘buddies’)and theencouraging of some
form of disclosure of ideclogies to do
with information systems. The follow-
ing quote from a unit outline describes
the learning journal format:

“The student general learning
journals may include someor all of the
following headings:

a. A significant personal leam-
ing experience - a powerful learning
highlight (what you learnt, and how
you learnt it) that was personally rel-
evant to either your life and/or work.
This would not usually be a formal or
conceptual insight but rather an exis-
tential experience to do with your per-
sonal journey of discovery in this area.
You should also include insights or
experiences made during the week ei-
ther at work or at home. We would be:
especially interested in any insight you
may have regarding the way in which
this unit may be part of your overall
intellectualand moral developmentand
also in comments on the affective area
(feelings or emotions).

b. Reflective examination cf
your own performance ahd contribu-
tionsinlecturesand tutorials, and your
participation in the unit. A record of
your comments Or questions made in
lectures or tutorials should be noted as
should, perhapsmoreimportantly,any
relevant informal discussions or inter-
actions either with the learning group
oroutside. You could alsocomment on
your perceptions of the personal and
communal group dynamicsin the tuto-
rials (e.g. who is doing what and why;
if and how the leaming group is help-
ful to the learning precess, formal and
informal leaders, co-operation, etc.)
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c. Every sacond week you
should include newspaper and journal
article clippings that have contributed
to your learning experience.

Inanintroduction to the journal
you should list your beginning compe-
tency level and previous experience
(approx. one page) and your expecta-
tions for the course (approx. cne page).
A reflective summary (approx. one
page) and an account of your own val-
ues and goals with relevance to infor-
mation technology (approx. ciie page)
should conclude the journal.”

The learning journal is a way of for
students to clarify their values, goals
and beliefs relevant to information
systems. J. Sires (1976) classifies nine
major world-views (in Western socie-
ties) as rationalism (ie technicism,
scientism, positivism), existentialism,
nihilism, rationalist deism, existential
deism, mainline Christianity, eastern
mysticism, ‘new age’ and, problemati-
cally, an ecologically oriented ‘Gaia’
world -view. This classification can be
helpful for description and classifica-
tion but it is rather threatening to dis-
close values or worldviews explicitly,
as indicated by the following student
leamning journal comments from the
first pilot study 1992:

“Oneonly comment not favour-
able of the unit, was the subjective
content - thatis emotions etc. Learning
journals are a good way of getting
feedback, however, [ could not see the
point of expressing emotions, feeling
this subject is one of science and ob-
jective & logic, unless used purely for
graphical self induigence.”

Inthesecond pilotstudy in1992[found
itless threatening for students to firstly
clarify and discuss goals and strategies
to useinformationsystemns. Thenit was
easy to discuss the underlying values
and worldview foundations. The ac-
tual process can begin with extensive
introductions at the first tutorial to al-
low interaction and communicative
action to build a community of trust
and mutual respect. The following
journal entries demonstrate this proc-
ess:

"I have not been previously ex-
posed tothe Learning/General journal

assignment process to be used in this
unit. I mustconfess that the experience
of describing one’s feelings and emo-
tions, or of providing informationabout
how a university unit may contribute
to your overall moral and /or spiritual
development, is new and something of
asurprise.” (student journal, Dec.1992)

“Initially, I felt somewhat odd
about the comments on the moral
bankruptcy of informationtechnology,
however some of your later question
sheets helped to put things in perspec-
tive. Although I must confess that1 had
difficulty understanding someof those
philosophical questions, I can see now
that thereare two sides to theissue and
that information techaology can have
both positive and negative effects.
(student journal, Jan.1993)"

DISCUSSION

Prior tothe pilot research interventions,
the tutorials were conducted in the
usual manner - on an individualised,
oneperson percomputerbasis withthe
students working keystroke by key-
stroke from a detailed technical work
book. The tutors occasionally gave
whole-group assistance technical tech-
niques, but usually provide individual
assistance where necessary. There was
minimal discussionand group interac-
tion. Students were usually assessed
on a practical test, a wordprocessed
academicaily referenced essay or a
software integration assignment, and
anend of semester theory examination
(all competitive, stressfuland notopen
to negotiation either in assessment
weightings or methods). The highly
structured workbook seemed to im-
pose a rigid technicist agenda con the
tutorials. Students were given no op-
portunity for reflection or discussion,
being forced by the schedule to cover
the maximum amount of the material
in the shortest possible time without
interuption.

All the elements of technicism seemed
to be present: a goal-oriented and task-
oriented method to ‘cover’ the mate-
rial; a competitive, individualised ap-
proach; a lack of team or group work;a
lack of discourse - even the lack of
superficial discussion or whole group

question and answer; a lack of time for
reflection on the deeper meaning or
purpose or socio-eco-cultural impact
of computing;alack ofagroupidentity
to the tutorials; an absence of humour,
or art or games or other human aspi-
rations or relaxations; and an overly
sericus and stressful attitude towards
the teaching/leaming situation. The
tutors seemed to find that the work-
book simplified their roles in the tuto-
rials and they thought that the tutorials
wereproceeding successfully. Students
wereusuallyapprehensiveabout more
general educational tasks, comment-
ing on early attempts to incorporate
group activities that these were
“wasting time” and “being distracted”
fromthetechnicalaspectsof thecourse.

The process of rigorously interpreting
resuits will take a long time as the
research continues. However, early re-
sults do tend to suggest that significant
inroads can be made in enriching the
teaching/learning process in comput-
ing higher education by using open
discourse. Initial subjective feedback
from students is tentatively encourag-
ing as the following representative
comments may suggest:

STUDENT 1: I have found this unit
far more enjoyable, than other units I
havecompleted. The whole unit wasa
learning experience, well presented &
a pleasure.

STUDENT 2: [ have found this unit ex-
tremely interesting, and enjoyable. To
the extent that I have decided to take
Information Systems as a major. The
lectures and tutorials have been in-
formative & entertaining.

STUDENT 3:[Semester 1 was prior tothe
research interventions}

The School of Management Informa-
tion Systems at Edith Cowan Univer-
sity now uses thelearning journalsasa
significant pedagogicalapproach inits
major core unit on all 3 campuses and
in other units in post-graduate and
office automation studies. There is sig-
nificantinterestand enthusiasm, as well
assignificant hesitation, demonstrated
by lecturers, tutors and students alike.
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"" w2

- boring
- better

book

tutors

Semester 1 (only did 6 weeks)

- very parrot form straight from the
- Non approachable lesturer and

- students just did their work not
really interacting with one another

- better

- videos and props used in class
is of in terest

- lecturer and tutor very

approachable and keen to "help

you along the way"

more class interaction was

good (the buddy system

worked quite well

Semester 2

[t would be fair to say that the research
interventions have had significant im-
pact in many teaching/learning situa-
tions and have created some consider-
able ferment as people discuss and ex-
amine personal, communaland societal
values, worldviews and ideologies in
computing education. This in itself is
an indicator that a moral poverty is
being addressed and teaching /learning
is thus being enriched.
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This paper describes the
impact of an initiative
which has brought elec-
tronic mail to the class-
room in terms of research
and development activities
which have grown from
the original endeavor.

The research and
developement activities
described include: a proc-
ess of interactive and
participatory design has
been followed to develop
an easy to use set of
menus and commands to
access the system; some
practical guidelines on the
use of electronic mail with
primary and secondary
school students has been
developed; a peer-support
structure for teachers
involved with electronic
mail has been set up; i

andsoftwaredesigned tohelpanunder-
standing of how students use electronic
mail and computer conferencing has
been written.

“Quick! Look! I've got a letter from
America”, shouts Nicky Cook, a year 4
student at Glendal Primary School. Ex-
citedly, her classmates gather around
her computer. This noordinary letter. It
wasn’t sent through the mail, but rather
arrived electronically via an electronic
mail system (Hall, 1993).

This is just one of many stories of excite-
ment that an electronic mail system,
which was reported on at the 1992 Aus-
tralian Computingin Education Confer-
ence, can bring to a student. This is an
inexpensive system that makes it poten-
tially possible for every computer in a
school to be available as a communica-
tions tool, in the same way as they might
be word-processing or database tools
(Chandler, Gesthuizen and Clement,
1992).

Theinnavation, which workson astand-
alone computer or in a local area net-
workenvironment, allows students and
teachers to use a local-only FidoNet bul-
letin board (referred to as a mail point)
tocommunicate withotherstudentsand
teachers all over the world by electronic
mail and computer conferences.

By posting a message into a conference,
it will be distributed to many hundreds
of similar computer systems around the
world for others to read. This means
that your letter or reply has the potential
to be read by thousands of people who

regularly browse their mail. In this
way, inter-school and inter-cultural
communication can be established,
which maydevelopinto more formal-
ized co-ooperative projects (eg.

telesesations, and cohen et al).

In times to come, each computer in a
school will have full internet connec-
tivity (Carlitz, 1992). In reality, there
are a multiplicity of resourcing issues
at the local, regional and national lev-
els which need to be addressed before
this becomes a reality. It is sufficient
to note that such connectivity is not
just around the corner. We see the
mail point concept as a cost-effective
way of bringing something of that
ubiquitous access to the classroom.
Thus, having largely broken through
the barrier of access, we are able to
look into what might be the next layer
ofissues forstudents, individual teach-
ers and schools as a whole.

A number of research and develop-
ment activities have grown around
the use of mail points, which have
come about in response to this “next
layerof issues”. A numberoftheseare
discussed below.

ESTABLISHING A SCHOOL BASED MAIL
POINT

In modern bulletin board systems
(such as the Ezycom package), almost
every aspect of the function of the
system can be customised to the taste
of the system operator. System opera-
torsoften put a lot of time and energy
to make their systems interesting, en-
tertaining and functional.
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For someone who wants to establish a
functional mail system quickly, this is
notanappropriateapproach. Itisdaunt-
ing fora newsystemoperator orteacher
to design and write their own screens
and menus. We set out to design a set
of default or common menus and
screens that could be used by other
similar educational mail pointsystems
in Victoria.

To help those who may want to estab-
lish a mail point, an easy-install utility
was also developed.

MENU STRUCTURE AND INTERFACE DE-
SIGN

One anonymous observer has noted
that, “in contrast to many on-line sys-
tems, bulletin boards are
people-orientated services which set
the standard for the interface”.

The challenge facing many bulletin
board operators is how to provide a
structure that can be effectively navi-
gated by an intending group of users
and yet provide access to hundreds of
different conferences.

Our group of users covered a range of
primary and secondary school students
aged from 7 to 16 years old. We have
endeavoured to practiceinteractiveand
participatory design at all stages
(Schneiderman, 1987, 390-394).

We needed to blend our knowledge of
technical feasibility with the aesthetic
sense of what will be attractive to stu-
dents and teachers who will use the
mail point. By using a combination of
computer-managed user question-
naires, feedback from the students by
talking with them and watching them
use the mail point, we gained valuable
understanding and information about
task performance and usage by all us-
ers.

So far we do not we feel that this proc-
ess of development and change is fin-
ished, although students are proud of
their contribution. Time spent analys-
ing user needs before launching into a
large scale project is indeed time well

spent. The problems we encountered
are not uncommon amongst other
onlineservices. Insights we havegained
might give others guidance how they
can set up a school based electronic
mail system.

MENU STRUCTURE

As noted above, the number of interna-
tional conferences would not all fitinto
onemenu, sothey needed tobegrouped
according to a scheme which the stu-
dents would find easy to use.

For example, all K12Net conferences
were grouped together then they were
grouped again into their discussion
types of “chat”, “subjects” and
“projects”. Further grouping accord-
ing to “breadth of audience” (eg. local,
national or international conferences)
helped the users have some idea of
those who would be reading their con-
tribution in any particular conference
(Figure 1).

STUDENT MESSAGE AREAS

A) Message to Sysop

Local B) Student Chat Aus L) Student Chat
C) Important Notices
Points D) Student Chat M) KIDS Responses
World N) KIDS Cafe
E) Student Chat 0O) KIDS Action
Vic F) VCE Student Support P) KIDS
G) Maths Students Q) Physics 1
H) Info Tech Students R) Physics 2
I)  Science Students S)  Physics 3
])  English Students T) Chemistry
K) Environment U) Tertiary Student Chat
V) Tertiary Education
Other Areas: 1) K12-Net Message Areas 2) Direct Private Mail
-) Previous Menu *) Main Menu ?) Help

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

73



ERIC

Aruitoxt provided by Eic:

Students do not need to be aware of
teacher-only conferences, nordoteach-
ers need to be aware of student-only
conferences. We used a feature in the
bulletin board. software that allowed
us to display menus appropriate to the
user depending on the his or her secu-
rity level.

The menu structure resembled a tree
type structure with many levels (Fig-
ure 2).
Main Menu
_—— Message Areas
_—— Local Message Areas
_—— Messages to the Sysop
_—— Local Student Chat
__ _~——Local Teacher Chat
_——Regional Message Areas
_——Regional Student Chat
_ _ _——Regional Teacher Chat
_—— Australian Message Areas
_—— Australian Student Chat
__ _——Australian Education
_ _——International Message Areas
_———K12-Net Message Areas
_——K12 News &
Information
_—— K12 Chat Message
Areas
_ _ _ _ _—(anotherlevel)
_ _——K12LanguageMessage
Area
__———{(another level)
_—— K12 Subject Message
Areas
_ _ _ _ _——(another leveD
_—— K12 Projrct Message
Areas
oo _——— (another level)
_—— Other Message Areas
- _—— (another level)
_ _——Fidonet Netmail
Figure 2 : Original Menu Structure

As more educational conferences were
added to the mail point, the menu
structure grew even bigger, and it was
noticeable that users were having
problems finding conferencesthat were
of interest to them and that they were
getting lost in a maze of menus. As the
interative design process proceeded, a
new set of menus was developed to
address these concerns. In later de-
signs, we have attempted to allow as
many conferences as possible to be dis-
played ontheonemenu, and then plac-

ing boxes around each grouping of
conferences. The new menu structure
isnow much smallerand both students
and teachers find it easier to browse
through to find a desired conference.
(Figure 3)
Main Menu
_—— Student Message Areas
_—— Direct Private Mail
_——K12-Net message Areas
_——K12-Net Project &
Channels
_—— Teacher Message Axeas
_—— Direct Private Mail
_—— K12-Net message Areas
_——K12-Net Project &
Channels
_—Other Message Areas
_——K12-Net Message Areas
_——K12-Net Project &
Channels
_ _—— Direct Private Mail
Figure 3 : Current Menu Structure

AWARENESS OF AUDIENCE

We wanted to be quite helpful in guid-
ing students to useappropriate confer-
ences. For instance, it is inappropriate
to mix subjectsand, say, discuss health
education in a physics conference, or
initiate general chat in a subject-spe-
cific conference. Often new users are
confused about this and may receive
some unsavoury mail from more expe-
rienced users.

With the increasing cost of forwarding
messages between systems it is impor-
tant that discussion between users is
restricted to conferences that are only
carried for the intended audience. For
example, a discussion of a Victorian
trainingcourse would oaly interestand
concern readers in the state of Victoria.
It would it be wasteful and distracting
to send this message in an Australian
or international conference.

MINIMISING JARGON

To help the users understand what is
being displayed, weattempted to mini-
misethe jargon displayed to the useras
much as possible by using other words
which students and teachers would
understand. For example, conferences
thataredistributed among several com-
puter systems are called echomail on
FidoNet systems. Instead of telling

users what echomail is, we used the
audience of the conferences for identi-

fying the conference types.

One of the more demanding concepts
to learn, use and understand on the
mail point is the Direct Private Mail
conference (technically known as the
netmail). This conference serves two
purposes; to send messages directly to
other Fidonet systems, or to send mes-
sages to the Internet gateway.

We found the best approach was to
break up the problem into the two ar-
eas; FidoNetNetmailand Internet Mail.
We made a small sub menu that would
bedisplayed to the user after selecting
the option to enter a message in the
Direct Private Mail conference. The
sub menu asked the user to select from
the two types of messages, and then it
would give an example of how to write
the type of message chosen and would
automatically key in data for them
where applicable. Students and teach-
ers found this a much more effective
way to write either of these sorts of
messages.

CONSISTENCY

W2 decided early on that a desirable
interface for our mail point should not
confuse the new user, require the
memory of many varied and obscure
codes or functions (Schneiderman, 69-
71). We made each screen look similar
by using the same coloured boxes and
text and used consistent keystrokes.

Adopting a successful pattern used by
various applications and on-linebulle-
tin boards, we used a consistent set of
menu options that would work from
any menu. For example;

Key Description

* Returns to the main

menu

- Returns to the previous

menu

Gives the user some

helpful information

! LogOrfand Exit the Mail
Point
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To help the user memorise keystrokes,
we made the first letter of each menu
option description the keystroke to ex-
ecute the menu option where possible.
For example, after a user selects a con-
ference, they could press R toread mes-
sages in the conference. The keystrokes
to exacute each menu option are also
highlighted to emphasise the key to
press.

USING THE MAIL POINT

TEACHINGSTRATEGIES DEVELOPEDWITH
YOUNGER STUDENTS

Aninteresting challengeand oneofour
objectives was to improve and design
access for primary school students aged
from 7 to 12 years working in pairs on
the computers.

It became evident that a different ap-
proach was needed and some observa-
tions and strategies that worked well
are;

- The students learn the procedures
to log on to the mail point by writ-
ing down the procedure each time.
Although this may seem only a
simple procedure containing a few
keystrokes, it can be daunting for
the younger students to be able to
spell their name and password
correctly and then navigate them-
selves through the menus.

- Before each lesson the students
write the message they are going to
write on paper first. This way the
messages can be checked by the
teacher for spelling and punctua-
tion mistakes before they are sent.
Italsoensures thatthe students have
something to write during the time
they have to use the mail point.

- When the students are using the
mail point, they work in pairs. One
student can log on to the mail point
and read and reply to messages,
whilst the other student acts as a
proofreaderand offerssuggestions
to their partner. Once the first stu-
denthasfinished, the studentsswap
places and the process is repeated.

- Parents are great helpers initially
when the children lack confidence
and need close supervision. Par-
entscan also ensure thesuccess of a
mail pointbytheirhelpand support.

- As each message is posted by a
student, they are printed (by
pressing “print screen”) sothatthey
have a permanent record of what
they have sent. This alsogavethem
something to show their parents at
home.

- Themail pointprovidesagood way
to get the students to practise their
writing, spelling, punctuation and
readings skills without realising it.

- To ensure that all students would
havemail toread next timethey log
on, the teacher would write each
student a message. Itisdisappoini-
ing for students when they don’t
receiveany messages, but they find
it exciting when they do receive
messages.

- Students have to be watched care-
fully to ensure that they post their
messages in the appropriate con-
ferences.

- For the mail point to be a success,
teachers have to be dedicated and
enjoy usirg the mail point. If the
teachers enjoy it, so will the stu-
dents. The students need as much
enthusiasm and encouragement
which the teacher can offer.

NETWORK BEHAVIOUR AND £TIQUETTE
Teachers need to promote good con-
structive network behaviour or eti-
quette. Language used by students
must not get out of hand and they must
honour the published rules for activi-
ties and discussion conferences.

Teachers do not need to read every
message in all the conferences sup-
ported as each conference has a person
called a moderator whose role it is to
regulate topic discussions, enforce the
conference rules and answer any ques-
tions. Forexample, for the Senior Chat
conference on K12Net, the rules are:

From :Bob Shayler
To :Al
Subject : K12_SR_CHAT Guidelines

K12_SR_CHAT Access Guidelines

1. NON-ABUSIVE LANGUAGE
ONLY:
Use friendly and non-abusive lan-
guage when typing messages.
Posting a message which includes
any racist or slanderous language
is not allowed. Posting a message
which is slanderous or libelous to-
ward eitheranindividual personor
a group of people is not allowed
Thereader of yourmessages cannot
seeyou as you "speak,” sotheusual
visual clues and your tone of voice
can’t be used by the reader to dis-
tinguish a joke from an abusive
statement.

2. NO FLAMING OR PICKING
FIGHTS:
Flaming (picking or participating
inaverbal fight)and profanity don’t
belong here. Calling a person a
n. e or attempting to intimidate a
person is not allowed. This con-
ference is here to encourage people
tomeet each otherand makefriends,
not to support verbal brawls.

3. NO CUTE FORMATS AND AB-
BREVIATIONS:
Using cute keyboard symbols like
& $#” doesn’t hide the meaning
of words which are inappropriate
here. Creating blank screens or in-
cluding control characters in mes-
sages to create “cute” screen dis-
plays are in fact irritating to most
readersand canevencausesoftware
problems. Write messages format-
ted in a normal fashion with usual
spelling of words.

3. DISCUSSIONS ABOUT SEX RE-
STRICTED:
Certain subjects, no matterhowim-
portant or common in everyday
private ccuversations, can become
inappropriate in this open confer-
ence medium depending upon the
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sensitivity of the message. Messages
which include specific discussions
of sexual practices and techniques
are not permitted here.

4. NO PERSONAL ADDRESSES OR
PHONE NUMBERS:;
Unfortunately, there are people
with modems who may send you
stuffyou won't like if you post your
home address and phone number.
If you want to exchange regular
(written on paper) mail, use your
school address for at least the first
mail.

5. NO PRIVATE MESSAGES:

ALL messages (mail) you write to
people in this conference are read
by EVERYBODY notjustthe person
you are writing to. Writing to Jane
about her ex-boyfriend John may
have been intended as a PRIVATE
message but guess again. Every-
one can read it!

If you want to write to someone
PRIVATELY, then you must write
a message in a PRIVATE MAIL
conferenceor NETMAIL. Itisupto
the sysop of your local K12net BBS
whether private messages and /or
netmail are available &' you, so
contact yourlocal sysop: ooutthese
possibilities.

6. IF YOU DON'T LIKE THESE
GUIDELINES:
Ifyoudon’tlike these “guidelines,”
write me a polite and reasoned
message (netmail if you can). These
“guidelines” have and will evolve
overtimeand with experience. But
donot violate these guidelines, else
youmay lose youraccessto KiZnet!

-Bob Shayler-
Figure 4 : K12 Senior Chat Rules

If any conference rules are breached, a
moderator can directly write to the of-
fending person and the system opera-
tor. Continuous re-offenders can be
denied access.

Mail points will invariably support
conferences available only to users of

that system (known as local confer-
ences). In order to moderate students’
writing in these conferences, twoolder
and responsible students were made
local conference moderators. They
regularly read all the local mail and
report any problems to the system op-
erator.

LOCAL MODERATOR RULES

Alocalmoderatorisaappointed by the
system operator to monitor an allo-
cated conference. The moderator is
responsible for themessagzs whichare
written in his/ her conference.

A loca! moderator should:

1. Read all new messages in the con-
ference which he/she is responsi-
ble for.

2. Beseen as justone of the users who
is trying to help all participants get
along with each other.

3. Respect a user’s privacy if the user
has written a private message to
another user.

4. Patrol the conference he/she is in
charge of for abuse. For example,
obsceneand inappropriatelanguage
or users who are personally at-
tacking other users.

5. Forward any messages considered
inappropriate to the system opera-
tor so that the system operator can
deal with the user(s) involved.

6. Do not abuse your privileges.

7. .Ifin doubtabout anything, discuss
it with the system operator.

Enjoy Moderating!
Figure 5 : Local Moderator Rules

A principle concern held by many
teachers whenallowingstudents touse
electronic mailisthat the language used
by students might get out of hand. To
help overcome this fear and save the
system operator from manually check-
ing all the messages posted, a program

was developed that could scan all the
conferences, This again took full ad-
vantage of the relevant file formats be-
ing available.

Theobscene language scanner scanned
conferences for any message entered
that contains words or phrases desig-
nated as obscene by the system opera-
tor. Ifanoffending messageis found by
the scanner, itisdeleted and forwarded
to the system operator for review. This
programhasbeen extremely usefuland
has prevented many potentially unsa-
voury incidents occurring.

Conference rules,local conferencemod-
erators and mail scannets help to en-
courage positive network behaviour
amongst all student users.

PROFESSIONAL ANDTECHNICALSUPPORT
Many educators have expressed inter-
est in the mail point idea, but few have
dialled up or used an online service of
any sort. The mail point makes it easy
for the user, but the system operator
needs to have a grasp of some sophisti-
cated functions. In order for users to
grow in competence from a novice user
to the relative sophistication of a mail
point operator, a focus and structure
would need to be provided.

Thishasbeen conceptualised inthe form
of STEM (Students, Teachers and Elec-
tronic Mail): a loosely organised group
of primary and secondary teachers,
university lecturers and tertiary stu-
dents who have a common commit-
ment to promoting the use of electronic
mail and computer conferencing for
teachers and students in both primary
and secondary schools. STEMisassoci-
ated with the Bennettswood Technol-
ogy for Learning Centre of Deakin Uni-
versity, which provides an organisa-
tional base for the provision of profes-
sional development programs, short
courses, consultancy services, teaching
resource development, and study and
research opportunities.

ANALYSING TRENDS iN THE USE OF COM-
PUTER MESSAGING

Previously, we reported unsubstanti-
ated survey evidence that there migit
difference between boys’ and girls’ use

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

7R

65



Q

ERIC

Aruitoxt provided by Eic:

data was sought. Asis typicalofbulle-
tin board software, the system we are
using (Ezycom) maintains extensive
files on user statistics and activity, and
all manner of information on the mes-
sages available on the bulletin board.
This information tends to be stored in
package-specific formats. Taking full
advantage of these file formats being
available, softwarehasbeendeveloped
to archive periodically the system ac-
tivity into a more common and more
easily manipulated format:thatofaset
of DBASE files. This format allows for
aninitial investigationand laterit may
proveusefulto generatedata for analy-
sis programs such as SP$Sx or NUD-
IST.

Using such information sampled sev-
eral times over an extended period,
gender differences in the use of this
electronic messaging system will be
investigated. [mportant differences
between other groups of users could
also be investigated, such as younger
users compared with olger users.

CONCLUSION

The mail point concept has, for the
peopleinvolved, strengthened thelinks
between primary, secondary and terti-
ary education. It has also empowered
teachers to see themselves as research-
ers. The most profound effect of the
mail point initiative has been the
endeavor by all concerned to embark
on a program of systematic improve-
ment. The impact has been felt on the

technical operation of the system, the
desire to improve teaching and class-
room practiceand to more fully under-
stand the implications computer com-
munications will have on the lives of
young people, their teacher and their
schools as we move towards the 21st

century.
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The announcement of the
development of a National
K-12 Curriculum, “Technol-
ogy for Australian Schools
Interim statement” in 1992
is the motivating force
behind this paper. The
concept of a National
Curriculum has profound
implications on the Teach-
ing Profession in general
and Pre-Service Teacher
Education in particular.
This paper is intended to
play the part of the devil’s
advocate by asking ques-
tions such as: What or
whom is behind the cur-
riculum? and Where are
the resources to imple-
ment it coming from? By
introducing controversy,
its aims are to stimulate
discussion and action by
teacher educators.

SO NOW WE HAVE A
NATIONAL K-12
CURRICULUM:

WHERE DO WE GO
FROM HERE?

|
|
|
|
|
|

Inaddition to ‘putting the cat amongst
the pigeons’ this paper presents a de-
velopmental model of a definition for
computer literacy and lays the ground-
work for the inclusion of a model CIE
curriculuminto the National K-12 Cur-
riculum. This developmental model is
offered as a starting poirt to focusdis-
cussion and perhaps theformationof a
body of experts to expedite the means
to put into place a workable, agreed-
uponcurriculum that will assistalledu-
cators in Sharing the Vision of quality
education in Australia.

In 1988 an enquiry was conducted by
the Standing Committee on Employ-
ment, Educationand Training (SCEET).
The enquiry recognized that advances
have been made in the use of educa-
tional technology, but noted that such
use is however fragmented and with-
out an overall direction. The evidence
presented highlighted thelack of expe-
rienced practitionersatall levels of edu-
cation and noted that there are very
few people who have the expertiseand
the experience to implement pro-
grammes and conduct research in the
area of Educational Technology.
(SCEET 1989 pp. 76-77)

The results of the enquiry motivated
the Australian Government tocommis-
sion a study into the development of a
National Curriculum for K-12, high-
lighting technology in the school cur-
riculum. Atthe ACE "92 Conferencein
fuly of 1992, Technology for Austral-
ian Schools’ (AEC 1992), an Interim
statement was publicly announced in

the guise of a ‘Forum’. fo 4rum: a
meeting or assembly for the open dis-
cussion of public interest.

It could be argued by some the presen-
tation was anything but a ‘Forum’, as
no time was allowed for discussion or
questions from those attending. Toadd
to the frustration of not having the op-
portunity to ask questions, at the time
oftheannouncement, theInterim State-
ment was “in press” and no copies
were available for perusal by those at-
tending the "Forum’. Subsequent re-
lease of thedocument still leaves many
questions to be answered.

Foremost is the question, What impli-
cations has the K-12 Curriculum on
current pre-service teacher education
curriculum? The teaching of Technol-
OgY Tequires vast resources if it is to
extend beyond the theoretical. In the
current economic climate, Where are
the rescurces coming from? Funding
at all levels of education has been cut.
K-12 Schools are being told they must
take on the responsibility of supple-
menting funding by securing sponsor-
ship. Higherinstitutesof learning must
supplement their income by securing
research projects as well as sponsor-
ship.

Where are the resources to finance the
establishment of the K-12 ~urriculum
to come from? Is the Department of
Employment Education and Training
(DEET) going to supply them or are
they going to come from benevolent
benefactors that will surely securetheir
pound of flesh in return?
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Certainly if the Technology Curricu-
lum is to be taught at the K-12 level, to
be effective, the delivery system must
first be developed at the highest level.
Two areas of study have been targeted
to establish the Technology Curricu-
lum. Home Economics and Designand
Technology are being forged together
to become the centre of Technology
Education; a large task for a small
group of educators.

Where do the rest of the educational
disciplinesfitinto the schemeof things?
Theextent of influence technology will
have on the overall curriculum is indi-
cated by the goals set out in the docu-
ment. The AEC considers them to be
the “Common and Agreed National
Goals for Schools in Australia”. (AEC
1992)

Althoughthedocumentclearly setsout
its goals and objectives for technology,
itis not clear as to what its relationship
is to the overall curriculum. It raises
questions and concerns as to how it fits
into the basics of education - reading,
writing and mathematics.

Hopefully, the final statement by the
AEC will place the National Curricu-
luminto perspectiveand put to rest the
concerns and answer the question:

¢ Will technology dominate the cur-
riculum or be a core that runs
through it strengthening all disci-
plines?

The question, “Will technology domi-
nate the curriculum?” is nota new con-
cern. Hall made an observation:

We are preparing teachers today for a
future where technology may be ram-
pant; our education studies need to
take this situation into account. ..In
developing teaching strategies
preservice students will be required to
know how to effectively use this new
technology to enhance the educational
experiences of their charges. (Hall 1984
p.21)

To this point in time little has been
accomplished in the development of
teaching strategies for preservice stu-

dents to cope with the accelerated de-
velopments in technology. The Na-
tional Curriculum for K-12 appears to
be addressing Hall’s observation by
putting into place strategies to over-
come the shortfalls in the present edu-
cational outcomes. The absence, how-
ever, of a clearly-stated relationship to
the overall curriculum, brings about
concerns as to the dominance of tech-
nology over the total curriculum.

In a 1985 paper Ash stressed the need
for strategies in the development of a
Computers In Education (CIE) curricu-
lum and to be more critical of fads and
trends. Seven years after his presenta-
tion, his words echo:

...Teachersand administrators, parents
and school boards, all need something
to go on to make the decisions they
have to make about goals and curricu-
lum. And if no one else does it, the
taxpaying public may soon demand an
accounting. Let us start planning be-
fore it is too late. (Ash, 1985, p. 39)

It may well be too late to take control of
the Technology curriculum to ensure
that as Hall commented in 1984:

...Thereis aneed for more teacher edu-
cators to become actively involved in
helping present and future teachers to
understand the benefits and dangers
associated with technological develop-
ments, both in the educational context
and insociety in general. Thereis a real
possibility thatif wedo not take up this
challenge some learner’s educational
experiences may become computer
dominated; dominated by the wiles of
thecommercial world, assisted by short
sighted bureaucratic expediency and
pseudo-efficiency, and permitted to
take place by a teaching profession ill-
prepared to counter the technological
bandwagon. (Hall, 1984 p. 23)

It would appear the bandwagon in the
form of the National Curriculum has
started to roll. The question is, Who is
driving thebandwagon? Isitthe “com-
mercial world, assisted by shortsighted
bureaucratic expediency and pseudo-
efficiency”, or is it going to be a well
informed, well trained, teaching pro-
fession?

Rosenberg, in a 1989 study, found evi-
dence of the involventent of the “com-
mercial world” in the promotion of
computer literacy. They could be the
most significant beneficiary of thecom-
puter literacy movement:

The single theme encountered most
often in my discussions with teachers
about computers is their strong sense
of being pressured to use computers in
class. The pressure comes from several
sourges that interact with each other to
form a complex web of social forces.
...the developers, manufacturers and
retailers of computer-literacy materi-
als ..have an economic incentive to
encourage theeducation establishment
to buy into computer-literacy educa-
tion. “We'relooking ataninfinite mar-
ket,” said the chairman of one compu-
ter-manufacturing firm. (Rosenberg
1989)

There is no doubt that computer lit-
eracy is important and the “commer-
cial world” has a part to play in it but
that role must be brought under con-
trol by education.

With the bandwagon metaphor firmly
in mind let us view the role technology
has to play in education. Undoubtedly
the role technology has to play in edu-
cation is an important and necessary
one. However, if technology is applied
without controls, the learner’s educa-
tional experiences could easily become
technology dominated and “the tech-
nological bandwagon” may crush edu-
cation as we know it.

Today, the core of technology is un-
doubtedly the computer. The compu-
ter plays a major role in the develop-
mentof virtually all newadvancements
in technology. This is emphasized in
the ‘Interim Statement’ by the amount
of computer associated content pro-
posed in the K-12 Curriculum. The
documentoutlines four strandsof learn-
ing in technology:

The four strands of learning in technol-
ogy set out in this statement are inter-
dependent.
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They are:

designing, making and appraising;
materials;

information; and

systems(AEC 1992 p. 5)

With a large percentage of the curricu-
lumdevoted to “The techniques of gath-
ering, sorting, storing, retrieving and
communicating information...” (AEC
1992 p. 7), the information strand em-
phasizes the role CIE is to play ini the
curviculum as a substantial one.

So now we have A Nationai K-12 Cur-
riculum for Australia, Wheredo we go
from here? Hopefully the AEC, DEET
and the Federal Government will come
to the party and answer the questions
asked above. In the meantime we must
gather the few who have the desireand
expertise in CIE, develop a suitable
curriculum for pre-service teachersand
mount thebandwagon beforeit’s mov-
ing too fast to get on board.

It is imperative CIE educators move
swiftly to develop a suitable means to
address the needs of pre-serviceeduca-
tors who must fulfil the requirements
of the Nationat K-12 Curriclum. As
definiiions and standards play an im-
portant role in the advancement of a
solid and workable curriculumit'stime
thought was given to establishing an
nationalagreed-upondefinition of cora-
puter literacy to assist in the develop-
ment of a sound National Technology
Curriculum.

With the development and establish-
ment of sound curriculum in mind the
following is offered as a starting point
to focus discussion and perhaps the
formation of a body of experts to expe-
dite the means to put into placea work-
able, agreed-upon curriculum that will
assist all educators in Sharing the Vi-
sion of quality education in Australia.

In a paper outlining the problems of
developing a Computer Literacy Cur-
riculum, Duckett (1992) presented
Moursund'’s definition of computer lit-
eracy (Moursund 1983) in a modified
version. Seealso(Moursund 1992) The
modified version of Moursund's defi-
nition:

1.Knowledge and skill in operating a
computer using a library of generic
programs as determined by each disci-
pline’s requirements.
2 Knowledge of various ethical and
social issues, in general, and in greater
depthissues determined by each disci-
pline, relating to computer use.
3.Knowledge and skills in computer
programming using a high level lan-
guageas deemed appropriate or notby
each discipline’s requirements.
4.A functional level of knowledge for
the use of computers as anaid to prob-
lem solving, and roles of computers as
asourceof problems as deemed appro-
priatebyeachdisciplinestudents study
in school.

(Duckett 1992)

To further test Moursund’s concept,
Duckett describes in a subsequent pa-
per the steps he used to further refine
the computer literacy definition. The
following are segments from that pa-
per.

A short discourse was assembled and
sent out to a number of discussion lists
on the BITNET listserve. Twenty re-
sponses were received... The respond-
ents were lecturers and Graduate Stu-
dents - not a very large sampling but a
rewarding one.

Moursurd’s concept of computer lit-
eracy stood up very well to criticism in
allbut onearea... item 3of Moursund'’s
definition however is a different mat-
ter. There is a strong divergence of
opinion that hinges on the term ‘Lit-
eracy’. Computer Educators emphati-
cally hang on to the concept that to be
computerliteratea persoa must beable
to read and write one or more high
level computer languages. The ‘rest of
us’ however feel that the ability tobea
competent, computer user is sufficient
to be computer literate.

Attempts to define computer literacy
in global terms have met with little
success due to the diversity of require-
ments by each discipline with a vested
interest in the subject. It would appear
the heart of the controversy restson the
interruption of the word ‘literacy’. One
faction looks at literacy in literal terms,

the ability to read and write computer
programming languages, while the
other sees itin broader terms of under-
standingand functionalability;another
willseeitin narrowtechnologicalterms
while others see it in a brcader combi-
nation of technical and social issues.
Thenlastly thereis the debate thateve-
ryone should be Computer Literate,
not only a select group.

In global terms, to be Computer Liter-
ate a person would:

have comprehensive skills,
knowledgeand understanding of com-
puters and their use as they relate to
technical, ethical, socdial and educational
issues of the day, as deemed appropri-
ate to the skills, knowledge and under-
standing required.

Aseach discipline of study has special-
ized requirements, a global definition
canextend nofurtherthanstated above.
It is therefore the responsibility of each
discipline to define:

the extent of skills, the level of
knowledge and understanding of the
use of computers, to be determined by
each discipline, within its sphere of
influence.

With this as a definition, a move to
clarify the requirements for a pre-serv-
iceteacher to become computer literate
veas undertaken.

Four kev subjert areas have been iden-

tified.

1. Technical

2. Ethical and Social

3. Educational

4. Specialised Developmental or
Computing

The key subject areas relate directly to
what is s¢en to be required at this point
in time by a person entering the teach-
ing profession.

Items 31~3 represent the core units forall
pre-service teachers. Item 4 is basic for
the study by pre-service teachers to
whom the knowledge of computer
programming is partof thediscipline’s
requirement.
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1. TECHNICAL ISSUES:
Knowledge and skill in operating a
computer using a library of generic
programmes.

a. the computer, its system, network
and peripherals as to what they are,
how they work and how they can be
used as a teaching or learring tool.

b. use of an integrated software pack-
age appropriate to the platform/s,
taughtorused, toinclude word process-
ing, graphics, database, spreadsheet
and communications.
c.theknowledgeand ability to monitor
the rapid changes in technology ena-
bling educated decisions to be made
when required.

2. ETHICAL AND SOCIAL ISSUES:
Knowledge of various ethical and so-
cial issues relating to computer use.

a. the legal and ethical aspects of copy-
right law and what constitutes compu-
ter crime.

b. the social and ethicai issues of the
impact of computers on society as ap-
plied to the gathering of personal data,
impactonemployment, educationand
many other issues that exist and will
manifest themselves with the expan-
sion of technology.
c.theknowledgeand ability to monitor
the changes in social issues related to
changes in technology.

3. EDUCATIONAL ISSUES:

A functional level of knowledge forthe
use of computersas an aid to problem-
solving, and the role computers play as
a source of problems.

a. when a computer is a tool and when
it’s a problem.

b. computer anxiety and the means to
overcome it or present alternatives to
using the computer.

c.evaluate and determine what educa-
tional or other sofiware is best suited to
the task at hand.

d.knowledgeard <killsininstructional
systems design as well as the ability to
prescribe the integration of computers
into a study discipline.

e. methods used in problem-solving as
they relate to the educational use of
compters in the curriculum.

f. ability to monitorthechangesinedu-
cational issues related to changes in
technology.

4. SPECIALIZED DEVELOPMENTAL
OR COMPUTING ISSUES:
Knowledgeand skills in computer pro-
gramming using a high level language.
a. programme languages in relation to
use in the development of software
relevant to requirements.

b. inethods used in problem-solving as
they relate to programme languages.
c. use of specialised authoring, multi-
media or statistical software packages.
{Duckett “in press™)

The above not only suggests a defini-
tion of computer literacy for teacher
education but lays the groundwork for
the development of a model CIE cur-
ricula.

Once again we must ask the question,
Where do we go from here?

From one point of view: If higher edu-
cation is going to meet the needs of
Australian social and economic needs
in the next century we must address
the ways and means to accomplish
them. The use of technology and com-
munications areoneof themostimpor-
tant means available to accomplish the
task ahead of us. Serious thought must
be given todeveloping the expertise of
our teachers, using the technology cur-
rently available to us, by arming them
with enough knowledge and ability to
copewiththechallengeexpanding tech-
nology is putting on the shoulders of
educators.

Some hard decisions need to be made
as to how technology is going to be
fitted into an already overloaded cur-~
riculum. Decisions must be madeanc
they must be made soon. Weare faced
with two alternatives. One, find a way
to fit technology into the existing edu-
cational undergraduate curricalumand
give each graduating teacher at least
the basic knowledge needed to deal
with technology. Two, establish a new
undergraduate, specialized, educa-
tional discipline for Technology and
Communications. The latter should
not be confused with the new K-12
Technology Curriculum.

This enlightened body of Educators is
aware of the need to incorporate tech-

nology into the educational process.
Your presence at this conference is an
indication of your concern of the need
to do so.

Technologyand Communicationsisthe
instrument that will enable education
to flourish in the coming century. If
education is to reach the heights neces-
sary to fulfil the demands placed on it
by society, we must play a role in see-
ing that Technology and Communica-
tions takes its place in the curriculum.

To answer the question, Where do we
go from here? , obviously, some action
must be taken. Each and every one of
you that is aware of the importance the
roletechnology playsineducation must
become active in promoting and en-
couraging it. The professional bodies,
of which we are members, must take
up the challenge and establish commit-
tees or working parties to address the
problems that face the introduction of
Technology and Communications into
the curriculum. This means you must
takean active part in establishing these
committees or working parties. Surely
if we don't take an active role in the
development and establishment of the
Technology and Communication, you
can be assured sooner or later someone
else will, and it may not be to your
liking!

1f you wish to take partin “Sharing The
Vision” of establishing a comprehen-
sive Technology and Communications
curriculum, write to your Professional
Organization and make your contribu-
tion.

If you don't belong to a Professional
Organization and you have a desire to
add your comments or ideas to the
subjects covered in this paper, please
do so by sending your remarks to:

By Post: George Duckett
School of Education at
Launceston
The University of Tasmania
PO Box 1214
Launceston, Tasmania 7250
Australia
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By E-mail:
George.Duckett@admin.utas.edu.au
Or

gduckett@cam.compserv.utas.edu.au
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“Where in Space is Carmen
~“Sandiego?" has arrived!!

..along with many other new
titles.

o Don't miss the DATAFLOW stand tocatchupon
. ] . : i all the latest rcicases from our ever popular

publishers including Brederbund, Davidson
and The Leaming Company.

. Productivity tools will be a focus this year at
ACEC with product from Aldus, Borland, Claris,
‘\ Lotus and Symantec.
NN

There are prizes ‘o be won throughout the day
and don't miss your chance to enter our
competition to win $500.00 worth of sofiwarel
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COGNITIVE
MODELLING IN
INTELLIGENT TUTORING:
INDIVIDUALISING
TUTORIAL DIALOGUE

BY JOHN H. EKLUND

School of Educational Psychology, Measure-
ment & Technology
Faculty of Education University of Sydney 2006

ERRR

This paper discusses the
importance of cognitive
modelling as a means of
personalising sitdent-
computer dialogue in intel-
ligent computer-based
tutoring. Computer as-
sisted instruction (CAl) and
the limitations of traditional
programming and
authoring in accounting for
the knowledge state and
acquisition of skill have led
researchers to look for new
methods in programmed
instruction. Intelligent
tutoring systems (ITS) are
introduced and compared |
with traditional CAl The
student modeller compo- |
nent of an ITS is basedon |
a theory of cognition and ||
|

attempts to trace student

understanding through various meth-
ods. Such systems have been devised
in a number of domains, examples of
TS in mathematics and computer sci-
encearedetailed. Approachestomodel
tracing tutoring include plan recogni-
tion and feature-based modelling,
whichare structures to determine stu-
dent understanding and provide ap-
propriateassistance. Desirablefeatures
and fundamental principlesofa model
tracing ITS are suggested.

INTRODUCTON: THE LIMITATIONS OF
COMPUTER-BASED TUTORIAL INTERAC-
TION

Since microcomputers were intro-
duced into schools in the early 1980’s
oneoftheirimportant useshas beenas
a teaching tool through theuse of edu-
cational software. Some of the tutorial
software, or courseware, over the past
decade has been little more than a
screen by screen presentation of con-
tent with questions which, when cor-
rectly answered, progress the student
to the next screen of information. A
common complaint has been an in-
ability toadapt to the particular learn-
ing needs of thestudent user. An expe-
rienced teacher would know from the
individual responses of the student
whichaspect of the work requires rep-
etition, how explanations can be re-
stated and what questionstoputtothe
student before additional material can
be given. The teacher can be consid-
ered to have developed a cognitive
model of the student, thatis, a concept
of the learner’s current knowledge in

the subject domain, and has at his/her
disposal a variety of teaching strategies
to be employed depending upon the
student’s responses and the nature of
the information to be presented. The
tutor works with a student model, a
teaching model containing strategies
for effective teaching, and an under-
standing of the lesson content includ-
ing the relationships between the com-
ponentpartsin theknowledgedomain,
and is able to make adjustments to the
flow of the tutorial by responding to
the student. By contrast, tutorial soft-
wareisofteninflexible, usinga simplis-
tic learning paradigm which offers too
few possibilities forbranching depend-
ing on student responses.

Certainly the potential of courseware
to interact with the student has im-
proved over the years, largely because
designers of such software can write
for more powerful computers. Most
schoolsnow havecomputers whichcan
provide excellent graphics, mass hard-
disk storage, several megabytes of
memory, and sound capabilities. De-
velopments in peripheral devices such
as CD ROM provide scope for devel-
opers of educationalsoftwareto encode
more complex routines using this more
interactive media. Multimedia has en-
hanced the cognitive flexibility of
computer based learning through its
ability to restructure knowledge pres-
entations to meet changing situations.
These new features of microcomputers
have become available in a very short
time, and affordable hardware contin-
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ues todevelop at startling rate. There is
therefore good reason to think that the
capabilities of tutorial software written
for the next generation of school com-
puters will far exceed today’s stand-
ards, and provide a platform for a far
morenatural discoursebetween thestu-
dent user and the computer. However,
the success of the media to teach effec-
tively relies as much on its ability to
parallel the cognitive processes of the
learner through tracing the student’s
acquisition of knowledge as it does on
its ability to present the lessons in a
stimulating and interactive way. The
improvements in computer hardware,
interface design and multimedia pres-
entation have not addressed the prob-
lem of providing the computer with an
understanding of the student user.

One of the problems in making compu-
ter software more individually interac-
tiveand the student-computerdiscourse
more natural is that as more branching
capabilities are required to meet the
enormous numberof possibilities instu-
dent responses, it becomes slow and
limited. A great deal of coding is re-
quired at each stage to account for an
enormous variety of possible responses
from the student, and as a result
courseware written using traditional
programming techniques becomes
cumbersome. Authoring software has
provided educators with experience in
the design of courseware. Programs
such as Hypercard and Authorware Pro-
fessional are a purpose-built user inter-
facespecifically intended for thedesign
of educational material, and enable the
designertoencodecomplexdisplayand
branching on student responses. While
these packages require a special exper-
tise to be used effectively, such soft-
ware has given educators rather than
programmers amajor partto playin the
development of educational software.
Hypertext, the underlying language of
the program Hypercard, has demon-
strated the power of an associative in-
formation structure as a realistic alter-
native to a sequential or hierarchical
traversal of the subject matter. While it
is said to more closely model the criss-
crossing of information often found in
learning, the programming required to
allow high levels of flexibility remains

daunting. Also, while designers of
educational coursewarehavefound this
flexibility an exciting challenge, it can
alsobe too liberating and unstructured.
Certainly it iseasy tocreatea Hypertext
‘spaghetti’ using Hypercard, wherethe
links between the screens, buttons and
user responses can quickly become
quitecomplex. Because of the complex-
ity of the student-computer dialogue
different techniques in programming
become necessary.

One approach to student centered
computer assisted instruction has been
the creation of microworlds, of which
Logo is perhaps the most well known
example. Here the computer provides
a friendly language for the student to
carry out investigations, and the com-
puter responds to commands in a pre-
cise and predictable way. To an extent,
the problemsofaccounting foranenor-
mous variety of student responses are
overcome, as the lar.juage is rigid and
predictable, providing only a enquiry
shell for the student to investigate rela-
tionships and test theories. The resuit-
ing dialogueisinitiated by the student,
and the computer has no record of the
student’s progress or understanding.
Such environments provide the stu-
dent with the basic tools forinteraction
but thecomputer does not gatherinfor-
mation about the student from the dia-
logue, that is, it does not trace the stu-
dent’s learning. The computer is pas-
sive, and learning takes place at the
student’s initiative. Swan (1989), has
suggested that students do not auto-
matically develop problem solving
skillsthroughlearning to program with
Logo, but can develop such skills
through programmed instruction on
Logo. He thus argues that...”Explicit
instructionand mediated programming
practice...” (Swan, 1989, p.281) is the
only means of supporting the develop-
mentof problem solving strategies, and
the distinction in terms of instructional
modellingisthedifferencebetweendis-
covery learning and a model of explicit
instruction.

While this paper primarily discusses
intelligent tutoring that provides struc-
tured, individual tutorial interaction,
it is interesting to note that some artifi-

cial intelligence has also been added to
microworlds. A number of intelligent
discovery environments have been
created and the distinction has been
madebetween Al for teaching wherethe
system has to partially model student-
teacher interaction and Al tools to assist
leaming where the learr er’s cognitive
activity is extended and enhanced
(Bergon & Paquette, 1990). Student-
centered learning microworlds such as
Logo may be classified as a tool to
assist learning.

INTELLIGENT TUTORING AND CAl

For a tutoring program to be classified
as “intelligent” it must adjust the con-
tent and delivery of the lesson to the
needs of the student by analysing re-
sponses. It can do this by tracing the
path of the student’s understanding
through the subject matter. Intelligent
Tutoring Systems (ITS) developed from
Computer Assisted Instruction (CAD
along with the advent of Expert Sys-
tems. An ITS is usually implemented
through an expert systems shell (Val-
ley, 1989; Major & Reichgelt, 1989). Put
simply, an Expert System consists of
the knowledge area itself, in much the
same way as a database contains infor-
mation; a list of rules and principles;
particular exclusions; general infer-
ences;and special casesand categories.
Useful knowledge is, after all, more
than a collection of facts as found in a
database, but also a set of relation-
ships, restrictions, interpretations and
inferences between the elements of the
information. Generally an ITS consists
of fourabstractcomponents: A Reasoner
or problem solving mechanism such as
anexpertsystem;a User Modeller which
traces the students responses and as-
sesses the student’s current level of
understanding; an Interaction Manager
which controls communications be-
tween the student and the computer;
and a Tutor which contains the instruc-
tionalstrategies used in theactualteach-
ing. Each of these components may be
a separate expert system, linked to cre-
ate theimpression of a highly adaptive
software program. In an effective ITS,
each of the component structures will
be based upon sound educational
theory: the User Modeller’s means of
re-ordering ruleson studentresponses,
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the Interaction Manager’s ability to
present the material in an interesting
way, as well as the Tutor’s instruc-
tional strategies. While anumber of ITS
have been developed on mainframe
computers, and writings on Intelligent
Computer Assisted Instruction ICAD
will often contain extracts from actual
dialogues with such systems, they are
not commonly implemented on micro-
computers that are used in schools.
Untilrecently, suchsystemshad largely
remained the domain of the computer
scientist, writing specialist software for
research.

One of the mostimportant features of a
CAI program is its interactivity, and
the computer is seen as the vehicle
through which certain teaching tech-
niques may be used and enhanced. ITS
programs are knowledge centered as
theyare based ona well-defined model,
and ITS developers are interested in a
set of instructional principles general
enoughtoapplytoa variety of teaching
domains. Thus ITSs have developed
from instructional theories, and re-
search in this field helps understand
the relationship be’ 2en the learner,
the content and the instructional strat-
egies. By comparison, CAI programs
are usually not based on a single in-
structional model, but are often a colla-
tion of techniques which attempt tc

tions required to apply the steps. The
productions are notapplied in any spe-
cific order, but after each step in the
problem solution, the program finds
possible routes to the solution and
identifies the rule which adds most to
the situation. The teaching model takes
care of the flow of the material and
remediation, and varies instructional
strategies, whilealso maintainingaclear
pictureofthestudent’sknowledgestate
orcurrentunderstanding. Mistakes are
identified when the student makes an
explicit error or persues a path that will
not lead to a correct solution, and
remediation may follow.

Brown (1990} and other writers
(Anderson, 1992; Corbett & Anderson,
1990; Swan, 1989) have explained how
current theories and architectures in
ITS haveimpacted upon learning theo-
ries, and vice-versa. Brown makes the
distinction between explicit cognition
(practice) and implicit cognition (theo-
ries), and draws parallels between the
ways that studentslearnoutsideschool
(by experience, demonstration, prob-
lem solving in practical situations), and
in school (through formal reasoning
and abstraction). The analogy is ex-
tended further to veryday cognition
(typically those types of processes in
which one would engage in the course
of ordinary living) and expert cognition

believes that there is considerable re-
search in cognitive psychology which
can be used as a guide to the develop-
ment of ITS. He states that the success
of an ITS can depend on its ability to
achieve ‘task decomposition’, a proc-
ess of simplifying learning, and the
monitoring of student’s belief by gen-
erating production rules (task analy-
sis) for a restricted knowledgedomain.

COGNITIVE MODELLING ITS

The key to the power of an ITS to
individualise instruction in tutorial
courseware lies in the way it models
the cognitive processes of the leamner
through model tracing. To do this, it is
recessarytodevelopacognitivemodel
of how the student should solve prob-
lems and use it as a guide through the
coursework. Then, supplement the
model with errors that the students
are known to make. Comparing the
student’s steps to that of the student
model is known as model tracing.
When errors are made, feedback is
provided. Thisis astep-by-step model
tracing methodology and interpreta-
tion of behaviour in terms of cognitive
rules, and monitoring the students
acquisition of rules and provides the
basis for tailoring the tutorial interac-
tion to the individual needs of the
student. The approaches of a number
of ITS to student modelling are ex-

engage the learner in the tutorial inter-  (the ability to abstract problems in or-  plained in the following pages.
action. Many CAl programs reflect the  dertosolvethem). Theimplications for

attitudes and ideas of the developer  the design of [TS are set out in a series ~ MATHPERT

aboutthemannerin whichthematerial  of necessary features of the learning Beeson (1989) has detailed

should be presented, and these in turn
are often derived from aspects of the
nature of the medium itself rather than
ona principle of teaching and learning.

INSTRUCTIONAL PRINCIPLES AND TS
DESIGN

An ITS generally performs its teaching
in accordance with a well-defined in-
structional model which is capable of
solving the problemas an expert would.
This is often known as a performance
model, and is capable of keeping track
of the student’s progress through the
maintenance of student knowledge
tracing. The performance model in the
ITS consists of a set of rules called pro-
ductions, which are essentially steps in
the problem solution and the condi-

tools which support this new episte-
mology. These are briefly: To model
the way people react with their envi-
ronment; toreflect theenvironmentand
allow problem solving; support shared
conversations and investigations; al-
low issues and problemns to emerge
from the investigative activities; allow
the reflective process of human mental
modelling in problem solving (Bruwn,
1990, p. 278-279). The goal of the learn-
ing tool is to create a glass box which not
only connects users to the world but
allows transparency of the domain and
the tool itself.

Brown’s assertion that theories of
learning and ITS design are related is
supported by Anderson (1990), who

MATHPERT (MATH exPERT), an ex-
pert system in mathematics with ex-
tensive capabilities, supporting learn-
ing in algebra, trigonometry and in-
troductory calculus. It provides step-
by-step solutions, tailoring teaching
methods and step size to individual
users through student modelling. It
provides an illustration of fool trans-
parency in an ITS, as it differs from
other computer tutors in mathematics
in that it is a cognitively faithful and
glass box system. This means it solves
problems as students would, with the
routines being transparent to the stu-
dent. MATHPERT worksby the trans-
lation of the subject material into sev-
eral hundred operators. In one mode
the user chooses the next operator,
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and in automatic mode the system
choosesit, generating parts of the solu-
tion by itself. The system will apply
operators well-known to the student
straight away,and the system learnsto
identify which of the operators are
familiar to the learner. The operators
themselves are chosen so as to corre-
spond to familiar concepts, making
the system cognitively faithful. Opera-
torssuchas “collect powers” forexam-
ple to correspond to x2. x5 = x7 The
student model is first initialised by a
program called DIAGNOSER which
creates the model from the first ses-
sion, generating problems interac-
tively, depending upon the student’s
responses. The model is continually
updated by a program called EVALU-
ATOR which decides when the status
of an operator should be upgraded
from learning to known.

MATHPERT does not aliow an incor-
rect step, thus it may be said to be
founded upon the Montessori princi-
ple of “control of error” where the
student is immediately informed of
mistakes. Thisisopposed tothe “buggy
model of learning” in which the com-
puterdiagnosesthestudent’s mistakes
and based on theerrors initiates a tuto-
rial to correct the misconceptions. The
underlying principle hereis thatif stu-
dents are not permitted to make mis-
takes, the whole process of diagnosing
bugs is unnecessary. Self (1990) pro-
posed an ITS without a student model-
lerasa meansof “bypassing theintrac-
table problemof student modelling”(p.
108). It has been argued that in good
teaching, misconceptions are avoided
and mistakes are immediately cor-
rected, and this negates the require-
ment for a student or user-modeller,
which can be difficult to construct and
expensive in terms of computing time
to build into a systein and maintain.
Self (1990) argues that the role of stu-
dent modeller is essentially to analyse
student errors and misconceptions.
Froma catalogue of possibleallowable
responses to a question, the modeller
attempts to create a list of associated
misconceptions. The user-modelier
may be given the important role of
analysing student performance in
terms of the concertual mistakes being
made rather than just identifying mis-

takes, as well as altering questions that
follow and evaluating student per-
formance. Thisis yet to satisfactorily be
implemented in a working ITS in a
non-trivial domain. The problem has
been that programming these miscon-
ceptions has been more difficult than
merely identifying a mistake. These
problems haveled Self (1990) todeclare
that it is not yet possible to build into a
working ITS all the modelling features
that designers suggest, but perhaps the
most important corsiderations are to
buildamodellerinaniTSthat provides
natural, reliableand simpleinteractions;
link the models with outcomes in the
tutorial process; use the model not
solely as aerror-handling feature of the
ITS; usethemodelas a set of beliefs and
allow the tutor to modify the set in a
helping way to improve student un-
derstanding; makethe model transpar-
ent tothe student; and to create model-
ler’s which work collaboratively.

LISPITS

Corbettand Anderson’s(1992)descrip-
ti'n of the LISP Intelligent Tutoring
System, namely LISPITS, which in-
structs students in the programming
language of LISP, is based on theoreti-
cal principles derived from a theory of
cognition proposed by Anderson
known as ACT (Anderson, 1983). ACT
theory proposes that human- problem
solving is enabled by a set of produc-
tion rules, and can be turned into a
formal set of well-ordered rules about
instruction. Briefly, this is that behav-
iour is goal-driven; that there is a dis-
tinction between declarative and pro-
cedural knowledge; that the acquisi-
tion of procedural knowledge occurs
through a sequence of productions of a
declarative nature, which through rep-
etition and practice are collated into
larger productions; and finally that in
the early stages of lcarning a working
memory is needed before productions
are built.

The student modeller in LISPITS is
needed to meet the design cniteria es-
tablished by the principles above, and
is essentially a pattern against which
the student’s behaviour can be meas-
ured, allowing the tutortodetermine i
cach step in the student’s input is on a
pathto thesolution. Whileitis possible

to have a catalogue of possible solu-
tions, it is difficult to explain the steps
to students in terms of the problem
solving procedure, or in terms of un-
derlying goals. That is, how the step
relates to the other steps and the solu-
tion of the overall problem. LISPITS
has a set of rules for problem solution
and a specification for each exercise,
rather thana solution for each exercise.
The tutor is thus able to simulate the
actions thata expert would take at each
step in the problem. The tutor com-
pares the student’s response to the set
of possible responses and known er-
rors, and so can tell if the student is on
a path to the answer. The complete set
of rules for solving problems is called
the ideal student model and represent
explicitly the instructional objectives.
Thestudent model also contains a cata-
logueof errorsand misconceptionsalso
called the bug catalogue or student model
buggy rules. LISPITS uses the finest
grainsize (Greer, 1992) as it analyses
individual characters students enter. It
works from top-to-bottom and left-to-
right, and provides immediate feed-
back after errors are made. The tutor’s
behaviourislinked to thestudent model
which consists of over 1200 rules. The
model tracing is implemented by model
compilation wherethemodelis run prior
to the execution of the program, and
this saves on computing power which
is limited given the extent of the pat-
tern matching required to determine
possible paths at each subgoal in the
problem solution. Thestudentmodel is
runahead oftime, allowing thecompu-
ter to generate all paths that lead to the
correct answer and save them. This is
an alternative solution to the problem
ofencoding a student modeller compo-
nent of an [TS whichis less drastic than
eliminating the modeller from the de-
signaltogether(Corbettand Anderson,
1990). A benefit is the ease with which
the tutor’s behaviour can be modified
without altering the production rules.
This is allowing the development of a
student-controlled version of LISPITS
with variable granularityand feedback,
which have been the major sources of
student complaints. Subsequent em-
pirical studies with the modified ver-
sion where students have control of
feedback time have seen a 50% increase
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in exercise completion times. The fact
that the tutorial aspect has shown little
impact suggests that the immediate
notification and correction of errors is
the greatest strength of LISPITS even
though it is also the source of most
student complainis.

Model tracing is particularly useful in
determining why a student has per-
formed a particular step with regard to
the overall pattern of the problem, the
underlying reasons, and thus provide
assistance orcommentasrequired. The
student model is not only a means of
generating explanations but a repre-
sentation of student knowledge acqui-
sition. Knowiedge tracingis the termused
in this system for the process of track-
ing student knowledge and providing
remediation, and is the implementa-
tion ofa mastery based system of learn-
ing. The tutor teststhestudent’sknowl-
edge on a particular rulethroughdirect
questions and inferences from situa-
tions where the rule is used in1..e solu-
tion of a problem, and if the student is
correct 95% of the time, the student is
said to have mastered the rule.

Evaluation studies have shown LISPITS
to be effective: Students completed ex-
ercises 30% faster with 43% better scores
ontesting(Corbettand Anderson, 1992,
p-83). As students use the tutor, it cre-
ates a file of student responses and the
rule which governs the response, to-
gether with the time, ina three variable
coding of Belief, Rules and Time. The
tutor predicts the steps thatthestudent
might take in sclving the problem, and
with a known set of misconceptions it
models student errors at each step. As
long as the tutor can recognise the er-
rors, it allows the student to progress,
otherwise it provides an answer to that
stage in the problem. At any time the
student may also ask for hints or ask
what to do next. One of the essential
assumptions in the model is that prob-
lem-solving is hierarchical, with the
goal being the final point at which all
possible routes to the answer coalesce.
One important tutoring principle is that
the goal structure is explicit in the
model, each branch which the student
takes which may lcad to the goal satis-
fies a unique subgoal.

AN ALGEBRA WORD PROBLEM ITS
Singley and fellow researchers describe
an intelligent tutor built to help stu-
dentsina first yearalgebra coursesolve
adifficult part of algebra, namely “word
problems” (Singley et al, 1989). In these
questions the algebraic information to
be manipulated is found in sentence
form. A simple example is: If 5 apples
cost$2.75, find the cost of 7 apples. The
tutor uses model tracing and is initially
constructed by performing a taskanaly-
sis of algebra word problem solving,
which consists of two steps, the repre-
sentation of the problem and thesearch
for a solution. The trouble is that these
two phasesarealmostindependentand
mistakesin therepresentation may lead
to an incorrect solution. Singley’s ra-
tionale for cognitive modelling is put
succinctly and simply,

The model tracing paradigm is based
primarily on two premises: 1) the ma-
jority of learning that takes place in the
acquisitionof cognitive skill occursdur-
ing the solving of problems and not in
the perusal of textbooks, and 2) one
needs to have an accurate cognitive
process model of the student solving
problems if one wants to tutor the stu-
dent effectively. The strength of the
model tracing paradigm is that, when
the student makes a mistake, the tutor
can ‘ocalize the problem to a single
primitive action, which can be inter-
preted as a piece of a larger plan.
(Singley et al, 1989, pp. 270-271)

MENTONIEZH

MENTONIEZH is an ITS in geometry
whichcoaches and corrects during fig-
ure drawing and proof building. The
method of proof-tracking (Py, 1989) used
instudent modelling isone of recognis-
ing the student’s intentions, which is
an important step in personalising tu-
tor/student interactions. Recognising
the student’s intentions in a proof in-
volves plan recognition and provides
the system with a criteria for deciding
what assistance should be given, or if
the system should intervene as the stu-
dentattemptsafutileorerroneousroute
to the solution. The first part of the
system involves the student creating
the diagram from the information sup-
plied. A correct diagram is taken to

mean that the student understands the
hypothesis of the question. The proof
tutor uses a static domain model, a
dynamic student model and adynamic
pedagogical modelto detecterrorsand
explain their source, to specify student
progress and the student’s plan of the
proof, and to intervene and explain as
required. The studentmodelis updated
as the tutor and the student interact,
and significantly, the system contains
data about the student’s meta-knowl-
edge (the strategies and heuristics the
student uses). Thegoal of plan recogni-
tion is to infer the student’s intention
from the parts of the proof he/she has
given. The method is to label each of
these component parts of the proof and
to compare the student’s progress with
a tree diagram of all possible routes to
the solution. This system has been im-
plemented in Prolog on a SUN work
station. (see Py, 1989).

EMMA

Another mathematics ITS is EMMA,
described by Quigley (1989). EMMA is
a program designed to teach linear
equations and implemented on com-
puters found in schools. It consists of
four linked expert systems: A math-
ematical reasoner, an intelligent diag-
nostic pretest, a student model and a
component which controis the tutoring
strategies. Quigley notes thatmost[TS’s
have been constructed on the basis of
scme learning theory, but argues that
educationalists have been unableto pos-
tulate fundamental constructsin learn-
ing in general and of a mathematical
concept in particular which can satis-
factorily beinterpreted into ITS design.
The design criteria of EMMA is there-
fore primarily its usefulness as a com-
puter tutor. An interesting point made
by Quigley is thatin order for the TS to
maintain an accurate representation of
the student’s current knowledge state,
and to be able to identify studenterrors
and provide assistance, it is necessary
for the systemto know how the student
understaitds mathematical concepts.
That is, the system needs to be
cognutively faithful. Students often see
mathematics as a series of algorithms
to be applied in different situations,
and frequently mistakes are the result
of theuseof theincorrect routinerather
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than incorrectly applying the correct
algorithm. Students also invent their
own “rules”, chunking knowledgeinto
procedures which may not be concep-
tually faithful tomathematicsbut which
reliably produce the correct answer.

FEATURE-BASED MODELLING

Yet another variation of student mod-
elling is attributed to Webb (1989) and
is called feature-based modelling. Fea-
ture-based modelling (FBM) attempts
to model student cognitive processes
by “mapping contexts to actions”. It is
beyond the scope of this paper to pro-
videa fullaccount of FBM, but briefly it
involves pre-testing to determine the
student’sknowledge of the elements in
thedomainand is notdomain specific.
[t does not require error diagnosis, and
is flexible in the presentation of the
material. It is robust, and the student
meodels are runnable. FBM is different
from most other student modelling in
that it does not produce a pre-deter-
mined and explicit model of the stu-
dent’s cognitive processes. Instead,
FBM builds themodel frominputs from
thestudentand the outputsit produces.
It takes into account the knowledge
domain, the student responses and the
examplesand instancesthestudenthas
examined in the course of the tutorial.
The knowledge domain is represented
by a feature network which contains the
elements of knowledge (or features)
and the relationships between them. In
a feature network there is a criteria for
accepting or rejecting a hypothesis
about the knowledge state of the stu-
dent, which circumvents the problem
of constructing a cognitive model us-
ing only information the tutor gains
from the student’s performance. In the
absenceof confusion caused by the user
interface, or what is termed cognitive
noise, a FBM system could adopt the
method of most ITS and accept a stu-
dentmodel if all of the student’s behav-
iour was consistent with the model. In
a FBM a student model is accepted
where the student satisfies a set per-
formance rate (usually 80%). fheprin-
cipal form of analysis in FBM is errone-
ous association. Here, instance features
to which the student responds incor-
rectly are tagged erroneous. For exam-
ple, i the student always provides a

certain type of incorrect answer at a
given instance feature, there willbean
erroneous association between the in-
stance feature and the student’s re-
sponse, or action feature. A feature is
mastered whena studentcorrectlyiden-
tifies both content and action features.
FBM builds a model of the student asa
set of relationships between task fea-
tures and action features. Eachassocia-
tion implies that when each of the task
features are found in the task, the stu-
dent will act in a manner described by
asingleaction feature. Theassociations
may beerroneous (student misconcep-
tions) or ideal (student mastery). Stu-
dent misconceptions are dealt with
through a cognitive modeller which
explains student behaviour by examin-
ingstudentactions. Simultaneous mul-
tiple errors are handled through sepa-
rateerroneous associations. As thestu-
dent gains new knowledge through
interacting with the tutor, the student
model is no longer a true representa-
tion of the student’s current knowl-
edge state. This is called concept migra-
tion. The system uses a technique of

dataageing by usinga time variable and '

an aging factor (for example:
data=0.9*data) so that newer data is
given a higher priority than older data.
FBM has been implemented through
DABIS (Domain-Analysis Based In-
struction System), a system which in-
cludesa lessonon English word classes
in use at LaTrobe University, FBM has
subsequently been evaluated by
Kuzmycz and Webb, (1992). They de-
scribe FBM, giving details of its ability
to handle noise and multiple errors,
and evaluate FBM used in single-digit
subtraction. Their evaluation showed
that about 50% of student errors were
accurately predicted by the system, in
contrast to a value of about 6% for
random guessing.

CONCLUSION

Each of the ITS described in this paper
have a different approach to cognitive
modelling with somecommonality that
could be extrapolated to a set of ‘best’
or ‘desirable’ features of a model-trac-
ing intelligent tutoring system, as well
as establishing some important princi-
ples of cognitive modelling. These are:

. The fact that much knowledge is

procedural means an effective tu-
tor will need model-tracing tocheck
that the student is on a correct path
to the solution, as well as checking
input at the finest granularity. This
may be achieved by plan recogni-
tionwhichinfersstudentintentions.

. That cognitive modelling enhances

the ability of a computer tutor to
personalise the dialogue by
overcomingproblems associated
withthe enormous number
ofbranches required through more
traditional programming and
authoring techniques, and thus it
increases  student-computer
interactivity.

. That the design of an ITS is based

upon a general theory of cognition
implies a degree of domain inde-
pendence, but some domain spe-
cific features and procedures are
equally desirable as long as the ITS
ultimately does a good job of
teaching.

. A diagnostic pretest is desirable to

determine the student’s current
knowledge in the subject domain,
and to begin tracking the student’s
acquisitionofrulesatanappropriate
level.

. Thestudentmodel must bedynamic

and continually updated through
knowledge tracing, using tech-
niques such as data ageing, and it
should be more than a catalogue of
bugs and misconceptions, but also
contain information about student
belief.

. Thatstudent misconceptions or er-

roneous associations may be cor-
rected through remedial tutoring
where the system employs a
number of teaching strategies ap-
propriatetothe natureof thecontent
and the student’s current knowl-
edge.

. The design of the studentcompu-

ter interface should be one which
minimises cognitive noise and be
cognitively faithful, that is, solve
the problems as the student natu-
rally would. Particularly in the case
of intelligent discovery tools these
processes will ideally betransparent
to the student user.
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While it is generally accepted that one-
to-one teaching can sigaificantly im-
proveastudent’s performarceina sub-
ject through individual instruction, the
promise of computer-based tutors is
that they will one day supply all the
benefits of “personal” tutoring at a rea-
sonable cost. That this is becoming pos-
sible in certain well-ordered and lim-
ited domains is clear. Anderson (1992)
states that all of high school calculus
can be taught using current tutoring
systems. However, the development
times suggested arein the order of one
hundred hours for one hour of good
ICAI It may well be that the simplest
task in the development cycie of stu-
dent-modeliing intelligent tutors will
be evaluating their effectiveness. For
some researchers, (Corbett & Anderson,
1990) the criteria is simple enough:
time to complete the lessons and score
in the final quiz.
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One of the most impor-

TOCLS FOR THINKING

Traditionally, the technological tools
to support thinkingand problemsolv-
ing have been handed from one gen-
eration to the next. Until the introduc-
tion of computers, these tools have
been items such as the abacus, pencils
and paper, calculators,and slide rules.
With the widespread introduction of
computers, new materials such as
word processing programs, data bases
and spreadsheets joined the those tra-

ple the deBono “lateral thinking” pro-
gram), a more viable approach is one
that considers thinking within specific
problems embedded in existing cur-
riculum areas. According to this “infu-
sion” approach, as thinking occurs
within specific content areas or disci-
plines (Ennis, 1989) it should be taught
in context. Unlike the packaged think-
ing skills approach, an infusion ap-
proach cannot simply be tacked on to
the curriculum (Jones & Idol, 1990). It

tant cha”enges facing ditionally used to provide cognitive  needs tobeanintegrai partof the teach-
: : supports for thinking and problem- ing-learning process throughout key

educators in the 1990_5 IS solving. More recently, newer multi-  learning areas. Essentially, this ap-
how best enhance chil- media technologies allowing sophis-  proach requires explicit attention to
dren’s thmkjng skills. ticated visual and audio representa- thinking skiils that apply within the
: tions have enabled manipulation of  subject area. It also calls for strategic
Grow'ng Iarge,y from environments and events to afford training for teachers in thinking skills
concerns that many stu- multiple perspectives on complex ~developmentand anemphasison their
dents function poorly phenomena notreadily availableelse-  role as mediator, strategist, and col-

when it comes to applying
complex thinking across
the curriculum the need
for teaching thinking is
high on the policy agenda
for Australian schools.

where, Spiro and Jehng (1990) believe
that such representations may the
building offlexibleknowiedge assem-
bly and construction processes in
complex domains.

The reality is, however, that sophisti-
cated multimedia technologies do not
yet exist in most classrooms. More
commonly, thereexistsarangeofstand
alone or networked comnputers of
modest capability. The question to be
addressed then, is how bestto harness
this available technology to encour-
age the development of thinking and
problem-solving skills that will serve
children most effectively, both now
and in the future?

TEACHING ABOUT THINKING

While some of the most visible ap-
proachestodeveloping,thinking skills
are those that “teach thinking” in iso-
lation via a special program (forexam-

laborator in learning.

Notions that teachers should be
facilitators of learning, rather than giv-
ers of knowledge, are not new and we
can look back to curricula of the mid
20th century for siinilar suggestions
about teachers’ role in enhancing chil-
dren’s thinking and learning, Mot e re-
cently, though, we have gained new
insights into the importance of mediat-
ing and scaffolding learning (Rogoff,
1990; Wertsch, 1991). Indeed, the social
and cultural context of cognitive activ-
ity is now regarded as being central to
intellectual development. It is gener-
ally accepted that learning occurs as
children interact withadults and peers,
and with materials. This interactivity
both enables and reflects the coordina-
tion of thinking and action related to
the definition and resolution of prob-
lems.
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According to this view, the process of
interaction and mediation of learning
experiences p§ovides ongoing stimu-
lationand motivation, opportunities to
negotiate and resolve cognitive con-
flicts, as well as support of a more
metacognitive (or self-regulatory) na-
ture. [nitially, the interactive process
facilitates social regulation and com-
munication.Gradually, it developsinto
a cognitive function for seif-regulation
and thinking, ard for the representa-
tion ofknowledge. Engagementinthese
cognitive processes, which are gener-
ally manifested at an external level,
results in the gradual internalisation of
thinking skills for use in novel con-
texts. For young children, the use of
language enables external processes to
be displayed, shared, and practised
(Vygotsky, 1978).

IMPUCATIONS FOR TEACHING

This perspective on intellectual devel-
opment suggests a number of issues
about relationships between social ex-
periences, cognitive abilities and edu-
cational outcomes. In particular, it sug-
gests that social context, especially
participants’ interactivity within the
classroom, will act to mediatelearners’
cognitions as well as their perceptions
of the goals and directions of intellec-
tual activity. Equally important, is the
way in which learners’ cognitive and
social experiences and perceptions in-
fluenceinteractional pattems witheach
other and with classroom tasks.

Creating environiments in which to ex-
tend children’s thinking, doesn’t, there-
fore, require a complete overhaul of
curricula. Rather, itinvolves processes
ofadapting existing resourcesand prac-
tices. And, it is by no means certain
whatworksbestin this respect. Whatis
clear, though, is that teacher knowl-
edge, support, skill, and commitment
are central tn planning environments
that facilitate higher order thinking
(LaFrenz & Friedman, 1989). Indeed,
as the Report of the Committee of Review
of New South Wales Schools (1989) em-
phasised, relationships between the stu-
derits and the teachers must be at the
centre of the learning process and the
quality of performance by teachers is
the fundamental determinant ¢’ the

quality of education. In such a context
educational technology can be consid-
ered as enriching the relationship be-
tween teacher and student and facili-
tating the delivery of quality educa-
tion for all students” (p.260).

Essentially then, it is the teacher who
must plan to scaffold children’s think-
ing and learning through experiences
and environments that require higher
order thinking- that is thinking that is
conceptually rich, coherently organ-
ised, and persistently exploratory
(Lipman, 1991). The mere application
of a particular combination of infor-
mation technologies, no matter how
sophisticated, will not improve stu-
dents’ thinking and problem-solving
skills.

With careful planning though, compu-
ter-based learning environments even
withoutsophisticated multimediatech-
nologies, can afford the interactivity
that generates cognitive supports or
scaffolds to foster thinking skills. The
individualised and interdependent
nature of these supports, especially in
relation to the monitoring and regua-
tion of cognitiveactivity, seem instru-
nental in facilitating children’s think-
ing and learning.

Within this “interactionist” framework
the computer becomes both a vehicle
for accessing and controlling informa-
tion, and a tool to provide experiences
which support and complement con-
temporary goals about theimportance
of thinking skills. In this sense, the
technology can become the pivot for a
new type of interactive exchange be-
tween learners and their environment
(Pea, 1987). In some cases, the
interactivity will be initiated by one
child and the cognitive supports af-
forded within a computer program. In
others, the interaction will be between
more that one child, and perhaps a
teacher or other adult, together with
the com puter generated activity.

EXAMPLES FROM TWO CLASSROOM
CONTEXTS

Two projects with which I've recently
been involved provide examples of
interactive computer environments

that are successful in affording a range
of cognitive supports designed to fa-
cilitate students’ thinking.

THE WRITING PARTNER PROJECT
Inthe first project we’ve used an “intel-
ligent-like” tutoring system, the Writ-
ing Partner, to provide on-going
metacognitive support tochildren dur-
ing story writing (Elliott, 1992; Hicks,
1992;Salomon, 1992; Zellermayer, 1992;
Zellermayer et al., 1991). Specifically,
the Writing Partner guides learners
through planning, monitoring, and
evaluating story writing througha con-
tinuous prompting, guiding, modelling
and cueing of higher order processes
involved in text construction.

The major contribution of this compu-
ter-generated support is twofold: first
it has the capacity to provide guidance
through the entire writing process on
an individual basis, a situation quite
difficult, if not impossible, in a regular
teaching environment; secondly, the
task and content specific nature of the
scaffolding act to generatean “intellec-
tual partnership” enabling a learner to
functionatalevel transcending the limi-
tations of what could be accomplished
alone (Pea, 1987; Salomon, 1990:
Salomon, Perkins & Globerson, 1991).
In this sense the computer, or more
correctly the Writing Partner, actsasthe
more “collaborator” or “partner”, by
sharing and distributing the cognitive
workload.

An on-going program of research us-
ing the Writing Partner (Elliott, 1992;
Hicks, 1992; Salomon, 1992;
Zellermayer, 1992) has shown thatchil-
dren’s awareness of precessesinvolved
in good story writing, plus their actual
story writing skills, can be improved
through experiences with the tool. For
example, in one study of low achieving
year 7 writers there was substantial
in.pyrovement in terms of overall story
quality, plot, characterisation, mood,
setting, dialogue, expression and me-
chanics. With more expert writers, I've:
noted improvements in use of linguis-
tic features, such as lexical and gram-
matical intricacy, that contributeto plot
organisationand overall narrativestyle
(Elliott, 1992).
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Importantly, there is evidence to sug-
gest that Writing Partner experiences
contribute to internalisation of strate-
gies central to good story writing. For
example, poor writerschange their view
of narrative composition as something
that just “happens”, with little sense of
intentionality, planning or audience, to
a cognisance of the need for planning,
monitoring, reworking and revising,
and theinterdependent natureof these
processes,

Most encouraging in this study, was
evidence of students’ ability to think
more coherently about orchestration of
writing processes within a narrative
framework. They became increasingly
aware of the need to manipulate con-
tent, plot, characters and causal struc-
tures, and of the metacognitive strate-
gies necessary to effect interaction be-
tween story components.

Future developments for tools like the
Writing Partner might include themesh-
ing of text and graphic based
metacognitive prompts with videoim-
ages to create environments in which
ideas can be accentuated to drive plot
development. Imagine the power of a
contextaffording ready accesstoarange
of real life and real time audiovisuals,
together with the scaffolds currently
provided by the Writing Partner ?

THE EARLY CHILDHOOD MATHS
PROJECT

In the second project a range of com-
monly available commercial software
has been used as the basis for creating
interactive experiences that support
children’s mathematical learning. As
in the Writing Partner project, it was
anticipated that the cognitive supports
generated by the interactivity would
act, inthe Vygotskian sense, tomediate
children’s thinking in the cognitive
space between what can be accom-
plished zloneand in collaboration with
more capable others. It was intended
tFat this mediation process would pro-
vide ongoing stimulation and motiva-
tion for leaming, as well as support of
amore metacognitive,and particularly,
self-regulatory nature.

In the mathematics context, self-regu-
latory mechanisms involved checking
outcomes of problem-solving tasks, for-
ward planning, revising strategies, and
developing and testing new strategies.
As with the story writing, the purpose
of scaffolded activities was to help chil-
dren plan, monitor and evaluate their
activity, but this time in a mathematics
context, Mathematics software used in
the study was popular commercial
material concerned with comparisons
of shape, size and volume, ordering of
events and objects, counting, one-to-
one correspondence activities, repre-
sentations of single sets, reproduction/
comparison of sets, elementary arith-
metical operations with sets,and a range
of classification and sorting activities.

The mathematics environmentrequired
children to work in pairs, withateacher.
Here, the teacher took a much more
active role as a mediator, collaborator
and partner in thelearning processthan
was the case in the writing context.
Now, the teacher’s role was to promote
anawareness of the cognitivedemands
of thetasksand to guide activity within
a purposeful and goal directed frame-
work provided by the software. Rather
than having to focus on the manage-
ment and organisation of the learning
expetience itself, as is the case in more
traditional mathematics environments,
theteacher could focuson, forexample,
overall task orientation, and planning,
monitoringand evaiuating of cognitive
activity. Sharing the “workload” with
prestructured and sequenced compu-
ter-generated activities meant the
teacher could concentrate children’s
thinking about their problem-solving-
such as, clarifying and focusing on the
topic, elaborating ideas, and refiecting
on and evaluating decisions and re-
sponses. Additionally, complementary
peer interaction, as well as the indi-
vidual’s own structuring of the activ-
ity, contributed to generation of the
cognitiveand metacognitive dialogues
that supported and mirrored knowl-
edge and thinking. In this sense the
interrelated ness of the contextual sup-
ports lent themselves to framing as-
pects of self-regulated learning.

Results from the preschool investiga-
tions have shown that teacher medi-
ated computer environments better
assist children develop specific math-
ematics understandings than do more
traditional mathematics experiencesor
those involving non-mediated compu-
ter activities. Importantly, they seem
to encourage thebeginnings of planful
behaviours, such as goal setting, goal
monitoring, self-monitoring and self-
evaluating. Gradually, we would ex-
pect children to internalise the use of
these self-regulatory strategies toen-
hance performanceindependentofthe
computer context.

CONCLUSIONS

Teaching students so that they become
better thinkers is going to be a major
educational goal for the remainder of
this decade. Yet, asthinking inherently
drawsupon multipleknowledge bases
across a range of curriculum dornains
there is no easy recipe for its teaching.

What is apparent though is that com-
puter-supported learning environ-
ments offer a range of individualised
yet interactive opportunities not pre-
viously available in classrooms. To be
sure, such opportunities may be ex-
pensive to develop and implement,
but they have cost benefit advantages
if effective on a wide scale. Moreover,
especially in the areas of mathematics
and science, video and computer tech-
nologies enable the dynamic depiction
of eventsand information nobjormally
possible in the classroom.

Research with the Writing Partner and
in computer-based, teacher mediated
mathematical  activities with
preschoolers has suggested that cogni-
tive and metacognitive supports gen-
erated by interactivity within these
environments do indeed scaffold the
development of thinking skills that
manifest as improved outcomes in
problem-solving situations.

Clearly, facilitating thinking does not
necessarily require computer-sup-
ported environments that employ the
mostsophisticated technology. Asseen
from the examples cited above it is
largely the cognitive supports inher-
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entin the interactive nature of the con-
texts that create powerfui learning en-
vironments. Regardless of the sophisti-
cation or otherwise of the techrology, if
weare to enhance children’s repertoire
of thinking strategies and skills, the
teaching of thinking needs to be in-
fused across the curriculum in ways
that are planned, meaningful and au-
thentic.
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This paper focuses on
issues and implications
for managing and sup-
porting technology initia-
tives in schools. The
central question ad-
dressed is - what have we
learned from the Queens-
land Sunrise Centre
(QSC) Project which
might assist others in-
volved in technology
initiatives in schools?
The twelve issues which
emerged throughout a
major evaluation study of
the project are presented.

TWELVE ISSUES TO
CONSIDER FOR
MANAGING AND
SUPPORTING FUTURE
TECHNOLOGY
INITIATIVES IN

SCHOOLS:

WHAT DID WE LEARN FROM THE QUEENSLAND SUNRISE CENTRE?

It is concluded that taking up the
challenges presented by the new and

emerging technologies is not an easy .

task. However, we believe that the
educational rewards are potentially
great for all who make conscious deci-

sions to take up those challenges.

This paper provides suggestions and
implications derived from the writers’
experiences gained through their in-
volvement in the Queensland Sunrise
Centre (QSC) Project during its opera-
tion. In addition, the issues raised
emerged throughout the conduct of
anevaluationof the QSC (Finger, 1992).

The QSC Project was envisaged tobea
major technological lighthouse’ ini-
tiative to assistin “charting directions
for the use of information technology
in education” (Department of Educa-
tion, Queensland,1990). The QSC pro-
vided a technologically-rich environ-
ment for the students and teachers
involved. Each of the students had the
use of a personal computer for use at
school and at home. Similarly, the
teachers were given the use of power-
ful laptop computers for their own
use. The classrooms of the QSC pro-
vided students with access to more
powerful colourcomputers, CD-ROM

units, scanners, modems, Keylink,
printers, and a range of software pro-
grams with Logo as a central feature. At
the commencement of the project, it
wasindicated that “Educationyvillhave
much to learn from this innovative
project” (Department of Education,
Queensland, 1990). Three years later,
we need to address the question - what
have we learned from the QSC Project
which might assist others involved in
planning and implementing techno-
logical initiatives in schools?

Thefollowingdiscussionaddressesthat
question. Suggestions are made which
might provide the basis for more in-
formed decision making by those in-
volved in managing and supporting
technology initiatives in their schools.
Most importantly, however, we sug-
gest that the following discussion can
assist in the search for solutions through
the realisation that the context within
which technology initiatives take place
is a dynamic and human, educational
setting. Indeed, this discussion is
couched withina framework which “in-
corporates both the human and techni-
caisidesof technology” (Sachs, Russell,
and Chataway, 1990, p. 50). In this way,
the debate involves ed ucators utilising
a perspective within which the techni-
cal and human sides of technology can
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be synthesised tolead to the exploration
of the connections between the new and
emerging technologies and education.

THE NEED FOR REFLECTION

Althoughcomputersinclassroomshave
been a relatively recent phenomenon,
there has been increasing interest, em-
phasis}and exploration of the use of
compters inschools. Policies havebeen
developed throughout the Australian
States, conferences are regularly held,
journals and texts specifically address-
ing educational computing have flour-
ished, and school systems and their
schools have been busily expending
time, effort, and money to mount initia-
tives. Following this initial period of
acquiringcomputersand exploringtheir
potential, westrongly suggest that there
is a need to step back and critically
examine those early initiatives in order
to learn from them. In this way, we can
build on the successful strategies and
avoid repeating the often very costly
mistakes experienced by others. For
example, as early as in the mid-1980's
Higginson (1986, p. 21) suggested that:

“In the early part of this decade, educa-
tional institutions found themselves in
an exciting but unfamiliar position; the
vanguard of social change. ... many
educators were surprised to be thrcwn
into wide-ranging and often heated dis-
cussions about the applications of in-
formation technology to their field. In
the intervening years enough dust has
settled... to permit a fairly clear view of
the significant issues from the past to

emerge, and informed speculation
about priorities and directions for the
future to be made.”

More recently, Russell (1992), in pre-
viding a review of predictions for
computers in education throughout
the 1980’s and indicating some of the
issuesemergingthroughoutthe 1990's,
observed that schools have been more
concerned with “the acquisition of
hardware and software than how it
was tobe used” (Russell, 1992, p. 154).
He suggests that the accompanying

"lack of sustained discussion on the
role of computers in thinking and
learning meant that there was some-
times uncritical enthusiasm for com-
putersin education” (Russell, 1992, p.
154).

He warmns that:

“Predicting the future based on the
history of the past is a bold undertak-
ing. ..In computer education, the
hopes of the 1980s’ often appear to
have turned into disappointments.
Some of the problems that beset us
today were accurately predicted in
the 1980s’, but the warnings were
largely unheeded.” (Russell, 1992, p.
159)

Twoimplications emerge. Firstly, there
is the implication that it is important
that we reflect upon our QSC experi-
ences and document what we have
learned. However, that, by itself, is not

enough if we are to ensure that ‘the
warnings are heeded’ and that
knowledge gained does not become
knowledgelost. Thedocumentation
undertaken here needs to be com-
plemented by thesecond implication
that dissemination needs to be en-
hanced. We believe dis¢ -1iination
will provide anenriched platform of
knowledge upon which further
planning, implementation, and
evaluation of learning technology
initiatives can be built.

WHAT DID WE LEARN FROM THE
QUEENSLAND SUNRISE CENTRE?

In responding to this question, the
implications and issues are pre-
sented in a form which can be easily
understood by the audiences it is
designed toinform -system, regional
and school administrators, educa-
tional advisers, computer co-
ordinators, teachers, and personnel
concerned with the pre-service and
in-service education of teachers.

Wehave utilised theapproach used
by Mojkowski (1985, pp. 18-21) in
the journal article “10 ESSENTIAL
TRUTHS TO HELP YOU PLAN
FOR TECHNOLOGY USE” to at-
tempt to present the implications
and issuesinaclear, straight forward
style. Mojkowski, who spent several
years at the Merrimack Education
Center (MEC) in Chelmsford, Mas-
sachusetts, worked with thousands
of teachers and administrators ad-

TWELVE ISSUES TO CONSIDER WHEN PLANNING AND MAK. .GING TECHNOLOGY INITIATIVES

Twelve Issues To Consider

Examine carefully the budget

R A S ol ol o
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Recognise the importance of people.

Develop an eductionalrationaie for the use of the new technology.
Build ownership of that rationale with the key participants.
Technology initiatives must be evaluated.

Introducing new techinology into schools requires risk-taking .
Teachers require both training and professional development in the use of the new technology.

aryconsiderations forthe acquisition, repairs, and upgrading ot equipment.

12. Slow travel ensures the quickast journey.

Establish appropriate access to technical, curriculum, funding and professional support.
New technology can assist in rethinking education.
New technology has implications for classroom organisation and management.
Computers arc inherently subversive.

Table1

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1983

ao




dressing the challenges of new tech-
nology. As a result of those experi-
ences, he formulated ten essential
‘truths’ which he insisted must be
addressed if we are to realise the
potential of educational technology.
The ten essential ‘truths’ to which he
referred were that computersaretools,
new technology is a catalyst for cur-
riculum revitalisation, teachers and
administrators need more and better
training, microcomputers have their
limitations, our definitions of compu-
ter literacy need clarity, computer
education programs must be evalu-
ated, most software is inadequate,
technology is a catalyst for increased
planning for school systems, technol-
ogy will alter the organisation of
schools, and computers are inherently
subversive.

Following a reflective process of exam-
ining these issues proposed by
Mojkowski together with discussions
and analyses of ourindividual and col-
lectiveexperiences gained throughour
involvement in the QSC Project, we
suggest twelve issues to consider. We
believethat by considering these issues
in terms of their own school and class-
room contexts, others can maximise
the effective planning and implement-
ing of technology initiatives in their
schools. Based upon our QSC Project
experiences, we propose the following
as shown in Table 1 on the previnus

page.

1. RECOGNISE THE IMPORTANCE OF
PEOPLE.

This has been placed first to emphasise
the importance of education being seen
as a human endeavour. Teachers, stu-
dents, parents, and administrators are
people. This might seem obvious butat
theheartof any plans, there needstobe
a recognition of the importance of the
people involved and the contributions
they can make. Central to the project
werethestudents and theireducational
growth. The success or failure of at-
tempts at integrating learning technol-
ogy in schools relies keavily upon the
people involved in that process. The
roles played by the students and their
teachers are vitally importaat.
Througtout the last three years, there

hasbeensomeevidencethatsomehold
the view that the injection of comput-
ers into classrooms equates with suc-
cess for all students. There has also
been evidence that others argue that
computers in classrooms make life
‘easier’ for teachers. Our response is
that these positions indicate a naive
analysis of what happens in class-
rooms. The commitment, dedication,
skills, and knowledge of the teacher
are ultimately more important than
the mere provision of resources
whether those resources are reading
materials, art materials, or computers.
The teachers involved in the QSC
Project worked long hours, were ex-
posed tocriticism, tookrisks, and made
huge personal commitments to the
project. As one of the teachers indi-
cated in response to being asked what
have been worthwhile outcomes re-
sulting from involvement in the QSC

Project:

“Personally - HUGE growth in ‘tech-

nological’ knowledge - interest in pro-

gramming, rethinking teaching style,
‘buzz’ at being a player in an ‘interna-
tional’ level of competition, willing to
have a go at almost anything, much
greater perseverance and raised frus-
tration level, ability to see the positive
outcomes of any situations - I don't
regard ANYTHING I havedoneinthe
project, no matter how frustrating or
time intensive, as a waste of time.”
(Year 8 QSC Teacher, May,1992)

“No good deed goes unpunished” was
a statement made by the Project Of-
ficer to the teachers involved in the
project in 1990 and has often been re-
called by the teachers when they felt
that things had become difficult. The
saying highlights the observation that
despiteefforts having good intentions,
there will often be someone ready tn
be critical. Undertaking significant
initiatives can invite unwarranted
criticism. Some evidence of that
emerged. Teachers indicated the im-
portance of support from administra-
tors and their peers. Fortunately, that
was provided through their operation
within a very professional, supportive
school setting. This was evident in
comments submitted by several Q5C

Project teachers in referring to their
administrators as sources of sup-
port:

“Interest and enthusiasm in all as-
pects of the project. Participated in
workshops and ran inservice where
possible. Fought for all initiatives
and supported teachers at all stages.
Met with Project Officer on weekly
basis in 1991 to plan strategically.
Also worked to familiarise parents
with the project at all times.” (QSC
Teacher, May, 1992)

“Professional and moral support.”
(QSC Teacher,May, 1992)

“Helped with parent meetings and
most workshops. Maintained strong
uitimateschool responsibility forthe
project. Represented the project at
Regional Office and Central Office
meetings.” (QSC Teacher, May,
1992)

We need to value people. We must
break thecycle, referred to by Doyle
and Ponder (1978, p. 1) which reacts
to discrepancies between promise
and achievement by a “redoubled
search for procedural solutions”.
Rather, we need to base more effec-
tive change strategies on “a more
thoroughunderstanding ofthenatu- *
rally existing mechanisms which
operate in school environments”
(Doyle and Ponder, 1978, p.1).

2. DEVELOP AN EDUCATIONAL
RATIONALE FOR THE USE OF THE
NEW TECHNOLOGY.

This has been placed second on this
listdue toits importancein drawing
attention to the educational ques-
tions which should provide a start-
ing point for integrating learning
technology into schools. In many
situations, it appears that the hard-
ware and software is purchased be-
fore the educational rationale has
been developed which we believe is
at.chnocentricapproachratherthan
an educational approach.

The search for an educational ra-
tionale for a technology, which has
been spawned by the space race,
nurtured by the international muni-
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tions industry, and utilised by the
business industry to cut both costs and
jobs, has been long and tedious. In the
last ten years, education has moved
from being on the brink of a major
revolutionin the ways of learning “based
upon the technology of the digital
computer” (Bork, 1981) to an apprecia-
tion that to be of value to education the
computer Must beseen as atool, akinto,
but far more interactively ‘intelligent’
than the pencil, the microscope and the
book which are wellintegrated intodaily
learningactivities (Salmon,1990). Three
rationales for using computers within
the education have been tentatively
posu:ed by Grimmett (1992):-
as a personal amplifier to enhance
the productivity of the learner;
 as an educational actualiser to ex-
tend and enrich the school based
experience of learners; and
¢ as an intellectual tool to empower
the learner.

Of these three rationales the most in-
tractable but possibly the most power-
ful has been that of using technology as
an intellectual tool. It was intractable
for many reasons not the least being
that until the Queensland Sunrise
Project was initiated, few educational
environments existed with sufficient
computers to allow the viability of the
intellectuzal model to be explored.
Through the establishment and sus-
tained operation of the QSC, thisration-
ale has been explored and found to be
viable. Students and teachers intheQSC
Project have used computers as intel-
lectual tools by allowing fe.r the devel-
opment of knowledge through interac-
tion with the media and the customis-
ing of the manner in which the media
functions so that it better facilitates the
construction of knowledge. Given that
learning episodes using computers as
intellectual tools can be continued at a
later date does not require continual
access to the media to enable continued
functionality for the learner.

The development of an educational ra-
tionale is important and that rationale
might be developed by examining the
planned educational purpose of thetech-
nology in terms of being an amplifier,
intellectual tool, or an actualiser or some

combination of these. The QSC Project
has demonstrated that there exists
strong potential for computers to be
used by students as intellectual tools.
Furthermore, we suggest that it offers
an approach through which we can
promote “effective teaching and
learning to be undertaken with levels
of resourcing that are less than con-
tinual saturation, thusithasimmediate
utility within present classrooms”
(Grimmett, 1992, p.6).

3. BUILD OWNERSHIP OF THAT RATIONALE
WITH THE KEY PARTICIPANTS.
Independent of the rationale that un-
derpins the introduction of computers
into the school, it is most important
that therationale is embraced by those
directly involved in its implementa-
tion. In examining successful learning
collectivities in relation to teacher de-
velopment programs, Logan and Sachs
(1991, p.307) reported the following
features to be characteristics of colle-
gial groups: participants believed in
the importance of the task they were
working on, members had sufficient
time to get to know each other and to
build trust and respect, leadership was
sensitive and authoritative, groups
were small, involvement gave some
immediate rewardsand benefits,and a
spirit of inquiry and assistance pre-
vailed (Logan and Sachs, 1987). These
aspects werelargely evidentin the QSC
approach and experience.

Within the QSC a number of strategies
were used to ensure that major
stakeholders had ownership of the in-
novation and its rationale. These strat-
egies included:-

 Project teachers were involved in
the negotiation, development and
writing of project policy docu-
ments;

» Regular meetingsof project, school
and regional personnel who have
responsibility for the innovation;

¢ Preparation (by project stake hold-
ers) of papers, presentations and
workshops; for on-site delivery or
incorporation in state or national
conferences; and

» Cooperative budget planning.

As change can only enter classrooms
through teachers, it is imperative that
teachers be provided with the oppor-
tunity to vary their professional be-
haviour in such a way that they can
facilitate the adoption of changes in
educational practice afforded through
the use of technolsgy for learning and
required by therationale developed by
the school.

Any rationale must be owned and re-
flected in the actions of all participants
if the rationale is to lead to altered
professional behaviours which allow
new activities to be infused into the
classroom experience of students.
Teachers, through their professional
activities, create a classroom climate
which to a large extent defines accept-
able student behaviours. In short, itis
the teachers who first must adopt a
new rationale if changes in classrcom
culture are to occur.

This, to a large extent, was achieved
within the QSC through including
teachers in the process of developing
the project itself. It was the project
teaching team which after reading, re-
view, and reflection produced a work-
ing philosophy for the project which:-

o established convictions regarding
directions and initiatives being un-
dertaken by the project. That is, it
redefined the rationale in opera-
tional terms for the teachers;

» provided a means of checking con-
sistency of actions and policies;

» provided a framework against
which evaluation could be con-
structed; and

¢ aided communication with other
educators sothat they couid under-
stand the underlying concepts of
the QSC Project.

This teacher developed philosophy
provided a basis upon which an un-
derstanding of the project rationale
could be developed with other signifi-
cant partners in the enterprise.

4. TECHNOLOGY INITIATIVES MUST BE
EVALUATED

There has been a lack of comprehen-
sive evaluation studies of technology
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initiatives inschools. Evaluation needs
to be planned as an integral part of the
program planning and management.
Teachers, students, and administrators
need to be able to evaluate how effec-
tive programs have been in order to
enhance further program decisions. For
example, did the program contribute
to more effective learning and teach-
ing? Were there detrimental effects?
Could the program have been man-
aged more efficiently and effectively?
In essence, evaluation should be un-
dertaken to provide information about
what we have learned in order to in-
form our planning through the revi-
sion of our current programs. We sug-
gest that schools could strategically
address this through making links be-
tween school computer policies and pro-
grams, school development plans, and col-
laborative school reviews.

We have witnessed the formulation of
plans for technology initiatives, which
have been followed by implementa-
tion in schools, and then new initia-
tives are mounted before there have
been any comprehensive evaluation of
the previous initiatives. The QSC devi-
ated from that process as the planning
included a research model. After three
years of operation, the QSC Project has
been the site of three significant re-
search reports(Ryan, 1991; Finger, 1992;
and Rowe, 1993).

The evaluation study (Finger, 1992)
reported the insights, impact, and is-
sues which can be gleaned from a ma-
jor ‘lighthouse’ initiative. In addition,
it formulated a model for guiding the
study which might be used as a basis
for evaluating further technology
initiatives in schools. The model Gevel-
oped utilised anadaptation of theStake-
Batchler Model (Thorne, 1990) and
drew upon Owen'’s (1992) evaluation
Forms. Owen suggested that it is an
important first step to identify the de-
sign of the evaluation which isappro-
priate for the program being evalu-
ated. Five evaluation Forms were pro-
posed by Owen: - ewaluation for develop-
ment, design evaluation, process evalua-
tion, monitoring evaluation, and impact
evaluation. Anappropriate evaluation
approach can be chosen from any indi-

vidual or combination of Forms ac-
cording to the program’s orientation,
state, focus, and timing. This helps in
establishing links between the educa-
tional rationale for the learning tech-
nology initiative and the evaluation of
that initiative. Moreover, the model
used toguidetheevaluationdrew upon
the evaluation literature and, in par-
ticular, fourth generation evaluation
models which emphasise the need to
identify, negotiate with and involve
the key people in the evaluation proc-
ess. Collaborative School Reviews provide
a tangible opy >rtunity for this ap-
proach.

5. INTRODUCING NEW TECHNOLOGY INTO
SCHOOLS REQUIRES RiSK-TAKING.
Schools are exceedingly complex
organisations within which theeduca-
tiveprocessisundertaken using agreat
variety of strategies, resources, per-
sonnel and special skills. Theintroduc-
tion of technology for learningintothe
school culture requires more than sim-
ply purchasing technological resources
and expecting that teachers will use
them in some rmeaningful way in their
rlassroom activities. This strategy has
been tried in the past with other tech-
nologies and met with failure.

"All the language laboratories and
teaching machines are gone. Not one
of them can be found anywhere in the
United States right now.”

(Snyder, 1988)

To enable technology for learning to
become a valuable and integral part of
a school’s iearning resources requires
some restructuring of the school mi-
lieu. It requires teachers, administra-
tors, students and parents to take risks
and reject proven strategies and at-
tempt untried methods which utilise
computers as indispensable learning
tools. In spite of the natural and re-
sponsible conservatism which exists
within schools, teachers and adminis-
trators are willing to take risks pro-
vided that they are informed about the
goals of the innovation, the benefits to
themselves and other members of the
school community, and therisksinher-
entin the innovation.

The teachers and administrators in-
volved in the QSC Project worked
within a high risk, innovative investi-
gation. Oneof the outcomes of the QsC
experience has been that the process of
introducingtechnology into classrooms
requires teachers and others to take
risks. In such a high risk environment,
higher than normal levels of support
were necessary. This included an extra
teacher assigned to the QSC classes
and the appointment of a Project Of-
ficer. The Project Officer was engaged
in a wide range of management duties
and played a vital role in maintaining
interest and effort among the teachers
involved.

6. TEACHERS REQUIRE BOTH TRAINING
AND PROFESSIONAL DEVELOPMENT IN
THE USE OF THE NEW TECHNOLOGY.
Teacher competence in operating the
computeris a necessary butinsufficient
precondition for the computer to be-
come a viable resource within the
classroom. The provision of both pro-
fessional development and training is
essential if a rationale based upon the
use of technology as an educational
resource is to be actualised. Through
the operation of the QSC, it became
obvious that it is necessary to separate
outthetraining (required tomaket :ach-
ers competent users of the technclogy)
and professional development which is
necessary for teachers to successfully
incorporate the technology into the
classroom experience of their pupils.
This was done because training and
professionaldevelopmentaretwosepa-
rate functions which need to be consid-
ered separately if each is to be success-
fully undertaken.

Anadditional reason for separating out
training and professional development
is that they should not be undertaken
together initially. Teachers need time
to meet all of the problems involved in
the use of technological tools (e.g. copy-
ing files, adding graphics, crashing
disks, losing files, controlling printers
etc.) prior to facing the avalanche of
problems which can result from intro-
ducing a number of computers into a
classroom of students. Traditionally,
professional development has often
been treated as a formal course (e.g.
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ELILC, FLLP.) within a strict time
frame. However, professional develop-
ment can be undertaken gradually us-
ing informal collegial networks.
Through this technique, costs are re-
duced and teacher readiness can be
monitored, thus reducing wasteful ef-
fort.

The advantages of deferring profes-
sional development until teachers have
become comfortable with using com-
puters are threefold; viz.
e cost is reduced;

’

Digital technology is acknowledged
within Australian Taxation Law as
having a very short useful life. Alter-
natives to outright purchase exist for
schools wishing to provide their stu-
dents with access to information tech-
nology. These include lease and buy-
back agreements. The cost effective-
ness of these alternatives is yet to be
determined as is the efficiency of pur-
chasing extended warranties or main-
tenance contracts.

In 1991, the QSC budget allocation for

o the natural enthusiasm whi¢h accom- repair represented 15% of the total
panies computer competence can be hardware budget and this was in-
used to power the introduction of creased in absolute terms in 1992 to

computers into the classroom; and

20% as none of the machines in use in

o theprofessionaldevelopment program the project were covered Dy the

rapidly becomes self-generating.

7. EXAMINE CAREFULLY THE BUDGET-
ARY CONSIDERATIONS FOR THE
ACQUISITION, REPAIRS, AND UPGRAD-
ING OF EQUIPMENT.

Thecost of maintaining the QSC equip-
ment over the life of the project has
brought into stark contrast the need to
plan effectively for all of the costs (in-
cluding maintenanceaad replacement)
associated with the provision of class-
room technology. Ideally, this would
be a five year plan developed prior to
the commitment of school funds. The
QSC experience has been that at least
twenty percent of machines will re-
quire repair during a school year and
thateach repair will cost approximately
$400 - $500. Indeed, at the end of the
first year of the QSC Project in 1990,
approximately fifty out of sixty laptop
computers required keyboards to be
either repaired or replaced. When ques-
tioned whether or not this level of
repairs was the result of problems with
the product, Toshiba representatives
indicated that the failurerates of laptops
at sites other than the QSC was ap-
proximately 1-5% of machines. They
suggested thattherewasa need tostress
care of the machines by the children.
While the effective life of classroom
computers might be extended by con-
stant maintenance, care and repair, re-
alistically five years seems to represent
their economic life.

manufacturer’s warranty.

8. ESTABLISH APPROPRIATE ACCESS
TO TECHNICAL, CURRICULUM, FUNDING
AND PROFESSIONAL SUPPORT.

At the commencement of the QSC it
was thought that providing the tech-
nology and allowing teachers and stu-
dents to learn about it together would
prove to be an effective strategy for
introducing technology into the class-
room. Aftera very short period of time
early in the QSC Project, it became
obvious that teachers needed access to
arange of supportservices for thetech-
nology was, of itself, not an educa-
tional resource.

“Childrendonotlearn fromgood hard-
ware, software or courseware; they
learn from goal-directed intellectual
activities that good software affords
and invites and that good teachers en-
courage.” (Sheingold, 1987)

As a group, while teachers are gradu-
ally becoming mo:e interested in the
new technologies, they have shownan
enduring interestin providing thevery
best learning experiences for their stu-
dents. Thus, it is desirable that teach-
ers see techrology asa way of enhanc-
ing the quality of education. The pro-
vision of support services facilitates
this process and allows teachers to be-
gin integrating learning technology
into the classroom culture without hav-
ing to develop a deep understanding
of the technology past the user level.
Without the existence of support serv-

ices,adequatefunding, and resourcing,
learning technology can rapidly be-
come justanother imposition on teach-
ers or a subject to teach rather than a
catalyst for improving the teac*ing-
learning process.

9. NEW TECHNOLOGY CAN ASSIST IN
RETHINKING EDUCATION.

[t is now becoming obvious that infor-
mation technology which includes
personal computers, modems, CD-
ROM disk drives, digital scanners and
avastrange of softwarecan potentially
assist in the restructuring of schools
and the educative process itself. There
is evidence of economic, pedagogic and
sociological factors (Cerych, 1985, p.225)
operating for the introduction of tech-
nology into schools. The primary mo-
tive for the establishment of the QSC
was from a pedagogic orientation.
However, many students and parents
were found to assess the utility of in-
volvement in the project from the
perspective of economic advantage
through improved careerand employ-
ment prospects. Sociological pressurefor
using technology withinclassroomshas
emerged both in the QSC and in the
wider educational scene. Parents of
studentsin theQSC Project werefound
to have a largely deterministic view in
which they saw a ‘technological fu-
ture’ as being inevitable. Evidence of
sociological pressure in the wider edu-
cational setting can be gauged by the
number of parents who are enrolling
their children in schools where every
student is required to own her or his
own personal computer and the al-
mostexponentialgrowth of thenumber
of schools which are responding to
those forces.

Sachs, Russell, and Chataway (1990, p.
53) identify three main perspectives of
technology. Firstly, there is the per-
spective that technology is linear and
deterministicin thatsociety mustadapt.
The second perspective assumes that
technology is dependent on society.
The third perspective rejects both the
first and second perspectives and it
accommodates:

“the process of evolution and continual
selection from a spectrum of techno-
logical alternatives; the selecting cre-
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ates tension and leads to opportunities
for exploring and experimenting with
institutional and organising forms and
actions.” (Sachs, Russell, and
Chataway, 1990, p. 53)

We suggestan ongoing examination of
the issues which technology presents
for rethinking education will mostap-
propriately be addressed from within
this third ‘technochoice’ perspective
(Sachs, Russell, and Chataway, 1990, p.
53) in which a ‘middle-ground’ is as-
sumed between the first two perspec-
tives. For example, experience gained
from the QSC indicates that working
within technology-rich classroom en-
vironments, teachershaveinvestigated
not only how the technology might
facilitate more effective teaching and
learning within the context of the
present curriculum, but also they have
begun to explore the implications for
changing the curriculum. That is,
choices have been made by teachers
from within a framework of possible
technologicaland educational options.
Pedagogic changes have occurred in
the form of more collaborative, coop-
erative learning. There has been evi-
dence of shifts in the control of power
and thedistribution of knowledgefrom
the teachers as the sole authority and
controlier of theselection and pacing of
knowledge to a more shared, investi-
gative teaching and learning environ-
mentin which thecomputershavebeen
used as intellectual tools.

10. NEW TECHNOLOGY HAS IMPLICA-
TIONS FOR CLASSROOM ORGANISATION
AND MANAGEMENT.

A single computer in a classroom can
be the cause of a great deal of disrup-
tion to the smooth functioning of class-
room activities through printer noise,
and teacher or student distraction. The
challenges associated with organising
classrooms so that technology can be
effectively managed can beexpected as
technology becomes more common in
classrooms.

A number of successful strategies have
been utilised within the QSCand these
are incli:ded 3s starting points rather
than definitive solutions.

¢ Students were selected to become
class experts for a particular piece
of software or hardware. These
children were accessed by other
students as and when required.

¢ Shared technology resources
(scanners, modem, printers etc.)
were placed where they were vis-
ible from most points in the class-
room. This ensured that those
waiting to use a resource could
continue with another task while
they waited for “their turn’.

¢ A system of booking time to use
the CD-Rom and Scanner was ini~
tiated to ensure equitatle access.

 Copying files fromdisk todisk was
undertaken cooperativelyby stu-
dents rather than by the teacher.

¢ Students were responsible for
managing their own disks and
making backups of their data files.

¢ Significant blocks of time were al-
located to group work. This en-
sured thatthe students could work
uninterrupted on individual tasks
for significant periods of time.

11. COMPUTERS ARE INHERENTLY SUB
VERSIVE.

Within the QSC it was not uncommon
for the teacher to have a technological
problem or process explained to her/
him by an eleven or twelve year old
student. This could certainly.be seen
as a subversive role reversal and gives
a new meaning to the adage “By his
pupilsheistaught”. As students inter-
act with a personal intellectual techno-
logical tool, they repeatedly set their
own tasks, develop curricula which
they hope will enable them to success-
fullycomplete their task, evaluate their
progress towards their goal and re-
structure their work program. This
process is at the heart of the subver-
siveness of technology. At the com-
mencement of the QSC Project, consid-
erable discussion among teachers and
those involved in steering the project
considered the possibility that, as stu-
dents might be able to undertake and
complete their work more efficiently
and more independently through ac-
cess to personal computers, it would
be possible to remove teachers from
education altogether. However, the
Q5C experience has been that the fur-

ther students progressed, the morethey
required skilled teachers. In addition,
it was observed that the students need
teachers to ‘teach’ them in different

ways.

The QSC has rexftllected the need to be

aware of the e z::uce of the hidden

curriculumand ctureit. Students

working independently upon self se-

lected tasks and projects need the

teacher to actively facilitate the learn-

ing process through providing them

with:-

¢ knowledge of resources and how
they can be accessed,

¢ arange of problem solving
strategies, and

¢ ways of developing prerequisite
skills.

No longer is the teacher seen as the
definitive authority, the purveyor of
knowledge and the evaluator who de-
termines the worth of each pupil’s ef-
forts and yet this is the usual role de-
manded of the teacher by the hidden
curriculum within schools. The Q5C
has indicated the subversiveness of
technology for through this project it
has become obvious that technology
can enable changes in the relationship
between teachers and students to take
place.

12. SLOW TRAVEL ENSURES THE QUICK
EST JOURNEY

The process of bringing computersinto
the educational landscape and chang-
ing thelandscape 0 enable computers
to positively affect the quality of edu-
cation will be siow. Bork (1981) indi-
cated that he believed it would take
twenty-five years and at present we
have possibly another fifteen years
before we can expect widespread, fun-
damental changes to be achieved.
Change at the system and school level
need to occur but, more importantly,
the familiarity of teachers with the
technology needs to be developed.
Changes in classroom practice within
the QSC occurred after the teachers
themselves became competent users
of the technology and this might pos-
sibly be the first step in the journey of
the technology from the space race to
the classroom. Once teachers have
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started using computers as personal
tools to assist them outside the class-
room, a great deal will have been
achieved and the classroom/educa-
tional issues discussed in this paper
can then be considered by practition-
ers who have more realistic expecta-
tions. To attempt wholesale change in
education today is to court disaster for
the QSC represented an important but
small step in developing an apprecia-
tion of the contributior. that comput-
ers can play in education.

CONCLUSION

From our experiences through being
involved in the QSC, we firmly believe
that benefits are tobehad throughthe
useof the new and emerging technolo-
gies for promoting effective learning
and teaching in schools. For teachers,
computerscanbeused toenhancetheir
lesson planning, assessment, prepara-
tion of documents, as well as enhanc-
ing students’ learning experiences. The
new technologies are revolutionising
the management of the vast amount of
information which can be collected,
accessed, disseminated, and acted
upon. In this paper, teachers and ad-
ministrators have been provided with
cautionsand suggestionstoassist them
in managing and supporting learning
technology initiatives in their schools
through the presentation of twelve es-
sential ‘truths’.

We have argued that it is not merely
technological issues which must be
addressed. Itis important that all who
areinvolved in technology initiatives
need to recognise the importance of
people and the vital roles played by
individuals. Furthermore, we sug-
gested that the early development of
an educational rationale for the use of
the new technology is critical early,
and that it should occur through a
process which promotes ownership
of that rationale by the key partici-
pants. Moreover, planning needs to
include evaluation asan integral part
of the initiative. The introduction of
new technology into schools requires
risk-taking, and teachers require both
training and professional development
in the use of the new technology.

The program of acquisition of hard-
ware and software should follow and
complement rather than precede the
development of the educational ra-
tionale. Funding representsanongoing
and expensive concern and schools are
urged to consider carefully thebudget-
ary considerations for the acquisition,
repairs, and upgrading of equipment.
It was identified that teachers require
access to technical, currivulum, and
professional support. Further ‘truths’
related to the proposition thai new
technology can assist in rethinking
education, has implications for class-
room organisation and management,
and that computers are inherently
subversive. Finally, we suggestcd that
perhaps slow travel might ensure the
quickest journey for schools in their
efforts to integrate learning technol-

ogy-

What is clear is that taking up the
challenges presented by the new and
emerging technologies is not an easy
task. However, we believe that the
educational rewards are potentially
great for all who make conscious per-
sonaland professional decisions to take
up those challenges.
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BY JAY FORDER & MAL
SHINN,
Schoot of Law, Bond University
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This demonstration will
explore the use of multi-
media as an enhancement
to law lectures at Univer-
sity level. Computer-
assisted presentations can
be divided into four cat-
egories - those which
make use of: (1) text;

(2) line art and animation;
(3) sound; and (4) photo-
graphs and videos. It will
be suggested that each of
these media types have
their place; and that mas-
tering them forms a natural
progression so that they
can be learnt and used
incrementally.

The demonstration will
include examples typifying
how each can be used in
teaching law, as well as
brief explanations of how
the examples were created
using Microsoft
PowerPoint, MacroMind
Director, Adobe
Photoshop, Adobe Pre-
miere, and SoundEdit Pro
on a Macintosh.

USING MULTIMEDIA [N

LAW LECTURES

|
|
l|
|

|

INTRODUCTION

Most University lecturers can use an
overhead projector. Some are begin-
ning to use computer software to gen-
erateand presentoverhead slideshows.
Will lecturers soon be expected to go
one step further and use multimedia
presentations in lectures? It will be
suggested that this expectation is not
only unavoidable, but highly desirable.

The focus of this demonstration/ paper
will be on how easy it is to create a
multimedia presentation, and how the
skills needed can be learnt gradually
overa period of time. The skills will be
taken in four steps: using (1) text,
(2) simple line art and animation,
(3) sound,and (4) photographsand vid-
eos. Taken in the order mentioned, it
will be shown how each of these cat-
egories build on the skills already
learned in using the media in the previ-
ous category. This means that there is
a natural progression or path through
the maze of skills needed.

Although theexamples will show how
a multimedia presentation can supple-
ment lectures in law at a University
level, the skills, techniques and ideas
demonstrated will be equally useful in
any environment in which a presenta-
tion is tobe given to anumber of listen-
ers.

It will be assumed that there is no need
to investigate a detinition of “multime-
dia” - media inthis sense merely means
anagency of communication. Although
they might not be the ideal method of
instruction, it will also be assumed that
formal lectures at University level will
bea necessary partofteaching for many
years to come. It istherefore necessary
to make lectures as enjoyable and as
effective as possible. Using multime-
dia is merely one response to this need
- although it ought not to be the only
response.

USING TEXT

Most lecturers these days have their

lecture notes prepared in word

processable form (machine readable).

The first and most obvious point to be

made here is that it is very quick and

easy to copy this text into a presenta-

tion program. A little massaging the

text into shape will enable very effec-

tive slide shows. The advantages of

this form of presentation compared

with overhead projector transparen-

cies are as follows:

¢ itiseasy toadd bright colours and
bring vibrancy to youraudio-visual
aids

¢ the text can be changed quickly
and easily

¢ itis nolonger necessary to hide the
transparency and then uncover
each point as the presentation de-
velops-youcanadd toacomposite
slide as you begin talking about a
new point

¢ it is easy to use a different text
colour to highlight or emphasise
any particular point

A few tips might also be appropriate.
You will need to check that the equip-
ment works properly. There is noth-
ing worse than the embarrassment
caused when equipment fails - and it
has a habit of failing frequently urless
the most scrupulous checks are done.
Apart from checking that the text is
large enov.gh i» be seen from the back,
you will also need to confirm that the
colours you use can be seen clearly in
the delivery venue. Colours have a
horrible habit of appearing differently
in different venues!

Using a graphics presentation program
is very easy. We willdemonstrate how
one can create a typical text slide like
the one below (but in colour) within a
few minutes using Microsoft
PowerPoint.
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USING SIMPLEGRAPHICS AND ANIMATION
(@)  Simple graphics
Simplegraphicsorlineartcanbedrawn
or imported. If imported it is often
known as clip art, although this term
includesothergraphicssuchas scanned
photographs.

Drawing your own simple line art is
easy enough using a graphics presen-
tation program. For example when
discussing a legal case or a hypotheti-
cal example where someone has <>ne
something, one can depict the persons
graphically, even if it is only a stick
person. Your presentation software
will usually havesimple drawing tools,
such as squares, rectangles, ovals, and
circles. You can depict movement or
the passage of time with lines or ar-
TowS.

Importing clip artis equally easy, once
you are set up to do it. You need a
source of clip art first. You will also
need time to browse through it (or an
efficient indexing system) so you know
whatis available when you arelooking
for something. With most programs
operating in a graphical environment,
(suchasMacintosh and Windows), you
should be able to copy the item you
want and paste it where you want.

(b)  Animation

So far we have built screen presenta-
tions with text and simple graphics.
These are relatively easy to create. But
being static, they can be a little boring.
It would be nice to have some move-
ment.

Until recently, no graphics presenta-
tion program (that we were aware of)
was able to produce animation. We
understand that there are now some
software progranis capable of doing
this. Unfortunately we have not been
able to try any of them yet. We turned
to MacroMind Director (which has al-
waysbeen regarded as more than justa
graphics presentation program). Itisa
very powerful piece of software - capa-
bleof much morethananimation. Many
sophisticated interactive presentations
including video and sound have been
created with this program. Atthisstage
of our learning curve, we have only
scratched the surface.

MacroMind Director has two facilities
-Overviewand Studio. Ata very basic
level, both enable you to take items
such as text or graphics which you
have created with other programs,and
set up a sequence for them to be dis-
played on the screen. Overview is the
simpler facility. Ithas nodrawing tools
or features for editing images which
you have chosen to use. It does have
the ability to animate text (eg scroll
ontothe screen), and use different tran-
sitions (such as wipes and fades) from
one screen to the next. We willdemon-
stratea few of the moreuseful features.

Studio on the other hand is far more
complex. It has greater control over
each frame including the ability to
manipulate each one of several items
onthe “stage” during a particularframe.

Itcan handletwoseparate sound tracks,
as well as several video clips, and is
rich with features tor transitions and
animation. We will demonstrate a* 2
simple level the way in which Studio
can be used to create ananimated pres-
entation.

USING SOUND

Itisamazing what a difference a sound
track makes. The use of sound really
brings a presentation alive. One obvi-
ous tip - you need a library of sound
effects on which no royalties are pay-
able!

We will demonstrate the difference
between a presentation without and
one with a soundtrack. We will also
show how easy it is to edit and add
sound to a presentation using a pro-
gram like SoundEdit Pro.

USING PHOTQGRAPHS AND VIDEQ

The last part of the demonstration will
show how easy it is to include photo-
graphs and video clips in a presenta-
tion. We willbriefly show how onecan
use tools like Adobe Photoshep to zap-
ture and touch up photographs; like-
wise the use of Adobe Premiere to edit
video clipe; and how both types of im-
age can be incorporated into a
MacroMind Director presentation.
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Teacher Education Program
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So-called “authoring”
systems have existed for
many years, supposedly
to ailow teachers to pro-
duce meaningful software
to support their teaching
program, without actually
having to become pro-
grammers. Until the ad-
vent of the “hypermedia”
group of programs such
authoring tools saw little
popularity.

Today the classroom
teacher has access toa
wide range of hypermedia
authoring tools which
require no programming
skills beyond the use of
the computer itself. How
do these programs work,
and are they as truly ver-
satile as potential users
may be led to believe?

HYPERMEDIA
TECHNOLOGY AS A
CROSS CURRICULUM
TEACHER TOOL

This paper looks briefly at the history
of hypermedia tools, some of the re-
search into their effectiveness, and ex-
amines one model in detail, demon-
strating examples of its use across a
number of curriculum areas.

The paper also opens discussion on the
need to develop a style of presentation
of hypermedia planning, as traditional
flowcharting techniques used by con-
ventional programmers fall short of the
potential of hypermedia planning.

THE HISTORY

Hypermedia asa concept can be traced
back in fiction to the pulp science fic-
tion magazines of the 1940-1950 dec-
ades. It was common for the protago-
nists to use hand held sound/vision/
text/ retrieval devices, often ones which
doubled as a communications device.
Theimportant point to consider hereis
that this period was mostly BEFORE
the advent of the computer, and defi-
nitely before the professional world
considered the computer to beatool for
the masses (Aldis, 1964)

Essentially, the human conceptof what
a computer could be asked to do, in
terms of how it presented information,
was years ahead of the computer mas-
ters ideas, and decades ahead of the
technology itself.

By the 1960s some computer users, such
asSutherland (1965) werebeginning to
think that the computer could be more
interactive, while developers outside
the computer sphere were looking to-
wards multimedia tools for training

{Rheingold, 1991). Aircraft simu}ators,
for example, tried to present the user
with a visual/ kinetic/sound version
of what was happening, while realistic
controls caused real-time effects on the
simulation. It was quite clear to these
occupational trainers thatreality based
training was more effective than other
forms which isolated the student from
the activity, or which limited the sen-
sory impact of the session.

One early attempt to produce an inter-
face between the author and the com-
puter was PILOT, which worked on 8-
bit machines and appeared on varivus
platforms. Although specifically in-
tended to take the drudgery out of pro-
gramming the weakness of PILOT was
that the user still had to learn a large
range of code-specific instructions, for
example, prefacing with a code letter
and colon- G: FirstPicture; S: this is a
statement; and so on.

With the advent of powerful micro-
computer technology theability to both
simplify the interface and increase the
responserate of the equipmen t meant
thatsingular use of a keyboard or other
delayed reaction interface was not nec-
essary. Users could respond almost as
quickly as the thought was formed,
and the computer could do likewise.
Mice, tracker-balls, touch-screens and
light-pensadded a new meatrting to the
term “user interface”,

Around 1985 Apple started bundling a
program called “Hypercard” withtheir
Macintosh cor iputer. Hypercard wasa
new concept in user controlled soft-
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ware, because it allowed the user to
create “stacks”, or individual screens,
of information which could be linked
inavariety of waysdefined by the user.
A Hypercard stack was very easy to
create, with so few instructions neces-
sary that pre-school and infants chil-
dren could quickly master the ability
(Chopping, 1989).

Hypercard opened the way for a huge
amount of material t~ be quickly cre-
ated by educators who ha¢ “een frus-
trated by either theirown limitations as
programmers, or the lack of true edu-
cational value in material prepared by
‘real’ programmers.

Since the original release of Hypercard
many things have happened, in par-
ticular the adoption of thestyletoother
computer platforms, notably MS-DOS
and RISCOS, as well as areversal of the
earlier Apple policy of supplying
Hypercard free. Apple now appears to
have a policy of supplying only a lim-
ited versionof Hypercard,and of charg-
ing for it. This has implications for the
dissemination of hypermedia materi-
als on all platforms.

Effectiveness of Hypermedia Systems
There is very little research in this area
to draw from.

Blackstock & Miller (1932) examined
how childrens’ symbol manipulation
was affected using hypermedia as well
as other edge technologies, compared
with traditional systems. In 1991 the
Council for Exceptional Children
(Washington) produced the Trainer’s
Resource Guide, whichincluded a sec-
tion for teachers on the design and
evavuation of authoring courses, DTP,
hypermedia, and interactive videodisc.
This was actually a comprehensive
work which is unfortunately hard to
come by.

Figure 1attempts to dis-
play a hypermedia stack
diagrammatically. The
main components of a
screen are shown, as are

s et bt

Peges orscreensin e "tiack”

Also in 1991 McBride & Wilson pro-
duced a monograph on the Multime-
dia Technology Seminar held in
Wahington that year. Papers presented
dealt with, among otheritems, the role
of learning theory in the development
and application of multimedia tech-
nologies in special education. Indeed,
throughout 1991 Special Education
seems to havebeena focus of activity in
hypermedia design in the U.S.

James Spector (1992) with others pre-
sented a paper innocently entitled “In-
telligent Frameworks for Instructionzai
Design” to the Annual Conference of
the American Educational Research
Association in April, 1992. It will be
interesting, tosay theleast, to see what
comes of this work, as it deals with the
use of Artificial Intelligence to assist
designers wholackexpertisein thearea
of instructional design, with the image
of the computer helping and guidirig
teacherstodesign theirresources, learn-
ing as it goes the styles of particular
teachers and modifying its designs ac-
cordingly!

Finally, Fitgerald (1992), and others

have worked on the developmentofa

seven-step systematic instructionalde-
sign and development model involv-
ing preplanning, designing, authoring,
testing, and revising the courseware.
The aim of the article was to provide
classroom practitioners with the basic
information to use hypermedia to de-
velop CAI programs with a cross-cur-
ricula flavour.

Ioportad raphic
Tromspresd batad

Tut e

THE WORKINGS OF HYPERMEDIA

Itis not intended here to go into a deep
training session on how to use a
hypermedia prcgram. At this pointaall
that is necessary is to examine the gen-
eral concepts involved in the creation
and working of a “stack” or “binder”.

Hypermedia have these features:

1. An authoring too} creates a stand
alone runfile.

2. The runfile, often called a “stack”
or “binder”, is a series of screens
which can be linked flexibly.

3. User definable “buttons” can be
piaced onto each screen to allow
freemovement from one totheother
with a click, press, or an automatic
event.

4. Ascreencancontainany numberof
“frames” which contain informa-
tion in one form or another.

5. Aframe may beanycombinationof
text, graphic, sound, music, or
video. Often selected contents of a
frame may be removed from the
stack and used separately.

6. Frames may be hidden on the
screen, only to be revealed on a
button press/mouse click, or con-
versely, be visible and then hidden
on a button press/mouse click.

7. Programming skills are not neces-
sary, but there is often a “scripting
language” which can be accessed if
desired.

o buck
the links between that ot
screen and others in the .
stack. Figure 1.
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It is the feature of linking, and the ease
with which it can be carried out, that
makes hypermedia a versatile tool for
the teacher.

I, for example, a teacher wants to cre-
ate an individual learning module on
the parts of a butterfly, it could bedone
in just five simple steps:

1. Createtheinitialbourdersimplyby
naming it and saving the “blank”,
or empty. (From now on as each
new screen is created the program
will automatically save the previ-
ousone.

2. Importany graphics, which may be
drawn, painted, or digitized in
(Most hypermedia systems have
built in drawing tools).

3. Write, or import, the appropriate
text.

4. Decide on what links this screen
will have with others- for example,
clicking on the head may change
screens to a greater detail view of
the head, or clicking on a picture of
anegg, orthewords “"LIFECYCLE",
may move to a series of screens
dealing with that subject.

5. Place the appropriate “buttons” in
place, setting thern tc the correct
locations, and setting them aseither
visible or invisible. Add hidden
frames and key them to the area to
be clicked to reveal or hide them.

Thus a single screen can be created
with very little training. [t has been the
experience of the author that trainee
teachers of English, most with no prior
useof thecomputeratall, canbe enthu-
siastically creating simplelinked pages
after a single group “walkthrough” of
the above procedure in less than thirty
minutes.

The hypermedia program “Magpie”,
by Longman Logotron, is designed for
use on the Acorn Archimedes series of
computers. It is strongly representa-
tive of the genre, and is actually in-
tended for use specifically by school
students. Experience has shown, how-
ever, that many teachers are confident
enough to use the program to create
their own support materials. What fol-
lows is a brief look at some of the cur-

riculum areas and how hypermedia,
and Magpie in particular, may be ap-
plied:

ENGLISH

1. Creating multiple path stories with
complex path possibilities.
Students can set up any number of
alternatives oneach screen, selected
by clicking on the box (Figure 2)

2. Creating Annotated Books

A selected work by an author is
written onto the screen. Key words
are then indicated in some way,
and either hidden text blocks or
page links are attached to them.
This provides detailed support for
the reader, to be used only if the
need arises (Figure 3).

Itisalsoeasy toappend aquick quizon
any aspects of the work.

down into the cellar.

You are outside the door of an old, abandoned shack.
The door is shut and the windows are boarded up.
There is a chimney and a grate for dropping coal

Would you like to try to enter the shack?

Open the door

Lift the grate

Go through a window

Go away from the house

Climb down the chimney

Figure 2.

I Qﬁ"“t‘ N T N I S o )
.

How MacDougal Topped The Score

A peaceful spot is Pipers Flat,
The folks that live around,
They keep themselves by keepi ?I,‘(l.’qp;f(')‘u‘- . O
And digging up the ground. ‘ fo keep weeds away
They dig and sow and harrow, T

Then sit back and pray for rain- !

And then it comes and floods themout
And they have to start again!

| But the folk are now rejoicing

i
!
{
{

NE'ER As they ne'er rejoiced before
_means "never” | For they played Molonglo cricket- l
And MacDougal topped the score!

oy

4
IRy 5L TG 8 e

Figure 3.
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SCIENCE

1.

Active Diagrams

The correct setting up procedure
for different apparatus can be
shown, with a “What's Missing?”
choicetobemade. The screen might
explain, verbally, what is right or
wrong about the choice made by
the student (Figure 4).

This could equally be the point of a
safety quiz for equipment usage.

Simulations of chemical experi-
ments can be set up, allowing the
student to makechoicesratherthan
follow through by rote. In this
fashion, students can learn from
their mistakes and live to try again.
The provision of activities of this
kind is an easy way to ensure that
students really know what their
choices are before the necessity of
dealing with potentially hazardous
chemicals (Figure 5).

HISTORY / GEOGRAPHY / HUMAN
SOCIETY

L. Interactive Maps (Figure 6)

Maps which give extra detail at the
touch of a button, or which scroll
through events as a carousel.

Maps which pronounce place names.

Maps which guide the user from place
to place through time and space.

Visual/Audio databases whichinclude
sound samples of people talking- local
history, socialchange, customs, accents.

Thesedatabases canbeset upinahighly
visual way, helping to increase motiva-
tion on he part of the student.

Which equipment needs to be used to boil
the water in the test tube?

Figure 7 shows a screen from a mari-
time datapase set up as a time line
which can be randomly accessed or
searched on a keyword free text basis.

It is possible to go on with more and
more examples of the easy application
of hypermedia to various curriculum
areas. Therole of the medium in LOTE,
ESL and the various technology class-
roomns (Food Science, Industrial Arts,
etc) has not been considered here, for
example.

We have an unidentified liquid in the test tube.

| It sppears slightiy oily.

Which powder could we add 10 it a3 » first sttempt
i to [dentily the liquid?

. <> Ma
! s S
@y m

+ Adding Pb to the liquid causes much bubbling and s clear,
odouriess gas to be given off,

What would you like to do to the gas?

@ Ignite it

Litmus

N Test it

Which of these maps shows Australia during an Interglacial Epoch?

Figure 5.

Figure 6.
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Animportantadvantageof specifically
designed hypermedia applications is
that they can be tailored not just to
different learning areas, but also to dif-
ferentlearning styles- theneeds of Non
English Speaking Background, Abo-
riginal education ( a very iconic and
graphic area), girls and Special Educa-
tion students can be dealt with on an
almostindividualbasis, once thetarget
group is identified, and assuming that
the most effective strategies for the
group are understood in terms of com-

puter support.

TOWARDS A HYPERMEDIA CHARTING
SYSTEM

There exist a variety of forward plan-
ning or charting systems which allow
us to design systems for various con-
tingencies. STORYBOARDING is a
term used in the video and graphic
media to indicate plot development,
potential “shoots”, etc. In computing,
the triumvirate of STRUCTURED
ENGLISH, FLOWCHARTING and
PSEUDOCODE define the nature of a
program.

Press C'1ri-5S to
search any part
of the time line

Structured Englishisthelanguagestyle
of expressing what is to happen in a
given piece of program. A flowchart is
themore contrived method of bridging
the gap between pseudocode and the
actual program code. The problem
shared by both is that, having at their
back some of the older methods of cod-
ing, derived mostly from the 1960’s
and 1970’s, they are very LINEAR in
nature, a problem they share with
storyboarding.

Hypermedia ishoweverdecidedly non-
linear, allowing jumpingaround in vir-
tually any order, whichmeanstheabove
systems can become hopelessly
crowded and entangied as a resuit.

While it could be argued that as
Hypermedia are more intuitive than
traditional programming languages it
is not really necessary to “chart”
progress at all, it quickly becomes ap-
parent that any attempt to design an
application of more than a dozen or so
screens is asking for hopeless confu-
sion.

Figure7.

The author has in fact now designed
several applications with page num-
bers into the hundreds, and has had
time to dwell on the problems of deal-
ing with such sizes. Thereislittledoubt
that some sort of clear progression, ex-
isting outside the designers head, is
necessary if the practises of good in-
structional design are to be followed.
With this in mind it is necessary to
consider any comprenensive stack or
binder in the following manner:

1. Map out the broad areas to bedealt
withinthestack. Dothisinasvisual
amanner as necessary,onaslargea
piece of paper as necessary. Allow
plenty of clbow room- usethefloor!

2. Examine specific areas of your
“map” in more detail. Thes may
form the nucleus of modular sec-
tions of the final application.

3. Note down the type and style of
each screen ina section- willit have
sound, video or graphics? “Plot”
these on the map.

4. Getanotepad,about ASinsize,and
think of each page as a screen from
your proposed application. Either
inreality,or informally, divide each
page up something like this:
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(38)

f \TEXT
(16) To the west you can

) N
e S
< <] |
>< SOUND VIDEO ><
N/ N

see something floating
It appears to be 2 boat

telescope —]

P\

(40) Will you investigate?
a7) It might south \
¢

go back
north \

S

~NERNOF

HT Natives of Timor
Area who fish for
sea slug / \\
storm 40
sea gull stormy waves
(8 secs)
16
\ / SOUND VIDEO \ /
Once a series of screens have been set  CONCLUSION Figure 8.

up in map or “story board” fashion,
you can begin to get some idea of
whetherthe conceptis coming together
or not. Several problems which often
surface in large works are:

Pages with no links at all.
Redundant buttons/iinks
Links to the wrong pages.
Duplicate pages.

By “mapping” out the ideas firstin this
fashion much searching and redesign
canbeavoidedlater.Once somescreens
have been made in the program it is
often possible to print them out indi-
vidually, and these screen dumps can
then replace the story-cards on your
map. )

Itis apparent that many educators are
beginning to see the potential for
hypermedia as a design tool for class-
room applications in a way which has
hitherto failed. If these teachers and
students are to design educationally
valid material that is any better than
some of the original poorly planned
software which it has taken years to
weed out of our classrooms, we need to
consider carefully just how to design
hypermedia applications. Only by be-
ing able to carefully examine the struc-
ture of these applications can we look
at the educational imperatives, rather
than be dazzled by the sound & light
show of an apparently polished, but
educationaily unsound, final product.

The circles down the sides
of the card indicate screens
that this card " ks TO. Itis
possible to place numbers
to indicate links FROM by
putting such numbers in
brackets. An arrow from a
circle into one of the boxes
can indicate that that link is
abuttonoverthatparticular
item. Belows is a card filled
out to give an indication of
howthe system mightwork:

The layout is fairly self ex-
planatory. Note that two
differentgraphicslink tothe
same page (40), that one
button is actually over the
word “Makassan” in the
text, ready to show up the
hidden text in the box if
called for, and that thereare
links back to several other
screens- some in fact are re-
ciprocal links as can be seen
from the numbers (eg there
is a button on 16 which will
bring youto 39, and thereis

Now is the time to make sure that this
happens. The tool, hypermedia, exists
and is easy to control. Wha is still tobe
defined is the mtehod by which this
tool can be effectively used. History
has shown us that classroom teachers
want to share in the Gesign process,
and that the software industry is not
necessarily the best palce for concept
development and design to take place.

No doubt there are many who can look
atthis mappingconcept and find prob-
lems with it, and that s fine. The point
of the exercise has been to try to over-
comethelimitations of more traditional
planning methods which just fail to
meettheneeds of hypermedia systems.

100
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If the above approach can be refined or
improved upon, or eventhrownout for
something better, so be it. The impor-
tant point to remember is that it may be
only a matter of time beforehypermedia
displace more conventional program-
ming languages as the tool of choice for
both teachers and students, and if this
does occur than the ability to work with
students, or colleagues, in the rational
and efficient design of materials will
only be made harder if no common
ground for planning can be put into
place.
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Lecturerin Information Systems at Edith Cowan
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ERRR

This paper outlines some
research which is being
undertaken by the author
into a computer system o
execute and animate proc-
ess models of information
systems., It briefly de-
scribes what the term

THE EXECUTION AND
ANIMATION OF
DATAFLOW DIAGRAMS
AS A COMPUTER AID
TO LEARNING PROCESS

MODELLING

“process modelling” means

in the context of informa-
tion systems and outlines
some of the difficulties
students have with the
current approach to learn-
ing this systems analysis
technique. An architecture
for the new computer sys-
tem is described together
with details of a new com-
puter language for sfecify-
ing the behaviour of low
level processes. The way in
which it is envisaged that a
student would interact with
the system is also outlined.

'
|
t

INTRODUCTION

Systems Analysis is taught as a dis-
crete unit within many Information
Systems courses within educational
institutions. At Edith Cowan Univer-
sity (ECU) the analysis phases of a
conventional systems development
lifecycle are taught together with the
various techniques used by systems
analysts toachieve the final product of
analysis:a requirements specification.
Such a specification includes models,
both process and data, of the new sys-
tem required by its users.

As part of the unit, students at ECU
develop models for given problems
making use of CASE {computer as-
sisted software engineering) tools to
document their models. These models
are then checked by tutors in order to
assess their degree of correctness. An
example of part of such a processmodel
for the Sales and Accounting system
of “Delicious Dishes”, an organiza-
tion which produces pre-packaged
food dishes, is shown laterin figures 1
and 2.

Themain problem for tutorsis that the
models are staticand difficult tocheck,
CASE tools performing only a limited
amount of consistency checking of the
models. Also, of course, the static na-
ture of the models does not aid stu-
dent understanding of whether the
models would behave correctly if im-
plemented on a computer system.

This paper will describe some research
work which is being carried out as part
of a doctorate programme at the Uni-
versity of Western Australia (UWA). A
software system is being produced to
attempt to overcome the problems
above by allowing the process models
produced by students to be executed
and animated, the models during such
execution then being dynamic models
of information systems. It is envisaged
that the ability to be able to "trace
through” a process model and inspect
its behaviour will enhance student un-
derstanding of both the technique of
process modelling and the ways in
whicb information systems operate.

WHAT IS PROCESS MODELLING?

Process modelling is the modelling of
the main functions of an information
system by the production of a set of
dataflow diagrams (DFDs) together
with information stored within a data
dictionary.

A DFDis madeup of four basic compo-
nents:

o External cntities or agents (also
known as data sources or sinks).

¢ Processesortransformations which
transform inputs into outputs.

» Datastores which are repositories
of data.

o Dataflows which are pipes joining
theaboveobjectsand whichindicate
the flow of data 'tween objects.

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

115

103



O

ERIC

Aruitoxt provided by Eic:

An example of a DFD for the Sales and
Accounting system of “Delicious
Dishes” is shown in figure 1.

Thediagram in figure 1 is obviously at
ahighlevelof abstraction. Such a proc-
ess can be exploded in a lower level
diagram to reveal more detail, the
processes in the lower level diagram
then being further exploded. Hence a

hierarchical set of DFDs eventuates.
Figure 2 shows the explosion of the
Sales and Accounts process of figure 1.
The processes of the lowest level DFDs
aredescribed in the data dictionary in
natural language, structured English
orsometimesbydecision tables or trees.
They areknown as primitive processes
or mini specifications.

STRUCTURE OF THE SYSTEM

Inorder to execute and animate a proc-
ess model, a model needs tobedefined
more rigourously than would usually
be the case with a conventional CASE
tool. Research hasbeen carried outinto
executable DFDs, examples being
(Pacini and Turini, 1987), (Docker,
1988), (Fuggetta et al, 1988), (Lea and

External Entity Process Datafiow
| \ /
" ¥ v
Delivery
Order= " 0 [~ Details
Customer Delicious Dish ..
Payment—9 Dishes: Details Kitchen
Sales and
j¢———— Statements——— Accounts ¢——Returned ey
etc Dish Details
Reports
Management
Figure 1
Datastore
~
~
Customer b Customer
Sales & Accounts
Data /
3
Payment T
Credit
y
Order. 1 > .
Order
Sales Order Sales L Statement~+
Acknowledgement Processing Accounting
L- Rejected Order——r LT Tavoice——_d
Reports
Delivery
Details Management
Kitchen ——Dish Details
e R eturned Dis h——
Details

Figure 2
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Chung, 1990). The researchers’ inter-
ests have not been in using executable
DFDs as a teaching vehicle, but of at-
tempting to execute specifications di-
rectly. This has involved introducing
more formality into the specification
process by increasing the set of objects
used in diagrams to allow the specifi-
cation of control of the processing (i.e.
soitcanbedetermined just when proc-
esses can execute) and the specification
of primitive processes in more detail,
generally with functional languages.

[t was decided notto utiliseeither of the
above in the new teaching system as it
was thought more appropriate to try to
reflect as closely as possible the prac-
tice used within the commercial IS
world. It has therefore been necessary
to define a language suitable for speci-
fying the primitive processes in a
straight forward manner and it is en-
visaged that the control of the execu-
tion of the processes of a model will be
under user control, thereby allowing
theuser to “explore” the model soas to
aid his or her understanding.

The process model to be executed is
created by the user (tutor or student) as
shown in figure 3.

As can be seen, the diagrams are pro-
duced using a graphics editor which
will be similar to those used within
CASE tools, primitive processes are
defined via a structured text editor,
and further «etails of the model are
stored in a set of Oracle tables via an
Oracle RDBMS (relational database
management system).

Executable
Dynamic
Graphics Model
Editor
Diagrams
Structured
—————— 9 Text Data Dictionary—
Editor -
Primitive
processes in
Structured
Oracle language
RDBMS
Rest of Data
r’ Dictionary
Figure 3
Ordered Dish
223p
Management
Order Header ————— Generate _Thmughput___’ ®
Throughput Report
Report
3
Delivery Header
Figure 4
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Inorder to allow execution of the proc-
ess model, the primitive process speci-
fications need to be compiled into ex-
ecutable code, a runtime system then
executing and animating this code.

THE LANGUAGE FOR DEFINING PROC-
ESSES

Alanguage has been defined for speci-
fying the primitive processes, the ease
of use of the language by students be-
ing of paramount importance in its
design. The input and output data to

and from the individual processes are
provided via the dataflows. It should
be noted that the structure of all
datafiowsand datastores will havebeen
defined inthedatadictionary and hence
the attributes (fields) will be “known”
during the compilation of a process.
The best way togainan understanding
of some of the language features is by
way of an example. A fragment of a
low level DFD from the “Delicious
Dishes” process model is shown in fig-
ure 4 and will be considered.

The data dictionary entries are as foi-
lows:

Each data element or structure in the
above would also be defined in the
data dictionary so its data type would
be known to the process to be defined.
Process 2.2.3pinthediagramis a primi-
tive and is described below. Note that
line numbers have been used to helpin
the explanation and are not used in the
real system.

order_header

ordered _dish delivery_header

throughput_report

order_number &
customer_number &
date_of_order
quantity_ordered &
ordered_dish_status
&

delivery_number &
invoice_number &
(contract_number)

order_number &
dish reference &
dish_description &
customer address &
(delivery_address)

delivery date &

delivery_number & |date &

customer_number &|

average_time

*Tor an order closure, all the ordered dishes on the order must have

* been delivered. The last ordered dish delivered for an order will indicate the
* order closure date. This is date is stored in the delivery header.

* To determine the average time for the processing of orders: }

1 set TOTAL_TIME to0

2 set NUMBER_OF_ORDERS to 0

3 join order_header table, ordered dish table giving FULL ORDER LINE table
4 for each tuple in FULL_ORDER_LIN'; table do

5 on first FULL_ORDER_LINE tuple for this order_number do

6 set ORDER_CLOS™.0O to TRUE

7 end on

8 if ordered _dish_status <> “delivered” then

9 set ORDER _CLOSED to FALSE

10 end if

1 on last FULL_ORDER_LINE tuple for this order_number do

12 if ORDER_CLOSED then

13 read delivery_header table

14 s2t TOTAL_TIMEto TOTAL_TIME +

15 (delivery date - date_of_order)

16 set NUMBER OF ORDERS to NUMBER_OF _ORDERS + 1
17 end if

18 end on

19 end for

20 set average_time to TOTAL TIME / NUMBER _OF ORDERS

21 send throughput report dataflow
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Points to note about the above include:

Details of the data structures in the dataflows are all stored in the Oracle data dictionary and hence the names of
attributes are available in the body of the process. An example of such an attribute is “ordered_dish_status” (line
8) which belongs to the “ordered dish” table or datastore.

Variables are not explicitly declared as in many languages.

Local identifiers are in upper case and their types are determined when they are first referenced (for example
“TOTAL_TIME " inline 1).

Dataflow and table identifiers are in lower case (for example “order_header” in line 1).

Assignment takes place Via “set” statements (see line 20 for an example).

Jtisassumed that theunderlying data model is relational and therefore commands such as “join” are available. The
“join” command combines two or more tables into a view and in the case of this language, a temporary table is
created for further manipulation during the processing. Efficiency is not a major consideration here as the main
concern is that of enhancing student understanding. The join takes place over table attributes with a common name
and similar structures (order_number in this example in line 3) in the tables to be joined and hence is not made

explicit.
The “for” statement allows each tuple (row) in a table to be manipulated (see line 4).
. The “on” statement is used to simplify control break processing (see line 5 for an example).
. The “send” statement is used to release an instance of a dataflow. In this case the flow is “throughput report” and

its attributes have been set during process execution (see line 21).

There are many other features to the language, the above simply indicates something of its flavour.

HOW THE SYSTEM WILL BE USED IN
TEACHING

One of the aims of structured systems
analysis is to produce a logical model
of aninformation system required by a
user. This model is devoid of all physi-
cal attributes such as the the input /
output media and the media in which
data will be stored. The data is fully
normalised, each entity type such as
customer, employee, being stored in a
datastore. Thereare noredundantdata
in such a model and processes such as
the routing of data are removed as they
are unnecessary. Such a logical model
is sometimes termed the “essence” of
the system. Models of this type will be
executed and animated by the new
system.

It is normal at ECU to require stud-nts
to producesuchlogical models, having
been given various informations sys-
tems scenarios. An example of a sce-
nario is a description of an existing
flight booking system together with all
the problems and requirements of the
current users. It is envisaged that part
of the required logical model, which is
the solution, would have already been
produced by the lecturer or tutor de-
pending on which aspect of process
modelling was being emphasised. For
example, part of the data dictionary,
data flow diagrams, primitive proc-
esses and test data may have been pro-
duced. Students would then complete
themodelling processand execute their
models at various points to check their
specifications.

The expected form of model execution
willbediscussed with respect to figure
5. Initially execution cannot take place
until an occurrence of DF1 (dataflow
1), for example an order, coming from
EE1 (external entity 1), for example a
customer, is instigated. (Note that ex-
ecution of other processes within P1
might in fact be able to take place if
their execution is independent of any
inputdata). A studententers somedata
in order to instigate DF1, this data en-
try being through a Hypercard inter-
face to Oracle. DF1 is then “seen to
flow” to process P1 which flashes indi-
cating that a process within it can ex-
ecute.

EEL

P1

DF3

| F

pe—=DF2=—— EE2

Figure 5
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The student then “opens up” P1 to
reveal the lower level DFD of figure 6.

Process P1.1p is now able to execute
due to the presence of DF1. This is a
primitive process (indicated by the
lowercase “p”) and hence is described
in the new structured language. Open-
ing up P’1.1p will reveal thedescription
of the process in this language and it
will now execute, the student being
able to step through the process and
inspect the data within the system at
any point. As can be seen, at some
point there may be be access to DS1
(datastore 1). This will already have
been populated with sometest data by
the tutor or student and is in practice
anQOracletable. Aninstanceof DF4 will
eventually be produced enabling P1.2p
to execute. The student would have a
choice now, whether to instigate an-
othertransaction by providing another
instanceof DF1and re-executing P1.1p,
or whether to follow through the first
transaction by investigating the
processing of P1.2p.

There can of course be many processes
available to a student to execute and
the choice can be his or hers or left to
the runtime system. Some processes
willbe able to execute without an input
dataflow from another process. An ex-
ample would be the production of an
invoice or invoices triggered by some
point in time.

Itis hoped that the ability to animate a
process model in this way will enhance
student understanding of the informa-
tion system which is being specified.

CURRENT PROGRESS

The compiler is currently being writ-
ton, target hardware being the Macin-
tosh computer range. Students will be
using the new language in the Systems
Analysis unit this semester (semester
1, 1993) but will only be able to carry
out syntax checking on the processes
which they develop.

CONCLUSION

The learning of process modelling by
students is currently carried out by
students attempting to model many
typical information system scenarios
and then obtaining feedback on those
attempts from tutors. The static nature
of themodels makes itdifficult forboth
students and tutors to determine if
models produced accurately reflect the
real world situations. This paper has
outlined research which is currently
being undertaken to provide a compu-
ter system which will execute and ani-
mate such models so as to increase
student understanding of particular
information systems and to help in the
determination of the “correctness” of a
solution.

The underlying model of data storage
is relational being based on Oracleand
to this end the system shouid also help
student understanding of relational
database concepts.
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We introduce a new com-
puter package - “Noddy” -
which is particularly useful
for the education of tertiary
students studying struc-
tural geology and geophys-
ics. Its use in the upper
years of secondary school
has the potential for inter-
esting a whole new genera-
tion of students in careers
in the Earth Sciences.

We present a technique for
the integrated forward
modelling of the structure
and geophysical response
of multiply deformed ter-
rains. This technique allows
information collected by
field geologists and geo-
physicist to be reconciled
by the development of a
simplified structural history
of the area.

The accuracy of this history can be
gauged by comparing the model
predictions with the dual constraints
provided by the measured structural
and geophysical data. This approach
points to a new methodology for the
reconstruction of the earth’s crust,
and has potential as a tool for both
training and research.

INTRODUCTION

Airborne magnetic and gravity sur-
veys havebecomeincreasingly impor-
tant contributors to the development
of structural modelsin poorly exposed
or complex te.rains (Isles et al 1988,
Leaman 1991, Whiting 1986). In explo-
ration and much of global geophysics,
as in structural mapping, the primary
goal is the determination of the three
dimensional geometry of theearth. In-
ferences with respect to kinematicsand
dynamics can then be made, however
it is the geometry which we must first
correctly establish. Given the everim-
proving spatial resolution of gravity
and magnetic surveys, which can now
resolvequite narrowlithological units,
itis perhaps surprising how few tools
are available to interpret the observed
structural and geophysical data in
integrated fashion.

The purpose of this paper is to outline
the principles of an integrated system
for the reconciliation of gravity, mag-
netic and structural data sets, and to
giveexamplesasto howanimplemen-
tation of this system based on struc-
tural and geophysical forward model-
ling can be used in the classroom.

THE DESCRIPTION OF THE THREE
DIMENSIONAL STRUCTURE OF THE
EARTH

One of the major stumbling blocks in
theinterpretation of regional geophysi-
cal data sets seems to be the descriptive
language of most modelling packages.
Seismic studies by their very nature
emphasise the layering in rocks, how-
ever the typical approach to gravity
and magnetic modelling has been to
model the isolated anomalies associ-
ated withregular geometricsolids, such
as a buried sphere or a dipping prism
(Telford et al. 1990). The difficulty of
constructing realistic geometric mod-
elsin three dimensions restricts the rel-
evance to structural geologists of the
geophysical modelling thatfollows. The
languageof structural geologists recog-
nises the inherent layering found
through much of the earth’s crust, and
often describes the observed structures
in terms of the geometry of deforma-
tion which effects this layering (Tipper
1992), such as fold geometries. Itis clear
that gravity and magnetic data should
beofinterestto the structural geologist,
since structural data is normally lim-
ited to surfaceobservationsand in many
regions the outcrop is sparse, whereas
the geophysicist measures anomalies
which are the response of a solid vol-
ume of rock, and thus can potentially
recover information about this volume.

We believe that by using a structural
geologist’s descriptive language to im-
plement a geophysical forward model-
ling scheme ("'structural geophysics ?),
we can develop a system whereby the
constraints on the three dimensional
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structure naturally incorporate both
structural and geophysical data, and
thus should be of interest to anyone
whose primary goal is an understand-
ing of the geometry of theearth’s crust.

THE INTEGRATED MODELLING OF
STRUCTURE AND GEOPHYSICS
Inorderto demonstrate the potential of
using integrated structural and geo-
physical constraints to reconstruct the
threedimensionalgeometry of theearth
wehavedeveloped the Noddy forward
modelling computer package that al-
lows the user to define the structure in
terms of a simplified geological his-
tory. This history can bebased onanya
priori information available to the ge-
ologist, and is likely to include struc-
tural information, such as outcrop pat-
terns, and the orientation of bedding,
and geophysical information such as
the measured magnetic susceptibility
of rocks in the area, and the observed
gravityand magneticanomaly patterns.
Once the history has been specified the
software allows the geologist to verify
the accuracy of the history by compar-
ing the resulting structural and geo-
pFsical predictions withthe measured
data.

The starting point for modelling is a
layer cake stratigraphy, for which the
heights of the stratigraphic contacts are
defined, together with the densitiesand
magnetic susceptibilities of each unit.
The structural history is then devel-
oped from a set of “events”, namely
folding, faulting, unconformities, shear
zones, dykes, igneous plugs, tilts, ho-
mogeneous strains, penetrative cleav-
ages and penetrative lineations. Each
of these events can be defined in terms
four classes of properties: their shape,
position, orientation and scale. These
aredefinitions in a formthat any struc-
tural geologist would understand. Al-
thoughindividual structuraleventscan
be extremely simple it is a salutary les-
son in itself to observe the complexity
of the geometries that quickly develop
as two or three events arc superim-
posed on one another.

The numerical basis forthe calculation
of the interaction of these structures
rclies on the Eulerian description of

these events in terms of a set of dis-
placement equations, as developed in
Jessell 1981. Similar approaches have
alsobeen used by Theissen 1980, Perrin
etai 1992.in the program “Geostudies”
A major strength of Noddy is the simi-
larity between the types of data col-
lected in the field and the predictions
which result from the combination of
these displacement equations. Thus
predictions are made as to the outcrop
patterns and bedding, cleavage and
lineation orientation data, either for a
flat land surface, or for a specific topog-
raphy provided by the geologist. In
addition, what would normally be in-
terpretative figures such as block dia-
grams, sections and bedding surfaces
can be easily calculated.

Thecalculation of the gravity and mag-
netic anomalies is based on an imple-
mentation of Hjelt’s dipping prism so-
lution(Hjelt 1972,1974). The geological
volume of interest in divided up into
small cubes (“roxels”?), and the geol-
ogy of each cube is assumed to be the
geology of thecentral pointin thecube.
The surface response at a given loca-
tion is then calculated by combining
the responses of each cube in turn,
within athreshold distance of thatloca-
tion. The first constraint on the plausi-
bility of a given geological history isits
ability to account for the outerep pat-
terns, orientation data, and age rela-
tionships seen in the field. However
these represent an essentially two di-
mensicnal dataset. Theadditional con-
straint of the gravity and/or magnetic
dataallowsfora significantly improved
testing of any proposed model . If the
geologicalmodel appears accurate, but
fails to account for a significant part of
the geophysical anomaly, then clearly
a furtherreconciliationofthedataneeds
to be performed.

One of the major advantages of the
system presented hereis that the modi-
fication of the history may be as simple
as changing the throw on a fault, and
that final representation of themodel is
not just a set of volume defining poly-
hedra, but a series of structural events
with geological significance.

THE NODDY PACKAGE FLOW.

The general flow of Noddy consists of:

1. The definition of a layer cake
stratigraphy.

2. The interactive deveiopment of a
structural history.

3. The useof 2D and 3D visualisation
tools such as block diagrams, line
maps, sections, toposurfaces,
geometries of a single stratigraphic
layer (Fig.1).

4. Thecalculationof1Dand 2Dgravity

and magnetic images.

Theediting of theexisting structural

history and recalculating of the

anomalies to improve the match
between real and calculated struc-
ture and geophysical response.

vl

Sincethis program is completely inter-
active, apart from the initial definition
of a base stratigraphy at step 1, the
steps may be enacted in any order.
Noddyis completely menudriven. The
computer’s pull-down menus allowthe
user to make a visual slice through a
block with any orientation and view it
from any point . Atany stage the user
canask Noddy to generateamapofthe
surface features. The map can be inter-
rogated by clicking at a chosen point
with the mouse. Noddy shows the di-
rection and degree of any dip of the
bedding or foliation at that point.

The program can read in‘a file repre-
senting the topography of the area al-
lowing thcuser to seehow thetopogra-
phy interacts with the geology. Geo-
physicalinformationcan bc mapped as
monochrome images. The program al-
lowstheusersto savethe front window
to file, print the front window to a
printer orread an existing picture from
file into a new window. This can be
used to import sections, geological
maps and geophysical images for com-
parison with the model results. Today
Noddy runs on any Macintosh with a
math co-processor or a Sun work
stationt.

APPLICATIONS OF THE TECKNIQUE

We have investigated two main uses
for this integrated modelling package:
as a training tool in the teaching of
structural geology and geophysics,and
asa method oftesting specific interpre-
tations of natural structures.
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The teaching of structural geology at
the university level is clearly a growth
industry. -*th over 15 general or spe-
cialised English language structural
geology textbooks published since
Ramsay (1967). One of the difficulties
in teaching structural geology has al-
ways been the leap of imagination re-
quired to go from the description of
individual structures to theinteraction
of these structures in three dimensions.
Thestructural forward modelling dem-
onstrated in this paper was originally
developed with this goal in mind, and
on its own it still provides a useful
teaching aid.

From the teaching point of view you
can produce a bare topographic map
and then get the student to interrogate
Noddy on the geology at any point.
The package has the potential of being
a simulation where the studentis given
access only to a limited subset of the
geology approximating the limited re-
sources available to the real-world ge-
ologist.

Noddy has been successfully used for
short courses to geologists working in
industry and undergraduate and
graduate level academic courses. The
extension to geophysical modelling al-
lows the structural geologist to make
useful predictions as to the expected
appearance of idealised structures in
gravity and magnetic data sets. Simi-
larly the introd uction of geological con-
straints into the teaching of geophysi-
cal interpretation ensures the student
never loses sight of the geological na-
ture of the data.

The development of three dimensional
structural models to account for ob-
served surface structures is always dif-
ficult, since even if the surface outcrop
is relatively unambiguous, the down-
ward continuity of structures at depth
canonly be guessed at. Theadded con-
straints provided by gravity and mag-
netic data sets can at worst confirm this
continuity, and will often suggest oth-
erwise. We believe that the integrated
modellingapproach we havetakenhere
will become an increasingly important
tool in the interpretation of structures
on the scale of 1-10 km (Valenta et al
1992).

DISCUSSION

In this paper we have demonstrated
the piinciple of the reconciliation of
combined gravity, magnetic and struc-
tural data sets, using a forward model-
ling approach. The structures which
may be modelled are in themselves
based on very simplistic displacement
equations, however their combination
allows complex relationships to be in-
vestigated. The incorporation of more
complex structural modelling events is
clearly feasible, however it will not
change the fundamental utility of the

program.

We believe that by forcing the con-
straints on geophysical modelling tobe
geological, rather than merely geomet-
ric, we can provide a way forward for
the integration of not only gravity,
magnetic and structural data sets, but
other geophysical properties as well,

- and that thisapproach providesa path-

way for the reconstruction of the three
dimensionalgeology of theearthscrust
using all available data sets.

We have described the Noddy struc-
tural geology package. Noddy is
particulary well adapted to the task of
educating nascent structural geologist
and geophysicists.One great difficulty
that constantly confronts earth science
educators is how to cultivate in their
students the ability of turning a textual
or 2D visual description of a geological
structure into a useful understanding
of the 3D geometry of the structures
and theirinteractions. Noddyconfronts
this problem directly and by allowing
the student to interactively generate
and maripulate a three-dimensional
representation of a structural geologi-
cal model - overcomes it.

The package also makes manifest the
relationship between structureand geo-
physics. A student may generate any
number of idealised geological struc-
turesand Noddy will calculate the geo-
physical data consistent with them.
What'’s more, the Noddy package will
run now on two popular computer
architectures - Sun Workstations and
Apple Macintoshes - thus opening the
way for its use in teaching laboratories.
In conclusion. Noddy is useful in geo-
logical and geophysical research and

teaching, because to our knowledge it
istheonly package that combines struc-
tural geology and geophysics, interac-
tive 2D and 3D computer graphics in
one affordable product available now.
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Figure 1 An example of a Noddy ses-
sion with different 2D and 3D graphics
windows

A. Main menu

B. Block diagram

C. Section

D. Map

E. 3D surface of a layer

F. Stratigraphy column

G. Magnetic profile

H. 2D Magnetic anomaly image
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AN INTRODUCTION
TO CBL AUTHORING

WITH AUTHO

RWARE PROFESSIONAL

BY JOHN HARVEY

(School of Educational Psychology, Measure-
ment & Technology, Faculty of Education, Uni-
versily of Sydney)
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Authoring tools
Teachers and others
interested in developing
computer-based learning
(CBL) programs for
education and training
have always been inter-
ested in ways of increas-
ing productivity and
decreasing the need to
spend time gaining
expertise in general
programming languages.

One of the earliest attempts to meet
this problem was the development of
the program PILOT (Planned Instruc-
tion Learning Or Teaching). PILOT
was designed and written by Profes-
sor John Starkweather at the Univer-
sity of California in 1969-70 and sub-
sequently modified to runona variety
of machines N(eg., COPILOT on the
HP2000F in 1973, and SuperPILOT on
the Apple Il in 1980). Many teachers
who have done Computer Education
diplomas will recall being introduced
to SuperPILOT (Apple, 1980).
SuperPilot is an example of an
authoring language. This isa form of
programming language with specific
in T-built routines designed to meet
typical requirements of CBL such as
interactions. ,Thus in  SuperPILOT
the sequence,

t: Whatis 2 + 2?

a:
m: 4! four! FOUR!

ty: Yes, that's correct.

tn: No, the answer is 4.
setsup (types)aquestiononthe screen
, accepts input from the keyboard,
matches a variety of answers, and
provides feedback depending on
whether the Nstudent’s response was
correct or not. The commands illus-
trate how authoring tools provide the
user with single command structures
thatcould otherwisetake several lines
of code in a more general purpose
language. While that sequence in
SuperPILOT is straightforward
enough, if variables were involved
then code suchas

a: #n $S% #q2
would beneeded. This is not so intui-
tiveand led users often to remark that
learning SuperPILOT involved justas

much effort as learning BASIC, the al-
ternative for most Apple II users
(Berthold, 1986). Thus for many intro-
duced to SuperPILOT via a course as-
signment it was generally a one-time
association and although it had attrac-
tive features (eg., graphics and sound
editors, animation) it does not seem to
havebeen widelyemployed. Attempts
to reduce some of SuperPILOT's cod-
ing rules (eg., AUSPILOT, Keepes &
Wignall, 1984) suffered much the same
fate.

More recent instances designed for PC
systems however, have gained more
popularity, as they offer considerable
power and flexibility, for example,
TenCORE. (Computer Teaching Cor-
poration, 1985). Nonetheless they still
requireasound knowledge of program-
ming techniques and technical skill in
the particular authoring language.

In an effort to ameliorate this problem,
authoring systems have emerged.
Authoring systems attempt to reduce
the need to writecode-likeinstructions.
One approach has been to provide a
menu of common CBL formats, for ex-
ample, multiple choice, true/false,
branching, and through a series of
prompts (eg., how many distractors?;
how many attempts?) the design is de-
veloped. The program generates the
necessary underlying levels of code.
An early example developed for the
Apple Il and used locally for school
programs was the Zenitii Education
System (Anderson, 1983). Anexample
for MS-DOS machinesis Author( Kokot
& Ellis, 1988).
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There are now many authoring sys-
tems available and Alessi & Trollip
(1991) suggest that it is useful to recog-
nise a continuum covering code-ori-
ented systems (eg., PC/Pilot,
TenCORE, Unison), frame-oriented
systems (e.g., PCClass), and @ gmore
recently, icon-oriented approaches
(e.g., Course Builder, Authorware
Professional, Icon Author)

Frame-oriented programs allow de-
signers to work more directly with th~
screen display as it will be seen by the
user, using a pointing device such as a
mouse - as against the older procedure
of specifying layout indirectly by typ-
ing programming commands. A
‘frame’ as defined by Burke (1982, p.68)
is "a conventional term that has come
to mean the amount of information
thatis presented on the microcomputer
display screenatanyonetime. A frame
may contain straight narrative text orit
may contain a question, or a combina-
tionorboth”. Frame-oriented systems
recognise thiskey elementand attempt
to provide authors with tools which
simplify the processes of screendesign.
They come with extensivegraphicsand
text editors which encourage experi-
mentation with screen layouts, and
provide means for efficiently building
programs with many screens which
have the same layout (eg., by setting
permanent background elements).
HyperCard, although generally es-
chewing the term ‘fraine’, can be scen
asasophisticated and powewrful frame
orientated system - “the program is
largely a metaphor for collections of
information stored on cards, much like
a card catalog at a library” (Goodman,
1987, p.19).

Toincrease further the power and flex-
ibility of the program, contemporary
frame-oriented systems are being fur-
nished with a programming language
(eg., HyperCard’s HyperTalk and
Macromind Director’sLingo) and are
also designed to allow branching to
modulesincorporating other languages
(eg., 'XCMD’s and XFCN's - external
commands and functions)and to allow
externally created Sound and graphics
filesto beimported. As Allesi & Trollip

(1991, p.343) comment: “As the
manufactuersof code-oriented systems
try to increase their ecase of use, they
add more and better display editors.
Asthemanufacturersof frame-oriented
systems try to increase the power of
their systems, they add the abilty to
“drop down” to the code level and
write code for simulations and otker
methodologies”. Students of Hyper-
Card become very conscious of the dis-
tinction between frame-orientationand
code-orientation when they begin to
work with HyperTalk scripting.

Icon-oriented systems also encourage
working directly with the screens that
will be seen by the user, but more criti-
cally, provide additional tools which
allowtheauthortodevelop onscreena
top-down, self-documenting flowchart
oftheentirelesson. This featuregreatly
helpstoovercometheproblem of keep-
ing closetrack, and control, of the over-
all design - a well known headache for
HyperCard authors.

The tools are provided as a palette of
icons representing basic design ele-
ments - forexample, displays, pauses,
crasings, animations, decisions, inter-
actions, calculations. The author con-
trols theshapeand flow of the program
by selecting theappropriate icon. Icons
can be grouped to indicate the high
level structure of the program - the
term “map” is aptly given this icon in
Authorware. Thus an episode might
call for some information to be dis-
played until the user decides to move
on, a question involving an animation,
user input, feedback, and a contingent
branch. Icons representing these ac-
tions are first placed on a design line,
named, and then in turn ‘opened’ and
provided with the required detail, ie.,
data and instructions. These might
then be grouped using a map icon and
given an appropriate unit title.

The design of icon-oriented systems
generally permits complex programs
to be developed without need to resort
to detailed scripting, however if more
flexibility is needed then external files
can be imported as with HyperCard

Authorware Professional is such an
icon-oriented system and is the subject
of the workshop.

It is not unreasonable to say that icon-
oriented systems are a significant ad -
vance towards the aim of having an
authoring tool in which technical pro-
gramming issues are minimised and
which allows the person creating the
program to devote more effort to con-
siderations of the instructional design.
Atthesame time it needstobesaid that
there is still an effort involved in learn-
ing the ‘programming’ aspects of the
present icon-based programs and if a
design calls for elaborate graphics and
sounds, other programs will be in-
volved and thetechnical sideisthen far
from simple. The aim of the workshop
is to allow participants to gain an ap-
preciation of how Authorware Profes-
sional ‘'works’ by creating simpleinter-
action episodes, and by discussing the
processes involved in a-ithoring more
elaborate programz:.

AUTHORWARE PROFESSIONAL

Authorware Professional is a now a
product of Macromedia and was first
released in 1989 by Authorware, Inc. It
is based on two earlier authoring sys-
tems, Courseof Actionand BestCourse
of Actionand there wasan Authorware
Academic which also has now been
discontinued. There are versions for
the Macintosh and for Windows with
only slight apparent differences for the
userbetweenthetwo implementations.

An important feature is that a file cre-
ated on a Macintosh can be opened 1nd
further edited or run under Windows.
(Itdoes not convertthe other way, how-
ever - a program created using
Authorware for Windows cannot run
ona Macintosh.) The finished product
canbe set up as a standalone disk, that
is, users do not need to have, or know
anything about Authorware to run an
Authorware program.
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Authorware Professional is built

around 11 icons:

Display icons place graphics and text
on the screen.

Animations icons move the object(s)
in a preceding display(s)

Eraseiconseraseobjectsfrom thescreen

Wait icons control transitions from
screen to screen.’

Decision icons control branching and
selection sequences.

Interactionsiconsare used to program
a variety of user inputs (eg., alpha-
numericentry, selectanoptionfrom
a pull-down menu, move anobject,
click on a ‘hot spot’, click on a
‘button’, accept a single keypress,
accept only two tries, allow only 10
secs to respond,

Calculation icons are used to calculate
and evaluate expressions, execute
in-built functions or custom code,
jump to other files and applications

Mapiconsareused to hold setsof other
icons and so encourage designs to
bemodularised and given clear top-
down structures.

Movie icons are used to present rapid
frame animations and QuickTime
movies or DVI files

Sound icons play digitised sounds -
music, speech, special effects.

Videoiconsallow theprogramtobring
in video sequences and individual
frames from video players.

The authoring process gets underway
with icons being placed on a design or
‘flowline’. Theicons can be taken from
the palette or pasted from a library of
previously established routines or
‘models’. Thefile canthenbe ‘run’and
execution will proceed untilan ‘empty’
jcon is encountered. For example, in
the case of a display icon, it is consid-
ered ‘empty’ if it has no text or graphic
content. A small graphics palette is
provided and the screen for that icon
can be created, or a previously devel-
oped graphic can be imported as the
content of that display icon. Special
effects (eg., fade in/fade out) can be
added and execution can proceed until
the next empty icon. Execution can be
interrupted at any time to allow an
icon’s content to be edited. As icons
are provided with instructions (via

dialogue boxes) the flowline is auto-
matically amended appropriately (eg.,
-exit an interaction, continue, or try
again).

In developing this strategy, the origi-
nator of Authorware, DrMichael Allen,
was impressed by the observation that
designers, from a range of disciplines,
created their work through successive
approximations or iterations. He thus
set out to create an authoring tool that
would allow the same technique to be
readily applied in creating CBL pro-
grams (Macromedia, n.d).

In their discussion of what authoring
tool to use, Alessi & Trollip (1991) ar-
gue that just ease of use should not
necessarily be a primary consideration
- “it is of no benefit that a tool is easy to
use if it does not do what you want”
(p.346). The emphasis in debates over
therelativemerits of onesystemagainst
another should focus on the capabili-
ties of a given system to to allow au-
thors to concentrate on refining the in-
structional design - the outcome as de-
livered to the student is what matters.
Textsarebeginning toappear (eg.,Sims
(in press)) which concentrate not so
much on how to use a particular pack-
age or use a particular language, as on
design-oriented procedures for devei-
oping effective interactional/instruc-
tional models, which can given effect
with any one of the more sophisticated
authoring tools currently available.

To assist in appreciating the possibili-
ties of icon-oriented programs it may
be of interest to note that the distribu-
tors of Authorware Professional and
Icon Author have each made available
a “Working Model” of their systems.
These are ‘training’ versions of the full
programs. They have restrictions (eg.,
on the number oficonsallowed per file)
but otherwise permit exploration of the
critical @ Qdesign elements available
in the full package. Teachers who cur-
rently use HyperCard as an authoring
tool in secondary computing studies
and who may wish to take student-
authoring further may find good value
in using a Working Model.

REFERENCES

Alessi, SM., & Trollip, S.R. (1991)
Computer-based instruction, 2nd
edit., Prentice Hall: Englewood
Cliffs, N.J.

Anderson, P. (1983) The Z.ES.
authoring system. In A.D.Salvas
(ed), Could you use a computer?
CEGV: Melbourne

Apple. (1982) SuperPILOT. Apple
Computer Inc.: Cupertino.

Berthold, P. (1986) Can authoring
packages help teachers? In B.
Frederick (ed.), What to do with

hat you've got. NSWCEG: Syd-

ey

Burke, R.L. (1982) CAI sourcebook.
Prentice-Hall: Englewood Cliffs, NJ.

Computer Teaching Corporation.
(1985) TenCORE, Computer
Teaching Corporation: Savoy, Il

Goodman, D. (1987) The complete
HyperCard handbook. Bantum
Books: Toronto.

Keepes, B. & Wignall, J. (1984)
AUSPILOT. Wakefield/EHC: Ad-
elaide.

Kokot, S. & Ellis, H.D. (1988) A useful,
working CBE chemistry program
based on the Microcraft Author
system. In K. Fielden, F.Hicks &
N.Scott (eds), ASCILITE-88 Com-
puters in Learning in Tertiary
Education. Proceedings of the 6th
Annual Conference, Canberra.

Macromedia. (n.a) Reviewer's Guide.
Authorware Professional for Mac-
intosh Version 2.0. mineograph.
31pp. Macromedia: San Francisco.

Sims, R. (in press). Authorware - with
style! Knowledgdecraft: Sydney.
(Due for publication, April, 1993)

Smithson, M. (1991) Developing
courseare with Course Builder.

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

127

115



ERIC:

Full Toxt Provided by ERIC [ vf‘g.y(

SR

Iz
o

S S E R M S i

R

TRy
R L

O
'

Acorn Computers Australia !

is proud to be
a Major Sponsor
of the ACEC’s 1993
Australian Computers in Education Conference
“Sharing the vision . ..”

AR TR T AT
T

g

Call 088 032 604 to find out more about Acorn’s
Computers for the Curriculum

TR L R T T T

T D e BRI

i e o G e ke i R P R L
=== s ST

116 AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

128



Constructin
KNOWLEDGE AND
ORGANIZING

BY MICHAEL JAY |N FORMATlON

Manager of Secondary Education for Apple
Computer and past Education Technology
Manager for the Apple Classroom of Tomorrow

(ACOT).
and MARGE CAPPO
President of Leaming in Motion

A 4 TEACHERS AND STUDENTS AS knowledge. Although learning is
LEARNERS what schools aredesigned to foster,
A 4 Theideal learning environment is one classroom research indicates that
in which the teacher and the student knowledge and learning are not
v are both learners. The classroom and usually the focus of the classroom.
v the curriculum are shared Learning is only a by-product. This
responsibilities. Each should undergo indirectapproachto knowledgecan
h 4 continuous  discussion  and

" When Computer As-
sisted Instruction emerged

modification. The teacher should
providean environmentthat promotes
interpersonal interaction, between
between students as well as between

work reasonably well, butitis poorly
suited to the emerging information
age, in which people are expected to
work directly with knowledge.”

in the 1960’s not enough teacher and student. Young students haveanatural curiosity.
research had been done to They seek knowledgeand they want to
allow the design of pro- In order for this to happen, students  understand ‘why’. Sean Fahee is an

gram that would help stu-
dents learn how to learn,
learn how to set cognitive
goals or to apply effective
strategies for comprehen-
sion, self-monitoring or
organization of knowledge.
Although learning is what
schools are designed to
foster, classroom research
indicates that knowledge
and learning are not usu-
ally the focus of the class-
room. Learning is only a
by-product. This indirect
approach to knowledge
can work reasonably well,
but it is poorly suited to
the emerging information
age, in which people are
expected to work directly

should be prepared to belearnersand
be responsible for their own learning.
Environments which encourage the
development of independent and
cooperative skills for students at all
gradelevelsand acrossallsubjectareas
should be encouraged. It is up to the
teacherto createand supportthiskind
of environment; it is up to the student
to develop within that environment.

Technology can help create that
environment. But the environment-
not the technology-is the important
factor.

THE TOOL-BASED ENVIRONMENT

A quote from researchers at the

Ontario Institute for Studies in

Education sums up the problem:
“"When Computer Assisted
Instruction emerged in the 1960’s
notenough researchhadbeendone
to allow the design of program
that would help students learn
how to learn, learn how to set
cognitivegoalsortoapplyeffective
strategies for comprehension, self-

example of such a child. Here is what

Sean has to say:
“My name is Sean Fahee. And I like
dinosaurs. I am writing a report
about dinosaurs on my computerat
home. I really like dinosaurs so I
thought...well..maybe if I run out
of information I can use my own
information like the old theories on
new theories. Some of the new
theories are: that the brontosaurus
doesnntlikeswampsand dinosaurs
were warm blooded. I don't know
why scientist think that but they do
think it. And also I thought maybe
someday I'd start writing this book
about space.”

Whatcharacteristicsdo you seein Sean?
What happens to Sean has he grows
up? What happens to the question-
asking, hypothesizing, consulting
reference sources, explaining, criticizing
and such? Whyisitthatchildren Sean’s
age, when asked “How does a light
bulb work?” all raise their hands, even
though they may have no clueas to the
correct scientific answer; yet when you

A monitoring or organization of ask high school students the same
with knowledge.” § or T8 8
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question, they do not raise their hands
because theyare worried about finding
the answer the teacher is looking for?
What does our education system do to
Sean’s natural curiosity and search for
knowledge?

A combination of content and
organizationof knowledgecan provide
a basis for & new approach to the
classroom activities. Technology can
help organize that knowledge and
provide content. During the 80’s, the
application was the important part of
the technology. In the 90's and the
future, weseecontent and organization
being theimportant factors toconsider.

Many ofthetechnology solutionstoday
and morein the future, rely or. engines

and tools. Many of you have used a
word processor. Thisis a perfectexample
of atool. A word processor allows you-
the user—to input, create, and organize
yourthoughts. Itisonly atool; you must
provide ideas.

A Fieldtrip to the Rainforest, a program
described below, uses the concept of an
engine. Rainforest can be thought of as
a visual database which is available to
thestudent. Othervisualdatabasescan
be ‘run’ on the same engine. Once an
environment is learned, it carries
through as a standard environment,
which then becomes a tool for the
students.

Once we standardize an environment,
we can utilize it over and over again

Rainforest ¥

Fieldtrip allows the user to explore an environment by clicking
on sections of the Rainforest and gathering information.

d
J

P WA e

What can the students infer from this picture? The student can

link to other animals that also eat figs.

without having to relearn new
interfaces. Many applications have the
ability to understand documents
created by a number of different
applications. This puts the emphasis
on the knowledge contained in the
document not on the application that
created it. Thus, the interconnection
between content and process is the
focus;thetechnology is thereto support
the evolution of those connections.

There are technology features that will
allowapplicationsto talk’toeachother
and share information. When an
application such as a word processor
supports these communication
features, the functions the student has
already learned are accessible in other
applications. There is no longer a need
to learn a new environment to work
with a word processor when one has
already been learned. The student can
focus on the content being written and
not have to go through the process of
learning a new tool.

GRAPHIC ENVIRONMENT TO SUPPORT
EXPLORATION

A powerful approach toeducationis to
allow the student to step into an
exploratory environment. As an
example of this, we will use two
programs to illustrate the construction
of knowledge and then construction
and organization systems to support
that knowledge. Technology can
support this approach through a
graphic based environment which
supports explorationand discovery. For
the following example, two different
pieces of software were utilized. The
firstis A Fieldtrip to the Rainforest. In
this program, students explore a
rainforest environment and discover
the relationships between plants,
animals and their surrounding
environment.

With the next program, SemNet,
students create their own semantic
networks to organize and discover
relationships in their findings. Even
though these are two completely
separate applications, we will be using
them in tandem. We can use both
programs simultaneously thereby
using either program at any time.
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The other tool we're working with,
SemNet, allows students to enter
concepts and to discover relationships
between those concepts - students can
organize knowledge. This tool should
beused in conjunction with other tools,
engines or classroom work. Like a
word processor or other tools, it is not
a stand alone program. It needs to fit
into the whole picture of learning
environments and applications.

Students can work in pairs - but they
could also work alone. The network
illustrated below, allows them to make
explicit the relationships between
organisms. The current representation

shown is built around the central
What can students say about a spider monkey and a toucan?

3 concept “bear.” The power hereis that
| Student can also explore more information on Spider Monkeys: students are constructing their own

learning environmentsand organizing
Rainfarest ¢ 2 S their knowledge. Students have
preconceptions of most anything they
are working on. We tend to gloss over
these in our teaching. Instead we just
hand students factsand expect themto
absorb them and place them within
defined learning structures

Click tn the picture above or the tabs below.

deer’ frogs and toads®
insect (preyisg)®
i

Fieldtrip allows the user to explore an environment by clicking on
sections of the Rainforest and gathering information.

Salmets Aaia Tasie u
Find AH: O Animels That sre: OMI
O Amphidlens @ Carniverss
Q Arschnids QO Nertiverss m
OSsirds O tmniverss
@® tnsects O Scovongers
O tnvertebrates QO Active ot Dey -
OMemmels O fictive ot Night L L Ineect e f4mm  [ornivere |y
O Millipedes
O Reptiles -
QO Uertebrates M Demeninly 1ntect 1¢ 100mm jowrmvere |eay
ey T |

Or explore a database which contains information on all the animals and plants in the Rainforest.
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If you double click on one of the
concepts in the network-the rabbit-
that becomes the central concept.
Relationships between concepts are of
particular interest. We know the
relationships that we want students to
comprehend, but we need toallowroom
for discovery by the student. This
process is critical and it takes time. It is
important toallow enough time for the
exploration of the relationships.

buds and twigs®

Of course the power of this tool lies in
allowing students to create their own
knowledge. We can combine Fieldtrip
to the Rainforest and SemNet to create
an environment where students can
use one tool to organize the content
explored and the knowledge gained in
the other.

Students should be allowed to build
and construct, not simply given the
structure. The teacher is the guiding
hand for the student to student
interactionand asks pertinentquestions
to help the kids to further think of
relationships in the semantic network.

The best learning occurs in children
when theylearn from discrepantevents.
‘Why is that happening? How can that
be true?” When they begin to see
discrepant events emerging, they can
question the events. ‘How can that be
true if this is true?’ Often the character
of our conversations with students
focuses on the low-level correction of
content mistakes, therefore losing the
opportunity for students to participate
in the process of self-reflection on the
structure of their knowledge.

| Fig -- its seeds are spread in bird §

CYIR droppings

Students can create a semantic network
with their knowledge of the Toucan,
the Fig, and the Spider Monkey.

These diagrams show how such a
representation of the semantic network
might loo

m
spider monkey
4

compo
: Eider mo%\.
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Scientists discover and question and
organize information. A typical
example of this scientific questioning
and organization is illustrated in the
interaction between Watson and
Crick in the discovery of DNA, as
portrayed in the movie The Race for
the Double Helix.

Why DNA?

* Becauseit’s there - doing nothing
in every single living cell.

* Whilesofarthegeneisanentirely
imaginary entity - a function
without substance.

¢ DNA is a substance without
function, a matrix. Ok; what’s it
made of? We know that it has
phosphates and four bases.

e But what shape is it in all
probability a helix.

I buy helix.
If a helix, how many chains.

* There has to be more than 1; the
density measure tells us that.
Yeah, but two, three....four?
How do the pieces fit together -
phosphates on the inside? bases
on the inside?

* Whatdoesitdo? Why doesn't it
fall apart?

Ourchallenge: Howcan we, asteacher,
keep that curiosity, that question-
asking, that hypothesizing, that
consulting reference sources, that
explaining, and that criticizing in Sean
Fahee as he grows up?
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Youre already a ramed teadher,

So why spend months leaming a
computer system? With an Apple
Macintosh. you won't have to, We
designed it with productive professionals
in mind,

Our computers are 5o easy (0 use,
you can start work straight away using
the Macintosh for what you do best -
vour job.

Your Macintosh will make lesson
preparation easy and enjoyable. And
vou'll be saving time with the many
teacher productivity programs available -
programs that let you produce standard
program formats each term. maintain
reports on your students and weight and
scale marks automatically.

Suddenly. preparing the school
newsletter, notices and take-home notes

" for parents is half the chore it used to be.
The Macintosh has many simple

publishing programs to make your work
O O | I easier and the end results will look great.
’ So if you're the kind of teacher who

. . loves teaching, but doesri't want to know
|,] ] 1,] about computing, the friendly Macintosh
te aC g IS is the computer you've been looking for.
For more information. contact Chris at
u ] 008 025 355 for the locatinn of your
Secon na re o  nearest Apple Education Reseller.
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PREPARING PRIMARY
TEACHERS FOR THE
21ST CENTURY

BY ANTHONY J. JONES

ERRR

The curriculum docu-
ments of most Australian
states now include refer-
ences to a variety of class-
room applications for com-
puters. In additior almost
every primary school has
acquired one or more com-
puters for classroom use.
However there are still
problems with the provision
of adequate computer re-
lated skills to both the
existing teacher work force
and to those undertaking
initial teacher preparation
courses. Both research and
anecdotal evidence have
revealed the ineffectiveness
of short, one-off introduc-
tory educational computing
courses at each of inservice
and preservice levels.

This paper identifies computer appli-
cations and associated skills, for both
teachers and learners, as contained in
the various Frameworks curriculum
documents published by the Victorian
Ministry of Education, and briefly
considers the implications that arise
for providers of preservice primary
teacher education. Finally, a model
that integrates selected educational
theory with appropriate hand-on ac-

tivities is proposed.

INTRODUCTION

Selected aspects of educational com-
puting have been taught as part of
some Australian preservice teacher
education courses for almost twenty
years. For example at the First Na-
tional Computer Education Corfer-
ence (held at La Trobe University in
May 1979) there was a “Forum on
teacher education” in which three
teacher educators described the objec-
tives and content of the courses of-
fered at their respective institutions.
In each case the courses described had
been running for some years. Since
then papers relating to computers in
teachereducation havebeendelivered
at all state, national and international
educational computing conferences
held in Australia.

As was also the case in schools, only
specially selected groups of partici-
pants were involved in these early
forays into educational computing for
teachers. Invariably the content of
such courses was based around pro-
gramming, which reflected both the
paucity of availabie software and the
educational expectations of comput-
ing. Almost as invariable was the
locating of this computing as part of

mathematics. One specific example is
the then Bendigo Teachers’ College,
where those students who elected to
take a second or third year of math-
ematics were introduced to program-
ming in BASIC through a range of nu-
merical applications. It should be
noted that the stated aim of the second
and third year mathematics subjects
was tobroaden the mathematical back-
ground of participants, and so it was
not considered necessary for this com-
puting to have any relevance to what
might occur in primary schools.

Computing in the school curriculum
Since the advent of microcomputers in
Victorian schools ten or twelve years
ago, teachers and students have dis-
covered hundreds of potentially useful
educational applications. Rather than
attemptto generaliseabout current vses
of computers in our schools I have
elected to briefly mention where com-
puting occurs in the Frameworks docu-
ments. By taking this approach I will
deliberately ignore the only subject in
Victoria specifically designed to teach
about computing and computers - the
VCE (years 11and 12) Information Tech-
nology field of study.

Frameworks covers nine content areas
and offers content, sequencing and
teaching suggestions for the years Prep
(first year of school, age 5) to 10 (fourth
year of secondary school, last year that
some areas are compulsory.) The
Frameworks areas that explicitly men-
tion computers are Technology Stud-
ies, Commerce, Mathematics, Lan-
guage, Social Education and Science.
In the section that follows the relation-
ship between computing and each of

these content areas is briefly described.
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TECHNOLOGY STUDIES

... establishes technology studies as a new
area of learning through reorientation and
reorganisation of existing technical sub-
Jects, the addition of new knowledge, and
increased emphasis on the processes of tech-
nological development in society. (The
Technology Studies Framework 1988:
7

While discussing the development of
syllabi for technology studies, comput-
ersand computing isincluded as one of
four areas of study. The three sug-
gested orientations for computing are
information technology (which incor-
porates word processing, data handling
and simulation), control technology,
and components of the computer.

COMMERCE
Atprimary school commerce issuesare part
of the total curriculum and students learn
about financial issues in mathematics, key-
boarding and information processing in
language; ard legal, economic and con-
sumer issues in social or general studies.
(The Commerce Framework 1987:78)

A major recommendation for primary
schools is that computer keyboarding
should be taught in an organised form
beginning in year three. Noting that
keyboarding in primary schools is of-
ten taught as part of English language
studies, the following skills are listed:

¢ operatinganalphanumeric keypad
¢ keyboarding techniques

* basic text editing and formatting
¢ storage nd filing

¢ disks

¢ hard copy

basic ergonomic principles
computer

hardware

software

basic operations

o o o

MATHEMATICS

Computers have a great potential for im-
proving the teaching of mathematics. (The
Mathematics Framework 1988: 38)
One chapter, approximately ten pages,
is devoted to applications of calcula-
torsand computers in the mathematics
curriculum. However there are no real
guidelines for teachers on how to start

integrating computer use into their
teaching, and the scope and sequence
chart for content does not mention
computers (although Logo is named
once.)

LANGUAGE

The use of word-processing equipment is
leading to a radical transformation in the
way people approach writing tasks.

(The English Language Framework
1988: 15)

Word-processing equipment should be
available to enable students to revise and
redraft their writing easily and to facilitate
collaborative writing and group work.

(The English Language Framework
1988: 31)

SOCIAL EDUCATION

Communication and media, together
with technology, are among the con-
tent themes suggested for primary
school use. In general the approach in
social education does not involve stu-
dentsin hands-onoperations withcom-
puter hardwareand software, although
thereareapplications in word process-
ing and simulations.

SCIENCE

Whilecomputers arementioned as part

of an overview of content at various

levels, the major referenceto them isin

the area of resources. Here computers

are categorised as being a:

¢ tool for students

e word processing

¢ data collection

* data processing

¢ teaching aid

¢ simulate

¢ provideand manipulate databases

¢ enable students to solve problems

¢ tool for teachers

¢ word processing

¢ sharing information between
schools

¢ records and data bases

(The Science Framework 1988: 74)
Collating the information from the

various frameworks documents pro-
vides a list that includes:

keyboarding
computers components
operation

control technology
word processing
information management
social issues

software use

word processor

data base

spreadsheet

Logo

simulation

problem solving

Computing in preservice education
Preservice education for teachers must
be seen as an initial preparation for the
first year or two of classroom teaching.
Because of the extra-ordinarily diverse
range of situations teachers can be ap-
pointed to, it is impossible to provide
the experiences, simulations, or even
knowledge to enable beginning teach-
ers to be fully prepared for what ever
circumstance they find themselves in.

Thisisequally true inthearea of educa-
tional computing. Even though state-
widecurriculum definitions such as the
Frameworks documents exist, there is
no guarantee that school A will ap-
proach a particular topic in similar or
compatible waysto school B. Of greater
concern to many teacher education stu-
dents and lecturers are the tremendous
dissimilarities in computer hardware
between various schools. Such con-
cerns reflect the increasing tendency to
train student teachers in the use indi-
vidual pieces of software rather than to
educate themin the concepts and appli-
cations of a software genre. As an ex-
ample consider word processing. The
temptation for many teacher educators,
and consequently the practice in too
many preservice courses, is to train stu-
dents to become competent users of one
package.

At one level, a quite low level from a
cognitive point of view, the aim of
teacher education students becoming
competent personal users of a word
processing programis justifiable. How-
ever prospective teachers need to go
considerably furtherthan this; they must
analyse and evaluate what they have
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learmned and then synthesise the vari-
ous components of word processing
into learning experiences suitable for
theclassroom. Toonly train teachers to
use word processing for personal useis
metaphorically similar to concentrat-
ing solely on grade three during a
preservicecourse. Thelatteridea would
not be countenanced because we pre-
pare teachers to teach at all levels over
a six or seven year range. Why then
should preservice teachers be taught
only touse computers for personal use?

Historically the use of computers in
preservice teacher education courses
hastended to mirror what hasoccurred
in schools. Ten years ago secondary
school computing courses emphasised
programming. Those primary
preservice teacher education courses
that offered computing units also con-
centrated on programming. There are
two criticisms that should be made of
this strategy. The first is that it was a
form of “catch up” education; it was
reactive rather than proactive. Surely
teacher education courses should pre-
pare teachers for the futureand not just
for the present. The second criticism
relates to the almost universal practice
of concentrating solely on thedevelop-
ment of personal proficiency in the
operation of hardware and software.
This meant that issues of classroom
management, curriculum change and
teaching strategies were neglected.

Skills, concepts and experiences for
preservice teacher education course.
First it must be recognised that there
are two aspects to computer education
inthe preservice teachereducationarea.
Initially there is the acquisition of per-
sonal skills and proficiency in the op-
eration of hardwareand the use of soft-
ware. The second, and major, aspect is
to build upon these personal skiils to
enable classroom teachers to provide
appropriate learning experiences for
students. In several ways this is con-
siderably more difficult in a preservice
course than is the acquisition of per-
sonal computing skills.

In the subjects that teacher education
students will be expected to teach (lan-
guage, mathematics, etc) this is either

built into the preservice ccurse (con-
current courses) or is a prerequisite
(end-on courses). Once students have
sufficientsubjectknowledge thenteach-
ing methods, curriculum design and
other appropriate classroom skills can
be ¥r.veloped. Educational computing
should be treated in exactly the same
way. However, as has been suggested
previously, themajority of teacheredu-
cation courses appear to cater only for
the development of personal skills.

A paradigm for preservice computing
This proposalis put forward as a para-
digm rather than as a curriculum or an
examplebecauseitis moreappropriate
to consider it as a multi-faceted struc-
ture that has greater explicitness than
either a metaphor or analogy but less
prescription than a model or exem-
plary case study. The purpose of the
structure is to provide support for
teacher education students to undergo
cognitive, affective and pedagogic ex-
periences, to make conjectures and to
reflect on personal and peer learning
developments.

In the description and discussion that
follow there are several references to
computer applications in preservice
mathernatics education. This is inevi-
table because the initial experiments in
developing the paradigm took placein
preservice mathematics education
courses. However the paradigm has
application in many contentareas and
with a wide rarge of software.

The constituent elements of the para-
digm are: -a constructivist approach to
learning; a Logo-like learning
environment;a problem-based curricu-
lum model; clear links made between
content, software, and the world; ex-
plicit use of software for content and
pedagogy; implicit use for philosophy.
Due to a lack of time and space not all
of these elements will be described in
detail in this paper.

CONSTRUCTIVIST LEARNING

Knowledge cannot start from nothing -
from a tabula rasa - nor yet from observa-
tion. The advance of knowledge consists,
mainly, in the modification of earlier knowl-
edge. (Popper 1974: 28)

Within theoverali structure that willbe
described in the following components
of the paradigm, the teacher is guided
by the principles of the constructivist
theory of learning. In particular the
concept of learners being active partici-
pants in the learning process, rather
than passive recipients, is presented
overtly through a variety of means.
Theseincludemodelling by the teacher,
reflection by participants on how and
what they havelearned, and group dis-
cussions of the teacher'smodelling and
individual reflections.
Another important aspect of
constructivist theory is the belief that
learners construct new knowledge by
building on to existing knowledge. It
becomes necessary then for the teacher
to be acutely aware of the current state
of each learner's knowledge. Given
that a formal pre<test would not be
considered appropriate in a Logo-like
learning environment, other methods
such as teacher observation of students
at work, examinationof work produced,
and discussion between learner and
teacher must be employed.

The Logo-like learning environment
This element of the paradigm pays spe-
cial attention to the aggregate of all
surroundings and influences that sup-
port the learning process. Teachers of-
ten learn Logo in physical surround-
ings, through pedagogic approaches
andincognitive contexts thatarevastly
different to those suggested and im-
plied by Papert in Mindstorms. Re-
searchers from the Israeli Logo Centre
comment:

... teaching Logo properly is a non-trivial
task, requiring careful preparation. In many
cases we have observed, teachers were in-
troduced to Logo by the local computer
expert ....[These]teachers tended to havean
impoverished view of Logo. They often
taught Logo merely asa programming lan-
guage for kids, neglecting the broader edu-
cational spirit of Logo and the deeper ideas
behind the programming activity. In the
more extreme cases, syntax reigned and the
funand creativitywereall but gone. (Leron
and Krumholtz 1986: 226)

Designers of inservice educational com-
puting courses then are faced with the
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dilemma resuiting from teachers want-
ing to learn in one manner and teach to
their students in a quite different man-
ner. Teachers at inservice courses tend
to want to be given factual information
and activities that are ready for class-
room use rather than to expend time
and effort exploring Logo for them-
selves. The establishing of an appro-
priate learning environment for an
inservice course is often regarded as
unnecessary and even an impediment
to what teachers really need.

In a seminal article Riordon (1982) de-
fines a Logo environment as:

... the entire context, made possible and
managed by the teacher, in which students
workwith Logo. It is more than a computer
learning station. It includes psychological
aswellas physical space- how students feel,
howstudentsand adultsinteract. (Riordon
1982: 46)

He then describes a Logo classroom
over a teaching day, reporting major
characteristics. One feature is the pro-
vision of opportunities for students to
demonstrate procedurestheyhavebeen
working on, and a following discus-
sion based around four questions:

1) Do any class members have ques-
tions about the procedure we've
watched?

2) What do you plan to do with your
procedure now?

3) Do you have some ideas to try out
or do you need some hints about
how to do it?

4) What are some things that could be
done to change this program?

(Riordon 1982:47)

At the end of this section Riordon con-
cludes that the teacher is responsive to
the level of student frustration, has in
mind a sequence of Logo programming
concepts and a large repertoire of Logo
project ideas, and encourages students
to discover solutions to problems by
reflecting and conjecturing about what
they are doing.

A Logo environment has many of the at-
tributes of a democratic classroom. Au-
thority is distributed; sharing and coopera-
tion are promoted; students look to their
classmates as legitimate sources of infor-

mation; because students make project
choices, variety rather than uniformity is
the norm; rewards are intrinsic; differences
inworking style are valued. Thereis asense
of shared learning - students may hear their
teachers respond, “I'm not sure how to
make the computer do that. I'll work on it
at home tonight.” (Riordon 1982: 48)

A range of features that are noticeably
not present in Logo environments are
then discussed. Included among the
absent features are projects set by the
teacher for the whole class to attempt,
and formal evaluation of student learn-
ing.

In discussing reasons for setting up a
Logo learning environment, Riordon
refersthereaderback to thefundamen-
tal concepts of Logo that Papert ex-
pounded inMindstorms, especially the
belief thatchild rencanlearn much with-
out having formal instruction imposed
on the learning process.

Providing opportunities and encour-
agement for learners to reflecton what
they havedone, how theyhavethought
about the problem they are working
on, and what they perceive they have
learned is an inherent feature of Logo
learning environments. Papert has
made many references to children
thinking about their thinking and notes
that Piaget has emphasized the impor-
tance for intellectual growth of chil-
dren’s ability to reflect on their own
thinking. (Papert 1980: 169)

Reflection is also important for teacher
education students as they juxtapose
the conflicting roles of learner and
teacher. One researcher who has stud-
ied the role and practice of reflection
among professional people, including
teachers, is Donald Schon. Schon (1983,
1987) argues for a new epistemology of
professional practice that starts from
the competence and artistry already a
part of the skills of a proficient practi-
tioner. In particular Schon focuses on
reflection-in-action (thinking about
what they are doing while they are
doingit.) Schon 1987:xi) For theteacher
this means first taking note of what
students say and ask, and then reflect-
ingon these statements and questions.

Theteachers areastonished by thesense
behind a stuci-at’s mistake. ... the prac-
titioner allows himself to experience sur-
prise, puzziement, or confusion in a situa-
tion which he finds uncertain or unigue.
He reflects on the phenomena before him,
and on prior understandings which have
been implicit in his behavior.

(Schon 1983: 68)

Schon believes that many professional
practitioners, including teachers locked
into a view of themselves as technical
experts, find nothing in the world of
practice to occasion reflection. (Schon
1983: 69) He summarises differences
between experts and reflective practi-
tioners in the following way:

(Schon 1983: 300)

Forteachers and teacher education stu-
dents the lessons to be learned from
Schon’s work include the necessity to
listen to and heed whatlearners haveto
say, the importance of teachers being
part of the learning process by becom-
ing learners as well as teachers, and for
the continuing need to reflect on class-
room incidents and the behavior of all
the participants. All of these factors
complement Riordon’s (1982) descrip-
tion of a Logo learning environment.

In relation to the role of computers
Schon comments that, [a] reflective
teacher needs a kind of educational technol-
ogy which does more than extend her capac-
ity to administer drill and practice. Most
interesting to her is an educationaltechnol-
ogy which helps students to become aware
of their own intuitive understandings, to
fall into cognitive confusions and explore
new directions of understanding and ac-
tion. (Schon 1983: 333)

THE CURRICULUM MODEL

The preferred curriculum model em-
phasises the role of the teacher. How-
ever this does not mean that the cur-
riculum is completely teacher directed
or centred. Theteacher is at the centre
of this model because of the belief that
effective learning is a consequence of
the teacher providing both appropriate
activities and a suitable learning envi-
ronment. In this paradigm the milieu
for learning is the previously described
Logo-like environment.
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Schematically the curriculum repre-
sentation consists of four concentric
circles or layers and is an adaption of
thea designsuggested by Taylor (1980).
The kernel or innermost layer is the
teacher. It is the teacher’s duty to pre-
pare a range of problems for the learn-
ers. These problems, which constitute
the second layer, are carefully selected
according to their content, context and
appropriateness for the learners. The
teacher uses personal knowledge of
thelearners and the content materialto
determine how focused the statement
of the problem will be. Attimes it will
beappropriate to present a theme with
the expectation that learners will de-
velop theirown projects and posetheir
own questions within this thematic
framework. In many classes some
learners will require a more specific
statemer:t of the problem. For some
learners this still might not be suitable,
and so the teacher could find it neces-
sary to provide even more direction.
This could be accomplished through
the use of a microworld for the learner
to explore or through the learner com-
mencing a project in conjunction with
the teacher or a peer.

Problems provided by the teacher
specify the content of the curriculum
and in the course of their solution will
introduce learners to a range of ideas.
It is much more difficult to define in
advance the ideas that learners will
meet as they attempt to solve prob-
lems. These ideas constitute the third
layer in Taylor’s curriculum model. It
is quite possible that many of these
ideas will remain implicit while learn-
ers work on the problems.

The outermost layer of this model con-
tainstechniques. While thetechniques
arise from ideas generated in solving
problems, the techniques enable the
ideas to be concentrated, formalised
and generalised to thesolution of other
problems. Because they are more gen-
eral than either ideas or problems, the
techniques can help establish links be-
tween the problem being solved and
the rest of the world.

Teachers must facilitate the process of
engaging all learners in an activity that
they are willing to “own” ona personal
level. While ownership of a problem is
important, it is also crudal that the
sharing and publication of work done
beanintegral part of the learning proc-
ess. Sharing involves more than just
displayinganend product. Ideaily there
should be peer discussion and interac-
tion throughout a project. Even at the
beginning of a project, while the it is
still largely in the conceptual stage,
learners can be encouraged to discuss
theirideasand expectations openly with
peers and teacher.

CONCLUSION

Every year the rumber of computers in
schoolsincreases. Atthesametime the
number and scope of computer appli-
cations within the primary curriculum
is enlarged. Computer education has
been part of most primary inservice
teacher education courses for several
years. However there is a significant
difference between training teacher
education students to use particular
pieces of software and preparing them
to make effective use of computersin a
classroom context.

This paper has proposed first that
preservicecomputerapplicationshould
bestrongly aligned with primary school
subjectareasand notbe taught in isola-
tion, and second that a paradigm en-
compassing constructivist learning, an
exploratory learning environment
founded on a curriculum that engages
leamers in realistic problem solving
activities and establishes links beyond
the classroom is an appropriate and
effective model. Use of this paradigm
has enabled preservice teacher educa-
tion students in the areas of humani-
ties, mathematics and primary to de-
velop understandings and skills that
increase their utilisation of computer
hardware and software in the class-
room.
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Remember what you

missed out on because you
thought it was too hard?

Remember when you started to realise that what looked difficult at first
turned out to be easy after all? Then it became enjoyable. And, before long, it
was very rewarding.

A lot of people look at computers and think, “Too hard!”. But Microsoft
have changed the way computers and people work together, making it easier
to really enjoy computers. That’s why millions of people — not computer
trained — have found Microsoft very rewarding. So rewarding they have made
us the largest PC software supplier, worldwide.

Microsoft can help you turn a personal computer into personal satisfaction,
too. For a free information pack call (008) 062 062. Or, simply visit your local
computer store. You’'ll be enjoying yourself after - .
just a few easy steps. But to get started, you have to Mmﬂ

. make the first move. (Call us. Go onl) Making it easier
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Many teachers the world
over feel isolated in their
classrooris. This may be
due to geographical loca-
tion, through teaching in
specialised subject areas;
even in large urban
schools where teachers
rarely have the chance to
come together and share
experiences and views.

A feeling of isolation may
also come from being out
of touch with current edu-
cational initiatives and
trends. Many teachers feel
‘tied’ to their classrooms
and cannot attend as many
professional development
sessions as they would
like. Furthermore, they
have little time to read
educational journals or
wade through research
findings even where they
are accessible.

E LECTRONIC

COMMUNICATION IN
SUPPORT OF TEACHERS

The ‘Information Revolution’ has
done little to improve the teachers’
lot: there is ever more information
available, but little opportunity to
peruse it. And yet they need further
information. A recent study in the
UK (Marshall & Keep, 1991) has
shown the range of information re-
quired by teachers and the difficul-
tiesof getting theinformation tothose
that need it. This was particularly
worrying with therecent ‘educational
revolution’ in which the National
Curriculum was implemented and
schools became more concerned with
their own management. Electronic
communication was offered as a pos-
sible solution.

This paperdescribesaninitiativetak-
ing placein Western Australia which
aims to reduce teacher isolation and
encourage and enable them to work
together.

INTROGUCTION

The Educational Computing
Association of Western Australia has
a membership of around 240
individuals and schools. Like other
teacherassociations, itaimsto provide
information for its members to
support them in their role as
educators. Thisisdoneprimarily by a
regular magazine, Login, but also
through courses, conferences and
camps. However, as more than 70%
of the teaching population is in the
metropolitan area, most of the events
organised by the association take
placein Perth. Country members have
no opportunity to attend evening
workshops and presentations, find it
difficult - and expensive - to attend

weekend camps and even the annual
conference may cause problems for
those who live in the far reaches of the
State. Due to the particular problems of
WA with respect to the size of the state
and the distance between schools, the
feelings of isolation described above

- areeven moreprevalenthereand many

teachers may even feel abandoned,
particularly in their first years of
teaching. '

In looking at ways in which ECAWA
could better serve its membership, one
suggestion was the use of electronic
communication. The very natureof the
ECAWA membership ensures that all
members havean interest in using com-
puters, the majority haveeasyaccess to
them and some level of expertisein this
area. A number of committee members
also had some experience of using tel-
ecommunications. [t was therefore de-
cided to trial the use of an electronic
communications service as a means of
disseminatinginformationto the mem-
bership and encouraging communica-
tion between members and committee
members. After looking briefly at the
services available, NEXUS wasdeemed
the most appropriate for the task.

NEXUS is an electronic communica-
tions serviceestablished and developed
in South Australia especially for edu-
cation. It offers electronic mail, where
individuals can send messages to oth-
ers individually or through distribu-
tion lists; bulletin boards, where users
can add messages for a wider audi-
ence; and databases, either those pro-
vided by others for reading and search-
ing or developing databases where
readers canadd their owninformation.
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Databases and bulletin boards can be
public or restricted to particular sub-
scribers to the system. Its major advan-
tage over other services, however, is
the method of payment. Unlike most
other systems, there is no joining fee:
subscribers simply pay for what they
use. This has enabled the ECAWA
committee to provide a specific fund
for each member which can be used
entirely to cover the on-line costs of
participants. The costs include both
Austpac and Nexus’ own charge. The
user pays only the cost of the local
(timed) telephone call.
Another key feature of the system is
the ease of account management. An
account manager can restrict access to
particular portions of the system (such
as the ECAWA databases); specify the
times and days of access; tailor the
main menu to include only those op-
tions which will be most useful to us-
ers; and most importantly, to monitor
theusageofthesystem byindividuals.
It wasdecided thateach member would
begiven twenty dollars free use of the
system. This would provide enough
access time to
¢ geta flavour for the service and see
what it offers with a view to taking
their own subscription;
¢ show other teachers its potential
for their curriculum area; and
¢ allow members to collect any in-
formation which ECAWA dissemi-
nated via this method, even if the
school or individual did not decide
to take their own subscription

IMPLEMENTATION

Themajority of members werealready
at least aware of the existence of elec-
tronic communicadon systems, and,
with presentations at earlier confer-
ences, some had considered the poten-
tial both for their own use and within
the curriculum. At ECAWA's state
conference in June 1992, the member-
ship as a whole were farther intro-
duced to theidea of electronic commu-
nication through a keynoteaddress by
Ralph Leonard, the manager of the
NEXUS system. The presentation went
into some detail on how to use the
system and showed many of its fea-
tures.

InJuly 1992, every memberof ECAWA

was provided with a subscription to
NEXUS in their own name, in the case
of individual members, in the name of
the specified contact person for institu-
tional members or in the name of the
school. Members’ accounts were given
'‘ECAWA' status, and this does not
change if members take their own per-
sonal or school subscriptions. In this
way, they continue to have access to
ECAWA information even when no
longer using the ECAWA account.
Twobulletinboards wereimmediately
set up: the first was for ECAW A mem-
bers to log their own details and inter-
ests so that others could see who was
active on the system and perhaps find
people with similar interests. The sec-
ond board was for general ‘Chat’, a
forum in which members could dis-
cuss issues, make comments and ask
questions of others. Both these boards
wereset upforaccessby ECAWA mem-
bers only.

In September 1992, a third board was
added. This was an ‘Events’ board,
whichaimed to provideinformation to
anyone, ECAWA members or not, on
events in WA which included at least
an element of computer-related infor-
mation. The board can have informa-
tion added by any person. With the
fields specified, it should be possible
for teachers to search the board for
events which use a particular hard-
ware platform, or are aimed at a spe-
cific age range or curriculum area.
Latein November the first ‘online Pro-
fessional Development’ session was
implemented. The chosen topic was
the Technology Statement, as the in-
terim document had recently been re-
leased. This board was for ECAWA
members only.

EARLY EXPERIENCES
(Figures given here are to the end of
January 1993)

Usage: Around 35 schools in WA were
already subscribers to the NEXUS
system, but where these were also
ECAWA members, they were simply
givenanewaccount whichwasdeemed
forECAWA use. Oneofthemost useful
facilities of NEXUS is the ability to set
up more than one account for a
subscriber, each with different funds

and different usage parameters if
required, but with the same mailbox
access. This means that no matter
whichaccountisbeing used,all mailis
accessible.

At the end of January 1993, the
ECAWA account contained 241 sub-
accounts. Around 45 of these have
used their NEXUS subscriptions. This
represents less than 20% of the
membership. Of these, twenty one
have have subscribed in their own
right.

Bulletin boards: Members have
shown varied interest in the bulletin
boards. The Members database has
only 19 entries, but statistics show that
it has been read by 29 users with over
130 accesses. It is clearly of interest to
the membership, so why have so few
people entered their details? This may
be fear of ‘going public’; or it may be
because the user is not actually an
ECAWA member and therefore feels
something of a fraud!

The Chat poard has been read by 26
members, but less than half have
contributed. The phenomena of
Tlurkers’ - those that read but don't
write - has been documented
elsewhere (Keep, 1991; Mason, 1989)
and is of no surprise.

The Events database has been less
successful to date with only the
Account Manager having entered
details and only 13 readers. It seems
thatindividuals-evenother committee
members - are not inclined tn enter
information. It may be that one person
needs to be designated to keep this
board 1live’.

The Technology Statement board was
probably set up at exactly the wrong
time of year - late November. Most
teachers were in the throes of writing
reports, involved in end of term
activities, consolidating their records
or preparing to change schools.
Nevertheless, a few people have
contributed to the board and 12
different users have accessed it. It was
suggested that, because we could
guarantee more ‘listeners’ than
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‘speakers’, members of the committee
could help by asking questions or
making comments which they felt
would be useful to others.

EMail: The use of electronic mail is
harder to gauge as no statistics are
available. However, with the
availability of distribution lists, itis a
simple matter to send a message tc all
ECAWA members simultaneo-sly. A
numberof suchcommunications have
beenmade: this method was used, for
example, to inform the membership of
new bulletin boards, email projects
which were taking place around
Australia and to remind people of the
forthcoming ECAWA AGM. Themain
drawbackof such messageson NEXUS
is that those which are not read by the
recipient are ‘returned to sender’ -
which is very useful so the sender
knows who hasn’treceived amessage,
but something of a chore when there
are almost 200 returned messages!

Committeeusagehas notbeenas high
as it might have been. The use of
NEXUSbetween Committee meetings
could bea useful method of keeping in
touch, ‘tabling’ papers whicharetobe
discussed at a future meeting,
preparing the agenda of meetings and
circulating minutes. Not only will it
save time by making information
available almostimmediately, butalso
willsavemoneyon postage, stationery
and the time taken to photocopy,
collate and post out information to
other members. What’s more, it
provides a simple method of keeping
the membership informed of the
discussion and decisions of the
committee. As ECAWA's secretarydid
not have access to a modem through
1992, this aspect has not yet been
explored.

Loginarticles: Inaneffortto keep non-
NEXUS using members abreast of
developments onthesystem, aregular
article is submitted into the
association’s magazine. [tisrecognised
that when the project was initiated,
many members did not haveaccess to
amodem or telephone line; however,
some schools may now have acquired
the facilities or perhaps members have

moved to another school which does
have the equipment, and so it is
important to keep the concept of
NEXUS to the fore.

Problems: Although it is too early as
yet to' send out questionnaires to
members to gather definite
information, itis likely that the one of
the main obstacles to use is the lack of
either the modem or the telephone
line. In the UK, where a government
initiative put modems into all schools
who requested one, this was closely
followed by funds to put in a new
telephonelineforonline work. Without
asimilar project here, it is unlikely that
we shall see all schools having equal
access to electronic systems. The
problemis particularlytruein primary
schools: it is noted thatof the 45 NEXUS
users, only a couple are in primary
schools.

Although NEXUS itself is easy to use,
there have been many problems with
actually gaining access to the system.
Schools use such a divergent range of
equipment and software, it is
impossible to write guidelines to help
first time users. Problems have arisen
ateverystep:somehavehad problems
with their telephone system; others
with the hardware; and others still
with the their choice of
communications software. Luckily,
few users have had more than one
problem to overcome!

Onceintothesystem, problems become
fewer. However, the one which recurs
most frequently comes from more
‘advanced’ users who try to send text
files. Some communications software
seems to handle this badly and this
had led to some frustration.

Earlier research (Bull et al, 1989) has
shown the need for a certain ‘critical
mass’ of users on a network who use
the system on aregular vasis. ECAWA
tried to achieve this by implementing
this project and giving all members
access from the same date. However,
because few people were immediately
active-and vociferous!-itisdebateable
whether this critical mass has yet been
achieved.

[

The lack of immediate use may be
attributed to a lack of focus for
communication. This has been found
to be essential in the successful
implementationof student links (Keep,
1991). The HealthLines project, funded
by Healthway, is the first curriculum-
based project to be run in WA witha
view to showing the potential of email
for curriculum and studentuse, and it
is hoped that this project will
encourage more teachers to use the
system.

The enthusiasm of the organisers has
been found to play an important part
in developing and maintaining an
‘online community’ (Mason, 1989;
Sunal, 1991). The Account Manager
should maintain a high profile on the
system, offering assistance and
support to users in a friendly non-
technical way. However, as with most
committee members of such an
organisation, the AccountManager has
limited time. The Account Manager
goes online most weekday evenings
to answer mail messages and devotes
some time to the collection of usage
statistics for committee meetings, but
always more time could be spent in
maintaining and developing the
bulletin boards or in direct
communication with members.

FUTURE PLANS

There is, unfortunately, little that can
bedoneforthosemembers whocannot
access NEXUS because they do not
have the facilities - modem and
telephone line in particular. There is
however, one state-wide initiative
which may help, and that is the
automation of libraries. A number of
schools are carrently involved in the

_process, and some of these have

already opted to include a modem for
onlineaccesstocentral records. Where
there is a modem, there will be a
dedicated telephone line. This
initiative may well be responsible in
the future for boosting members”
access. Another possible approach
might be for ECAWA to obtain a
number of modems which can be
loaned out to members on request,
even for use at home. If members can
then show their colleagues the
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potentialof electroniccommunication,
itmaybecome a higher priority within
the school.

There are a number of possible strate-

gies for increasing the value of the

system amongst those who have ac-

cess. The following are likely to be

trialled in the short term:

* more committee business to be
conducted online

¢ the posting of the minutes of com-
mittee meetings into the ‘Chat’
board for general discussion

¢ a ‘revitalisation’ of the Events
board, probably by designating
another committee member to its
management

¢ further curriculum projects like
HealthLines: thisislikely toinclude
a’Newspaper Day’ wheresstudents
collect and write stories for a
newspaper which are assembled
using a desk top publishing pro-
gram all in one day and then sub-
mitted in a competition

¢ further ‘online professional devel-
opment’ sessions - perhaps even
something on how to run a News-
paper Day in a school!

CONCLUSION

Although the project has not been
overwhelmingly successful in terms of
numbers, this was not totally unex-
pected. Previous studies have shown
that even where users are provided
with free mailboxes and already have
all the equipment necessary for com-
munication, therearemany whoeither
never use the system, use it infre-
quently,oronlyat thestartof the project
(Mason, 1989). However, the main
objective is to improve the service
ECAWA offers to its membership,
particularly thosein country areas and
if only one quarter of the membership
uses the facility, it is likely that those
members will feel a closer involve-
ment in their association, have im-
proved links with others and have ex-
tended their available information
sources.

Weclearly haven’t solved the problem
of teacher isolation yet, but this project
could havefar-reaching consequences,
not only here in WA but across the
country and even around the world.
The idea of providing ‘electronic sup-
port’ for teachers has been discussed in
different countries by teachers, re-
searchers and information providers,
but in many cases the services avail-
able are too costly, too unfriendly or
not designed for educational use.

NEXUS is a service which allows this
kind of experiment. If successful, such
systems may be employed more
widely as a cost-effective method of
disseminating information; to enrich,
expand and sometimes to enable the
professional development ofteachers;
and as a new vehicle for teacher-sup-
port networks which may build the
confidence of teachers and improve
teaching and learning experiences in
schools.
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E ver increasing demands
by in-service teachers for
computing subjects high-
lights the need for Schools
of Education to focus on
the development of a more
in-depth Computers in
Education Curriculum.
This paper makes an hypo-
thetical comparison of the
old to the new, by using an
analogy of the introduction
of (new technology for the
times) chalk-n-talk as a
comparison to computers
in education using
Hypertext and Authoring
software as the modern
counterpart. By using a
little imagination one could
replace the use of chalk-n-
talk with the use of com-
puters.

Current research reflects in general the
prevailing lack of emphases in existing
educational computing curriculum in
contrast to what is felt to be advisable
by those teaching the subject. To fur-
ther complicate the issue the National
K-12 Curriculum indicates the grow-
ing necessity foreducatorsto gain more
expertise in technology that has yet to
be addressed.

This paperargues thattheintroduction
of Hypermedia intothe curriculum will
enhance education by responding to
market forces. The market in this in-
stance is the body of educators in pre-
service training, practising pre-tertiary
educators and in many cases, tertiary
educators themselves. This market is
clearly stating that they are dissatis ied
with the level of competency resulting
from existing teacher training courses
in technology.

INTRODUCTION

Current Pre-service Teacher Education
rarely produces teachers that are ad-
equately prepared to make full use of
the computer as an educational tocl.
Generally, thelevel of computer exper-
tise reachesa level described by Duckett
as”...the ability to set up equipment,
load the system and application soft-
ware used and demonstrate the ability
to use at least one application at a level
that requires nooutside help.” (Duckett
1992 p.92)

This paper suggests that current devel-
opments in educational software have
reached the stage where Pre-service
Teacher Education (PTE) ought to in-
clude at least, a basic introduction in
the use of HyperCard as both a
hypertext educational package and as
an authoring tool for educational
courseware production or adaptation.
If adopted this would produce gradu-
ates reaching a level of expertise usu-
ally expected only in post-graduate stu-
dents who have completed further
study. The level of computer literacy
achie7ed would approximate with Spe-
cialised Developmental or Computing
Issues as described by Duckett to a
Level 4 competency:

"...requires the ability to usea library of
softwareof atleast threeapplicationsat
a level that requires no outside help.
should have the:
¢ knowledgeand ability touseacom-
puter network and E-mail,
¢ ability to usean authoring software
package or other [specialised] off
the shelf software. [e.g. statistical
or high level programming]
¢ has a well developed understand-
ing of:
 the influence of computers on
everyday life
¢ the legal implications of soft-
ware copyright
¢ the use of computers and soft-
ware in the curriculum.
(Duckett 1992 pp. 92-93)
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For arguments sake let’s make a com-
parison using an old technology anal-
ogy of chalk-and-talk.

Imagine the scene in a teacher training
institution when the use of blackboard
and chalk were new technology. Of
course, those teaching the future teach-
ers would have become intimate with
blackboard and chalk technology and
the skills essential to use it successfully
- skills ensuring that the board was
positioned in such a way that all could
see and textual material was large
enough so that those seated at the fur-
thermost point could view it clearly
without straining.

Graphics (pictures, diagrams etc.)
would be traced carefully from spe-
cially prepared originals made by quali-
fied artists (being deemed that the un-
trained would not be capable of pro-
ducing material of sufficient quality
since it would take too much time).
Restraint would be used in the use of
fancy features such as excessive use of
colour chalk and inappropriate use of
variation of writing styles (e.g. printing
versus hand-writing).

Thenumberof panelsinuseatanyone
time and the speed of delivery of new
material, before erasure of the old,
would be subject to strict guidelines.
Acolytes would learn, the ratio of the
size of the writing to the size of the
available space must fit within pre-
scribed parameters.

The number of panelsin useat any one
time would bethree, allowing pupilsto
copy from the previous two while the
third was being prepared or erased,
ready to use for new material.

Such was the level of skill required for
effectiveuseoftheblackboard and chalk
theremay havebeen some controversy
overwhetherornotabeginning teacher
might best make useof approved texts,
containing all the blackboard layouts
necessary for any conceivable lesson,
ratherthan make some sort of amateur-
ish attempt of their own. (Enterprising
scholars would have published excel-
lent books containing brilliant black-
board layouts, complete with traceable
diagrams for everything from Greek
grammar to Euclidean geometry.)

There would undoubtedly have been
murmurings of discontent from sev-
eral practitioners about the lack of flex-
ibility in thesepre-prepared collections.
Increasing numbers of practitioners
would have been openly advocating
that teachers should be given greater
freedom todevelop their own material
and some, even attempting it.

However, mainstream opinion held
that this blackboard technology was
educationally valuable, here to stay,
and therefore ought to be taught to all
potentialteachers. Those skillsdeemed
too advanced forundergraduates (such
as preparing blackboard illustrations)
were conveniently labelled thedomain
of other professions, such as that of
artists, and left tooptional post-gradu-
ate studies.

Fictional as this scenario might be, a
comparable situation appears in many
of thetertiary institutions now, prepar-
ing teachers with regard to the use of
computers. Pre-service Teachers are
taught how to use computers in what
could be described as a limited fashion
only. That indicates, the computer as
well as the prospective teacher is effec-
tively handicapped. Therefore the full
potential of the computeror the educa-
tors use of it is not taken advantage of.

In general, teacher’s computer prepar-

edness, at best, consists of learning how

to use the computer:

1. as a tool to improve their own
productivity, i.e. as a word proces-
sor to prepare notes, tests, etc.,as a
spreadsheet to keep trackof student
assessment or department budgets
or even attendance records or a da-
tabase manager to keep track of
student and staff details such as
timetable information.

2. asan instrument for the delivery of
learning material in the form of
educational software to students.

3. asameans to motivate students to
improvetheir productivityin much
the same way they have, them-
selves, improved their own pro-
ductivity. (e.g. Word-processing,
spreadsheets and databases)

Duckett’s yet to be published research,
taken from a 1992 survey of 21 Schools
of Education in Australia, reflects in
the table on the following page, an
average of the current trend of empha-
sis, as applied to the pre-service teach-
er’'s computer preparedness of the
aforementioned subjects discussed
above.

The information contained in the tableis derived, based on item three of the Issues, as described by Duckett, in the Focus Of

The Study in Appendix A.

The key for the table is:

1=No emphasis 2= A little emphasis 3 = Moderate emphasis 4 = Strong emphasis

Word-processing, Database,
Spreadsheet (productivity tools)
Computers as an administrative tool.
Use of authoring software.

High level computer programming languages.
The use of Computer Assisted Instruction.
The use of Computer Managed Instruction.

% Current
Emphases
1 2 3 4
6 25 38 3
31 50 13 6
5% 25 19 0
19 25 38 19
4 25 19 13
5 50 0 0

% Preferred
Emphases
1 2 3 4

0 0 50 50
6 25 56 13
13 31 44 13
0 3 50 19
13 44 19 25
13 50 39 0
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Duckett’s research focuses on the de-
velopment of a model curriculum for
CIE. The curriculum is to be designed
so that it reflects a good balance be-
tween the theoretical and practical ap-
proaches to the teaching of CIE.

The above table reflects how the sub-
jects are currently taught as opposed to
how lecturers would prefer toseethem.
The precise mix of these varies depend-
ing on location to a greater or lesser
extent. Research indicates computers
are generally taught in a very limited
fashion.

The computer’s most valuable virtueis
its ability to be used in a variety of ways
as no other tool invented ever has. Itis
precisely this potential for flexibility
that is being withheld from pre-service
teachers, effectively handicappingthem
in their role as educators!

In a few institutions, undergraduate
students are given an introduction to
the use of authoring languages (soft-
ware designed to allow users to create
software without requiring them to
perform actual programming) but very
few, if any, go so far as to recommend
that teachers should seriously consider
using the computer to produce their
own educational material.

This is not dissimilar to telling students
that they may only use the blackboard
and pre-prepared blackboard material
to teach butthey may not develop their
own. Itis hazardous to carry the anal-
ogy too far however; it would appear
that student teachers find themselves
generally unprepared to make full use
of computers. (Wilson 1990, p. 162)

The implications for teacher training
institutions are important and some
questionsariseas to whatresponse these
institutions ought to make to this sug-
gested lack in teacher training.

Should teacher training institutions in-
clude, as well as the areas mentioned
previously, (using a productivity tool
as a means for delivery of educational
material etc.) some means of program-
ming the computer to perform the edu-
cational tasks the teacher defines rather

than restrict thecomputer’suseto those
educational tasks already defined by
someone else?

Does this mean that the teaching of
software production will change the
focus from the use of the computer as
an educational tool to one of program-
ming techniques?

Is the amount of time required to pro-
gram the computer too long for any
teacher to sericusly consider usingit to
create their own educational software?

Is available software and supporting
hardware too limited at the moment to
make the teaching of software produc-
tion worthwhile?

Each of these questions should be con-
sidered.

Should teacher training institutions in-
clude Software Production as part of
their training?

If it can be shown that, indeed, some .

tasksarebest learned using thecompu-
ter as opposed to other means, thean-
swer must be ‘yes’ - perhaps withsome
qualifications. One of those qualifica-
tions may be: Only if the training of
teachersin software productionensures
that the educational software they pro-
duceis of sufficient quality tomaintain
those perceived advantages given by
using the computer in the first place.
The response to this qualification must
be to ensure that the material taught
includes information on guidelines fo:
quality software production. By ensur-
ing that known education principles
areadapted tothis new medium, teach-
ersareaslikely to produce quality edu-
cational material as they currently are,
using any of the existing traditional
media.

Will teaching Software Production
changethefocusaway from education?

The concern is that a student teacher
willhavetolearn vastamounts froman
entirely different discipline if they are
to become effective educational soft-
ware producers as well as effective
educators.

Is it not already the case that teachers
intending to become Mathematics
teachers must spend great amounts of
time learning about Mathematics, Sci-
ence teachers about Science, Humani-
ties teachers about the Humanitiesand
so on? It is not perceived that this
causes any great harm to the student,
ratherthatitbroadenstheirknowledge
and gives them greater depth on which
todraw whenteaching. Sincethe useof
computers is seenas a cross curriculum
issue should not every student teacher
learn how to make best use of the com-
puter within their own discipline?

This argument is supported by
Duckett’s (1992) modified version of
Moursund’s definition of Computer
Literacy.

1. Knowledgeand skill in operatinga
computer using a library of generic
programs as determined by each
discipline’s requirements.

2. Knowledge of various ethical and
social issues, in general, and in
greater depthissues determined by
each discipline, relating to compu-
ter use.

3. Knowledge and skills in computer
programming using a high-level
languageas deemedappropriateor
not by each discipline’s require-
ments.

4. Afunctionallevel of knowledge for
the use of computers as an aid to
problem-solving, and roles of com-
puters as a source of problems as
deemed appropriate by each disci-
pline students study in school.

In a subsequent article Duckett (1993)
further refined Moursund’s definition:

In global terms, to be Computer Liter-
ate a person would:

havecomprehensive skills, knowledge
and understanding of computers and
their use as they relate to technical,
ethical, social and educational issues of
the day, as deemed appropriate to the
skills, knowledge and understanding
required.
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As each discipline of study has special-
ised requirements, a global definition
canextend no further thanstated above.
Itis therefore the responsibility of each
discipline to define:

the extent of skills, the level of knowl-
edge and understanding of the use of
computers, to be determined by each
discipline, within its sphere of influ-
ence.

The next question: Is not the length of
timerequired to createeducational soft-
ware too long for it to be of serious
consideration to most practising icach-
ers? Is the one which is most worthy of
stopping the proposition dead in its
tracks.

Up until a few years ago the answer
would surely have been Yes’. How-
ever, with the introduction of software
like HyperCard this is no longer the
case. Certainly, attempting to produce
educationally sound, user-friendly soft-
ware for a microcomputer with a third
generation language like Pascal, C or
BASIC would have been prohibitively
long and complicated for non-profes-
sional programmers.

However, using HyperTalk (Hyper-
Card’s programming/scripting lan-
guage)and itsaccompanyingtools, the
amount of time required to produce
effective, simple, educational software
is not prohibitively long.

The factor determining the amount of
time necessary is the complexity of the
task to be performed. Therefore, a
teacherattempting todevelopsoftware
for a relatively simple task would re-
quireonly fundamental programming /
scripting knowledge. Only when the
teacher’s level of knowledge and ex-
pertisehad increased would morecom-
plicated tasks be undertaken. When
educatorsrealise thatusing HyperCard
to produce courseware does not neces-
sitate the high, developmental costs in
time normally associated with tradi-
tional development methods theremay
well be an explosion of activity in this
area. Friedler and Shabo (1991, pp 136-
137) report that when using Hyper-
Card:

...trained teachers can approximate an
‘hour for hour’ development ratio, i.e.
the development of one courseware-
based teaching hour requires approxi-
mately one hour development time.

This one-for-one ratio of development
time-to-teaching time is accepted by
most educators as required for a well-
prepared, traditional chalk-and-talk
lesson. Even if the one-for-one ratio is
an optimistic assessment of the time
required to prepare computer-based
courseware, it is a very good invest-
ment in time, since whatever i¢ pro-
duced is an infinitely reproducible
product capable of being shared be-
tween colleagues, re-used and modi-
fied without the repeat time invest-
ment of initial setting up.

Just to emphasise a point; the amount
of time required to produce a corre-
sponding software package by a well-
trained programmer, using HyperCard
as opposed to Pascal, would give a
ratio of approximately one to six.
HyperCard and similar packages are
being used to prototype larger, more
complex programs by software pro-
ducers to give clients the feel of the
product before it goes into production.

Of course, it is worthwhile remember-
ing that not every learning task is best
suited tothe use of the computerorany
single conventional teaching method.
Many learningtasks arebetter suited to
the type of interaction resulting from
group learning or in one-to-one situa-
tions with a peer or a teacher. The use
ofacomputeris not theultimatemethod
for learning in every situation. Inthose
situations where the use of a computer
is deemed ideal there are always alter-
natives. A teacher need notbelieve that
they must produce computer
courseware for every situation, only
for those situations where they want to,
where they have time and where they
judge it appropriate.

Just as happens now with prepared
units of work, teachers would be able
to share what they have produced, sig-
nificantly reducing theamount of work
for other individuals. (Assuming that
there is not an outbreak of teachers

copyrighting their educational soft-
warel) As time passes teachers will
build a library of educational software
which they are truly capable of adapt-
ing and adjusting to meet changing
circumstances, just as they presently
do, with paper-based units of work.
Entirelibraries of educational software
canbe built up in schools paralleling
theeducational material which aiready
accumulates ina moretraditional form.
Some of it will beof poorer quality than
isideal and some of it very high quality.
Is this not true of the material currently
prepared by educators? The possible
advantages far outweigh any disad-
vantages.

In the Macintosh world theavailability
of HyperCard is significant in terms of
the opportunities it opens for educa-
tors. ltis certainly worthwhile using it
asa platform for instruction of student
teachers.

HyperCard has been chosen as the
course presentation and developmen-
tal tool in a number of institutions be-
causeofits *...recognised shortlearning
curveand potential forimmediate ben-
efits.” (Tucker et al 1990) Two other
factors add to this point of view.

Thefirstis that thereare productsavail-
able for the |.B.M. platform which per-
form similar tasks to Macintosh’s
HyperCard. Presently thereisanl.B.M.
package ToolBook and indeed there is
an.B.M. compatible version of Hyper-
Card planned for the future. There is
currently software that will translate
Macintosh HyperCard stacks into
Asymetrix’s [.B.M. compatible
ToolBook format. **

The second is the recent merging of
Macintosh and .B.M. to produce mi-
crocomputer technology which is ca-
pableof supporting softwarefromboth
stables. While it would be foolish to
predict that HyperCard will remain
virtually unchanged and not be re-
placed by some other software which
significantly improves on it, it would
bejustas foolish as the attitude held by
some, that HyperCard can’tbeany good
because it comes free when you buy a
Macintosh. (Thisis sadly, no longerthe
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case.) These are not sufficient reasons
on their own to hold off making as
much use of HyperCard as possible,
NOW.

It is the familiar dilemma facing the
potential purchaser of any high tech-
nology equipment such as a stereo.
Does one buy now ordoesone wait just
a little longer for the new "ells and
whistles’ version rumoured for immi-
nent release?

Itis notsensibleto hold off realising the
benefits of existing technology indefi-
nitely in the vague promise that greater
benefits will be available sometime in
the future. While one waits, one misses
out on the benefits already available.
Such a situation exists with currently
available software in HyperCard and
ultimately it is not only teachers that
are missing out on the benefits, but
their students also.

Teacher trainees could ideally have as
part of their course a unit whose con-
tent would consist in the main of the
skills and knowledge required to pro-
duce educational software. Such skills
might include:

e theability to determine the kird of
learning task best suited to the use
of a computerin preference toother
means of learning.

o programmed learning techniques
already used in other arcas of edu-
cationand theirapplication to com-
puters.

o guidelines for the design of effec-
tive user interfaces. (c.g. using a
metaphor with which the user is
already familiar)

¢ the ability to make valid measure-
ment of the effectiveness of educa-
tional software.

¢ how to transfer an educational ob-
jective from a paper idea to a soft-
ware learning package.

This list is by no means intended to be
exhaustive, but merely an attempt to
indicate the general areas which might
be covered by such a course at tertiary
teacher training institutions.

REFLECTIONS ON THE USE OF HYPER-
CARD AS AN AUTHORING TOOL

BY A GROUP OF IN-SERVICE TEACHERS.

The participants came from disparate
teaching backgrounds which ranged
from infant teaching to technical and
trade teaching. None of the partici-
pants were trained in the use >f com-
puters although all had some sort of
contact with their use. In some cases
this varied from the playing of com-
puter-based games, word processing
or usinga computer operated lathe. In
all cases the students felt some lack of
confidence inthe use of computersand
felt that they ought to make better use
of available technology for the benefit
of their students.

Many worked in classrooms that had a
computer where students worked to
word process their written materialand
occasionally play games. Some had
made use of commercially available
educational softwareas part of adevel-
oped theme of work.

As s often the case with people new to
computersit becameapparent thatmost
wished to learn more about the Macin-
tosh computer, dueto its availability in
schools and its user-friendliness. As
part of the assessment for the unit it
was decided to include a requirement
that each student create a software
learning package.

The majority chose to use HyperCard.
Others negotiated the use of an
authoring tool for [.B.M. called
“AuthorWare”. The assessment re-
quirements of the package was open-
ended in that students had to choose a
simple learning activity which, in their
opinion, was suited to using the com-
puter as a medium for learning. They
then had to produce software that im-
plemented the learning task. Assess-
ment was not subject to the complexity
ofthetask, in fact, it was suggested that
the less complicated the task, in this
instance, the better. Some background
insoftware-development methodology
wasincluded as partof thelecturetime-
table and a one-day workshop ‘Intro-
duction to HyperCard’ was sufficient
to enthuse even the most sceptical stu-
dent.

Within a very short space of time stu-
dents were submitting first draft ideas
for consideration and comment. Gen-
erally the initial suggestions were too
complicated and had tobescaled down
dueto time considerations. Eventually
each student decided on a viable topic
to develop and refine during the re-
mainder of the year.

Neartheconclusionof the yearanother
whole day was set aside for presenta-
tion of the assignments where the stu-
dent audience was asked to complete
criticism sheets for each piece of pre-
sented software. These criticisms were
then used as the basis for a final refine-
ment of the learning package before
being submitted for lecturer assess-
ment.

The final quality of the learning pack-
ages produced by those using Hyper-
Card was very high. In every case the
combination of educational expertise
and basic software creation skills
proved to be exciting and potent be-
cause of educational considerations
such as:

1) readability of on-screen instructions

2) density of such instructions

3) flavour and consistency of the user
interface and many other regular
features of educational software,
often poor in commercial software,
were carefully taken into account
and incorporated

4) exciting, because each and every
piece of software produced was
going to fulfil an educational need
identified by that teacher in their
working environment.

The attitude of those participating was
exciting. The level of enthusiasm dis-
played by the participants was infec-
tious. Small networks of students grew
to fill the role of assisting other mem-
bers of the class with a problem in
which they were experiencing diffi-
culty; a daunting task alone but solv-
able with the help of another member
of the group.

It wasdifficult not to mentally extrapo-
late the possibility of this group dy-
namic into the work place where one
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could imagine a statewide network of
HyperCard users; a network sharing
home-grown software and assisting
less-experienced users to surmount
problems encountered. The diversity
and breadth of such a potential pool of
supply of educational software is very
exciting. There exists an instructional
software library called the
“HyperMedia and Instructional
Stackware Clearinghouse” whereedu-
cators can submit created stacks for
evaluation and acquire stacks already
created (Tucker 1989, p. 32).

On many occasions participants in the
coursemade enquires on behalf of their
teaching colleagues as to whether or
not this unit was to be offered in the
following year. It appeared that other
teachers had observed participants of
the course, working on their learning
packages or had witnessed participants
demonstrating their work. They had
been sufficiently impressed to make
enquires.

CONCLUSION

To borrow thejargon from another dis-
cipline...wearenot responding to mar-
ket forces. The market may be consid-
ered the body of educators in pre-serv-
icetraining, practising pre-tertiary edu-
cators and in many cases, tertiary edu-
cators themselves. Thismarketisclearly
stating that they are dissatisfied with
the level of competency resulting from
existing teacher training courses.

This paper proposes a response to this
perceived marketdemand; namely, that
the use of HyperCard or similar
authoring tools be incorporated into
PTE. This would fulfil the suggested,
defined requirements for Computer
Literacy appropriate to this particular
discipline.

With any change to the status quo there
arelikely to be some problems encoun-
tered. Those best situated to ensure as
smooth an implementation as possible
aretertiary educators already working
in the area of PTE. However, if for
some reason, this lead is not taken it is
possible that market forces may force
the change in an ad hoc manner. The
beginning signs are already there; it is

happening. Anecdotal evidence
aboundsof HyperCard enthusiastswho
use their own courseware in the class-
room. The trouble is, that in all likeli-
hood, they have received no formal (or
informal) training in the production of
quality educational software.

Itis a market niche that will be filled.
The question is not whether it will be
filled but who will fill it?

** For moreinformation writeto, Heizer
Software, 1941 Qak Park Blvd., Suite
30, PO Box 232019, Pleasant Hill, CA
94523, and ask for information about
Convertit. and other HyperCard and
ToolBook productivity software. In-
formation about ToolBook is available
in Australia from: Software Sanctuary,
PO Box 542, Ashmore City, Qld. 4214
Phone (075) 972002.

APPENDIX A

FOCUS OF THE STUDY COMPUTER
TECHNOLOGY AND EDUCATION:
Towards a Model Curriculum for
Pre-service Teachers in Computer Lit-

eracy

OBJECTIVES
The study has four specific objectives:

1. Analyse major curriculum theories
and models in terms of their appli-
cability to the teaching of CIE.

2. Analyse current approaches to the
teaching of CIE.

3. Based ontheanalysis of (1) and (2),
identify the key elements, charac-
teristics, etc. that must be presentin
a ‘model’ CIE curriculum.

4. Develop a model CIE curriculum
on thebasisof the criteriaidentified
in (3.

ISSUES

To meet the objectives, the following

issues must be addressed:

1. What are the leading curriculum
theories/models which are perti-
nent to teaching pre-service teach-
ers?

(a) general
() CIE

2. How do these theories/models
compare with one another in terms
of their applicability to the teaching
of CIE for pre-service teachers?

3. What are the current trends/ap-
proaches to the teaching of CIE for
pre-service teachers?

(a) in Australia
(b) abroad (US, Britain, etc.)

4. How do these trends/approaches
compare with one another in terms
of their effectiveness in teaching
CIE for pre-service teachers?

5. Based on the above findings, what
elements should be present in a
‘model’ CIE curriculum?
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ERRE

The power of the per-
sonal computer enabies
teachers to be more pro-
ductive in a variety of
ways. For example, with
word processing software
computers can be used to
write and edit research
papers, to prepare exams
and class materials and to
draft correspondence.
Spreadsheet programs
can be used to calculate
grades and maintain
grade records. Communi-
cation programs allow
access to E-mail systems
and permit connection to
mainframe computers.

THE PERSONAL
COMPUTER AS A
BUSINESS LAW
TEACHING TOOL

Using computer networks teachers
can send messages worldwide and
can conduct research by accessing
information in libraries around the
country from their desktops.
Teachers use computers to be more
productive at virtually everything
they do as teachers—except for
teaching itself.

Using personal computers and pres-
entation software can improve class-
room teaching and enhance the inter-
action between the teacher and stu-
dent. Use of computers in education
often focuses on computer assisted
learning modules. These efforts tend
to de-emphasize classroom interac-
tion between the student and the
teacher and replace it with separate
events wherethe teacher interacts with
the computer by programming the
learning module and where the stu-
dent interacts with the computer by
working through theteacher designed
program. Computer power is used to
provide an alternative way of learn-
ing rather than improving classroom
instruction.

This article describes an experiment
using the Apple Macintosh® 1 and
Aldus Persuasion®2 presentation
software to improve classroom teach-
ing in Business Law. The project’s
goal was to apply the power of the
personal computer to effectively or-
ganize and present information in the
classroom just as it is used outside of
class. The computer is used to in-
crease teaching efficiency by making
lecture material easier to produce,
improve and present. Computer use
can also improve student learning.

Using presentation softwareto produce
lecture visual aids with full color and
graphics, the computer can improve
instructional materials, increase atten-
tion and recall of course material, and
improve student performance.

The personal computer has great po-
tential as an effective classroom in-
structional tool. This article will first
describe how this project was con-
ducted. Second, it will describe the
author’s observations and reactions to
use of this method. Lastly it will sum-
marize results of surveys used to meas-
ure student reaction to the method.

PROJECT DESCRIPTION

In this project, nearly all lecture visual
aids were prepared on an Apple Mac-
intesh computer using Aldus Persua-
sion presentation software. The visual
aids used color and graphics and were
presented on large screen television
monitors. In previous classes lectures
were supported with basic visual aids
— overhead transparencies and the
blackboard. The overheads wereblack
and white transparencies prepared on
a personal computer. The blackboard
was used for handwritten notes and
hand-drawn diagrams. In this project
the computer generated visual aids
presented on the TV monitors were
used to replace the overhead transpar-
encies and the blackboard, which were
used sparingly.

This method was used to teach three
half-courses of Advanced Business
Law, a course designed to teach legal
topics tested on the CPA examination.
Two half-courses were taught four
hours per week for eight weeks. The
other course was taught two hours per
week for fourteen weeks. The material
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covered included commercial paper
and secured transactions (Article 3and
Article 9 of the Uniform Commercial
Code), and agency.

Al162 students were seniors. Over 90%
were accounting majors. Nearly 25%
were members of Delta Epsilon Sigma,
the National Scholastic Honor Society
on our campus. As a whole, the stu-
dents were brighter and more highly
motivated than students in the Busi-
ness Law course required of all busi-
ness majors.

Our university has only one classroom
in which the Macintosh is connected
directly to large screen TV monitors —
a 228-seat science lecture hall. This
setting was hardly ideal for classes with
only 29, 18 and 15 students, respec-
tively! Four 27-inch RGB television
monitors are mounted throughout the
room. The students tended to sit near
the front of the room, but even the
neareststudents were 12feetaway from
the TV monitor.

The computer hardware was a Apple
Macintosh Isi with a 40 megabyte hard
drive and 5 megabytes of RAM. In
addition to the classroom hardware,
access to another computer on a regu-
lar basis is needed to prepare and edit
the presentations. To make effective
use of color capability, a color monitor
for this second computer is almost a
necessity. The second computer did
not require as much power or RAM as
is desirable for smooth operation in
class.

The presentation software used was
Aldus Persuasion, Version 2.0 and
Version 2.1. Using Aldus Persuasion
onecan createclassroom presentations
from an outline format either by using
pre-formatted slidesor by creating new
backgrounds and master slides. Per-
suasion includes several
“AutoTemplates” which pre-format the
master slide and background accord-
ing to graphic design principles. Thus,
preparation of a class presentation can
be as simple as selecting the desired
AutoTemplate and typing in the out-
line’s content. For more customized
applications, onecan design new back-

grounds using a myriad of colors, pat-
terns, drawing tools and effects. New
master slides can be made by specially
designing the fonts and sizes for the
text. In this project, nearly all of the
master slides were adjusted to provide
larger fonts and greater visibility. Cop-
ies of the Persuasion outline were dis-
tributed to the students to assist them
in following the presentation.

The slides were presented on the TV
monitors by running a “slide show” in
which Persuasion advances from one
slide to the next with a simple click of
ter to make the desired presentation.
This does not require that you know all
facets of your computer’s operating
system or each featureof your software
program. You need not be a “hacker”
to teach effectively with the computer.
But you must understand fully those
particular functions essential to making
your presentation run flawlessly in
class.

Youneed to experiment with your soft-
wareand learnits capabilitiesand limi-
tations. The Aldus Persuasion program
was extremely intuitive and easy to
learn through trial and error and oc-
casional reference to the program
manuals. Other presentation software
programs include MORE? and
PowerPoint?, which offer similar fea-
tures and functionality. Regardless
which presentation software you use,
take time to learn its essential features
thoroughly.

KNOW YOUR "QUTPUT DEVICE"

Computer generated visual aids can
only assist learning if they can be easily
and clearly viewed by the students. In
this project the computer visuals were
displayed onlargescreen TV monitors.
The colors were clear, vivid and could
be seen in a well-lighted classroom. If
you use a large-image video projector,
be sure your visuals will be projected
brightly enough tobe seen clearly. You
may need to dim the lighting in the
classroom to make them more visible.
Using a color display panel that rests
atopanoverhead projectoris somewhat
risky. Often the colors can not be seen
adequatelyunlesstheroomisverydark.
This will have a negative impact on

visibility of the other aspects of the
lecture. Only the brightest primary
colors project vividly. If you need to
use a display panel with an overhead,
consider using black and white visuals
instead. These will be more visibleand
will allow youto keep classroom light-
ing at a more acceptable level.

DON'T OVER-DESIGN

Adhering to this simple rule will help
youavoid the mistake most commonly
madeby new users of technology:over-
designing your presentation to dem-
onstrate all of the bells and whistles of
your wondrous computer and its in-
credible software. This temptation is
difficult to resist because you can im-
pressyourstudentsasacomputer whiz!
During the first two half-courses, the
author regrettably fell victim to this
common beginner's mistake by de-
signing 13 master slides and 10 back-
grounds for use in eight commercial
paper lectures!

Unfortunately this approach contrib-
utes nothing to your desired goals of
greater efficiency, improved interac-
tion and better learning. Designing
new backgrounds was time consum-
ing, especially at first. Merely selecting
an AutoTemplate could have saved
hours of work, so it certainly was not
efficient. This time would have been
more effectively spent improving the
outline, or reviewing cases and prob-
lems for class. Second, it is doubtful
that the new designs were any more .
effective'than an AutoTemplate. Un-
less you are a graphic designer who
understands the effective use of color
and graphics to produce a good visual
aid, your self-designed backgrounds
will probably be less effective than the
professionally designed slides. Third,
overdoing fonts, colors, effects, etc., will

. distract the student from the content of

the message — 2 result totally opposite
from yourgoal. Thus, forthe third half-
course the presentations were con-
verted tothestandard Persuasion Auto-
Templates.

MAKE IT EASILY READABLE

In this regard it is essential to modify
Persuasion’s master slides to suit your
particular classroom’s needs. Nearly
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all visual aids used in the project con-
tained text only, which must be read-
able to be effective. A TV monitor’s
image is much smaller than that of an
overhead projector. Before using your
presentation in the classroom, check to
be sure that all font sizes are large
enough to be clearly seen. Readability
may be a lesser concern if you project
the computer output with a larger im-
age using either an overhead projector
using panel display or a with a video
projector. However, merely projecting
a larger image does not increase the
effectiveness of the visual aid &

A related issue is the amount of text on
each slide. Selecting alarge font that is
easily visible will be self-limiting.
However, even whereadditional room
is available, do not overcrowd theslide
with text. Limiting slides to no more
than four bulletitems of six words each
underneath the main title is a good
guideline. It is not always possible to
conform technical UCC rules to this
guideline, but limiting the content of
each slide is worthwhile.

SLOW DOWN. MORE IS NOT ALWAYS
BETTER.

The efficiency of presenting a new
visual aid with a simple mouse click
allows you to present material much
faster than by using overheads or the
blackboard. This method allowed you
to present much more material in the
sametime. Unfortunately, the students
are not always able to_absorb and
processtheextra material7 Becausethe
slides contain less content than over-
heads, they must be changed more fre-
quently than overhead changes. If you
don’t pace yourself, the students feel
like the slide disappears before its con-
tent can be read and understood.

Use the efficiency of this method to
present better, not just more. Use the
additional time to explain the material
in moredetail than previously possible,
or to add another case example or
problems to your lecture. Also take
advantage of program features to re-
peat slides and reinforce your message
before advancing to new material.

DISTRIBUTE HANDOUTS TO THE STU-
DENTS

Using the blackboard allows time for
students to take notes as you write on
theboard. The blackboard information
can stay visible while you write on
other areas of the board. With the
computer, however, new content is
displayed instantaneously and disap-
pears just as quickly when the new
slide is presented. Students have less
time to perceive and process the infor-
mation. This can produce several
negativeeffects, First, studentsbecome
frenzied note-takers, not listeners or
discussion participants. Second, stu-
dents simply misssome of theinforma-
tion because they can’t take notes fast
enough. Likewise, they can’tlistenand
respond and still take notes, or they
suffer lapses of attention and when
they recover, the slide content has al-
ready been lostto the new slide. Thisis
especially true if you have difficulty
teaching at a slower pace.

You can help the students to process
the information more efficiently by
distributing handouts. They can
listen, pay attention and participate
better when they are not in a note-
taking frenzy. Slide contentis not irre-
trievably lost when a new slide is dis-
played since it is in the handout for
them to review later.

Using handouts creates other problem:s
you should consider. For some stu-
dents, note-taking is the primary reason
for coming class. They may become
bored if they feel they need not pay
attention to the lecture because they
“already have the notes”. Admonish
the students to take notes on examples,
cases and discussion which add depth
to the handouts’ content. For other
students note-taking may be a critical
step in integrating and retaining infor-
mation.® Remind these students to
stick to their favorite study methods
and use the handouts as a supplement
when their own notes are incomplete,
not as a substitute for their own notes.
They stili must do the mental work to
assimilate and retain the information.

Avoid Reading the Projection Screens
This point probably seems obvious but

interacting with the TV monitors can
present unique problems. With tradi-
tional visual aids like overheads and
the blackboard you'll see the content of
the visual aid before the students. You
have a moment as you write on the
board or change transparencies to col-
lect your thoughts and then segue into
the topic. With the computer, you see
the slide at the same time as your stu-
dents and it can be more difficult to
instantly match your comments to the
visual aid. It is awkward, and even
embarrassing, to introduce a topic and
then find that your next slidediscusses
a different concept. The safest and
easiest reaction is to read aloud from
the monitor while you collect your
thoughtsonthe subject—a colossalbore
for students.

Avoiding monitor reading requires
good class preparationand good lecture
notes. Monitor reading is a much
greater problem on days when class
preparation is less than ideal. When
first using this new method, you must
review the slides, their content and or-
der of presentation. You should know
what will appear next on the slide even
if you can't see it. Good lecture notes
will prepare you for upcoming slides.
Persuasion allows you to prepare lec-
ture notes in a variety of formats. Find-
ing the right lecture note format is a
matter of personal preferenceand may
require some experimentation. It is
essential to be comfortable with the
format you choose.

AVOID EXCESSIVE “LAYERING”

Users of overhead transparencies are
undoubtedly familiar with the tech-
nique of revealing only a portion of the
transparency to focus attention on the
topic being discussed. As other topics
arediscussed, the paperis pulled lower
across the transparency revealing ad-
ditional topics. Persuasion allows use
of the same technique through “layer-
ing”. Selected portions of each slide
canbeassigned todifferentlayers. Each
consecutive layer is revealed by an ad-
ditional click of the mouse.

The layering technique was frequently
used in the first half-course, but use
was reduced in the later half-courses
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for three reasons. First, extensive use of
layering means that the slide is con-
stantly changing. For the students, this
means they constantly focuson theslide
and comparing it to their handouts
ratherthanlistening. Conversely, if the
entire slide is revealed, students can
observeit, compareit to their handouts,
make notes, etc., allowing more op-
portunity for listening and interaction.
Second, extensive layering requires the
instructor to constantly manipulate the
mouse to advance to the next layer.
This requires the instructor to remain
near the mouse and limits freedom of
movement in the classroom. Third,
layering increases problems involved
withmonitorreading (seeRule7 above)
when theentireslideisrevealed atonce
it’s easier to formulate your thoughts
about the entire slide. In the later half-
courses use of layering was reserved
only for the most important topics or
whereeach layer wastobediscussed in
great detail.

AVOID EXCESSIVE TRANSITION EFFECTS
Persuasion provides 13 special effects
to make the transition from onesslideto
the next. The transition effects can
apply individually to each slide, or the
same effect can be applied globally to
all slides, or various effects can be ap-
plied at random. These are the bells
and whistles that are so tempting to
show off to the class!! Initially a variety
of transition effects were used in the
class presentations and some were as-
signed randomly. While this initially
generated student attention it ulti-
mately distracted from the students’
attention to the teaching message.9 As
the courses progressed a single transi-
tion effect was applied for each major
portion of the lecture. Effects were
changed only when beginning discus-
sion of the next major topic.

IMPORT TEXT FROM OTHER PROGRAMS

If you already use overhead transpar-
encies, you may have developed them
using a word processing program.
Persuasion allows you to import the
textinto Persuasion. Theimported text
needs to be reformatted into slide for-
mat, but you will not have to manually
enterthetext. Althoughsometime was
required to convert the imported text

to slide format, it was not especially
difficult and resulted in a substantial
time savings over manually entering
the text.

TEACHING TASKS SUITABLE FOR COM-
PUTER GENERATED VISUAL AIDS

Using computer generated visual aids
effectively in class requires advance
preparation of the visual aids. Unlike
the blackboard, computer visuals can-
not be prepared spontaneously. And
unlike previously prepared overheads,
the computer visual aids cannot be
edited in class by writing additional
informationon thetransparency witha
marker. The tasks for which computer
generated visualaidsare most effective
are those which can be prepared in
advance and are unlikely to change.
The tasks for which computer gener-
ated visual aids are least effective are
those which require greater spontane-
ity and easy revision.

In the Business Law context, computer
visuals are best suited for teaching
“black letter” law such as defining le-
gal. terms, listing UCC legal require-
ments, explaining elements of rules of
law. For example, for listing the ele-
mentsof anegotiableinstrument under
UCC Article 3 and explaining the
meaning of each requirement. This
method also worked well to describe
legal relationships between partiessuch
as the relationship between principals
andagents inagency law. The method
alsocan effectively be used to explaina
step by step approach to analyzing
problems involving commercial paper
and secured transactions, then rein-
forcing the approach for each case and
problem discussed. Although not
editable in class, the computer visuals
can be more effective visual aids be-
cause they are carefully formatted,
edited, and refined before class.

While most computer visuals in this
project were only text, they also were
used to graphically represent relation-
ships between parties during discus-
sion of the cases and problemsin class.
These visuals enjoyed limited success.
The students were asked to describe
the case or read the problem and then
initiate discussion of the legal issues.

Such a discussion approach is more
spontaneous and not well suited to a
previously prepared computer visual
aids.

Theblackboard is the most useful visual
aid for discussing cases and problems
because it allows more spontaneity. A
blackboard diagram of the parties’ re-
lationships can be prepared as the stu-
dentdiscussesthe problemordescribes
thecase. Inaddition, its easy to discuss
variations of the legal issues by modi-
fying the facts of the problem and
modifying the blackboard diagram as
well. Such impromptu revision is not
possible with the computer generated
graphics. Unfortunately, the quality of
blackboard visuals often are not very
good. Some diagrams are not fully
legible or comprehensible and require
on the spot editing. Overhead trans-
parencies combine the good qualities
of prepared visuals with the spontane-
ity of the blackboard. The basic ele-
ments of the problem can be carefully
prepared in advance, while spontane-
ous revisions can made by writing ad-
ditional information on the transpar-
ency with a marker. Both the black-
board and overhead transparencies
work better than computer visual aids
for case and problem discussion.

The computer was helpful, however,
for instantly retrieving the legal defi-
nitions, elements of causes of action or
legal principles that related to the cases
or problems under discussion. For
example, as a student discussed a
problem regarding a party’s statusas a
holder in due course, one could im-
mediately display the screendescribing
the elements required to be aholder in
due course. If the issue focused on a
specific issue (such as whether value
had been paid by the holder of the
instrument)one could instantly display
the screen related to value issues. In
preparing for class, you should review
the casesand problemsand make notes
regarding which screens applied to the
issues made in the case or problem,
When the students discussed the legal
issues, you may immediately present
the slide containing the applicable rule
of law.
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Another limiting factor for effective-
nessof computer generated visualaids
istheinabilitytodisplayalargeamount
of information at once. This method
requires you to divide the materialinto
small components visible on a single
TV screen. Occasionally largeamounts
of related topics must be presented at
once and cannot be effectively pre-
sented in screen-sized portions. For
this material, overhead transparencies
aresuperior. Becauseoverheads project
suchalargeimage, eventransparencies
with large amounts of material will be
readable.

INSTRUCTOR'S OBSERVATIONS ON THE
EFFICIENCY AND EFFECTIVENESS OF
TEACHING WITH THE PERSONAL COMPU-
TER

The personal computer has great po-
tential as a teaching tool. But its high-
tech nature and use of color alone will
not ensure that it is demonstrably su-
perior to other presentations meth-
ods. Computer assisted teaching
methods are not automatically better.
This method, like any other, must be
used properly tobe effective. Similarly
no single method is appropriate for
every teaching task. Computer gener-
ated visual aids should be used only
when their unique capabilities can as-
sist, rather than impede, teaching. If
this method is used appropriately, you
can capitalize the personal computer’s
potential to help you become a more
efficient and effective teacher.

EFFICIENCY

Using this method requires an initial
investment of time and effort that will
pay off in future courses. There is a
definite “learning curve” in mastering
the hard ware and software, preparing
the slides and adjusting to in-class use
of the presentations. Once this initial
loss of efficiency is overcome, this
method can save time in several ways.

Inclass, there is no question thattime is
savedinhandlingthevisualsaids when
compared to using the blackboard or
overheads. A simple mouse click ad-
vances to the next slide. Any slide can
beaccessed in saconds with a keyboard
command. Thetime saved canbe used
for other teaching tasks. Butremember

toteachbetter, not just more. Using the
computer kept the materials more or-
ganized and the computer visuals were
convenient to use. Previously six ma-
nila folders of overhead transparencies
were used for the class. Now all of the
visuals for theclass fiton just two floppy
disks. The individual slides never get
misplaced, fall on the floor or get out of
their designated order.

Outsideclass, editing the presenations
is easier than reproducing new over-
head transparencies. Editing the con-
tent is no more difficult than editing in
any word processing program. The
order of the slides can be rearranged in
seconds. With overheads, the changes
must be printed and copied to trans-
parencies. Even small changes some-
timescanrequireseveral transparencies
to be reproduced.

Admittedly, the time difference be-
tween editing slides and reproducing
overheads is not always dramatic, but
itcanimpede slightadjustments tofine
tune a presentation. Users of this
technology will be more willing to ad-
just their presentations for a particular
class than to change overhead trans-
parencies. In the author’s experience,
overheads with slight defects have
continued to be used for several se-
mesters rather than take the trouble to
reproduce the transparency. With the
computer visuals, slides were fre-
quently added or reorganized and in-
formation was edited to improve the
presentation. Oftenchanges weremade
either just before or just after class.

The major threat to using this method
efficiently lies in the temptation to
overdesign the computer visuals and
demonstrate special effects. While it
can be enjoyable to “play” with the
computer’s capabilities, these efforts
cantakesubstantialtimeand yield only
a marginal impact on learning in class.
The time would be better spent by
thoroughly preparing other materials
tolend variety tothe class, suchascases
and problems for discussion.

EFFECTIVENESS
Quantitatively and objectively deter-
mining the educational effectiveness of

this method would require great effo
to control the many other educationz
variables operating in a Business Las
classroom that were beyond the scop
of this project. Important qualitativ
evaluations can be made, howeve
based on the author’s personal obse:
vations and on the course evaluation

This project began with two basic a:
sumptions. First, that increased ed
cational stimulus would increas
learning, and second, that the col
capability of the computer would hav
a dramatic effect on learning. Bot
were only partly true. Merely addin
stimulus does not increase the effe
tiveness of the message because nota
stimuli serve as cues which facilita:
leaming.w Color canadvancestuder
leaming if used carefully to suppo
specificeducational objectives.}1 Thu
while the additional stimuli and col
of the computer generated visuals ca
advance learning, it cannot be pr
sumed they will.

Used properly computer generate
visuals aids are an effective means !
increase learning. Persuasion permi
the use of color in ways that can ser
as effective cues for specific learnir
objectives. Due to the many variabl
that affect learning measuring tt
relative effectiveness of color is difi
cult. Studies of color’s relative effe
tiveness for learning are inconclusiv
and even contradictory. While ear
studies of the use of color tended -
show no improvement in learnir
through useof color morerecentstudi
show useof color to bea viable instru
tional variable.}2 A summary
fourteen studiesduringthe period fro
1975 - 1990 concluded that color faci
tates both recognition and recall task
Color alsc was found to be superior

black and white images in encodir
information into memory.13 The a
thor’s personal judgment is that th
teaching method generated aclassroo
atmosphere in which students we
better able to more effectively unde
stand and retain the complicated co
cepts presented in commercial pape
secured transactions and agency.
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In addition to the potential for more
effective learning, using color visuals
can improve the student interest in the
class. Coloris known to be an effective
method for gaining and sustaining at-
tention.14 This can be critical when
teaching a technical subject such as
commercial paper. This method gen-
erated great initial student interest in
the visual aids. Student interest natu-
rally waned slightly as the students
become more familiar with the method.
Varying presentation methods during
each class period will sustain the stu-
dentattention generated by the visuals.
Variety prevents students from being
mesmerized by the screen and losing
attention. Use of overheads, the black-
board and discussion of cases and
problems should be liberally inter-
spersed with the computer visuals.

Arbitrary use of color and special effects
isanimpediment toeffective useof this
method. Care must be taken to focus
the use of color on specific learning
objectives. One study suggests that
color improves memory of only pe-
ripheral information and not the
central material.1® These studies pro-
vide even greater reason to avoid dis-
tractingoverdesignof Persuasionslides
and minimal use of peripheral effects
such as transition effects and layering.

A second problem hindering effective-
ness is that over reliance on the com-
puter visuals can negateany ad vantage
of increased attention. In the second
half-course, the computer visual aids
were used more extensively and fewer
spontaneous discussions of cases and
problems wereheld. Asa result, half of
the students felt the method reduced
their attention in class. Over reliance
onthe computer visuals interferes with
classroom interaction between the
studentsand theinstructor. Themethod
becomes impersonal and limits the in-
structor’s effectiveness.

Excessive speed is a third factor limit-
ing effectiveness of computer visuals.
In this project students receive ar au-
ditory stimulus (the lecture) and two
different visual stimuli (thescreensand
the handouts). The capacity of the
human senses to transmit information

to the brain far exceeds the ability to
process information effectively. 16 1tis
largely unknown whether multiple
stimuli enhanceonmpedeleammg and
recall Lectunng too quickly most
cettalnly compounds the problems re-
lated to processing the multiple stimuli
students receive from this teaching
method. Failure to give students
enough time to view and study the
slides may negate any effectiveness of
the color presentahon and may even
reduce leammg

Distributing copies of the visual aids is
important to the effectiveness of this
method. The efficiency of the method
will belost if you must wait as students
take notes from the screens. If youtend
to cover material quickly in classit will
be critical to distribute handouts or
students will have trouble keeping up
with notes. Thisis especially true if the
visuals include a lot of content and
detail, rather than mere bullet points of
general topic headings. For lessdetailed
presentations, handouts are not as es-
sential.

A complete set of handouts gives stu-
dents the comfort of knowing they
won’t “miss anything important” in
their notes if they concentrate on lis-
tening and participating rather than
note-taking. The handouts also help
the students to connect related topics
that have been separated into two or
more slides.

Using computer generated visual aids
in the class appears to have a strong
positive effect on student evaluations
of the instructor. Appendix 1 contains
a summary of theauthor’s mean scores
on the University of St. Thomas’
standard student evaluation of teach-
ing. The results of the three experi-
mental half-courses (the “1992courses”)
were compared to those of three pre-
vious half-courses taught in 1991 (the
1991 courses”). The overall rating of
the instructor (Item 18) in the 1992
courses greatly improved when com-
pared totheaverageofthe 1991 courses.
The overall rating increased each se-
mester as the author became more fa-
miliar with the method.

Moreover, higher evaluation scores
were received on nearly all questions
regarding in-class performance. The
most significant increases appeared in
evaluation of instructor preparedness,
good useof examples and illustrations,
clear course objectives, instructor’s
knowledge of the subject matter and
clear presentation of the subject matter.
Again, in each of these areas the
evaluation scores have increased each
semester as skill in using the method

In the first 1992 course, the overall
evaluationof the course waslower than
the 1991 course average. Lower evalu-
ation scores were reported in key areas
suchashowmuch thestudentsleamed,
theirability to usecourseconcepts, and
ability to read the subject matter better.
Inthe second and third 1992 courses, as
adjustments wer= made and use of the
method became more familiar, these
results were reversed for nearly ali cat-
egories.

Whiletheimproved courseevaluations
were gratifying, they should not be
interpreted as proof of a better learning
outcome. Research indicates that
leamers prefer to receive and interact
with pnesentatlons in color rather than
black and white.19 Material presented
in color is rated as being better, more
interesting and more active than that
presented in black and white. 20 14
study involving overhead transparen-
cies, color contributed positively to
audience perceptions of the presenter
of the material and the presenter was
found tobemonepersuaswe 1 Butonly
a small relationship exists between
learners’ preferred typesof visual pres-
entations and achievement of specific
educational objectives.22 In other
words, while students may prefer color,
and they may rate instructors more
highly on course evaluations, they are
not necessarily learning more effec-
tively.

One finalobservation. Student surveys
fromthe1992 courses showed that some
students clearly disliked the new
method. However, no two students
learn in the same manner and students
will perceive and react to a common
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stimulus in different ways.23 Indi-
vidual differences in students, such as
intelligence and prior knowledge, also
will affect the students’ reaction to
visual [:n'esenta':ions.24 Until indi-
vidual learning styles can be identified
and accommodated, striving to meet
the needs of most learners while pro-
viding variety which addresses other
learning styles is the best solution.

RESULTS OF STUDENT SURVEYS
Accurately measuring the effectiveness
of computer generated visual aids for
teaching Business Law as a result of
this project would be extremely diffi-
cult. First, no control group was used
for this project so direct comparisons
are impossible. Second, there are an
infinite number of variables associated
with effective use of visual aids in
teaching25 and no attempt was made
to isolate these variables. Third, at-
tempts to compare the 1992 courses
with the 1991 courses are hampered by
numerous variablesotherthan thetype
of visualaids employed (courselength,
subject matter, room size, etc.). Thus
while no quantitative results can be
reported from the project, theresponses
to the student surveys provide impor-
tant qualitative measurements to
evaluate the effectiveness of this
teaching method.

Before the final exam the students
completed asurvey about theuseof the
Macintoshand Persuasionasateaching
tool. The surveys were distributed at
the same time as the university’s course
evaluation forms. The survey ques-
tioned the students’ perceptions of the
method’s effect upon various aspects
of their learning and upon instructor
performance. Students also wereasked
to compare the method tothoseused in
other courses taught by the authorand
by others, to assess its effectiveness for
various tasks and to rate the mannerin
which the method was used. The sur-
vey questionnaire was used. (Please
see note at the end of the footnotes Ed.)
Results from the third 1992 course have
not yet been compiled. This section
will discuss the results of the first two
1992 courses.

Studies of the effect of color visual aids
have been contradictory and this sur-
vey was no exception. In general, stu-
dents in the second half-course rated
the method less favorably in most cat-
egories than students in the first half-
course. This was unforeseen since one
would expect the method’s effective-
ness to improve as the user became
more accustomed to it. Moreover, it
was surprising since the second-half
students gave much higher ratings on
the standard course evaluations they
had completed at the same time!

Student responses to thirteen open
ended questions weresummarized into
groupsof generally positivecomments,
generally negative comments and
comments of either “no effect” and
“other”. Next, within each group the
responses were furthersorted based on
the factors students identified that in-
fluenced their positive or negative re-
sponse.

The strongest positiveeffect wasshown
in student perception of instructor pre-
paredness with 80% positive responses
and only 8.8% negative responses.
Perception of instructor knowledge
(55% positive and 17.5% negative) and
instructor overall effectiveness (51.3%
positive and 23% negative) also were
favorable. Most students felt there was
nochange ininstructor effectivenessas
thecourse progressed (55% nochange).
However, of those who perceived a
change in effectiveness, more students
in the first half-course felt the effec-
tivenessimproved, whilemore students
inthesecond half-course felt the method
became less effective.

Student perceptions of how this teach-
ing method affected the course were
generally positive. The strongest
positive perceptions were shown in the
student perceptions of how much they
learned (61.9 % positive, 9.5% negative)
and in ability to retain and recall course
material and concepts (59.5% positive,
7.1% negative). Most students felt the
method made learning thematerial less
difficult as well (53% positive, 26.5%
negative).

The effect of the method on student
attention, while rated positively over-
all, provoked the greatest negative re-
sponse. The students were sharply di-
vided regarding whether the method
improvesorimpedesattention inclass.
46% felt the method increased atten-
tion although 37% said it negatively
affected attention. The primary reason
cited for the reduced attention was an
inclination to rely solely on the hand-
outs for the information and tune out
the instructor. The drop in attention
was particularly acute in the second
half-course, in whichhalfof thestudents
reported a negative effect on attention.

The impact on students’ interest in the
class received the next largest negative
response, 26.2%. 42.8% gave positive
responses. Oddly, very few second
half-course students reported losing
interest in the class, although they had
a hard time remaining attentive. For
this question the first half-course stu-
dents gave nearly as many negative
responses as positive responses. The
reasons were varied, but a lack of par-
ticipationand general boredom topped
the list.

The computer generated visuals failed
to generate additional participation in
class. 68.3 % felt the method did not
affect their participation, but the 22%
who said the method decreased par-
ticipation were more than double
the 9.8% reporting increased partici-
pation. In the second half-course only
one studentresponded positively, while
six said participation was hampered.

The factors causing the positive and
negative comments also are instruc-
tive. Overwhelmingly, the most fre-
quently mentioned positive factor was
the Persuasion outline handouts given
to the students. Handouts were a key
factor cited in how much the students
learned, retaining and recalling the
course material, and making the mate-
rial less difficult. Useof the color visual
aids was the next most frequently
mentioned factor, followed by “or-
ganized”, “permitsbetterlistening” and
“easy to follow”. Negative responses
most frequently mentioned were an
over reliance on the handouts which
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hurtattentioninclass. Anequal number
of responses found the presentations

. boring. Other noteworthy negative re-

sponses concerned difficulty seeing the
monitors, the speed of instruction,
amount of material and lack of exam-
ples.

The students most frequently cited the
handouts as the greatest strengthof the
method. Studentsalsosaid themethod
was organized, allowed for better lis-
tening, was easy to follow and allowed
them to concentrate better. No single
aspect of the method was stood out as
its greatest weakness. The most fre-
quently mentioned weaknesses were
that the method was more impersonal,
boring, and ill-suited for doing dia-
grams.

Students viewed this teaching method
favorably when comparing it to other
methods. Students in the first half-
course found the method more effec-
tive than lecture alone, lecture and
blackboard, lecture and overheadsand
lecture with overheads and handouts.
The use of visual aids appears toaffect
student opinion of effectiveness since
the method was rated much better than
lecturealone. Thedifferencesdecreased
as visuals were added to the lecture
format by using the blackboard and
overheads.

The computer generated visuals were
rated slightly more effective than the
lecture format with overheads and
handouts. This was true both for those
who also had taken Business Law with
theauthorand fornew students. Similar
results were found in the second half-
course with one notable exception.
Students who had taken Business Law
with the author found the method tobe
slightly less effective than using over-
heads with handouts. This result is
attributed to the lesser degree of inter-
action with the class in dealing with
cases and problems than in the first
half-course.

The students rated the method most
effective for the task of defining legal
terms (nearer to “very good” than
~good”). The method was slightly less
effectivefor thetasksof explaining rules

of law, describing legal relationships
and explain rules of legal liability (mid-
waybetween “very good” and “good”).
The effectiveness rating was roughly
equal for all three tasks. The method
was rated least effective for discussing
cases and problem (midway between
“fair” and “good”).

The students were surveyed regarding
the manner in which this teaching
method was used. Their most signifi-
cant concerns were the amount of ma-
terial covered, the speed in lecturing
about the screens and the speed in
changingscreens. Effortstoslowdown
in the second half-course reduced criti-
cism regarding speed, but the students
still felt too much material was covered.
A second concern was the amount of
layering. Even though much of the
layering was eliminated during the
second half-course, studentsstill found
it problematic. The amount of content
on each screen and the use of color
were well received. The students rated
the handouts very highly.

To summarize, the student surveys
indicated useof thecomputer generated
visuals will have a positive effect on
how the students view the instructor’s
performance. They believe the method
helps them learn and retain the course
material while making it seem less
difficult. Attention to lectures and in-
terest in the class were adversely af-
fected for a substantial minority of
students. This may be addressed by
varying classroom presentations to in-
clude more participation in the form of
cases, problems and discussions. Stu-
dents love handouts, but handouts
cause some students to lose interest in
class because they have the lecture
material already. The method was
preferred when compared to other
lecture formats both with and without
useofother visual aids. Studentsfound
the method unsuitable for facilitating
discussion of cases and problems in
class. The problems identified in the
manner of use of the method were ex-
cessive speed both in lecturing and
changingslidesand overuseoflayering.
And, of course, the students as usual
would rather cover less material.

CONCLUSION

Using personal computers and presen-
tationsoftwaregives teachers new ways
to enhance their classroom perform-
ance. This project demonstrated that
using the Macintosh and Aldus Per-
suasion presentation software to pro-
duce color visual aids is an effective
teaching tool. From this project, better
ways to use this method effectively
werediscovered and the tasks for which
computer generated visual aidsarebest
suited were identified. With further
refinement, use of this method can
create an efficient and dynamic class-
room in which the use of color helps
students and learn and retain more
information. As these experiments
continue, the personal computer will
prove to be a useful tool for teacher
who wish to be both moreefficient and
more effective in the classroom.
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of Technology, Perth, Western
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Thomas , St. Paul, Minnesota,
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TEACHER CHANGE:
PHILOSOPHY AND
TECHNOLOGY

BY HELEN MCDONALD,

a secondary English teacher and currently a
Ph.D. student from Monash University, has
been conducting research at Methodist Ladies’
College, Meiboume in the field of educational

dqqq

This paper looks at the relevance of a
firm philosophical foundation as a ba-
sis for technological change. ltalsonotes
the importanceof action-researchinre-
assessing the purposes, beliefs and
practices of teachers. Much of the re-
search referred to relates to a case study
of Methodist Ladies’ College, Mel-
bourne, where a program based on in-

gardens”, changing things they can
control - small pieces of the syllabus;
additions to a program - safe innova-
tions that are manageable. (Huberman,
1992, p.5) By so doing they avoid the
roller-coaster ride of major change
which may exhilarate one minute, and
plunge innovators to the depths of de-

spair the next.
. dependentlearningand utilizing laptop
Compl”ers and their computers has been operating since At Methodist Ladies’ College in Mel-
related technology may 199. bourne, the roller coaster ride is man-
datory for all staff. The climate at this
be fEIagiVEIy new to the Change can be achieved on many lev-  schoolis demandingbutitalso encour-
educational scene, but

the process of change is
not. Persuading people to
change is rarely an easy
task. Change can seem
threatening, it can bring
insecurity, anxiety and a

els, from a superficialadoption of afew
visible facets, to a complete assimila-
tion of the change which challenges
and alters old structures and existing
beliefs. Real change must go below the
surface, beneath the adoption of hard-
ware and software, beyond the acqui-
sitionof newskills. Forteachersitmeans
looking at learning and re-examining

ages risk-taking, supports innovators,
invites experimentation, copes with
mistakes/problems and celebrates
achievement. Envisioned as “a learn-
ing place for teachers as well as stu-
dents” (Loader, 1993, p.6), M.L.C.
seems to have developed an institu-
tional capacity to innovate. Coping
with change appears to improve with

great deal of hard work. its processes. practice and many of the existing staff
i are well-versed in the process. The

The process Of. Change Is I need three more days in the cycle  administration both supports and en-
persona I and time-con- to beable to get throughall of this! I feellike  courages (or some may say pressures)
Suming, l’éQUifing com- I can never do anything properly: I'm just  active participation in innovative pro-
i skimming over the surface. I haven't got  grams and has established formal
?’;Z‘Zetgtea,:g:':pf ::ha t time to read what I need to read and I  networks to facilitate change. That is

may be a difficult process
(and perhaps a stimulat-
ing and exciting one)
requires a conviction that
the journey will be worth
it - a belief that the out-
comes are worth achiev-
ing.

haven’t got timetodigest it. Lookat thispile
of work I have to get through!

Please - no more change! We haven’t got
through the last one yet. I need to have time
to think about what I am doing instead of
changing it every five minutes!

{M.L.C. teacher Feb. '93)

To many teachers, frequent change is
not an attractive proposition. It is too
demanding, too exhausting and often
doesn’t seem worth the effort. Change
takes time and it often requires the re-
linquishing of control. No wonder that
some teachers prefer to “cultivate their

not to say that all change at M.L.C. is
successful, nor does it come without
the associated “pain and disorder”
which are “healthy signs” of school
improvement. (Huberman, 1992, p.6)

The particular change upon which this
paper focuses is one of many occurring
at M.L.C. and should be seen in that
context. The innovatior centres upon
constructionist thinking and the en-
couraging of effective independent
learning at Junior Secondary level
(Years7 and 8), although bothconcepts
are not exclusive to this section of the
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school. Linked significantly to this
philosophical base is the integration of
laptop computers and the use of
LogoWriter.

The Principal, David Loader, speaks
enthusiastically of M.L.C’s move to-
wardsamoreconstructionistapproach,
which centres upon the individual
student’s learning;:

This approach is based upon
Piaget’s “constructivism” where know!-
edge is “built by the learner, not supplied
by the teacher.” This idea has further been
extended by Seymour Papert to
“constructionism”™ which includes “the
further idea that this happens especially
felicitously when the learner is engaged in
the construction of something external or
at least shareable ... asand castle, amachine,
acomputerprogram,abook.” (Polin, 1990.
p-6)

The idea of knowledge being constructed by
the student shows appropriate respect for
the intellect of the learner and reflects the
subjective and evolutionary view taken of
knowledge. The student, in such & view, is
not a passive recipient of data but a
constructionist trying to understand her
world, having meaningful experiences,
makingpersonally significant connections,
developing mental models, collaborating
with others in an enriched teacher sup-
ported social setting. (Loader,
D.1993,p4)

In MLC.s Junior Secondary School,
this view became woven into the phi-
losophy of independent learning. The
aim was to create a learning environ-
ment which highlighted individual
differences rather than suppressing
them. Students were encouraged to
work effectively without constant di-
rect instruction. They could set their
own working pace, have some flexibil-
ityinareas of study, and pursueoptions
which motivated them - all within a
framework provided by the teacher.
“Learning experiences” were empha-
sized rather than “teaching programs”
as students were encouraged to take
responsibility for their own learning.
Their role became more active: observ-
ing, participating, working together,

constructing and reflecting . In fact,
“independent” learning is perhaps, a
misnomer as the relationship with
teacher and peers is more “inter-de-
pendent” and co-operative.

Computers and other forms of technol-
ogy, were seen as having strong po-
tential in assisting the implementation
of these beliefs and so were introduced
concurrently. In 1989 a pilot class was
taught by a teamof three, following the
ethos of independent learning. Four
computers were located in the class-
room as a resource and the program
LogoWriter, was used.

In 1990, four Year 7 classes took the
innovation on board, with one class
using laptop computers. School policy
requested thateach student in thisclass
own their own laptop computer at an
initialcost ofapproximately $1,500. The
success of the project and subsequent
parent demand saw nine out of 10
classes in 1991 and 1992 using laptops,
while the remaining classes had daily
accesstothecomputer network.In1993,
all year 7 students use their own laptop
computer. LogoWriter has been inte-
grated into English and the Humani-
ties (History, Biblical Studies and Ge-
ography), Mathematics, Science. and
some LO.TE.. In teacher terms, the
team expanded each year, attracting
like-minded staff until the change be-
came policy and all Junior Secondary
teachers became involved.

Many people both within and outside
the M.L.C. community tended to view
the highly visible laptops as “the
change”. Some labelled it as a “gim-
mick” or an “enrolment booster” - pai't
of a technological bandwagon that
would provide a clear advantage to
those who were a part of it. However,
those who initiated the program would
argue that the laptops were introduced
only tofacilitateand enhance the possi-
bilities created by independent learn-
ing. In many ways, laptops were not
thechange: the change wasin thinking,
in learning and in teaching. The tech-
nology supported the change as a rich
resource.

Asone M.L.C. teacher stated:

You can’t put a kid in a classroom
with a laptop and LogoWriter and expeci
miracles to happen. The computer itself
doesn’t doa thing for you. It needs someone
to make it happen, someone to give you
ideas. It needs aphilosophy of how and why
we are doing it - it needs an aim. It needs
people who know how to goabout achieving
it.

(Interview:2/4/92)

And so the teachers who worked in the
Junior Secondary School had to as-
similate the views of constructionism
and independent learning with their
own personal educational outlook. For
a few - particularly the initiators who
were involved in the pilot program -
the philosophy, the technology and
their own educational outlooks were
compatible from the outset. Forothers,
the task was not so easy.

Some accepted the philosophy, but
shied away from the laptops and the
technology entailed. Others embraced
the computers, seeing the technology
in terms of professional development
and as a means of enhancing their
teaching. A third group wished only to
continue “cultivating their gardens”,
and tended to accept the trappings of
the change without significantly alter-
ing practice.

However, there does seem to bea point
where these paths can merge. Once
teachers have come to grips with the
more operational aspects of thechange
(whether it be computers or inde-
pendent learning), they begin to build
themental models necessary toprovide
inroads into the other aspect of the
change. For example, the teacher who
embraces computers soon COmMes ¢o re-
alize that students can and do work
more independently with the laptop.
The flexibility provided in recording,
generating and presenting information
allows students more scope. The me-
dium also seems to encourage more
frequentinteractionamong peers-such
as group problem solving. Whether in-
tentionally or not, the teacher’s role in
the classroom changes. No longer the
expert, the teacher must learn to facili-
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tate. No longer the instructor, the
teacher guides. The philosophy of in-
dependent learning becomes relevant
and the reality of the classroom makes
the connection between beliefs and
practice.

Alternatively, for those who believed
inthe philosophy, the value of laptops
and LogoWriter quickly becomes ap-
parent. Asstudents use LogoWriterin
most subjects, they begin to utilize its
functions across subject boundaries.
Teachers do not need a great deal of
technical expertise to allow the laptop
tobe used asa toolin their classes. They
do not need tobe master programmers
tomark a pieceof workondisk. Asthey
see the technology assisting students
with organization, drafting and prob-
lem solving, it quickly becomes ap-
parent that its link with independent
leamning is a valid one.

The third group, teachers who are
resistant to the change, can be quite
successful in limiting changes to prac-
ticebutonly fora shorttime. As students

become skilled with the technology,
they begin to use it in all subjects. A
teacher who does not encourage com-
puter-use soonbecomes visibleand has
todeal with a situation where students
expect consistency of approach both in
classroom operation and learning style.
Students do not react well to a student-
centred approach in five classes and
the traditional teacher-centred ap-
proach in one,

This reticent teacher group, although
notexperiencingthechangesfirsthand,
can not fail to observe the educational
outcomes as they become apparent.
Subject meetingssoonincludefrequent
demonstrations of successful programs
generated by colleagues; the staffroom
conversations introduce the jargon as-
sociated with both constructionismand
computers and the administration be-
gins to insist that all reports are gener-
ated using a computer. As the culture
of the school alters, those who avoided
the change feel increasingly “left be-
hind”.

To meet the needs of all teachers, a
support system must continue to pro-
vide opporturities for staffto tap intoa
leaming network which allows par-
ticipants to obtain new knowledge and
skills as the need arises. Gary Stager
(Interview: 1991) described it as “cast-
ing small nets” -toencourage teachers,
at the point where they feel ready, to
“have a go” and to be part of the
emerging culture. New staff entering
the school must also be catered for, as
they bring with them knowledge and
skills which may further build the cul-
ture, but may also need support to ac-
quire the skills necessary to teach in the
established program.

Hence, although the school succeeded
in providing a solid and appropriate
philosophical foundation for the intro-
duction of technology, teachers often
had to work with laptops and within
the new structures - forging their own
links and meanings. As Fullan{1992: p.
25) states ” It seemsthat most peopledo

This process where the divergent paths tend to converge may be illustrated diagramatically:

Figure 1:

Teachers:
motivated by
Computers

Initiators with strong
beliefs in:

1Indep. Learning &
Constructionism

2. Technology

Teachers resistant
to the change.

=

A teacher culture based on the
philosophy of constructionism
r and independent learning, and
utilizing technology to support
these aims.

Teachers:
motivated by
Philosophy

New teachers
entering the school.
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notdiscover new understandings until
they have delved into something. In
many cases, changes in behaviour pre-
cede rather than follow changes in be-
liefs.” Some teachers also need to see
outcomes emerging before committing
themselves personally.

The importance of “beliefs” and
"understandings” is central to the suc-
cess of a change process. As Michael
Fullan states:

All substantial innovations
have underlying beliefs, rationalesor
philosophies...(Those involved will )
have to come to understand and be-
lieve in the new assumptions and
ideas that underline that reform.

Fullan, M.G 1991, p.2

Figure 2

Direct experience:
Learning and doing.

However, the point in the change proc-
ess where that meaning is obtained is
notsetor fixed. Ifa school’s philosophy
is based on constructivism, then teach-
ers too must be encouraged to build
their own mental models and develop
their own meanings and beliefs. This
includes the active provision of experi-
ences which confront theory and allow
for the evaluation and re-evaluation of
aims and purposes. As teachers con-
duct and share their own action-re-
search, meaningscanbeexchangedand
a culture extended which includes and
accepts the experiences and beliefs of
all participants.

In such a learning environment one
needs to see learning philosophy as
fluid and as changing. Just as teachers

Educational philosophy
which underpins the change.

areinfluenced by the provision of a set
of beliefs and concepts, proposed as a
foundation for teaching and learning,
so does their experience influence and
alter the educational philosophy. Ac-
tion-research may result in the exten-
sion of ideas, changes in emphases, the
rejectionof someconceptsand the inte-
gration of others. And so the cycle of
theory and practice continues, con-
stantly evolving.

Fullan and Miles (1991) describe
“change” as “a process of coming to
grips with new personal meaning ... a
learning process.” It requires the par-
ticipants to alter their purposes, de-
velop commitment to new waysand to
“unlearn old beliefs and behaviours.”
(Fullan and Miles, 1991. pp10-12) As

Sharing of ideas and concepts
leads to re-evaluation of
purposes and, in turn, alters
the base philosophy.

Construction of own personal
beliefs and mental models.

such it requires great effort from indi-
viduals who must cope with anxiety,
difficultiesand uncertaintyasthey seek
, not only to introduce an innovation
but to change the culture of their
schools.

Toembark on major change - to takeon
board new ideas and skills is demand-
ing. Change takes effort and a great
deal of commitment. Anxiety, uncer-
tainty, frustration, overload, lack of
skill, complexities, incompatibility: all
were experienced in the M L.C. study.

The process of change s not easy as the
comments below indicate:

It was the most frustrating thing
I've ever been through. There was a lot of
expectation placed on teachers ... the ap-
proach was made compulsory, but wheredo
you find the time to build new skills? It was
assumed we would do it, assumed that you
would understand and be able to cope - but
some people did not understand and some
didn't cope and some didn’t really try.
(Interview 6/12/91)

It’s exciting, but you wonder how long
people can maintain this enthusiasm and
commitment... you wonder how long
teachers can keep up the pace and the
pressure. The environment for the kids is
fantastic - they have exciting experiences,
computer experiences and all that. But the
teacher workloud is very, very high.

(Irterview 19/3/92)

If the process of change is to be experi-
enced as accomplishment rather than
frustration, a strong sense of purpose
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needs to be accompanied by many
practical considerations.
As Linda Darling-Hammond writes:

...the process of change is slow
and difficult. It requires perseverance,
and it requires investments in those
things that allow teachers, as change-
agents, to grapple with the transforma-
tions of ideas and behaviour: time for
learning about, looking at, discussing,
struggling with, trying out, construct-
ing, and reconstructing new ways of
thinking and teaching.

L. Darling-Hammond 1990 p.240

In practical terms M.L.C. did much to
support staff with workshops, rebates
for computer purchase, educational
courses, classroom support, access to
information and a network of people
who could provide assistance.

Most activities were voluntary and re-
peated, thus allowing staff to join in
when the experience would be most
meaningful and/or convenient. One of
the most worthwhile professional de-
velopment options was the running of
residential workshops, which took staff
away from their usual commitments
and provided the time “to play” with
LogoWriter and discuss philosophies
of learning in a supportive environ-
ment. As well as formal structures,
personal networks emerged, through
which teachers could obtain informa-
tion without feeling anxious or incom-

petent.

Support must be planned for, but it
must be flexible enough to serve a va-
riety of needs at the same time. As
needs change and new demands are
made, so support structures mustadapt,
for itis only after attempts are made to
implement change, that we come to
understand moreclearly what weneed
to know.

Teachers, like all learners, should be
given the opportunity to make sense of
change. Whether a philosophy of

learningand teaching, ora technology- -

based innovation, staff mustbeallowed
to experiment, to make mistakes, to
exploreand todiscover. Structures need
to be developed which allow for the
freeexchange of ideas and experiences
in a supportive ervironment.

The initial motivation to participate in
change may come from many direc-
tions, but a climate should exist where
participants can feel that their in-
volvement in the change has purpose
and will provide benefits. To ensure
relevance and a valid framework for
change, the existence of a clear phi-
losophy needs to be shared with those
involved. Nor should the changeor the
philosophy be viewed as a static pack-
age which is to be “learned” or imple-
mented. Meanings and beliefs need to
emerge through experience and prac-
tice: they need to be shared and they
need to be challenged.

Encouragement can take many forms
but, asina financial transaction, people
need to be able to see a definite return
for time and effort invested. Learning
outcomes need to be monitored and
recorded, changes in relationshipsand
roles need to be discussed - and adap-
tation must occur as needs dictate. In
this regard, the role of action-research
is critical to ensure that theory and
classroom reality support each other.
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OBJECT ORIENTED
PROGRAMMING

TEACHING OBJECT ORIENTED PROGRAMMING
USING EIFFEL AND SOFTWARE ENGINEERING TO
UNDERGRADUATES

BY PETER MCKENZIE
Moniash University Frankston
McMahons Rd Frankston Victoria 3198

Infact moststudentsexpressfearsabout
abandoning their well known, triedand
trusted procedural methods. What is it

Note that technically what we are re-
ferring toasan objectis really aclass. So
we have a class of banks, customers

A 4
2bout O-O that makes it so different?  and accounts. The object is really a
v This paper examines some of the major  specific run-time instance of that class.
underpinnings of O-O in an attempt to
v explain what O-O is. Now that we have sume idea of what
v an object is, what else do we need to
WHAT IS THE OBJECT ORIENTED know about O-O. Booch (1991) lists
PARALIGM? four elements considered essential to
. . To start with, let us examine a familiar  the O-O model:
Obl ec_t or_ iented pro- method used tobreak a problemdown 1 Abstraction
gramming is fast becom- for coding. That is the Top Down ap- 2 Encapsulation
ing the ‘flavour of the proach. The top down approach breaks i ?&;dularity
oga 2 ’ down the problem to its lowest atomic rheritance
month with mdUStry * level and uses techniques suchasstruc-
Many vendors are selling turechartsand pseudocodetorepresent  Therestof this paper will examineeach
products that now have | akwhat  withsbsacion Absrasion s con
. . erent? Well firstly wemustas with abstraction. Abs on is con-
0b]e.ct oriented attached. is meant by an objeZt. sidered the most important because it
So, it would be reason- allows us to break problems downinto
able to assume that most Mey:r (t:u9.88) suggestst :hat (t:le lc:{bjec‘:s less clc;mf;;)l( parts‘thut: mlaking the
. s are the things we want to model inour  overall problem easier to solve.
pe Opfe gre familiar with problem stagtsement. Booch (1983) sug-
the basic tenets of the gests thatobjectsare the nounsfromthe ~ ABSTRACTION
Oblect Oriented para- problem statement. I will use an ex- When weuse topdow:iecomposition
. ample to illustrate. we are using a type of abstraction. For
d'gm' Yet when students P example higgh level boxes ona structure
come to classes to leamn Say that we want to writea programto  chart are abstractions that are simpli-
about Obl'ect Oriented (0. model a banking system. In our system g:d further down the str:cture chart.
. we would have a bank, some accounts ch level that we go down in the
0) pr ngamm."?g they are and customers of the bank who open, structurechartbecomgs moreccncrete,
not at all familiar with close and use the accounts. Soinan O-  that is includes more about the. how.
these concepts. Oapproach bank,accountand customer
would be the objects that we want to  What we wanttoknow is whattheclass
code. After deciding that theseobjects  is going to do, not how it is going to it.
aregoingtobethebasisof our program  The how is left to the concrete stage.
wemightask how arethe details going ~ What then relates the what to abstrac-
to be stored. Should we set up some  tion? The relationship is how the con-
external files to hold customer and ac-  cept of abstraction highlights those
countdetails? No.Inthe O-Oapproach  things that we think areimportantand
the data is combined with the method.  ignores everything else. This high-
So for example, the object bank when  lighting gives us an overview of the
coded would have some sort of list problem, thus making the entire prob-
structure embedded in it that held the  lem more easily understandable.
customer’s details. This list is not sepa-
rate from the object but contained as
part of it.
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The important thing then, is to decide
what are the essential features of our
abstraction and what behaviours they
are allowed to exhibit. Let us use the
bank example, and make the class ac-
count into an abstraction. We ask our-
selves; what are the essential features
ofanaccount? Theanswer;each account
must have a customer, identified by
some unique number
(account_number) and contain some
money (balance). These features pro-
vide us withan abstraction of a general
bank account.

We then need to enquire, what behav-
iours are these features allowed to ex-
hibit. That is, what operations can be
performed on account using
account_number and balance? Theop-
erations that an account could use are:
open, close, withdraw, deposit, and
check_balance and interest.

This information is then combined to
provide an abstraction of a bank ac-
count. See figure 1 for an illustration of
our account abstraction. Note that no
code is included at this stage, just the
general outline of what an account
might look like. In fact when the sys-
tem is fully coded account may still be
a fully abstract type with no codeat all,
(all operations deferred) or a partially
abstract type with some operations
coded.

Asaccountisatsuchagenerallevel we
may then use it as a template, later on,
for morespecifictypesofaccountssuch
as Savings, Cheque, and Automatic
teller. If we had defined it at a more
concrete level at this stage, such reuse
would have been very difficult if not
impossible.

By itself however, abstraction is not
enough, we need to ally it with other
concepts (encapsulations, modularity
and inheritance) to make a true object
oriented model. Encapsulation
strengthens the abstraction by allow-
ing the implementation details to be
hidden from the user.

ENCAPSULATION

Encapsulation is sometimes referred
to as information hiding.

This s not strictly correct. Information
hiding allows a module to keep secret
all of its information. If any data is to
visible externally then it must be ex-
plicit declared. Encapsulation is the
process of placing all therelevant code
modules for a class together.

For this to work though we must
have two components to our class.
One the interface for external access
and two the internal implementation
of the class. We can say that encapsu-

open

close
deposit

interest
End class

Class Bank account
variables
account_number : number
balance : number
procedures

withdraw

check_balance

Figurel

lation allows us to hide how the class
carries out its function, while provid-
ing enough information in the
interface for the class to be used by
other programs. See figure 2 for an
example.

This dichotomy gives the program-
mer much greater freedom. For
example, if at some later stage the
implementation has to be changed
then the change can be made without
affecting other programs using that
class.

Notethatin figure 2 the method used to
store and access accounts is internal to
the class ie they are fully encapsulated.
This technique means that external us-
ers require no knowledge of how the
account is stored to access it. They just
have to correctly use the interface to
implement whatever method theyhave
chosen to use. We have also deferred
theimplementation of interest untillater
aswedonotknow what typeofaccount
we have yet.

There is a problem with the use of en-
capsulation by itself however. The in-
troduction of procedures and functions
allowed for the possibility of partial
encapsulation. The problem that ap-
pears with proceduresis that they must
allow access tothe common data if they
allow access to the procedures. As we
have seen above, in figure 2, encapsu-
lation allows us to hide the implemen-
tationdetails thus partially overcoming
this problem.

If there were some way of grouping
procedures so those procedures that
accessed the common data could be
joined together in some manner, we
could solve this problem.

MODULARITY

Combining encapsulation with
modularity provides us with the ability
to group common modulesintoa single
abstraction but keep the interfaces
narrow. This links into Booch’s defini-
tion of modularity as “... a system that
has been decomposed into a set of cohe-
siveand loosely coupled modules” (1993
p53).
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Class Bank account

* external view
open (account_number, amount),
close (account_nu mber)
check balance (account_number),
withdraw (account_number, amount)
deposit (account_number, amount)
, interest (account_number)
* internal view

variables

amount : number

account_number : number
balance : number

accounts : list [number, number]
procedures
open (account_number, amount)

insert (account_number ,amount, accounts)
close (account_number)

delete (account_number, accounts)
withdraw (account_number, amount)

if may_withdraw

1 alance := balance - amount
else
write “account will be overdrawn”

endif

check balance

may_withdraw

else

endif
interest deferred
End class

deposit (account_number, amount)
balance := balance + amount

check_balance := balance

if balance > amount
may_withdraw := true

may.withdraw := false

From figure 2 we can see that the meth-
ods such as open and close have been
placed into modules which relate di-
rectly to the account class. In fact some
of these modules, such as
may_withdraw, may be completely in-
visible externally, and only available
for use within the class itself.

So what we developed so far is an ab-
stract model with methods that may be
used but, with the implementation de-
tails hidden. A user could then code

acoount.open(1234,1000)
in the knowledge that this would

Figure 2
access an account object with account
number 1234 and a balance of $1000.
What the user would not know and
would not need to know is how the
account was stored or where it was
stored.

A little diversion could be of interest
here. The above example serves to il-
lustrate how a typical featurein a class
is called. This fragment of code in some
class has created an account object. We
know that account has an external fea-
ture called open that accepts two nu-
meric parameters. This is just like a
procedure call.

The client (class using the service) is
passing amessage to thesupplier (class
suppling the service) account asking
account to fire up the feature openand
use the two parameters passed to it.
End of diversion.

Do we need to go any further then?
Yes.

What happensif the user wantstoopen
a number of different accounts?

Do we have to write a different pro-
gram for each of the accounts that a
bank has? No.

INHERITANCE

As mentioned previously we need to
havesome mechanism for sharing code
when we create similar classes. Inherit-
ance provides just the thing.

See figure 3 for an example.

See Henderson-Sellers (1992) fora more
complete discussion on the above ex-
ample.

When we analyse the problem com-
pletely we may find that all the above
accounts arerequired. In our procedural
code we would then have to write code
five programs to handle each type of
account. Using the O-O method we
would use the existing code that we
wrote for accountin figure 2. This code
could then be passed down to the ‘chil-
dren’ for them to use or extend.

Animportant featureshownin figure3
is the use of multiple inheritance. The
class ATM inherits features from both
cheque and savings. So ATM can use
methods defined in both its parents,
cheque and savings. This reuse of code
is one of the major features of object
oriented programming,.

Ancther point to note is that as we go
down the hierarchy from account to
ATM the methods in the classes be-
come fully coded. Forexample, interest
would have tohave some code before it
could be used.

An example of how the class ATM
might look is shown in figure 4.
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In figure 4 the class ATM inherits fea-
tures from both cheque and savings as
well as from account. So thatan over-
draft facility comes from cheque and a
PIN number comes from savings. There
is another aspect concerning overdraft
thatis of interest. Thatis that thefeature
hasbeenaltered from what it wasin the
ancestor class.

This is part of the generalisation of
classes thatinheritance allows. Ifa fea-
ture is too restrictive at the abstract
level the feature may be altered, whilst
still keeping its integrity and interface
intact. We can also note, that inherit-
ance is a form of specialisation, where
forexample,apassbookaccountismone
specific or not as general (abstract) as
account.

SUMMARY

We have seen that the backbone of
the O-O paradigm consists of four
pieces. Each piece supports and
depends on the other for the true
functionality of O-O to appear.

Firstly, we saw that a model may be
abstracted out to make it general. The
important element to focus on at this
level we noted was the what of the
problem not the how. The implemen-
tation details come later.

Secondly, the concept of encapsula-
tion was introduced. That is, the
notion of a small interface with the
outside world, as well as hiding how
the program carries out its work.

ACCOUNT MOST
ABSTRACT
!
—

CHEQUE SAVINGS

CONCRETE
(LEAST ABSTRACT)
ATM PASSBOOK

The third piece, which is probably
the most familiar, was creating the
class from modules the class. The
important point here was that all the
features relevant to a particular class
were grouped together along with
the data for that class.

The last component of our back-
bone, and perhaps the strangest,
was inheritance. The important
concept of a parent class passing
down code for its sibling to use was
introduced.

Figure 3
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Class ATM account
inherit savings, cheque
* external view from parents
open (account_number, amount),
close (account_number)
check_balance (account_number),
withdraw (account_number, amount)
deposit (account_number, amount)
interest {account_number)
. pin_ok (pin)
* internal view
variables
~amount : number
interest_amount : number
account_number : number
balance : number
pin : number
overdraft_limit : number = 500
accounts - list [number, number, number]
* accounts has been extended to include pin number
procedures _
* procedures from parent classes o not have to be rewritten
* 5o just add new ones for this class
pin_ok(pin) ,
if pin = accounts.pin
pin_ok := true
else

endif

interest (account_number)
interest_amount := balance * .002
add_interest (interest_amount)

pin_ok := false

redefine may_withdraw o
if balance > amount + overdraft_limit
may_withdraw := true
else )
may_withdraw := false
endif

* another internal routine invisibie to the outside
add_interest (interest_amount)
balance := balance + interest_amount
End class

Figure 4
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COMPUTER
SIMULATIONS:
DO THEY HAVE MERIT?

BY ALLAN MORTON
Lecturer, Dspartment of Professional Studies,
Faculty of Education

UW.S. Nepean
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A number of papers on
educational simulations
and computer simulations
were examined to estab-
lish current areas of con-
cern. In this literature
there appeared to be clear
support for simulation
only in the affective do-
main, though there was no
conclusive evidence that
students do not gain in a
cognitive sense. An ex-
perimental research study
was undertaken to deter-
mine if computer simula-
tion results in improved
cognitive performance.
The resultofat test for
independent samples
showed no significant
improvement in cognitive
performance between two
groups of students, one
using a computer simula-
tion and the other not.

Treresultof anothert testdid indicate
that low ability students may benefit
most from theincorporation of compu-
ter based activities in their leamning
environment.

Simulation is the artificial construc-
tion of reality. According to Maguire
(1989) true simulation “is the process
of designing a model for the purposes
of describing, explaining and predict-
ing the operation of  system” (p.111).
Simulation does not reproduce reality
faithfully, rather it makes
simplifications that imitate. In a class-
room setting, to aid the development
and application of concepts and proc-
ess skills, a pre-designed model is of-
ten presented, which mear: nat edu-
cational simulations often mirror real-
ity less closely than true simulations.

Inany learning situation, the adoption

of a particular strategy must be to the
benefit students. Conolly (1988) be-
lieves students gain from using educa-
tional simulation because it permits
them to reconstruct experience, reflect
and apply knowledge. Educational
simulation may promote learning in
several aspects of the cognitive and
affective domains.

In the cognitive domain these can in-
clude; the accumulation of facts and
experiences, handling abstract con-
cepts, leaming procedures, sequences
and strategies for thinking, and devel-
oping an understanding of general
principles and process. In the affective
domain simulation can motivate, alter
attitudes towards teacher and subject,
and enhance confidence in making
judgements. According to Adams

(1973, cited in Kistler, 1988), it is the
capacity of simulation to unite the cog-
nitive and affective that makes it a
powerful technique.

Kistler (1988) says a considerable
interdisciplinary research base has
emerged on the impact of educational
simulations. Inreviewing thisliterature,
Kistler found evidence (Dekkers and
Donatti 1981) to suggest that while
educational simulations were no more
effective than conventional methods,
they were a superior teaching /learning
strategy as a motivator, a view that was
supported by Taylor (1972) and
Thiagarajan (1973). Other studies sug-
gested the existence of more teaching/
learning advantages; greater pupil
control over learning processes
(Broadbent, 1967), the provision of a
flexible tool for teaching and learning
(Harper, 1980; Heinich, 1985), the de-
velopment of active student involve-
ment (Bok, 1985) and transference of
learning (Scriven, 1985).

COMPUTER-BASED EDUCATIONAL
SIMULATION

Kistler's evidence suggests there is a
place for educational simulation in the
curricutum. However, with the infil-
trationof microcom putersintoschools,
a new question is being asked. Lunetta
and Peters (1985) putit this way, “if we
are to re-introduce the orreries of the
past, now incomputer-based form, it is
fairtoask ...of this new medium, will
it significantly enhance this old tool?”
(p.31). They answer yes, saying thekey
clement is the interactive nature of the
computer. Shaw (1981) writing on the
interactive benefits of computers, says
interaction forces students into active
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participation in their learning and
causes them to operate at a higher level
of intellectual activity than is often
achieved in more conventional learn-
ing environments.

As a tool, computer-based simulation
appears to be well suited to problem

solving activities, a view supported by

Shaw(1981). Recentresearch hastended
tc highlight this advantage. Riversand
Vockell (1987, cited in Collis 1987 and
Pollin 1989) used simulation to stimu-
late problem solving in science educa-
tion. They divided students into two
groups, one using computers and the
other studying similar topics using
conventional techniques. To measure
students’ problem solving skills, three
contentspecific pre-tests and post-tests,
the BSCS Process of Science Test, the
test of Integrated Process Skillsand the
Watson-Glaser Critical Thinking Ap-
praisal were administered.

The results of the post-tests showed no
significant gains in content-specifig
knowledge as a result of using simu-
lation software. The tests used toassess
general problem solving though,
demonstrated tlat students in the
computer simulation group were de-
veloping more generalisable problem
solving skills than the others. Based on
this advantage, Rivers and Vockell
hypothesised that evidence of transfer
mightappearasimproved performance
on future pre-test scores. This trend did
emerge, suggesting that simulationscan
improve generic thinking skills and
allowstud ents totransferthem tonovel
situations.

Woodward, Carnine and Cerstein
(1988, cited in Collis, 1988) using a
similar methodology, found evidence
to support the view that computer
simulations can promote student
problem solving ability. They assigned
a group of students with learning dif-
ficulties randomly to two groups. A
third group of regular students was
used as an additional control. Both
learning difficulty groups shared the
same first half of twelve daily lessons
but during the second half one focused
on the diagnosis of health habits using
conventionaltechniques whiletheother

half used a computer-based simula-
tion. Intestingthegroups onknowledge
acquisition and health problem diag-
nosis, the learning difficulties simula-
tion group not only did better than the
groupusing conventional methods, but
significantly outperformed the regular
classroom group. Whiletheresultsseem
conclusive, Woodward etal.emphasise
that it is not the computers that have
most potential, but computers embed-
ded within a framework of good
teaching practice.

Grummitt (1980), conducted a study
on secondary school geography stu-
dents to test the hypothesis that “stu-
dents taught by the computer simula-
tion method would have greater
measurable gains in learning than
comparable students taught by the
lecture and/or manual simulation
method” (p.13). Data were gathered
froma populationof 70boysin 4th year
(Year 10) geography at a single sex
school. Students were grouped into
three homogeneous groups based on
cognitive abilities testing. Using a pre-
test, post-test and delayed post-test
design, the resecarcher was able to
identify a statistically sigm. zant dif-
ference, which favoured the Computer
Assisted Learning group. Further
analysis of the delayed post-test indi-
cated that while computers in the
classroom increased learning, particu-
larly regarding processes, they did not
necessarily resuit in greater retention
of knowledge. Grummitt therefore
qualified theresults, stating thatideally
computers should be used with other
methods of instruction.

The organisation ot computer-based
simulation within the learning envi-
ronment hasbeena catalystforresearch.
This was the case in two studies re-
ported on by Bracey (1988). In the first
study (Johnson, Johnson & Stanne
(n.d.)), the researchers used three
groups of eighth grade students to in-
teract with a computer simulation that
taught the fundamentals of navigation.
The first group, “the co-operative
group”, was informed that each metii-
ber’s grade would be derived from an
average of all the students and that
bonuses would depend on group per-

formance. The second group, “the
competitive group”, was told their
grades would be determined from a
comparison between studentsand that
bonuses would be given to students
who finished first. The last group, “the
individualistic group” wasto have their
grades and bonuses determined solely
on individual performance.

Johnson et al. assessed student per-
formance on two aspects; the number
of worksheets completed and results
on a final exam. On number of
worksheets completed, students in the
co-operativegroup completed themost,
while students competing amongst
each other, completed the least. On
exam results, co-operative students did
best on factual questions and better
than individualistic students o1t ques-
tions requiring them to solve problems.
The study also found that girls in
competitivessituations fared worsethan
boysand developed poorerattitudes, a
situation that did not manifest itself in
the co-operative setting.

In the second study, Bracey (1988) re-
ported the findings of research
(Mevarach, Ster: & Levita, 1987), that
considered questions related to co-
operation between students using
computers. In this example, one-third
ofthestudentsused asimulationalone,
while the other two-thirds were
grouped in pairs for the simulation.
The study noted the development of
strong bonds between partners, while
the partners’ relationships with other
class members remained unchanged.
Favourable attitudes towards co-op-
erative learning also developed in the
paired students and while not statisti-
cally significant, the paired students
outscored the others on achievement
tests. As a result, the authors were able
to conclude that small-group settings
canimprovesocialorientation, without
producing negative impacts on
achievement and attitudes.

Stead (1990) is one researcher who has
attempted to define the limits of com-
puter simulation. Based initially on
observations of student performance
in the simulation, Running the British
Economy 1987, Stead identified two

162

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

171



Q

ERIC-

Aruitoxt provided by Eic:

factors, time pressureand the element
of the unexpected as limitations that
result in students keeping erroneous
ideas about what the simulation was
attempting to achieve. The study con-
cluded that simulation would support
learning best when it facilitated the
integration of feedback from the simu-
lation with existing knowledge. Failing
this, simulations should be structured
to give students time to refiect onand
discuss the data presented and that
some framework is needed to facilitate
these activities.

Under the research microscope, the ef-
fects of computer-based simulationap-
pears to be superior to conventional
teaching in the affective domain. On
thecognitiveside, however, thepositive
impact appears to be a less apparent
and favourable results are often quali-
fied. It is therefore not altogether clear
whetherstudents engaged incomputer
simulations learn moreeffectively than
do students engaged in traditional
teaching approaches. To address this
question, a small study was conducted
to examine whether differences in
achievement on test scores exist be-
tween students whose learning expe-
riences involve computer-based
simulations and students whose
learning experiences do not involve
computer-based learning. The study
used an experimental pre-test-post-test
control group design to measure the
effect of an independent variable,
computer simulation - on student
achievement.

Inorder tokeep thestudy manageable,
it was decided at the outset to accept
that motivational and attitudinal gains
exist from incorporating computers
and simulations into the curriculum
(Bramble, Mason & Berg 1985; Scriven,
1987; Bracey, 1988; Magney 1990;
Roblyer 1990;).

METHOD

SAMPLE

This study was completed using the
resources of one school, a comprehen-
sive high school located in Sydney’s
western suburbs, drawing students
froma largely middleclass population

that has an established migrant back-
ground. The subjects were 87 Year 9
Geography students. Assome students
were absent at critical times, 78 com-
pleted the study.

CHOICE OF SIMULATION

The computer simulation Village
(Payne, Hutchings, & Ayre 1980), was
selected for the study. This choice was
initially influenced by; the teaching/
leamning programs used to implement
the syllabus in Geography for Years 7
to10(N.S.W. Department of Education,
1983) and the availability of computer
software to satisfy syllabus objectives.

Village models the decision makirg
involved in selecting a site for a set-
tlement. Students are given data ona
method for calculating optimal loca-
tions for settlement in about 600 AD. -
this being a period in which such an
activity would have been undertaken
and whenthevariablestobeconsidered
would necessarily be limited to the
availability of water, grazing and arable
land, fuel and building materials. The
simulation recognises that siting a
village is a compromise between the
relativelocation of resources. Students
make selections based on information
presented to them and the simulation
quantifies these and labels it an effi-
ciency score.

To promote informed choice, the
simulation provides data ou resource
availability before students elect to
select three sites for a village. Another
opportunity is then offered as a means
of evaluating the initial choices. Next,
the simulation presentsdataonhowto
calculate the efficiency score used to
determine whichlocationsareoptimal
sites. Two additional opportunities to
improve the site of the village are then
presented. In the final stage, the
simulation asks students to consider
thedefenceof the village. No guidance
on theeffectofdefenceisgiven, instead
students are asked to develop an un-
derstanding of the relationship be-
tween defence and site efficiency by
selecting another five sites.

The type of problems presented and
therange of possible solutions suggest

that Village isan example of a resource
allocation exercise (Edens and Gredler
1990). Resource allocation exercises
present a structured problem requir-
ing students to engage in higher order
thinking. Learners must apply certain
principles appropriately and it is the
combination of particular principles
that constitutes productive thinking
and understanding of the interplay of
choices. Asaresult, students should be
able to apply principles in novel situ-
ations more readily than if the princi-
ples had been learned within a re-
stricted context.

While theoretically sound in it’s de-
velnpmentard application of concepts
and process skills, the original version
of Village contained a number of defi-
ciencies that were embodied in a lack
of user friendliness. Attempts to im-
prove the sophistication of the pro-
gram, occurred through modifications
to the original source code, though
these were limited by time and the
researcher’s expertise. In short, data
was better structured so it could be
presented in meaningful screen
chunks, and limited textual graphics,
were added.

INSTRUMENTS ANDLEARNING ACTIVITIES
Inorderto assess the effect of computer
simulation on student achievement.,a
criterion referenced test was devel-
oped, to be used as a preand post test,
by theresearcher with the assistanceof
several teaching colleagues and
evaluated before implementation. An
instrument which had been validated
and considered reliable, was not
available.

The test consisted of a combination of

"short descriptions and one word an-

swers. A [ ictogram of a hypothetical
region, containing information about
site and situation factors was used to
elicit student responses to the ques-
tions. Questions were designed to as-
sess the acquisition of the geographic
concepts of Location, Movement and
Interaction, at three cognitive levels;
knowledge, application, and analysis
and were constructed following ex-
tensive trialing and evaluation of the
computer simulation. The choice of
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pictogram over maps, represented an
attempt to structure the test more to
application and analysis than knowl-
edge, that is, to promote generic think-
ing skills and the transference of
learning (Rivers & Vockell, 1987, cited
in Collis, 1987; Scriven, 1985, cited in
Kistler, 1988).

Three sets of criteria for marking the
test were developed, one by the re-
searcher, one by the teacher of the non
computer (control) group and another
by the head teacher in Social Sciences.
After consultation an agreed set of
criteria were established and used to
mark both the pre-test and the post-
test.

Four, forty minute lessons were then
prepared, two lessons to identify site
and situation characteristics of settle-
ments, and two that involved a given
set of pre-defined characteristics to
determine the best location for a set-
tlement using either a computer based
simulation or a pencil and paper ac-
tivity. In lesson one, both groups were
given a definition of site and situation,
along with an example - Sydney. They
were asked to complcte a mapping
exercise that re-inforced the two con-
cepts. In lesson two, both groups were
asked to apply their understanding of
siteand situation toa novelexample of
a camping site. To keep instruction
and materials as similar as possible,
the same lesson outlines were used in
lessons one and two, In lessons three
and four the computer group com-
pleted a computer-based simulation,
and the non~computer group a pencil
and paper activity. The same lesson
outlines were used, adjusted for the
differences in presentation.

The rationale for four lessons was
based on rescarch on the effectiveness
of computers in the secondary class-
room. A meta-analysis by Kulik,
Bangert and Williams (1983, cited in
Fitzgerald, Hattie and Hughes, 1985),
found that stidents using computer
assisted instruction outperformed the
average student in traditional class-
rooms when the computer was used
for short periods of time - four weeks
or less. Samson, Niemiec, Weinstein

and Walberg (1985, cited in Collis, 1986)
prasented similar findings to the
American Educational Research Asso-
ciation, though they stated that two
weeks or less was morebeneficial. The
split between conventional and com-
puter assisted learning techniques
arose from the work of Hartley (1978,
cited in Fitzgerald et al. 1985), who
concluded that students gained more
when the computer was used as a
supplement to rather than a replace-
ment for traditional methods, a view
supported by Woodward et al. (1988,
cited in Collis, 1988).

PROCEDURE

Four weeks prior to introducing the
simulation, students were given the
pre-test. Upon completion of the pre-
test, test scores wererank ordered, and
students paired from highesttolowest
beforebeingrandomly assignedtoone
of two groups. All the tests were
marked by the researcher. To cnsure
validity,a sample of 9 tests, 3 perclass,
were randomly selected and doubled
marked by the teacher of the non-
computer group. The group to com-
plete the computer simulation - the
experimental group - was then deter-
mined by toss of a coin.

Students were asked to work in peer
selected pairs or three to complete the
activities. This served twin purposes.
Firstly, researchevidencesuggests that
students gain more when in group
situations that involve either comput-
ers or simulations (Leong 1981 cited in
Fitzgerald et al. 1985, Bracey, 1988;
Lidstone, 1990;) and secondly the
number of computers available in the
computer laboratory, was limited. To
minimise the impact of gender issues
(Bracey, 1988.) single sex groups were
established. To minimise mortality,
groups were formed at the beginning
of each lesson.

The pre-test was given a second time
asa post-test. This was doneinthe first
timetabled lesson after the trcatment.
Students who did not complete the
pre-test were post-tested if present, but
theirresultsexcluded. Noattempt was
made to test those students who were
present for the pre-test, but absent on

the day of the post-test. Furthermore,
the scores of two students who sat the
post-test but did not complete the
simulation activity were also omitted.

RESULTS AND DISCUSSION

The means for the computer (experi-
mental) and non computer (control)
groups on the post-test were 18.69 and
18.75 respectively. The difference of
0.06 was found to not be significant on
af testforindependent samples, t (76)
=0.055, p < 0. 95. This suggests there
was no identifiable difference in the
group’s scores that could be attributed
to participation in the computer-based
simulation.

Means for pre-test scores for the com-
puter and non computer groups were
calculated at 11.49 and 11.69 respec-
tively. The differences between both
group’s pre-test and post-test means
would appear to suggest that each
groupdidlearn from theirinvolvement
in the study, supporting the view that
well planned teaching strategies do
result in significant student achieve-
ment (Hartley 1978; Woodward et al.,
1988, cited in Collis, 1988). Further-
more, it would suggest that
simulations, whether they be compu-
ter based or use pencil and paper
techniques, can promote effective
learning. Theaddition of a third group
to a study would have been necessary
to provide substantive support for this
viewpoint.

Indications that each group improved
by a similar amount, raised concerns
about the quality of Village as a com-
puter-based simuiation. In discussing
the operation of the non-computer
activity, it became apparent that stu-
dents used hand held calculators to
complete computations. It would ap-
pear then, that the modifications to
improve the sophistication and user
friendliness of Village were more cos-
metic, and that the pre-designed model
in Village did not utilise the computa-
tional power of the computer, when
compared with other classroom tech-
nologies. Future studies should there-
forebe awarc of both thedevelopment
of students’” computational skills and
the technology available to students
and use simulations that require more
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complex skills or involve the manipu-
lation of a far greater number of vari-
ables, views supported by Howard
(1987) and Hodson (1990), although
the number of variables and the time
required tocomplete thecomputations
needs to also be considered (Stead
1990).

Althoughnotinitially partof thestudy,
research findings by Burns and
Bozeman (1981, cited in Fitzgerald et
al. 1985) and Samson et al. (1985, cited
in Collis, 1986) suggest that less able
students improve significantly more
on test scores as a result of learning
experiences that include computers
than more able students. To examine
whether the effect was present in this
study, the pre-test and post-test scores
of the students from the lowest aca-
demic Geography class in Year 9 that
completed the entire treatment (13
students) were isolated from the scores
of students in the other two academic
classes (23 students and t tests com-
pleted on the pre-test (¢ (34)=5.03,p <
0.0001) and post-test(t (34) =1.62,p<
0.1141) scores. A significant difference
between less able and more able stu-
dents did exist in the pre-test results,
which subsequently disappeared on
the post-test. This would appear to
suggest that the Village simulation
helped the lower achieving student
more than the high achiever. This re-
sult, however should be interpreted
with caution because of the size of the
samples invelved.

If computer-based simulations are to
be used in schools, then some guidance
as to what to look for in a good simu-
lationis required. Teachers mustensure
thatoncea computer-based simulation
has been deemed satisfactory it is in-
tegrated into good teaching practice
and that through thorough evaluation
the relevancy of the simulation is
monitored with respect to student skill
levels and the range of technologies
available to students. As Lunetta and
Peters (1985), Ragsdale (1982) and
Watson (1982) point out, if education is
tousenew tools in place of theold, then
tie new must resultinan improvement
of the educative process.
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U BIQUITOUS
PERSONAL COMPUTING
- CAN WE 'SEE" HOW
IT'S DIFFERENT?

BY LIDDY NEVILE
Sunriss Research Laboratory,
RMIT, Austraiia

iNTRODUCTION time, the idea of ‘computer as beam
In 1990 I was working on a Logo balance’ was novel. Over time, it has
program with a QSCl teacher who  become the basis for many interesting
wanted something which would activities in his mathematics lessons.

determineifhis students(11 year-olds)
had correctly transformed algebraic
expressions. Isuggested he could use
Logo to develop a set of ‘algebraic
scales’” which would shcw the

Two years later I was in an audience to
which this teacher (Mitchell, 1992) was
demonstrating his latest computational
toy, what hecalled his ‘opencalculator’.
Every child in the class he described

ERRR

equivalence of two expressions and had nal. portable notebook com-
,n this paper [} tfy to then let the children use the programs uteip:;\si:h c;g;)d bz Z:e‘:iewhet::r:d
. . ontheir notebooksasthey played about s\rhen the child chose
identi zyt .S Ome. t:s:eecsts oaf[ trying to solve their equations. At the )
computing wi rsonai,
portab[e’ notebook The speaker explained how he and his children construct algorithms
H in their notebook computers and use / adapt them for many different
:ng g’z’;‘:’;’;:ti':snOt purposes as they work their way through the mathematics curriculum.
I ] {
Oneman in theaudience questioned what the children were learning.
where only desktop

computers are used. In
many cases, there are so
many similarities between

For a few moments, the speaker was tossed.

He recovered and struggled to say that they were leamning to organise
themselves in the solving of problems, thatthey were participating/ in
the classroom culturein different ways, that children who mighthave

dBSktOp computers and been classified remedial were working hard and long and ‘getting
notebooks, eg the there’, even setting higher standards for themselves.... He explained
ags s how the children often borrowed procedures from each other or from

ha.fdwafe spe cifications another context in which they had used them, ....

mlght be the sqme, that we The original questioner was getting frustrated.

overlook (Of fail to He had asked a good question and he, along with many others in th
. . eha edagood q o y i o e

recogmse) the dlﬂ ereqces. audience, was waiting for the answer.

Often what is missed is

precisely what is sought
by many of us who are
using notebooks.

The questioner was concerned that programming was becoming the
focus of thework intheclassroom described and that mathematics was
no longer being done as he thought it should be. An ‘interesting’
debate arose: the classroom being described was one in which all
children had been using their own notebook computers fortwo years
and in which programming was accepted as just another form of
expression. Were the sorts of difficulties they had equivalent but not
in excess of those they might have had using English...

But the speaker was trying to draw attention to something quite
different.
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Thedifferences between theclassroom
being described, and those from which
most members of the audience came,
appeared too large for immediate ef-
fective communication between the
teacher referred to and those in the
audience. Itfelttomanyasifthespeaker
‘had missed the point’, lost the plot.

I became acutely aware of the lack of
dialogue between the audience and the
speaker, and wanted to work on the
‘technology’ of the situation, what I
call the awarenesses, the ways of
speaking and thinking, in the circum-
stances.

I was sitting in the audience with a
colleague: we were comfortable. [ was
familiar with the classroom being de-
scribed and he with this kind of
teaching/learning in the context of
ubiquitous computing. We felt empa-
thy with the teacher and at odds with
some of the concerns of others in the
audience. We were lost. What was
happening? Were we , as the audience,
split into two groups, each imagining dif-
ferent types classrooms or were we just
attending to different aspects of the sane
classroom?

This experience focussed me again on

some important issues:

¢ How can we learn to see things
differently?

¢ What it is that we see when we
do?

and

¢ Howdo we evaluate what we see?

and

¢ If we knew the answers to these
questions, how would that help us
in our work.

Perhaps a subsidiary question is:

¢ How can those who are working in
the way described share theirexpe-
riences with others in order to let
the othersevaluate vicariously what
they are doing, and how the chil-
dren are responding?

NOTEBOOKS FOR A CULTURE OF
FORMALISING THE INFORMAL

Last year a team of senior educational
policy makers visited another class-
room in the school described above3.

The children were working on mathematics and had written procedures
to use a random number generator for some activity. The visiting
Mathematics person suggested that as a mathematician, he would like
to know how often 6 accurred as one of the random numbers. “Out of
how many turns?” the child asked. Within a couple of minutes there
was a procedure which recorded this data in addition to whatever was
being done with it before. The mathematician went on: in one
hundred turns? in one thousand turns? .. in fact he would like to be
abletouse a general procedure with which he could choose how many
turns and get the number of occurrences of 6, or 4, or 2, if he so chose.

He went off for coffee.

When the adults returned to the classroom, a number of children were
observed to be working on their generalised procedures and busily
investigating frequencies and making comparisons between their

data and that of others.

Theclassroom was now populated bya
new generation of childrenin their first
year with notebooks (the teachers were
in their third year of teaching with
notebooks).

What was reported as having amazed
the visiting team was how weil the
individual children, now asked to ex-
plain what they were doing, could flip
to the formal imperative expression of
the problem, now in its generalised
form but originally used in a special
form, and with confidence show the
visitors how they had built up their
programs.

These children have all used
LogoWriter as their base-software be-
fore widening their repertoire of com-
puting skills to include a staggering
range of applications. They have
learned to ‘speak’ Logo programming
language. They haveto think carefully
when they add ideas to their notebook
files because in LogoWriter it is neces-
sary to classify the new information. to
make decisions about the structure of
what they are accumulating as they
write their ideas into formal language.
Working with LogoWriter is not so
unusual, so are thesechildren different
inany other way? The work referred to
was done in their recess time, it was
done by as many children as heard
about the problem, not only those who
were set the problem, it resulted in
many different, idiosyncratic versions,
eachto matchthe particularproced ures
the child already had within their note-

book, and it was done for fun. Perhaps
it was done partly because ‘that’s what
everyone is doing’.

I would suggest that the culture of that
group of children supported the formalis-
ing of the informal (the writing of Logo
procedures in this case) when in other
classrooms, children might have dealt
with the challenge in quite different
ways. [would normally expect to find
thevisitors or teacherstimulating a few
children to work on the challenge in
classtime, but in the children’s culture
described, working on problems was
the way of life. The culture was not
dependent on the teacher or the class-
room but belonged to the children and
their notebooks.

But how many of us see, in the story
above, an example of children working
from the special case to the general?
How familiar are we with the idea that
young children can behave mathemati-
cally, using formal expression of ideas
to develop generalisations? How often
do we see this sort of behaviour spon-
taneously arising in school yards? Is it
anywonder wefindithard torecognise?

NOTEBOOKS FOR ENTERPRISING
LEARNING

The Australian Commission for the
Future has worked hard with the ex-
pression ‘enterprising education’4 to
develop an awareness of the possibility
of being enterprising by working in
such a way as to have more hands
making lighter work of a given task. If
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one teacher is struggling to give 30
children the particular experience they
need on a particular day togain insight
into some aspect of geography, to
awaken their awareness of a possible
shift of attention, the poor teacher is
really working hard. If, on the other
hand, there are 31 people in the room
with the goal thateveryonein theroom
will have such an insight, it is possible
to employ the energy of all those peo-
ple for the task. Whose problem is it,
after all?

Theteachersin theclassroomdescribed
above work hard at ‘being enterpris-
ing’. Originally it was hard for themto
let go of what they saw as their respon-
sibility and rely on the children to pass
ideas around the classroom commu-
nity but after an initial period in which
they were deliberately forced into
adopting thisstance, becausethey could
not cope with 60 children and 60 note-
books ‘dumped’ in the room, these
teachers gained faith in their fellow
workers in the classroom and there is
now astrong sense of shared responsibility
for learning, at least with respect to
computing equipment.

The notebooks helped in two ways:
first, having suddenly tocope with this
outrageous act of the Government and
finding they could, provided a shared
experience on which the teachers have
drawn many times, and second, the
nowavailable computersmadeit much
easierforthe children to work together,
to help each other.

Theidea of having children working in
groups is not new butin this classroom
the children were able to go further
than usual. A distinction can be made
between working together, when tasks
are shared, and working collabora-
tively, when minds are shared. For
instance, if children are able to take a
disk of work from one computer and
legitimately place it in their friend’s
computer and copy the work, they may
simply be making a complete ‘project
product’ by reassembling pieces
worked on by others but they may
actually be working on pieces already
worked on by their colleagues. The

latter process may or may not be sup-
ported by a classroom ethos that the
more that travels around the classroom
and is shared the better5.

Copying thus can take on anew dimen-
sion. Cheating and copying look the
same from one perspective, but open-
ing up the possibility of copying as a
form of sharing, as one way to work
more openly and collaboratively, has
brought new possibilities to the class-
room. Passing around notes, proce-
dures, ideas happens very naturally in
notebook classrooms whereitis valued
and saves a great deal of time. [t hap-
pens without the need for centralised
organisation of distribution, and soon.
It would not be so easy to do, one
suspects, without computer disks and
notebooks constantly presenttoreceive
the offering.

Copying is not the same as cheating:
but the differences are notasobviousas
the form they take. Copying within a
computer environment happens both
when one receives and incorporates
someone else’s work, and when one
brings to operate in one context, work
onedid inanother. ‘Cheating’ can take
several forms too: working together on
anidea, sharing an idea and its expres-
sion with someone else is cheating or
otherwise depending on the circum-
stances; taking a copy of another’s ex-
pression of anidea and passing itoff as
one’s own is cheating, but that is not
new to our culturet, and taking work
done yesterday and making it part of
work done today - is that cheating?
This last activity is one which appears
to be contributir ~ to the process of
adding quality and meaning to stu-
dents’ work in significant ways.

But assessment of individual’s work is
challenged by all this. Many original
contributionsareimmediately stripped
of time and author identification, and
50 teachers have to think again about
how to increase their awareness of the
contribution being made by each stu-
dent. Similarly, if the work of students
who are not coping is disguised
amongst a group product, howcould a
student with a problem be identified?
The QSC teachers and others have
found that part of the solution to these
problems lies in working more closely
with students. They started to spend
more time with individual students,
up to half an hour at a time, instead of
merely addressing them from some-
where in the room and assessing their
work by evaluating ‘chicken prints’ on
paper. This practice need not mean
‘neglecting’ other students in the
classroom, given the learning culture
described. What is done with one stu-
dentcan startto find its way around the
community when the teacher moves
on to work with another student. And
the experience of spending significant
amounts of time with one or two stu-
dents makesan enormousdifferenceto
the relationship between that student
and the teacher. It does not need to
happen very often to be effective and
thus, all students can get their turnand
the teachers get to know how they were
working.

Assessment in the QSC became more
meaningful as students and teachers
worked together on what was being
done by the students. It started to be
broadened to include aspects of class-
room work which had hitherto been
unrecorded, such as strategies used to
learn, ways in which children sup-
ported and used their peers, ctc.

There were a number of children in the class who were there ‘just to
seehow poorachievers wouldcope’. Theyhavedisappeared. Mostly
theyare not poorachievers any more. Hereported thatoften children
who had ‘completed’ work and had it assessed would return to itand
do more. He found that the children who previously were ‘no-
hopers’ were even more likely to do this than the others and that, for
the first time, they would have the satisfaction of completing their
work at an acceptable standard - and this would be done even if it
happened after the assessment had taken place!
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Sometimes, it has been reported, the
students actually have toexplain to the
teachers what they had done and why
it was a good way to do it. Quality
assessment is able to replace quantita-
tive assessment.

Thereis yetanother aspect of all this. If
studentsare trusted to ‘teach’ and learn
from each other, some of the more rou-
tine computing tasks can be taught to
those students who might otherwisebe
known within the classroom as poor
learners. These children can then re-
establish themselves by acting as ex-
perts with new technology. The teacher
being challenged in the presentation
(described above) noted:

What did the notebooks contribute?
The need to have ‘experts’ who knew
how to do “this and that’ was a contri-
bution, and also the fact that work was
never complete and always at hand.

In most computing environments, stu-
dents have to finish their work by a
certain time for assessment purposes
and after that, their ‘computer time’ is
used for the next task. Students with
theirown portablecomputershavetwo
advantages in this context: they can
return to work so thatthey can learn over
time what was taught intime and they can
workbesidetheircomputers, with them
shut or open, without feeling that
‘computertimeis notbeing well-spent’.

NOTEBOOKS FOR UBIQUITOUS,
PERSONAL COMPUTING

At another school? in which all the
students are acquiring notebook com-
puters, the teachers were all ‘encour-
aged’8 to get one for themselves. The
expectation was that these teachers
would use word-processing and think
about using subject-specific software
for teaching purposes. They broke out
of this mould very quickly and were
‘discovered’ to have many other uses
for their computers. This happened
with amazing alacrity and they were
asked a few questions in order to as-
certain what was happening.

It seems that the secret to this eclectic
computing was related to the ubiquity
and the personalnaturcof thenotebook.

The reasoning seemed to be, “If | own
it, Ishould find out howto useit, and if
I want to learn to use it, why not take it
to the football?”

‘Ubiquitous, personal computing’ -
quite an expression to unpack!

It has been shown that once a notebock
computer is available, there is a ten-
dency to pick it up and to explore what
itcando. Wenow expect teacherstobe
using spreadsheets, for example, soon
after they master the firstlevel of word-
processing (in Works) if they areableto
discover the necessary skills at home.
Why? We don't know, but suspect the
convivial nature of notebook computing
hassomething todowithit. Thetapping
of keys is very annoying to those not
doingitbutthepleasureassociated with
physical presence of a friend or mem-
ber of the family seems to mitigate this.
Notebook users report using their
notebooks at timesand in places where
previously they would not have been
able to ‘work”: work seems to have
changed its nature and location.

This operates well for children too.
Parents who want to ‘supervise’
homework have found themselves shut
outbydesktopcomputers(oftenunable
to understand what is being done and
disliking the physical aspects of the
process). When students take their
notebooks homeand canbein thefamily
room working, the parental anxiety
seems tobeeased. In fact thereis more
to thus. When students can take their
work to their parents, to their neigh-
bour, or to do at a friend’s place, the
conviviality aspect again becomes
conspicuous.

[t has been reported a number of times
that it is easy to carry a notebook to
someone to get help and that this en-
courages the seeking of help. It is con-
trasted with the process of trying to get
someone to come and help, which is
described as a demanding process and
often avoided.

But there is still more to it. We have
reports now from many using note-
books who describe their notebooks in
terms which previously might have
been associated only with humans or
animals. They say they will sit down
with theircomputerand do some work’
and seem to imply something akin to
companionship is offered by the com-
puter. It assumes a personal nature to
suchanextent that it providescompany
and can foster a new attitude to work-
ing. ‘Computing’ in this senseis morethan
‘doing work’.

At the girls’ school, the mathematics
teacher had been working forseveral
years on computer management of the
students’ compulsory mathematics
when the notebooks started to appear.
He was able to give students disks
which would set them tasks according
to their performance and provide them
with challenges to test their achieve-
ments. His programme had been de-
signed to divert energy from the man-
agement of this aspect of the students’
work to helping those in need. What
happened was not predicted. When
the girls were freed from the bonds of
the classroom computer, they chose to
do their skill-development work at
home in order to be free to work on
interesting problems with their friends.

I was having a lot of trouble with my modem. Icould not get it to work
and when someone else showed me how they used theirs, I could not
understand what they were doing. I did not really need to use it, after
all.After I had spent a weekend with my colleagues and we had all
struggled to solve the clues of the treasure-hunt, found on disks nailed
to trees, buried in a fur-bail in a tree-truck, and so on, I felt prepared to
try anything with my colleagues. 1 had a new sense that working
together would make it passible to do what Icould not do alone. Imade
an appointment to spend some time with someone else who also
couldn’t use a modem: we’d work it out!

Now I know that two minds can be so much better than one I am more
confident about letting my students work together.
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Classroom time was recovered for social
construction of mathematics.

What seems significant about all these
stories is the way in which the social
nature of learning has been supported
by the use of notebook computers.
Contrary to the fears many of us had
that we were approaching an era when
studying would be synonymous with
‘having a green glow on the face’, we
are finding scope for further develop-
ment of the ‘useful’ social attributes of
the mathematics classroom.

NOTEBOOKS FOR A COLLABORATING
CULTURE

The 1992 report of the Apple Class-
rooms of Tomorrow (ACOT) pro-
gramme in the United States claims
that strong collaborative-working con-
ditions are essential for innovation
within the classroom. We have been
investigating this issue in notebook
classrooms for some time and have
similar feelings. We have been paying
particular attention to the need for
collaboraion among those adults re-
sponsible for students with notebooks.

Webelieveit s trust to which the Apple
evaluators were alluding. If teachers
cannot take risks among colleagues,
students among students, without fear
of failure, there is little chance that new
things will be tried and none that there
will be opportunities to learn from fail-
ures9.

In the classrooms described, ‘having to
cope with invading notebooks’ helped
alert us tothe need todevelopatrusting
atmosphere within the culture. Once
having achieved this, it is fairly easy to
use it to advantage when working on
the main learning curriculum.

AWAKENING AWARENESSES IN THE
PRESENCE OF NOTEBOOKS
Themotivationfor this paper came from
the experience of finding myself alien-
ated by having what seemed to me like
a richly embroidered image of what
other people seemed to be seeing as
impoverished.

After working with notebook comput-
ing in one form or another for a decade
it is not surprising that we have a large
collection of stories and that when a
story is told about students with note-
books, many other stories cometomind
whichenrichtheimage. But whatbrings
my stories to mind, what triggers my
awareness of certain aspects of class-
room interaction, does notdo the same
for others.

First we have the problem of how we
have ger:eralised from our experience.
We, in Sunrisel0, have started to dis-
cemn threads which we now label as
collaboration; enterprise; personal,
ubiquitous, and soon, but werecognise
that we donotalways find resonancein
others. We suspect someofthe threads
we are finding will prove ephemeral,
that others will become so common as
tobe transparentina shorttime, and so
on. So how can we work on the process
of refining the generalisations at the
same time as making them more acces-
sibletoothers? Second, whatcanwedo
with new-found awarenesses?

The first problem has led us to try dis-
ciplining our work on experience in
order to find ways in which we can
share our experience with others but
make it possible for them to use their
experienceto work collaboratively with
us (Nevile, 1993) and the second prob-
lem stimulates our work on rehearsing
the use of our awarenesses, making
themactionable by preparing forthem.

CONCLUSION

Finally, it might be worth drawing
attention to how little has been said
about the notebooks, their make and
model etc. It is various attributes of
their presence which seems to make
enormous difference to the
opportunities available but they, as
objects, do not so easily catch our
attention. [ wonder about this.
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ENDNOTES

1 Queensland Sunrise Centre at
Coombabah State Primary School

2 one way of describing a

preponderance for programming

this story was related to me

4 originally taken fromthe Plantand
Ball OECD Report.

5 notanew ideathatcomputing can
be more easily undertaken
collaboratively than other
activities, but vastly accentuated
inthis  context of ubiquitous
computing

6 theCommon Law hastraditionally
dealt with this as “passing off’
and in several centuries found the
only way to decide what is
happening is to consider the
particular circumstances in each
case

7 MLC(Methourne),a privateschool

for 2000 girls

financially and otherwise

9 MLC staff report an abundance of
opportunities to learn from failure
having appeared sincetheygot the
notebooks!

10 especially in the Sunrise Research
Laboratory at RMIT

w
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A teacher remarked that $ for$ the students’ parents could do
better than buy expensive notebooks for their children, and
the parents are smart, so they will discover that!

.
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KRR

Ursula Franklin (1990)
writes:

Technology is not the
sum of the artefacts, of
the wheels and gears, of
the rails and electronic
transmitters. Technology
is a system. It entails far
more than its individual
compcnents. Technology
involves organization,
procedures, symbols,
new words, equations,
and, most of all, a
mindset.

SUNRISE AND THE LURE
OF EXPERIENCE

I write here about the process of
‘disciplining experience’ which is
making our Sunrise programme a
‘learning organisation’ (Senge, 1990).
We use the word ‘technology’ to mean
awarenesses and ways of thinking and
working with computers, mixed media,
etc.

The paper is written in order to explore
what is for the writer a continuing
puzzle. A particular set of experiences
preceded a particular development in
some cultures (described below).

INTRODUCTION

Making sense of that experience is not
easy. It is not an experience one wants
to replicate from one point of view, but
the resulting culture is one which one
would like to be part of, to see
developing in other places perhaps. Is
it possible tolearn from the experience?
Is it possible that what was found to
exist after the experience was in any
way related to it? Would the same
‘product’ have been observed if the
‘experience’ had never been had? or
had been different? More generally,
what can we do with experience and
how do we know?

In1989 threeteachers and their60ten yearold children found themselves
being surrounded by technological objects1. Each person was givena
notebook computer and there were some goodies for the classroom; a
scanner, c&/ROM, TC Lego, printers, modems, plotters, etc. This wasa
shocking act and left the teachers, soon to be supported by a project
officer, with the massive task of making sense of all this nonsense.

Three years later those teachers and children have been acclaimed as
having not only ‘coped’ but often are regarded as exemplary models of
‘successes’ within the field of educational technology. They have
conducted workshops and been asked to consult for others locally,
nationally and intemationally.

I tell this story as I believe it to have
been: there was what could most
appropriately be described as an
‘abusive intervention’ in the lives of
those people. But today, Ibelieve, none
of them would choose to not have had
the experiences, well, to have gone on

as they were and not be doing what
they are now doing.

What I find puzzling is what is
sometimes said about what happened,
or rather, what we ail seem to want to
say about it.

Theteachers and project of ficer worked to develop a classroom culture
in whichcomputers did notdominate, in which they could usecomputers
as they chose for a range of uses but in which ‘computer use’ was not
the main criterion for success, ... The teachers and children became
technically very competent, knowing between them a great deal about
managing the computers for which they were responsible as well as
how to program them, .. The curricultm changed significantly and
started to make effective use of the children’s new-found skills, ...
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These facts seem to invite apparently
obvious comments of the type:

“teachers need a good understanding
of the features of a culture which will
support convivial useof computersand
the technical competence if they are to
be able to manage an abundance of
resources”.

This often seems to be followed by a
comment of the type:

“they should be trained to use
computers and helped to understand
the right cultures before they are
subjected to the delivery of all the
computers. That way the pain can be
avoided and more can be achieved.”

Such statements, which at first seem so
natural and acceptable, are, in my
opinion, dangerous.

Statements like these are easy to offer
whenadviceis sought. Theylead those
seeking the advice to certain actions
which seem very sensible. Those
following this kind of advice often find
noreason toquestionit. If they ask why
this advice is likely to be useful, it is

easy to get an answer which suggests
that the advice is based on the
experience. In fact itis not: it directly
contradicts it.

Whathappened wasthatsometeachers
struggled and emerged triumphant.
Thatis all the evidence we have. Wedo
not have any evidence that some
teachers who did not struggle
succeeded, or that some who were

Another interpretation of what has
happened totheexperience,isthatthose
observing have noticed that after a
painful and exhausting experience,
somelessons have been learned2. Such
people might like to believe that the
lessonscan nowbe transmitted directly
- without the pain.

Either way, we find that not much is
being learned from the actual
experience.

Inthis paper, [ use thisas anexample of
the way in which we can ascribe
generalisations to experiences without
taking sufficient care and in fact, soon
enough find ourselves depending on

generalisations which are not
supported by the very experience from
which we claim to have derived them.
Another fine example is provided by
the way in which we tend to accept the
generalisation that girls do not like
using computers as much as boys and
then inadvertently take action which
confirms this statement (see for
example, Hoyles (1993)).

A-TENSION!

French educationalists (Brousseau,
1984) speak of the ‘contrat didactique’
as one in which the teacher has the
responsibility of teaching and the
student has the responsibility of
learning. This contract can be seen to
raise interesting questions: surely it is
most efficient if the teacher tells the
students what they are supposed to do
and how to do it? This will save the
students theagony of working through
masses of hard exercises in order to
extract what it is they need to knowand
it will save the teachers from having to
battle with lots of work which the
students dobadly. Surelyitisbetter for
the students to experience success than
failure? to practice what we want them
todo and not to be distracted by things
we do not want them to do?

pressure from the
learning contract

___’

the teaching contract

pressure from the
learning contract

-

Building on thisidea, Chevallard (1985)
writes about the ‘didactic
transposition3’. According to this
notion, something which istobetaught
is dealt with by the teacher in such a
way as to make it more appropriate for
thestudentsand thissomehowinvolves
actually changing what itis thatistobe
taught: acomplex problem brokeninto
smaller problems is not a complex

problem. If we have the intention of
having students understand a complex
idea, why not break it into small parts
so that they can make sense of the
various bits and then they can
synthesise the bits to develop the idea?
If we follow this course, there will not
beany big ideas too big for the students
é0 cope with, everything will be
manageable and so better?

This notion is often taken one step
further too: innovations are pretty hard
to cope with (see Hoyles, 1992). The
transition from the pre-computer
classroom to the computer-rich
classroom, for instance, is a huge one
and if it is to be accompanied by the
development ofa technologically-rich4
culture, those involved are going to
haveto cope withan enormousamount
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of change. Surelyitisbetter toanticipate
what is going to be required, to make
incrementalchanges, and thus toavoid
the unnecessary confrontations which
will otherwise result?

“Wait!” [ say in respounse to all this.
“What do we know?”

LOOK WHERE | AM POINTING NOT AT MY
FINGERS

The teachers in the description above
did cope with the circumstances in
which they found themselves and have
found the ability within themselves to
thrive in testing circumstances (as do
most teachers). Possibly they did suffer
the experience in the sense that they
had tobearit, to endure it, but possibly
that is precisely what made it possible
for them to achieve as they did.

I am not trying to argue that everyone
should suffer (feel pain) as the teachers
did, eventhatanyone should, but rather
that without good ways of interpreting
what happened, we run the risk of
making decisions about how to
streamlinethe processand makeit more
palatable and in doing this,
inadvertently ‘throw out the baby’.

One thing we seem slow to learn from
experience,

is that we do not necessarily learn from
experience.

It is my concern in this paper to focus
attention on ways in which we can
work effectively and validly with
experience. It makes a lot of sense to
work at practices which are effective so
as to be able to use them when another
opportunity arises but we have to be
careful not to let them just become
‘forms we fill’, to develop formulae for
practice which weuse withoutthinking.
Preparing for our future practice so
that it will be ‘informed’ is not the same
as determining forms of behaviour and
fitting them.

We work hard to avoid making school
experience a meaningless exercise in
the manipulation of trivial data. In the
same way, we might choose to avoid
making the process of adopting
technology, a transparent process

which leaves the educational system
unaffected. The process of adopting
the technology can be active and
purposeful. Technological experience
need not be scmething had and
forgotten.

Doing is doing, not construing.

Everyone is an expert on schooling;
after all, they went to school for at least
a decade. Yet we who work in
classrooms are confronted daily by
decisions to which there appear to be
no ready answers, answers for which
we seek endlessly in meetings with our
colleagues and at conferences with
peers. Why is this quest so fruitless? Is
it possible that we are not very good at
finding ‘truths’ which we can
accumulate and upon which we can
draworisit that the natureof theaction
of teaching is not merely the sum of
many answers? Why do we think that
there are answers?

Peter Senge (1990) draws attention to
the fashionable idea of thinking in
systems and argues that one important
aspect of any well-functioning
organisation is that it is learning,
constantly finding out moreaboutitself
but within a constantly changing
framework. If we think of a classroom
in which the participants are learning
as a constantly changing organisation,
what is the right decision one day may
well be wrong the next. In order to be
informed when making decisions , are
we better off if we are aware of the
possibilities than if we have only one
predetermined course available to us?
So from what can we build our body of
awarenesses? We can take the advice
of others but how do we know if they
are telling us the right thing? Wehave
nothing but our own experience with
which tointerpret the circumstances in
which we find ourselves and through
which to see the problems which
confront us. How, other than through
ourowneyes, can wedetermineif what
confronts us is the same as the
circumstances described by another?
How can we decide if the essential
aspect of the circumstances in which
we should adopt a particular strategy
is present or missing? Is this a process

which we can actually undertake as
isolated individuals anyway? Is not
everyaction in the classroom tempered
by the situation, by those present and
their understandings?

Suppose that it has become apparent
that children who do not learn to type
‘correctly’ when they start using
computers often become very fast
typists with very bad ‘style’ and then,
very difficult to convince to learn good
touch-typing behaviour. Now imagine
that for some reason we consider that
‘correct’ typing behaviour is necessary
for our students. What are we goingto
do when we see a very miserable little
girl whose family has just split up,
pecking away at the keyboard writing
a letter to her Granny?

Avoid the teaching of speculators
whose judgements are not confirmed by
experience

{Leonardo da Vinci)

PUTTING FLESH ON THE BONES

I want to propose two strategies which
might lead to recognition of others.
First I want to draw attention to a
strategy which can help us prepare for
teaching situations and then to work
on a strategy which can help us useour
experience to evaluate planned actions
in the situations in which the plansare
operating. The first involves bringing
our focus of attention to the tension
which developsbetween what we want
to achieve and how it is best achieved
and the second to how we can use our
experience, and that of others, to
develop and evaluate strategies for use
in the moment of teaching.

1 wrote (above) about the way in which
we learn to work on something which
seems invasive and neutralise it until it
is palatable and manageable
(sometimesintheprocess throwing out
the baby). We do not decide to destroy
the thing butin the process of making it
fitinto our understanding of the world
in which it is relevant, we sometimes
do so much ‘fitting’ that we transform
the thing in the process.

Let uslook for amoment at how people
use Logoé.
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Logo can be seen as something which
‘thechildren should experience’. If this
is our goal, we might develop a small
unit of Logo turtle geometry for them
and ‘administer’ it in a computer
laboratory, let’s say to 8-year-olds. The
process can be described as analogous
to the way an organism deals with an
invasive germ: the latter would be
isolated and marginalised likethe Logo.
Alternatively, Logo could be
understood asanextensionof children’s
forms of formal expression in
mathematics (see Nevile, 1991), say, in
which casethe focus of attention would
be the subject domain and the Logo
merely theexpressive mediumin which
it is addressed. In the former case we
attend to the use of the Logo and in the
latter to the subject matter, so what is
‘doing Logo™?

My concern just now is how do we help
ourselves get access to these
possibilities, not so much what they
are. | suggest we try the strategy of
putting ‘doing Logo’ on a bone7:

t ‘doing Logo }

This super-simple technique helps us
recognise thatthere might bea rangeof
meanings available for the expression
‘doing Logo’ and we can start to
articulate some and attach them to the
bone. We are likely to discern some
common aspects among examples we
consider and those threads will ‘flesh
out’ for us thetension which underlies
the use of Logo in the classroom: how
much attention must be givento ‘doing
Logo’ if students are going to be ableto
use it as a natural form of expression in
their mathematics and how much
formal (remedial?) mathematics, say,
are we goingtohavetoteachifstudents
come to think mathematics can be
expressed satisfactorily in Logo? The
bone starts to look more like this:

m doing

programming maths

and the area in which the our attention
is focussed is wherethereis the dynamic
tension, not where there is a collection
of static examples. But all parts of the
boneareimportant tous. We need the
examples to give us a sense of the
possibilities and we need to have a
sense of the dynamic connection
between them to be able to use them.
Let us now return to the earlier
comments about the didactic contract
and the didactic transformation. We
cannot solve the teaching problem by
short-circuiting the learning of the
students, we cannot solve the
educational development process by
isolating and marginalising the
challenges. But there seems to be a lot
of pressure on us to make these things
compatible - to bring the ends of the
bones together, to find some cohesion
between them:

eaching» —— <@ learning

But if learning and teaching become
the same thing, we do not seem to gain:
rather we find ourselves with what we
despise nd call brain-washing’. So
we need ways to magnify the
connections between the many aspects
of teaching and learning which are of
concern to us, to first come to recognise
them, then toarticulate them so we can
manipulate them. What we need is
ways of awakening ourawarenesses of
what is involved in what weare doing
so we can make some choices about
what we do.

WORKING ON EXPERIENCE

So to the second strategy. How can we
awaken awarenesses if wedon’t know
we have them or need them? For what
should we be prepared, and how can
we anticipate possibilities in contexts
which have little meaning for us?

Let us return to the tecachers who
suffered the pain and from whom we
mightlearnsomelessons to saveothers
from pain in the future.

Howdid thoscteacherslearn whatthey
learned? They tell numerous stories of

incidents in their three years of project
work in which they were struck by
what seemed like special incidents.
They describe their frustration and
anguish at times as they tried to place
responsibility for their pain back on
those who had caused it. They tell
triumphant stories of how they and
their children overcame
‘insurmountable hurdies’ and ‘made
things happen’. Allthese stories work
to form images which are suggestive, it
seems,and whichhavebeen interpreted
in many ways.

I want to suggestthat it is only by being
very careful about these stories that we
can learnfrom them. Merely recounting
a story which purports to support a
generalisation is not enough.

Consider this story:

There they were, 60 children and no
Logo programming expertise among
the teachers yet the directive was that
LogoWriter was to be the software for
the first few months.

When we hear this, are we not tempted
to jump to the generalisation that the
teachers should havebeen taught Logo
programming, at least?

Suppose we ‘listen’ a little more
carefully to another story about this.

Onechild presented a program full of
bugs to one of the teachers who then
spent several nights trying to make
sense of it. She had no idea where to
start but did not want to fail the child.
For several nights she struggled on,
blindly, getting more and more
frustrated.

Of what does such a story remind you,
the reader?

[tmight remind youofatime whenyou
battled with a student’s problem and
achicved nothing, or when you efforts
were rewarded by some learning of
softwaretechniques, or it might remind
you of something as far removed as
whenyou suddenly realised how much
children havein their heads which gets
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in the way of what they aretryingtodo,
that novices are not empty vessels but
can easily be vessels overflowing with
irrelevancies.

Ihave asked many people totalk about
the stories which are evoked from their
experience when someone tells a
particular story. The range is usually
surprisingly wide: each listener pays
attention toan aspect of the story which
resonates with their experience, feelings
at the time, sense of purpose for the
story, and so whatemergescan bebased
on connections which depend on
similarity of physical circumstances,
sense of emotion at the time, and so on.
The teacher described, in working on
the child’s program, had many
opportunities beyond the mere fixing
of the program and we, as people with
personal experiences which are re-
minded by thetelling of another’s story
(briefly-but-vividly), can find many
opportunities for working on what is
available from the original story for us.
We can work on the brief-but-vivid
account offered by others and seek
verification of the experience in our
own experience.

Stillweonly haveexperiences on which
to work but it is now that we start to
havethematerial from whichtodevelop
our generalisations.

One way of thinking about this might
be to think of the process thus:

Wehavemorethan oneaccount of some
aspect of experience and we can
determine some threads which form
common bonds between the accounts.
We can start to think about abstracting
from the individual accounts, forming
a general, abstraction, a generalisation.
Wecan do this because we can provide
specific examples of when our
generalisation wasexperienced and we
can recognise other accounts of
experiences as examples of the general.
We can also decide when accounts of
experiences are not related. We do not
derivea ‘definition’ of the circumstances
somuchas asenseof what isappropriate
and what is not. We become informed
so that we can make analogies and
recognise distinctions.

We have now started to develop a
disciplined way of thinking about
generalisations: have we not now got
what we expect to have in every other
context in which we work? Have we
not now got a sense of the discipline of
generalising in technology? Just as we
recognise ways of legitimately
developing an historical interpretation
of some events, have we not now gota
way of interpreting and verifying
statements about technology? Or is it
the case that there is no absolute way in
which special cases of technological
interest can be formed into general
statements of technological wisdom?

T'am not sure that I want to go further
than to suggest that we can benefit at
leastas much from an awareness of the
risk of generalising and assuming that
the generalisations will become useful
in themselves, as in collecting
‘generalisations’. There is nothing in
either the particular original story I
told at the beginning of this paper, nor
in the stories which I have heard it
evoke, whichleads metotheconclusion
that the same result would have been
inevitable if the teachers had been
trained in advance, for instance. Butl
similarly have no evidence that this
would not be the case although I have
observed that ‘prior training’ does not
necessarily work. [ am not suggesting
that I can identify what causes8 what
but I can be informed by being alert to
the seduction of ‘wisdom’ which I
sometimes find associated with the

story.

This second strategy then, is one which
providesa wayofevaluating personally
what we are offered as generalisations,
motherhood statements, by others. In
the Sunrise context particularly, we
have found it a useful strategy for
filtering out of descriptions of
experience, the useless judgments
which so often get in the way of our
productive use of our experience. (We
reinforce this process by trying to work
on accounts-of experience rather than
accounts-for experienced.)

others

the original story

evokes

( experience )

which when worked upon reveal different aspects of
the original story to which listeners can be attending

and from the many newly-awakened awarenesses,

possibilities for the future can emerge.
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CONCLUSION

My conclusion is a question: Is there a
discipline which will support us
without urging on us the need for
making statements, asserting
technological ‘truths’? If we can work
inadisciplined fashionand beinformed
by ourexperiences, and those of others,
what strategies scaffold usand help us
establish resist the pressure of
undesirable practices?
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ENDNOTES

1 at the Queensland Sunrise Centre
at Coombabah State Primary
School.

2 offered by my colleague David
Williams

[ prefer the translation which calls
this the ‘didactic transformation’
notasopposed toa technologicaily-
driven one, but instead of one in
which ‘technology’ is
seamlessly integrated into the
existing curriculum without
changing it)

anexpression which wasoncestated
“Don’t look at me, take what is in
my hand” as Islamic mysticism
we could equally have used word
processing or something else...
The choice of metaphor is as much
influenced by the shape of the bone
as anything. The tradition of
thinking this way is derived from
the islamic idea that “every

stick has two ends”.

in fact, | donoteven subscribetothe
cause/ effect view of education

In this, like much of our work, we
are supported and informed by the
work of our colleague, John
Mason from the Open University in
the UK.
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ARE AUSTRALIAN
CLASSROOMS READY
FOR COMPUTERS ?

BY PAUL NEWHQUSE
Lecturer in Computer Education,
Edith Cowan University
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This paper outlines the
progress mede in the sec-
ond year of a project con-
cerned with the implementa-
tion of computer supported
learning environments for a
new upper secondary math-
ematics course for lower
ability students in Western
Australia. While the number
of available educational
software packages is in-
creasing at an exponential
rate, the design quality is
improving and the number
of computers available in
schools is increasing there
is still very little impact of
computer based applica-
tions on leaming associated
with classrooms. It is likely
that the ke’ reason for this

There have been three main compo-
nents to the research project: class-
room action research , the use of a
classroom environment instrument,
and a statewide survey of teachers in-
volved in the new courses. Findings to
date have highlighted the overall need
for support for teachers, even very ex-
perienced and competent teachers,
who want to implement computer
supported learning environments.
Teachers need theencouragementand
support to change the classroom envi-
ronment to suit the needs of their stu-
dentsand curriculum. Computers can
both support change and cause sucha
change.

The teachers surveyed while demon-
strating positive attitudes towards
change are having a great deal of diffi-
culty making use of computers in their
classrooms. Continued in-service
training, improved support materials
and access to more appropriate hard-
ware and software are required.

Last year (Newhouse, 1992) [ reported
onthefirstyear of athree year research
project concerned with theimplemen-
tation of computer supported leamning
environments for a new upper sec-
ondary mathematics course for lower
ability students in Western Australia,
Mathematics in Practice (MiP). The
course involved the use of math-
ematical modelling (Herrington, 1988)
in the solution of real-life problem
situations. Initially I worked with a
local secondary teacher and his classes

ematics ability of the students selecting
that unit of study. This paper outlines
the progress made in the second year of
this project. o

GENERAL AIM OF THE RESEARCH

The overall aim of the study was to
determine the features of particular
implementation strategies or models,
especially thoseinvolved ingroup-work
support, that appeared to beassociated
with successful impiementation. In
particular which features tendedfo en-
courage positive interaction between a
student and the computer and between
students,and maintain positiveattitudes
towards the explicit curricutum. Partof
this was to determine the obstacles
needed to be overcome to achieve suc-
cessful implementation.

The rationale for the study was that
while the number of available educa-
tional software packages available is
increasing at an exponential rate, the
design quality is improving and the
number of computers available in
schools is increasing, there is still very
little impact of computer based applica-
tions on learning associated with class-
rooms (Kissane, 1989 : Olive, 1992). It
appears to be likely that the key reasons
for this discrepancy concern the imple-
mentation strategies or models em-
ployed by teachers (Van Den Akker et.
al., 1992).

WHERE DOES THE COMPUTER FIT IN
MATHEMATICAL MODELLING ?
[ contend that to realistically develop a

discrepancy concerns the to determine appropriate usesof com- ~ modelling approach to mathematics
imp’emntation strafegies puters in the new course. We also leaming, as opposed to a traditional
investigated successful strategies for ~ didactic approach, the computer is an
i or models Omployed by implementation given the limited re-  essential support to both the student
o teachers. sources and the low level of math- and teacher. As Riel (1989) states, the
‘. 'w’
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computeris needed toallow the ‘devel-
opment of an appropriate functional
environment’. As such Iam convinced
that there are many mathematical
models that are not practical to inves-
tigate orimplement without computer
support and it is also not practical to
tackleawiderange of real life problems
without that support.

A computer application could support
mathematical modelling in a number
of ways including : to model a real
environment, as an investigative tool,
to generate data for model, to assist in
analysis, as a computational tool, to
check solutions or as a presentation/
communication toof.

IMPLEMENTATION MODELS :
COMPUTERS IN CLASSROOMS

In this paper, implementation model
willbetaken to mean thecharacteristics
of the method by which computer use
is integrated with the implemented
curriculum. It is therefore concerned
with theexpected roles of the computer
system, support materials, teacher and
students within the classroom and the
manner in which it is intended these
entities should interact with each other
to create the intended learning envi-
ronmentand outcomes. I defined three
main model types : Whole-class, One-
to-one, and Group-work Support.

There is a question of how to define
successful implementation. Obviously
any definition is highly subjective. 1
considered an implementation model
to be successful if it is perceived by the
participants, teacherand students, that
it contributed significantly to the de-
livery of the intended curriculum. For
my classroom action research [ trans-
lated somemore formaldefinitionsinto
outcomemeasures for the studentsand
teacher including affective autcomes.

PROGRESS IS BEING MADE

In 1992 there were three main compo-
nents to the research project. Firstly,
there was continuing Classroom Ac-
tion Research which involved observ-
ing and questioning two classes, onein
Year 11 andonein Year 12. Secondly, |
developed theuse ofa Classroom Envi-
ronment Instrument which was tested

on four classes in Year 11 and 12. Fi-
nally, I conducted a Statewide Survey
of teachers involved in the Year 11
Mathematics in Practice course.

CONTINUING CLASSROOM ACTION
RESEARCH

In 1992 I continued my close associa-
tion with a teacherand his classes, both
Year 11and 12. However,  removed a
largeamountofthe support thad made
available to him in 1991. I largely ob-
served the class in action working on
modelling projects and gathered data
by means of questionnaires and inter-
views.

Inananalysis of theuse of computersin
the projects it is both difficult and
pointless to try to isolate the impact of
the computer use from the impact of
the project/modelling approach to
mathematics learning. The computer
use was designed to be integrated with
the modelling approach. It would
therefore be counterproductive in this
analysis toextractcomputer use factors.
In a study by Riel (1989) it is asserted
that it is the integration of computer
use into a functional learning environ-
ment which is important not the com-
puter use itsclf. Rather the following
analysis will consider the whole ap-
proach to each modelling problem/
project and the extent to which the
computer application supported each.
This approach is supported by Olive
(1992).

Although incomplete an initial analy-
sis of theinterview responsesatthe end
of the year provided some interesting
indications of the impact of the com-
puter supported modelling approach
to mathematics learning. Firstly [ will
consider the teacher and then the Year
12 students who had already been cx-
posed to this approach to mathematics
the previous year. Finalily, I will con-
sider the Year 11 studentsand compare
their responses with those of the previ-
ous year’s students.

THE TEACHER

Themainteacherin thestudy would be
rated as a computer literate teacher by
most educators. He would alsobe con-
sidered to be very experienced and

enthusiastic. The previous year hehad
expressed surprise at the amount of
use of the computer which had been
made throughout theyear. He had also
been generally pleased at the progress
of the students and the running of the
course.

Oneimportant perception heexpressed
was that he had not made as much use
of computer applications in the second
year as he had the previous year or
would have liked to. He largely put
this down to his own lack of organisa-
tionand lack of time to think about new
applications. [ would also add that my
reduced support may also be a factor
here.

He expressed the opinion that the best
applications were small tasks that could
be completed quickly and included a
print out. He felt the most important
factors in successful implementations
were : being organised, having com-
putersavailable, knowing thesoftware
and having experience at teaching the
course. He also felt that they needed
more hardware to allow increased
studentaccessand thereforeallow fora
greater rangeof applications tobe used.

YEAR 12 STUDENT OUTCOMES

The mean student ranking, in terms of
enjoymentand learning, of thesixmajor
projects completed during the year are
given in Table 1. In general it appears
that, as may be expected, enjoyment
and perception of learning are recip-
rocally related.  For example, the stu-
dents enjoyed the SimCity project but
didn’t think they learnt anything.
However, the Buying a Car project did
not fit this expectation and the other
project using computers, Survey of
School, was ranked well in terms of
learning. In answering later questions
all students said that they felt thatthey
have learned some mathematics.

In general this group of students was
very satisfied with their mathematics
course and was interested in using
computers in the course. All students
said that they liked using computersin
the projects and all but two said they
would have liked to have used them
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TABLE 1: Mean Student Ranking of Projects in Year 12
[n=14] (C)implies that the project made use of a computer applicatior

Survey of School (C)
SimCity (C)

Build a Bridge

Build a House
Sharemarket Game
Buying a Car (C)

Enjoyment Leamning
Mean Order Mean Order
39 5 33 3
24 1 42 6
34 3 41 5
38 4 29 4
41 6 24 2
26 2 18 1

more. From observation the students
had little trouble using the Macintosh
computers although six of them indi-
cated that they had some difficulty. 1
believethat this was mainly in leaming
to use SimCity.

YEAR 11 STUDENTS COMPARED WITH
PREVIOUS YEAR'S GROUP

class and also completed two new
projects (refer to Table 2). As with the
Year 12 students the Buying a Car
project was ranked very highly. Inter-
estingly the other three computer sup-
ported projects were ranked low on
both enjoyment and learning fairing
much worseon learning than the previ-
ous year. However, it should be noted

and thatthey learned maths fromthem.
In addition they all liked using the
computers and would like to use them
more. So, this apparently lower rank-
ing may be due to the high quality of
thetwonew projectsand improvements
made to the Games and Bin Basketball
projects. Itmay alsobebecause the first
three projects were too farin the past to

This group of students did five of the  that almost all students indicated that  remember accurately.
same projects as the previous year’s  all the projects were interesting, useful
TABLE 2 : Mean Student Ranking of Projects in Year 11
[n=13} (C)implies that the project made use of a computer application
Enjoyment Learning
Mean Order* Mean Order*
Reticulation (C) 56 6 (5) 51 6 ()
Subdivision of School (C) 56 6 4 48 5 )
Orienteering (C) 53 5@ 41 4 (1)
Bin Basketball 22 1 (6) 52 6 (5)
Games 28 2 (M 38 3 (6) Note: Numbers in
School Function 32 3 31 2 parentheses indicates
Buying a Car (C) 36 4 18 1 order given by
students in 1991
OVERALL CONCLUSIONS ware support the modelling approach

For ali the projects most students com-
pleted projects to a standard in excess
of the teacher’s expectations. Most stu-
dents expressed a high degree of satis-
faction and enjoyment from their work.
Most students also indicated that they
had found the use of the computers
rewarding and relevant. Most students
had found little difficulty in operating
the Macintosh hardware and software
supplied.

Almost all of the computer applica-
tions were successfully implemented
and contributed in a small but signifi-
cant way to the success of the student
projects. It was intended that the soft-

by providing a tool for students to use.
In this sense it was successful and stu-
dents opted to use the software as they
saw fit.

CLASSROOM ENVIRONMENT STUDY

Fraser and Walberg (1991; x) describe
an classroom environment as the ‘so-
cial-psychological contexts ordetermi-
nantsoflearning’ within the classroom.
It is clear that the concept of classroom
environment is central to any study of
the implementation of computer sup-
ported learning environments
(DeCorte, 1990; 70). The important
questions concern the effect of the in-
troduction of computers into the class-

room environment and whether any
changes are perceived to be positive
and assisting in the creation of desired
attributesof theclassroomenvironment
by students and teachers.

Initially I have conducted a limited in-
vestigation of the perceived classroom
environment, or beta press (Fraser and
Walberg, 1991; ix), of the studied class-
rooms. The aims were to compare the
preferred and actual environments for
thestudied classrooms and then to look
for differences with similar classrooms
where computers were not used and a
classroom associated with the teacher
which conducted a different course.
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TABLE 3: Classes Involved in Study
Classes Involved in Action Research

A  Year 11 Modelling  Teacher 1 Used Computers
B Year12 Modelling  Tcocher1  Used Computers
Other Classes

C  Year12 Modelling  Teacher2  No Computers
D Year12 Calculus Teacher 1 No Computers

The instrument used [ have called the
CEI (Classroom Environment Instru-
ment) whick is based on the CES
(Classroom Environment Scale) devel-
oped by Rudolph Moos (Fraser and
Walberg, 1991; 8) The CEI has seven
measures (scales)each madeup ofeight
questions. The names of the measures
are given in Table 4.

PREFERRED VERSUS ACTUAL CLASS-
ROOM ENVIRONMENTS

There has been a ict of research con-
ducted on the fit of preferred and ac-
tual classroom environments. Notion-
ally it would seem that if possible the
two should be closely matched to sup-
port student learning and welfare. A

comparison between the two for class
A revealed quite a close match. Unfor-
tunately a preferred classroom envi-
ronment was not available for class B
therefore a comparison of their previ-
ous and actual environments is given.

TABLE 4 : Names of Measures for Classroom Environment Instrument
[Maximum score of 24 on each measure.]

INV Involvement
AFF Affiliation

TS Teacher Support
TO Task Orientation

CcoM Competition

o0 Order and Organisation
TC Teacher Control

INN Innovation

It appears from the graph in Figure 1
that the classroom environment pre-
ferred by studentsinclass A is matched
closely by the perceived actual class-
room environment perhaps with the
except of Task Orientation (TO). The
classroom was perceivetohavea higher

Class Average

level of Task Orientation than they
would have preferred. The question
thenis to ask whether this is primarily
a function of teacher, level of maths or
computer use. Unfortunately [ was not
able to get enough information to an-

Year 12 Modelling Class

swer this question conclusively. How-
ever, for each of these variables I was
able to keen the variable constant in
comparisonsinvolving pairs of thefour
classes used.

209 —————  Actual
-l -

Preferred :

184

INV AFF TS T0

Figure 1 : Actual and Preferred Environments for Year 12 Modelling Class
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COMPARISON OF CLASSROOMS ON COM-
PUTER USE

Icompared theclassroomenvironment
measures of the two modelling classes
which had different teachers, one used
computers (Class B) and one did not

]

104
;
2 1 &4
o
8
O

14

129

(Class C). From the graph below (Fig-
ure 2) it appears that the perceived
actualenvironmentinvolving comput-
ers was lower on themeasures of Com-

a more student-centred learning envi-
ronmeni which incorporates group
work. I chserved that the computer-
using class did indeed complete more

petition, Teacher Control but higher group-work than the other class.
on Innovation. This is consistent with

Comparison of Two Modelling Classes

on Actual Environment

Class B

=T
iNV

T L

L
TO coM 00
Measures

T Y Y
AFF TS TC

L3
INN

Figure 2 : Actual Environments for Year 11 Modelling Classes

A question which flnws from this ob-
servation is whether :he noncomputer
using class was ‘unnappy’ with these
differences. That is did they prefer the
classroom environment of the cther
group to their own. As can be seen

Class Average
g

1 24

from the graph in Figure 3 the compu-
ter-using class actually preferred a
lower level of Competition, Teacher
Control and a higher level of Innova-
tion than the other class. Further, the

perceived preferred and actual envi-
ronments (Graph not shown) for the
non-computer using class matched very
closely. It would appear that for both
classes the preferred and actual envi-
ronments matched.

Comparison of Two Modelling Classes

on Preferred Environment

- -

@ Class B
Class C

10

v

NV

v v T

T L | L) Ll
TS T0 coM (s8]
Environment Measurcs

—
AFF

TC

v

Y~
INN

Figure 3 : Preferred Environments for Two Year 11 Modelling Classes

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 193

‘1Qn

183



Does .his mean that the teacher and
students arrange the actual classroom
to suit what the students want or does
this mean that students adapt their
wishes to suit what they have become
accustomed to ? To consider this ques-
tion I will look at a comparison of two
classes which had the main teacher.

COMPARISON OF CLASSES WITH SAME
TEACHER BUT DIFFERENT CONTENT

Which comes first, the preferred or the
actualenvironments? [tmaybeargued

that two classes with the same teacher
and similarly aged students are likely
to have similar actual environments. If
the preferred environments are similar
and the teacher and students arrange
the actual classroom to suit what is
preferred thentheactualenvironments
should be similar. It would seem that
the preferred classroom comes first. If
not, then it would seem that the teacher
sets up an environment and the stu-
dents may then modify their preferred
environment to suit this.

The two classes compared were Class
B, the main class studied, and Class D
which was not using computers and
the students were studying another
mathematics course, Calculus. From
the graph in Figure 4 it would appear
that this second class has a similar
preferred environment on most meas-
ures. Perhaps these students prefer a
higher level of Competition, Task Ori-
entation and Involvement than our
mainclass. Thequestion is whetherthe
teacher and students in Class D pro-
vided an environment to suit this ?

Comparison of Two Yr 12 Classes

- Preferred Environment

A -l

—— Class B
Class D

20
] e
91 A Y
168+
¥
0
g
> 164
<
0
4]
_‘! <
Q
1 4
12
0 Y
INV
Figure 4 :

From the graph in Figure 5 comparing
the preferred and actual environments
of Class Ditappearsthat there is a poor
match. I believe that this is in part
explained by the difference in the ap-
proach of the teacher to that class, part
of which is the non-use of computers.

L4 L) LJ k|
AFF TS T0
Environ Measures

He had a much more ‘conservative’
teacher-centred approach to the class
and thus it is not surprising that this
classroom is not high enough on In-
volvement, Affiliation, Teacher Sup-
port, Order and Organisation and In-
novation for these students. Soit would
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T
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Preferred Environments for Year 12 Classes

seem that the teacher is the key to set-
tinguptheclassroom environmentand
in the case of Class C, the other Model-
ling class, it is likely that the students
modified their environment prefer-
ences to more closely match those of-
fered by the other teacher.
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Year 12 Calculus : Compasison of Preferred
and Actual Environments
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Figure 5 : Actual and Preferred Environments for Year 12 Calculus Class

The question which could be asked is
whether this is just due to differences
in the type of student choosing to do
each of the courses. We have already
seen that while there is not a ot of
differencein the preferred classrooms
of the two groups, the higher ability
group terids to want greater Involve-
ment. Looking at the grapl. in Figure
5 there seems to be clear differencesin
what the students wantand how they
perceive the classroom to be on a
number of the measures. [ canonly
conclude that most of these differ-
encesareduetotheteachersapproach
tothetwo classes, part of which would
be the teacher’s attitude towards the
subjects and part of which is likely to
be the teacher’s interest in using com-
puter supported group-work projects
in the Modelling class. Consistent
with the literature it would seem that
the classroom environment is heavily
dependent on the teacher (Van Den
Akker et. al., 1992; 68 : Olive, 1992;
503). What is interesting is that the
teacher is able to change the environ-
ment. In this case the catalyst for the
change was the new approach to
leaming mathematics facilitated by
computer applications.

What I would like to suggest thus far
from this section of the study is that the
teacher is central to the creation of the
classroom environment. Teachers can
create a varying number of types of
environments. Inordertobetter match
the preferred environment of their stu-
dents teachers need to be given a de-
gree of freedom and supporting re-
sources. In this case the new courses
permitted the freedom and along with
the use of computers provided some of
the resources to allow the teacher to set
up such an appropriate environment.
In the words of Olive (1992; 503) the
teacher was able to ‘taie charge of tech-
nology and use it to transform his own
teaching environment’.

STATE-WIDE QUESTIONNAIRE

During the year a questionnaire was
sent to all schools inthestateaddressed
to all teachers of the MiP ccurse. The
questions weredesigned tocollectdata
on the attitudes towards the course,
classes and teaching mathematics, the
approach to teaching these classes, the
type of instruction and learning activi-
ties used, the amount an type of com-
puter support used with these classes,
obstacles to computer use with these
classes, and details about the type of

computer hardwareand softwareused.
There were 193 teachers who returned
the survey of which 191 were useable.
These teachers represented 107 schools
in the state. '

INITIAL FANDINGS

The first intention of the survey was to
try to identify classroom organisation
and attitude characteristics of teachers
of the Maths in Practice unit and the
degree to which they use computers
and what they do with them. The sec-
ond intention wastodetermine whether
there was any connection between the
teacher characteristics and computer
use in the unit.

Generally it could be said that the
teachers did not dislike teaching the
unit and were more likely to see the
unit as valuable than not. Almost all
the teachers enjoyed teaching math-
ematics in general. They tended not to
be pleased with the standard of work
produced by students. Of interest is
that most of the teachers encouraged
students to help each other and pre-
ferred students to take responsibility
for their own learning. Classroom ac-
tivities organised by these teachers for
MiP tended to be mainly projects, often
conducted as group-work exercises.
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Of the 191 teachers, 80 (43%) made use
of computers at times in their MiP
classes. Table5showstheresponsesto
the possible reasons for not using
computers. The two most frequent
responses are, [ believe, very signifi-
cant. In particular that 59% of these

teachers are looking for a computer
laboratory implementation and nearly
half of them are not confident in using
cnmputers. Therefore a large obstacle
is the lack of computer literacy and
experience of teachers involved in the
units. This would come as no surprise

and yet this is despite quite a large
amount of in-service work conducted
over the past two years. The continu-
ing perception that you need a labora-
tory to use computers to assist in
learning is worrying.

TABLE 5 : Why MiP Teachers Don’t Use Computers
“Indicate why you do not use a computer in the MiP class by ticking as many of the following as are relevant.”

Reason for Not Using Computers

% of non-
computer users

It is difficuit to get access to a computer laboratory.

[ am not confident in using a computer

It is difficult to get access to one computer.

There is no useful software available

My students do not know how to use computers
Using a computer takes too much time and effort.
The computer is not relevant to what the students do
The computer is not suitable for me to use.

The computer is not suitable for the students to use.

59
46
40
28
24
19
12

4
3

It is interesting to compare these with
the findingsof a U.S. study reported by
Olive (1992;511) which identified ‘four
forces that inhibiteffective uses of tech-
nology by teachers’. Two are those
found in my survey ; lack of access to
hardware and software, and lack of
training and experience in using tech-
nology as a learning tool on the part of
teachers. The two which are missing
from my list are : lack of support from
school and system for diverging from
the mandated curriculum, and ac-
countability only in terms of student

performance on standardized tests.
This is not surprising since the two
modelling courses have no external
examinations and the education sys-
tem has supported the notion of a flex-
ible curriculum fcr the courses.

What of the teachers who did use com-
putersin their classrooms? Thetypical
teacher tended only to use it some-
times, rarely for demonstration. They
considered themselves to te computer
literateand rarely gavestudentsa choice

in using computers. It appears that
teachers locate suitable software to go
with a certain project and then get each
student to use the software on that

project.

Do teachers have enough access to
hardware? When considering the
number of computers available and
used by teachers with MiP classes |
determined four ranges of values to
correspond with the best possiblecom-
puteraccess strategies assuminga class
size of between 20 and 25.

TABLE 6 : Computers Used

The number of computers usually used with the class. [n=80]
Potential Computer Access Strategies

No. of Computers %
0-4 39
5-9 24
10-19 33
20-28 4

Rostered groups or individuals

Unlimited groups or rostered individuals
Unlimited pairs or rostered individuals

Unlimited individuals

What types or brands of computers do
these teachers use with their classes ?
The table below shows the high pro-
portion of IBM and compatibles used

in this state in secondary schools. Itis
likely that mosi of these would only be
running under MS-DOS, although 1did

not specifically ask for this informa-
tion. Associated with this is that only
55 of the 80 teachers (69%) have mice
available as an input device.
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TABLE 7 : Operating Type Used

Type of computer as a percentage of teachers who do use computers with their classes. [n = 80]

Type/Brand

IBM or compatible
Macintosh

BBC Archimedes

% Type/Brand

76 Commodore Amiga
24 Other

16

%

The type of operating system available
appears to be a major problem for im-
plementing a range of computer appli-
cations in this unit. Whilealotof CAL
packages are available to run under
MS-DOS there are many that do not
and further, a number of useful tools
are not easy to use in the MS-DOS
environment. It is therefore not sur-

prising that in Table 8 by far the most
used piecesof softwarearespreadsheets
and word processors. [t seems to me
that with the relative lack of use of
simulations, statistics packages,
databases, graphics and graphing
packages the operating system avail-
able to most may becausing a problem.
Itishowever gratifying tosee Drilland
Practice software at the bottom of the

list. This ties in with the U.S. report
(Olive, 1992; 511) that 70% of teachers
do not like drill-and-practice software.
This would suggest that these teachers
are at the point where they areready to
move from the traditional static role of
teachers to a more dynamic one which
may reform the curriculum and trans-
form their classrooms (Olive, 1992;510).

TABLE 8 : Type of Software Used

Percentage of teachers wio do use computers with their classes. {n =80}

Software Type
Spreadsheet
Word Processor
Graphing
Graphics
Database

% Software Type

95 Simulation

56 Demonstration
34 Statistics Package
31 Drill and Practice
29

To
25
18
15

Initially the picture the survey data
appears to be painting is one of a group
of teachers working to implement the
new course as intended and wanting to
make use of computer applications.
However, they are finding it difficult to
give their students adequate access to
computers some of which is as a result
of alack of knowledge and expertise in
implementation. Over 60% of the
teachers whodo use computersareina
situation where the only means of pro-
vidingaccess s byarostersystem and/
or group work. This in fact fits the
classroomlearning model many of them
stated that they want to pursue. Fi-
nally, most teachers appear to be lim-
ited in the type of software they use
either due tothe use of MS-DOSor their
own lack of knowledge and experi-
ence.

CONCLUSIONS AND FUTURE DIRECTIONS
The study is critically interested in the
impact of computers in the classroom,
particularly mathematics classrooms
involved in mathematical modelling.

As such the second year of the study
has continued to closely examine a
group of students and a teacher mak-
ing use of limited access to computer
applications. To add to this it has in-
vestigated the classroom environment
associated with thatclassand hasbegun
the process of widening the "~ope to
consider a range of similar classes
throughout the state.

The continuing classroom action re-
search has highlighted the need for
support for teachers, even very expe-
tienced and competent teachers. Van
Den Akker et. al. (1992) found that the
interaction between teacher and
courseware and the design of support
materials were crucial to the success‘ul
implementationcfcomputersupported
learning. The main teacher used in this
study found it difficult to find and use
additionalcourseware with thereduced
support available to him. For the same
re=son he lacked sufficient support
n...~ rialsand thereforenot surprisingly
used computers less than in the previ-
ous year.

In the study by Riel (1989) it was found
that while classroom organisation was
not changed by computer use the pat-
terns of interaction between students
and studentsand teacher werechanged.
My initial investigation of the classroom
environment of the main class would
scem to indicate that teachers may in
fact alter the classroom organisation
and that computer use may be part of
the motivation and/or support to do
so. It certainly would appear that pat-
terns of interaction change. This how-
ever needs a far wider study tobe more
confident about.

The statewide survey has shown that
teachers in these courses are having
difficulty making use of computers in
their classrooms. However, they seem
to have a positive attitude towards the
courses, the change in teaching/
learning strategies and the use of
computers within the course. It seems
that morein-servicetraining is required,
improved support materials and ac-
cess to more appropriate (GUI operat-
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ing systems) hardware and software in
order to increase the use of computers
to support these courses.

In 1993 the research project will be ex-
tended to consider in more depth a
sample of teachers taken from those
involved in the survey. Thestudy will
continue to concentrate more on class-
room organisation and interaction pat-
terns in the classroom. This study will
seek to add to the findings of Riel and
others (e.g. Van Den Akker et.al., 1992)
and contribute to the ongoing debate
concerning the relationship between
computer use and the classroom envi-
ronment or culture (e.g. Olson, 1988).

REFERENCES

DeCorte, E.(1990). Learning With New
Information Technologies in
Schools : Perspectives from the
Psychology of Learning and In-
struction. Journal of Computer
Assisted Learning, 6. 69-87.

Fraser, B.J. and Walberg, H.J. (1991).
Educational  Environments.
Pergamon Press : Oxford.

Herrington, A.J. (1988). Using a Com-~
puter to Develop Mathematical
Processes. Paper presented at the
Australian Computersin Education
Conference, Sept 1988.

Kissane, B.V. (1989). The Computer:
The Next Tool for High School
Mathematics ? Login, 3(4), 6-14.

Newhouse, P. (1992). Mathematical
Modelling Using Computers : Not
Just for the ‘Clever’ ! Paper pre-
sented at the Australian Comput-
ers in Education Conference, July
1992.

Olive, J.(1992). Technologyand School
Mathematics. International Jour-
nal of Educational Research. 17.
503-515.

Olson, J. (1988). Schoolworlds-
Microworlds. Pergamon Press :
Oxford, England.

Riel, M. (1989). The Impact of Comput-
ers in Classrooms. Journal of Re-
searchon Computing in Education.
Winter 1989, 180-189.

Van Den Akker, ., Keursten, P. and
Plomp, T.(1992). The Integration of
Computer Use in Education. Inter-
national Jeurnal of Educational
Research, 17,65-76.

AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993

195



THE INFLUENCE OF
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v Analysis of this data revealed despite ried out among tertiary entrants in
computing having a high profile in teaching courses have found the com-

)\ 4 the majority of schools, there were puting skills of many students to be

v widely varying levels of computer sadlylacking (Summers, 1990 & Wilson,
use among the beginning teachers. 1990), Large numbers of students still

A 4 Differences were observed in patterns  leave secondary education with only

v of usage between primary and ‘minimal skills and experience with

This study investigated
the level of computer use
among beginning
teachers. Beginning
teachers were asked to
complete a questionnaire
towards the end of their
first year of teaching. The

secondary teachers and these patterns
appeared te reflect the nature of the
computing courses received during
training.

INTRODUCTION

Computers now have an established
place in school education systems.
There is an expectation among all
stakeholders in the education process
that school students will receive broad
experience the new technologies. The
expectations of the stakeholders are

computer technology. In occupations
such as teaching, where the use of com-
puters plays a significant role in the
quality of the services provided, there
is a clear need for programmes of study
to ensure that graduates have achieved
the appropriate levels of IT skill and
expertise.

Bigum (1990) rationalises the need for
computereducation in teacher training
programmes through issues of
economy as well as pedazogy. He ar-

: often quite high. They areawareofthe  guesquiterightfully that there needsto
':esp onscfs P rovided . potentialadvantagestobederived from  be more deliberation by teachers in the
information concern ing instructional applications of computer  selectionand application of computing
the computing courses technology and expect that students  resourcesin instructional settings. Fre-
will receive some of these advantages  quently rhetoric and good intentions
00n3p leted,by the teachers at some stage in their schooling. From  are used as guides for good practice
dur ing their teacher school based experiences, it is antici-  more often than knowledge and in-
training, the place of pated that stllxdefnl:f1 M::ddevelop the formed practice.
: : levelsofknowledge and skills
computers in their necessary

schools, the amount of
use the teachers were
making with computers
and their perceptions of

in Information Technology (IT) to en-
able them to take zdvantage of the op-
portunities afforded by computers be-
yond school settings.

THE NEED FOR COMPUTER EDUCATION

Since computers and computing are
interdisciplinary in nature, some will
argue that the appropriate skills and
knowledge can be derived from mean-
ingful application of the technology
rather than instruction in asplied set-

the computer education The use of computers as a tool for the  tings. Although thisrepresents theideal

P learnerextendsthroughalleducational  scenario, frequently it is notachievable
needs of the beg nning levels. Although many would expect  in traditional courses of study.
teacher. to find sound levels of Information

Technology (IT) skills among students
who enter universities to complete
teacher training, in practice this is often
not thease. Recent investigations car-

COMPUTER EDUCATION PROGRAMMES

As with school based [T programmes,
the choices facing teacher educators in
the design and implementation of ap-
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propriate courses for teacher educators
are many and varied. Owen (19¢2)
provides a useful summary of training
programmes by considering those as-
pects of the field that most influence the
nature of the given instruction. He
describes modelsof in-service training,
all of which have relevance and possi-
bility in pre-service training pro-
grammes. Themodelsaredistinguished
by the parameter on which they centre.

e hardware centred, the machine is
the focus of the instruction and
content is based on knowing the
machine and how it works.

e software centred, an item or appli-
cation is taught. The aim of the
instruction being to develop com-
petence and expertise in the pro-
gram itself.

e curriculum centred, computing is
taught in the context of a particular
curriculum.

e classroom centred, the instruction
includes investigations into class-
room practices and learning out-
comes,

e whole school centred, the instruc-
tion brings the whole school to ac-
count for values about key issues,
resource management and-curricu-
lum applications.

e teacher centred, instruction consid-
ers individual teachers roles and
aspirations and maps programmes
that are in accord with personal
development needs of each.

Although the demands and require-
ments for in-service training differ con-
siderably from those associated with
pre-service training, within the field of
computer education, thcre are many
similar inputs and planned outcomes.
Animportantconsiderationintheplan-
ning of information technology pro-
grammes in teacher education is deriv-
ing effective use from those factors that
will aid in the construction of the begin-
ning teachers’ conceptual models of
computers and computing as tools
within all aspects of the profession.
Althoughdifficult to implement in pre-
service training, conventional teacher
education IT programmes are often a
blend of the models described by Owen
(1992).

Rhodes (1989) uses the terms, Deficit
and Skills to describe dichotomous
models of IT training for teachers. In
courses based on the Deficit Model,
emphasis within the programme is to-
wards developing confidence in the
use of hardware and software. Insuch
programmers technology is central to
the instruction while educational is-
sues assume a secondary role. In the
Skills Model, the teacher rather than
the technology is central to the course
and the emphasis is placed upon en-
couraging teachers to use the technol-
ogy within the classroom. Wild (1991)
considers that the differentiation of
teaching models based on methodol-
ogy alone leads to an oversimplifica-
tion of the dichotomy that exists be-
tween such models. He argues for a
return to the issue of needs identifica-
tion to gain more insight into inherent
differencesin thenature of teacher train-
ing courses.

There are several identifiable forms of
contemporary computing coussegiven
to teacher- training students in Aus-
tralian universities. In some instances,
courses of a formal nature are deliv-
ered to ensure appropriate knowledge
and skills are developed by all stu-
dents. These courses are very much in
the style of the Deficit Model (Rhodes,
1989). The capacity of a formal course
of instruction to fully develop I1 sKiiis
and knowledge is frequentlv ques-
tioned in the school context (Oliver, in
press). One would suspect that similar
shortcomings may be evident in pre-
service teacher training. On the other
hand, such courses are often the only
possible way that minimal skills canbe
guaranteed outcomes of programmes
and courses. Bigum (1990) describes
anapproach to teacher training that he
called “situated learning”. Such an
approach provides the necessary skills
and expertise through their develop-
ment and application in meaningful
contexts. This approach is along the
continuum to the Skills Model (Rhodes,
1989).

Itisdifficult to judge thebest form of IT
programme that can be delivered in
any one setting.  The effectiveness of
the training programmes must reflect

the needs of the beginning teacher.
Evaluation of training programmes is
frequently undertaken in terms of
knowledge of course content and the
developmentof personal skills. A more
valid test of success is achieved by ex-
amining transferable skills and these
aremadeevidentonly when the gradu-
ates apply their skills to actual teach-
ing. Computer literacy by its very
definition must transcend the content
of an instructional programme to en-
compass suchoutcomesas theattitudes
that are developed, students self-suffi-
ciency and the transferability of the
knowledgeand skills to new situations.
This paperdescribesa studythatsought
to investigate the effectiveness of dif-
ferent forms IT training withina teacher
training programme by examining the
actions of beginning teachers in apply-
ing information technologies in their
initial teaching positions.

There are many factors that can influ-
erce the use of computers among be-
ginning teachers. Of paramount im-
portance would appear tobethe nature
and level of computer experience and
training, including the level of practice
of computerusein curriculum settings.
There are of course many other factors
such as those that have been found to
impede experienced teachers from ap-
plying computertechnology. Bersan &
Oliver (1991) listed some of these as
inadequateaccesstohardware and soft-
ware, insufficient skills in applying
computers in their teaching as well as
the demands and rigours of teaching.
The purpose of the present study was
todetermine the level of uptake of com-
puters exhibited by beginning teachers
from a university in Western Australia
and to investigate factors associated
with computer training that might in-
fluence this uptake. The following
research questicrs were framed to
achieve these goa .

» Does the level of computer educa-
tion received during training influ-
ence the level of computer uptake
of beginning teachers?

e Does the form of computer educa-
tion received during training influ-
ence the level of computer uptake
of beginning teachers?

190
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METHODOLOGY

The subjects of the study were graduat-

ing teachers from a Western Australian

university in their first year of teaching.

Data was gathered from this sample of

teachers through a questionnaire. The

questionnaire contained items that

sought the following information from

each teacher:

e the training course undertaken,

¢ the level of teaching, primary sec-
ondary or early childhood,

¢ the organisation of computing re-
sources within the school,

o the availability and quality of the
computing resources,

¢ personal 1:sage patterns of thecom-
puting resources and

o teachers’ judgments of the quality
of their computer education.

From a total graduation of three hun-
dred and sixty five teachers, one hun-
dred and eighty six were given imme-
diate teaching postings. Tbequestion-
naire was sent to these teachers and
initially seventy responses weregained.
From information received, fifteen of
the graduating teachers were found to
have left their positions. A follow up
mailing resulted in the return of an-
other forty seven responses and this
gave a total return of one hundred and
twenty two returns from one hundred
and seventy one beginning teachers.
The sample from which the results are
drawn, represented seventy one per-
cent of the population, an acceptable
figure by most standards.

Thequestionnaires necessarily requived
teachers to identify themselves so that
follow-up letters could be sent to en-
courage the participation of the largest
number of beginning teachers. It is
likely that some teachers chose not to
participate due to the fact of possible
identification. Furthermore one could
presume that predominant among the
non-participating teachers would be
those who were not using computer
technology and did not wish to be iden-
tified as such. This would suggest that
the information presented in the study
might not truly reflect the norm and
that the figuree for computer uptake
might beless thaninitially evident from
theobtained responses. This factshould

be borne in mind as the results ob-
tained fromthe questionnairesare con-
sidered.

RESULTS

THE SAMPLE

At this university the teaching pro-
gramme offers differing courses for
teachers in the three areas. In the pri-
mary and early childhood areas, stu-
dents study a compulsory computer
education course in their first year of
training while in the secondary pro-

gramme, thereis nocompulsory course.
In all areas, students can elect to com-
plete an elective unit in computer edu-
cation. There is also in the secondary
programme, a course of study for be-
ginning computing teachers who seek.
to become teachers of computing stud-
iesand thesestudents undeitakealarge
number of computer related subjects.
A breakdown of ¢the computer educa-
tion training received by the beginning
teachers involved in this study is given
in Table 1.

Table 1

Computing Courses Studied During Teacher Training

Course %
Compulsory Computing Unit 41
Computing Elective Unit 22
Computer Studies Teaching Units 5

No Formal Unit 32

The instructional programmes
completed by the beginning teachers
differed considerably in objectives and
content. A better understanding of the
skills and expertise of the graduating
teachers can be gained by considering
each of these courses separately.

1. COMPULSORY COMPUTING UNIT.

This unit was studied by all primary
teaching students. It was delivered in
the fiist year of their training
programmeand was primarilyahands-
on unit. The unit ran for three hours
per week over a 13 week semester and
was delivered in a computing
laboratory with a network computers.
The model of computer used in the
course is used widely in primery
schools throughout Western Austre lia.
Few primaryschoolsin this statedo noi
contain numbers of these machines for
classroom use.

Thecontentofthisunit was very heavily
tied to the Western Australian primary
school curriculum. Studentslearned to
use the computer in a novel approach
that had them mimic the actions of
primarystudentsin practicalclassroom
settings. For example, the word
processor was used as means to record
classroom activities.

The students learned to usea variety of
software packages designed for
classroom use. They learned
implementation strategies and
completed assignments that involved
the use of computers in an integrated
fashion across broad sectiors of the
primary school curriculum. Atalltimes
the emphasis and direction of the
instruction and activity was towards
the development of skills and
understanding in  classroom
applications of computers as an aid to
the teaching learning programme.

2. COMPUTING ELECTIVE

The computing elective undertaken by
many of the secondary teachers was
distinctly different in aims and content
to the primary graduates. This course
had a productivity orientation and run
in the students third and final year of
training. Students learned the
components of the integrated package.
The class sessions revolved around
instruction in learning to use the word
processor, spreadsheet, database and
communications facilities. Students
received instruction in classrecm
applications of computers in a lecture
situation. Lectures on modes of
implementation, potential uses of
computers and research findings were
given during the course.
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Assessment in the course involved the
submission of assignments. Eachofthe
assignments tested the students’
abilities to use the software package
and was created in a setting that
prompted thought and activity in
educational applications of the
For example, the
spreadsheet assignment involved the
establishment of a marks book, the word
processing assignment involved
research into computer applications
whilethe databaseassignment required
students to plan lessons in their major
teaching area where students would
use the computer as a tool in the
teaching /learning process.

technology.

Thiscoursewasdesigned and delivered
in a manner that primartily sought to
make the teaching students competent
and confident users of computers in
personal settings.
applications wereincluded inthecourse
to facilitate the transfer of computer
usage to classroom settings.
students were not exposed to particular
software packages for their major
subject area. The programme was
designed around the assumption that
given personal computing skilis, the
teachers would have the skills and
expertisetomakeclassroom usein their
subject settings.

3. COMPUTER STUDIES TEACHING UNITS
The small number of students who
completed these units received 13 solid

The curricuium

was computing courses in the
secondary schoolsand thedevelopment
of appropriate teaching strategies.

The students came away from these

courses with a high degree of'

understanding and skillsintheuseand
application of computers. Their skills
did not necessarilyextend toclassroom
applications of computers in
instructional settings.

4. NO FORMAL UNIT

The secondary teaching students who
chose not to complete the computing
elective received very little exposureto
computers in their university course.
Computers are not used widely as
instructional aids by the lecturing staff.
Although the majority of curriculum
courses given to the students, involved
mention and demonstration of
classroom computer use, there wasvery
little practical experience available to
students in such courses.

Many of the students who chose not to
study the elective had some degree of
computer experience. Small numbers
of students had studied computing in
their secondary schooling.
Approximately fifty percent of the
students in the Faculty of Education at
this university use personal computers
in the preparation of assignments. The
university has large amounts of
computing resources for use in the
academic programme and students

able to graduate with reasonable levels
of computerliteracy. Their knowledge
and skills would probably be closely
aligned tothe students who studied the
computing elective, consisting in the
main of personal productivity skills. -

AVAILABILITY OF RESOURCES

The purpose of this study was to
compare the usage made of computers
by the beéginning teachers and to
investigate whether patterns of usage
could belinked tothe level and form of
computereducation received. Because
this necessarily involved acomparison
of usage across primary and secondary
schools, it was necessary to establish
other factors that may have influenced
computer uptake. High among these
factors must be the level of access to
computers.

To aid in the comparison, it was
necessary to judge whether therewas a
difference in the level of resourcing in
the primary and secondary school
settings. The questionnaire asked
teachers to judge the both the
availability of the hardware and the
quality of the software in their schools.
The beginning teachers’ ratings of the
availability of hardware (Table 2) were
generally positive.

The responses of the primary and
secondary teachers concerning
hardware availability and software
quality were recoded to enable a

? background in computers from a  regularly make use of these facilities ~comparison tobedrawn. Theresponses
E technically oriented programme. Their  for personal needs. of those teachers who could not judge
i course consisted of three units in the quality and availability of their
computer science including studies in  Itcanbejudged then, thataconsiderable  hardware and software wereremoved.
programming, hardware and systems ‘proportion of the beginning teachers Analysis of variance indicated no
analysis. The students compieted two ~ who received no formal computer significant differenceinthe perceptions
' curriculum units, the focus of which  education in their training were still  of the beginning teachers concerning
Table 2
Beginning Teachers’ Ratings of Computing Resources for Classroom Use
very low low unsure high very high
Hardware Availabilivy (%)
Primary 2 19 8 39 31
Secondary 4 24 18 39 15
Software Quality (%)
Primary 4 25 23 37 10
Secondary 4 16 31 34 13
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the availability of computers for
classroom use (¥(1,97) = 1.64, ns) nor
wasthereany differenceinjudgements
concerning the quality of the available
software (F(1,81) = 0.49, ns).

PATTERNS OF USAGE

The beginning teachers were asked to

judge the number of hours in a week

that made of computers in three areas:

eadministrative use, as a marks book,
for record keeping, reporting etc.

eteaching use, as an instructional aid in
the classroom and,

epersonal productivity, tocreateteaching
materials, for lesson planning,
lesson programming etc.

Table 3 shows the level of usage made
by the beginning primary teachers in
eachoftheseareas. Whilethereappears
to be considerable use made of
computers for teaching purposes, the
usage made for administration and
personal productivity is much lower.

Inordertogain some insight into what
night be considered normal practice
in primary schools, the beginning
teachers were asked tojudge thelevels
of computer usage made in each of the
categories by other members of staff
(Table 4). 4. number of the responses
indicated that people had difficulty
quantifying usage patterns among
other staff members in a general sense,
so the figures mentioned must be seen
zs a guide only.

The responses of the primary teachers
indicated that tey judged themselves
to make substantially less use.of
computers in their teaching than other
teachers in their schools. In a similar
manner to their own use, thebeginning
teachers judged that their peers made
mos! use of computers as teaching aids
and used computers foradministration
and personal produciivity to a lesser
degree. [t is difficult to speculate as to
the reasons for these unexpected
outcome. Given the currency of their
training and their familiarity with the
new technologies, one could have
expected thelevel of computer usage of
thebeginning teachers tohave matched
or even exceeded that of their peers.

Table3

Beginning Primary Teachers’ Judgement of
Their Weekly Level of Computing Usage

0 hrs 0-1hrs 1-2hrs 2-3 hrs >3hrs
Administration % 84 8 4 2 2
Teaching % 30 35 25 6 4
Personal % 73 21 4 2 0
Table 4.
Beginning Primary Teachers Judgement of The Average Weekly
Level of Computing Usage Among Other Teachers
Ohrs 0-1hrs 1-2 hrs 2-3 hrs >3 hrs
Administration % 33 15 17 15 19
Teaching % 9 33 27 11 20
Personal % 36 32 14 1 7
Table s
Beginning Secondary Teachers’ Judgement of
Their Weekly Level of Computing Usage
0 hrs 0-1hrs 1-2 hrs 23 hrs >3 hrs
Administration % 48 33 9 4 6
Teaching % 63 19 7 5 6
Personal % 40 25 16 10 9

On the other hand, beginning teachers
face considerable pressures in their
early days to gain their feet in the
classrootn. Unnecessary challenging
tasks such as implementing computer
programmes often receive a lower
priority than more demanding tasks
such as classroom management and
lesson programming. Table 5 shows
the judged levels of computer usage of

the secondary teachers. It is evident
from these figures that the perceived
major use was personal productivity
and the least level of computer usage
wasjudged to befor teaching purposes.
The secondary beginning teachers also
judged their levels of usage to be
somewhat lower than their more
experienced colleagues (Table 6). The
experienced teachers were judged to

make considerable use of computers
for productivity and teaching purposes.
A useful comparison between tl:e
figures is to compare the numbers of
teachers from both groups judged not
to use computers at all in each of the
three areas. The numbers of beginning
teachers in these categories greatly
exceed the numbers of experienced
teachers.
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Table6
Beginning Secondary Teachers’ Judgement of Average Weekly
Level of Computing Usage Among Other Teachers

Ohrs 0-1hrs 1-2 hrs 2-3 hrs >3 hrs
Administration % 17 24 17 7 35
Teaching % 26 24 19 9 22
Personal % 14 28 33 7 18
/

Vi

LEVEL OFTRAINING VS COMPUTERUSAGE
The first research question to be
answered was whether the he level of
usage of computers madebybeginning
teachers would be influenced by the
level of computer education received
during training. The secondary
graduates provided a sample with
which to seek ananswer tothisquestion.
Approximately haif of the group had
undertaken formal computer education
studies during their teacher training
while the remainder had undertaken
none. The numberof hours of usage for
each teacher withineach of these groups
was calculated and compared to

/
determine whether differences
existed in their levelsof usage (Table
7.

Thetotal usage figurefor both groups
was exactly the same. While small
variations existed in specific usage
figures among the two groups,
analysis of variance found none of
these to be significantly different.
This finding was quite unexpected
and suggested thattherearestronger
factors in play, that determine the
levelof usagethatbeginning teachers
make of computers. It isinteresting
to note that within the computer

education componentof the secondary
teacher programme undertaken by
these teachers, the course emphasised
the development of personal skills in
computer use. The course provided
the students with skills in applications
of computers that are best suited to
administration and  personal
productivity. Support for a course of
thisnatureisderived from the argument
thatonce students have strong personal
computing skills they will then be able
to apply these skills to using the
computer in their teaching. This
argument does not appear to be
supported by these findings.

Table 7.

Hours per Week of Computer Usage Made by Beginning Secondary Teachers
With and Without Formal Training in Computer Education

Teaching  Administration  Personal Total
With Formal Training 0.89 0.84 1.07 2.80
Without Formal Training 0.50 097 1.33 2.80

Interpreting these findings is difficult
and canonly be speculative. Itcould be
that the nature of the formal course
taken by the students simply served to
developskillsand knowledgethat were
easily gained by other students by
personal and practical use in other

settings. Itcould be that those students
who chose notto take the formal course
had well developed knowledge and
skills to start with. Although this was
not measured, it was not likely to be
the case. There were only limited
opportunities and experiences in

computingavailableto studentsintheir
courses and these would apply to all
students. It would appear though, that
the delivery of a formal course with an
emphasis on applications needs
reassessing if the aim is to produce
students who will use computers in
classroom applications.

Table 8.

Mean Hours per Week of Computer Usage Made by Primary and Secondary Beginning Teachers

Teaching Administration Personal Total
Secondary 1.72 1.90% 2.22% 2.86°
Primary 2.19° 128 1.36 1.83
*p<005 **p<001 **p<0.001

3
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FORM OF TRAINING VS COMPUTER
USAGE

Within the primary teacher education
programimne, the computer education
course focused on curriculum
applications of the computer while the
computereducation programme within
the secondary programme focused on
personalcomputeruse. The numberof
hours usage for teachers from these
groups were calculated and are shown
in Table 8. Analysis of variance of the

number of hours of use of computers
between thesegroupsof graduates was
performed to see whether significant
differences existed in their levels of
uptake.Table 8 shows that the
secondary graduates madesignificantly
more total use of the computer than
their primary counterparts (F(1,114) =
476, p< 0.05). This difference was
brought about by significantly higher
levelsofadministrativeusage (F(1,114)
= 10.097, p< 0.01) and personal

computer use (F(1,114) = 15373, p<
0.001). The primary graduates on the
other hand used the coniputer
significantly more in their classroom
teaching (F(1,114)=4.79,p<0.05). These
findings support the contention that
the form of computer education and
computer training received during
teacher training, influences the level
and nature of computer uptake of

beginning teachers.

Table 9. Mean Hours per Week of Computer Usage Made by Primary and Secondary Experi-

enced Teachers
Teaching  Administration Personal Total
Secondary 1.78 217 1.86* 5.81
Primary 2.00 1.73 1.20 493
*p<005
Thereareoftenquite distinctdifferences ~ SUMMARY

in teacher behaviour between primary
and secondary schooling and this
should be expected in computer usage.
This study used measures of
experienced teachers’ practices in this
regard as ameans to compare practices
between the two areas of schooling.
Table9showsthesedifferencesinusage
as judged by the beginning teachers.

Differences between the primary and
secondary experienced teachersarenot
so evident. Analysis of variance was
used to test the differences and it was
only in the level of personal
productivity that a significant
difference was found toexist. The level
ofusage among the secondary teachers
was not different to that of the primary
teachers (F(1, 98) = 0.22, ns). These
figures suggest that after a period of
time, in relation to computer usage,
differences in teaching conditions at
primary and secondary schools il
lessen for the beginning teachers.
Initially, however, it may be that
variations in conditions, availability of
resources, teaching demands, al! local
and immediate factors, are pervading
and are more significant in the short
term than the beginning teachers’
training and education.

The findings in this paper must be
viewed within the light of the
limitationsin the methodology anddata
gathering in the study. In the first
instance, the hours of usage that are
used to make the findings are judged
rather than actual. The process of
estimating and judging computerusage
has its drawbacks. People tend to
overestimaterather than underestimate
in such instances. This not totally
limiting because when such a pattern
occurs across a sample. Although the
gained measures might be larger than
actual measures, the differences in
which we areinterested should still be
the same. [t can also be argued that the
practices of a beginning teacher may
not provide a truly accurate picture of
the underlying knowledge and
understanding of that person. The
constraints and difficulties associated
with beginning teaching may not be
theideal environment to display actual
beliefs and training outcomes. A study
after three or four years of setvice may
be a more valid test of outcomes.

Another limitation of the study is its
failuretocontrolfor themany variables
that can and will, influence computer
uptake. There are often quite distinct
differences in teacher behaviour
between primary and secondary

schooling and this should be expected
in computer usage. This study used
measures of experienced teachers’
practices in this regard as a means to
compare practices between the two
areas of schooling. These figures
demonstrated differences between the
experienced teachers that were not
consistent among the beginning
teachers. It is to be expected that other
factors apart from those considered,
willinfluence beginning teachers’levels
of computer usage.

Despite these limitations, there appear
to be some interesting outcomes for
teacher educators. In the firstinstance,
the form of computer education
appeared to be a significant factor in
influencing the computer practices of
beginning teachers. When the nature
of computer usage was compared
between primary and secondary
bezinning teachers, the usage patterns
mirrored the natureof theinstructional
programmes. While primary students
received instruction emphasising
curriculumapplicationsand classroom
implementations, the secondary
students who completed a computer
education course, learned use of the
computer as a personal tool. In their
teaching, the primary graduates made
significantly more use of the computer
as an instructional aid while the

AUSTRAUAN EDUCATIONAL COMPUTING, JULY 1552

202

195



i

(€)

ERIC -+

PAruntext provided by enic [

L

v

secondary beginning teachers made
significantly more use of the computer
for administration and personal
productivity. These practices were
reported by the beginning teachers
despite their perceptions of differing
practices being made by others in their
schools.

On thequestion of whether theamourt
of instruction in computer education
mightinfluence practice, the study did
not find this to be so. Comparisons of
computer use between students who
completed a formal course and others
who did not found no significant
difference in any of the areas of
computer usage. This finding must be
interpreted in light of the nature of the
formaltraining received. The students
were given instruction in the use of the
computer as a personal tool. It was
found that skillsand knowledgein this
area can be gained from other sources.
The expectation that students would
beabletoapply theseskillsto classroom
applications was not evident.

This study has demonstrated the need
for teacher educators to be critical of
their IT programmes and to use more
thanconventional meanstoassesstheir
outcomesand success. Thestudy found
that despite well organised and well
delivered instructional programmes,
students’ transfer of the learning to
classroom applications was limited.
Further studies to investigate the
effectiveness of differing instructional
programmes such as that described by

Bigum (1990), would appear to be
valuable in guiding teacher educators
intheplanning and delivery of effective
IT programmes for pre-serviceteachers.

Although this study appears to have
established differencesincomputeruse,
and probable causes have been
suggested, it has not been able to
strongly defend the reasons for these
differences. Heywood and Norman
(1988) report on a study in which they
sought to establish reasons why
teachersavoided the use of computers.
Heywoodand Normanused attribution
theory to expose and analyse causal
structures. They sought to determine
patterns in responses and to identify
the reactions of different categ&ﬁ;of
users, There s a planned follow-up to
this study that will seek to use similar
methodologies to further investigate
influencing factors in computer use. If
there are differing outcomes from
varying instructional programmes, the
identification of these discrete
differences could provide valuable
guidance to curriculum planners and
writers.
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This paper reports a
project that is
investigating the use of
interactive muitimedia as
an information source in
classroom research
activities. Two phases of
the project to date, have
involved upper primary
school students using the
Mammals Multimedia
Encyclopaedia {1990) as a
source of information in
independent research
projects. Both phases
have found that students
find the program easy to
use and have little trouble
navigating through the
levels to find information.

Despite having focus questions to aid
their inquiry, students have been ob-
served toconcentrate theirinformation
seeking onitemsofa textual natureand
to make minimal use of the multimedia
sources. In fact, in the first phase of the
study the muitimedia sources of infor-
mation with their stimulating visual
and auditory qualities, were found to
bea distraction rather thananaidinthe
information seeking process.. Group
interactions have also been seen as a
significant factor influencing the effec-
tivenessof theindividual’s information
gathering. When given instruction in
ways to extract meaningful informa-
tion, students have been observed to
make more effective use of the multi-
media information. The project has
identified apparent limitations in the
research skills of the subjects and future
phases of the project aim to investigate
whethermultimediasourcesinthe form
of electronic books can be used to en-
hance students’ research skills and ac-
tivities.

BACKGROUND

The multimedia applicat’ons that are
coming irto classrooms in increasing
numbers hold some interesting
prospects for teachers and students
alike. A common application of
interactive multimedia for educationis
the electronic book. This is the term
often applied to the varying forms of
databases that are developed with a
multimedia format. Barker and Giller
(1990) describe an electronic book as “a
metaphor that 1s based on peoples’
perceptions of traditional paper-based
books.” The difference between an

electronicand paper-based book s that
the paper renders the information
“unreactive, staticand invariant” while
in the electronic book, the information
is “reactive, variant and dynamic”. The
majority of interactive multimedia
products with educational application
are of this form.

The recent advancements in CD-ROM
technology has resulted in the
development of affordable hardware
for school use and the consequent
publication of a large number of
interactive multimedia educational
products. In 1993, it is likely to cost
about $A 1000 toadd amuitimedia pack
to an existing computer system and
about $A100 a copy for CD-ROM
softwaretitles. As CD-ROMdrivesare
purchased in higher numbers, there is
potential for their costs and that of the
software, to diminish considerably.

As with many other computing
products, questions remain as to
whether new skills are needed to make
effective use of interactive multimedia.
Are conventional skills able to be
adapted? Is it sufficient for students to
simply know how’ to use the software
to gather information from it? A useful
parallel might be toconsider driving a
car. A person who has qualified for a
driver’s license riay find a car quite
useless in a city where he or sheknows
none of the streets. Even if the car is
automatic, there is likely to be
insufficient knowledge to make
effective use of the vehicle.
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INTERACTIVE MULTIMEDIA AND
HYPERMEDIA.

Interactive multimedia and electronic
books are an application cfa ~elatively
new form of media called hypermedia.
Hypermedia is loosely defined as "a
computer based software system for
organising and storing information to
be accessed non-sequentially”
(Jonassen 1991). In early days, the in-
formation systems comprised mainly
text and were referred to as hypertext.
Theseinformation systems today com-
bine a multitude of media as well as
text and hence the term, hypermedia.
Theapplication of hypermedia inedu-
cation and training has seen the devel-
opment and implementation of many
newinstructionaland learning designs
developed from previousresearchand
work into computer assisted instruc-
tion. Interactive multimedia, which is
an element of hypermedia, has been
defined as “the integration of audio,
graphics, animation and text utilising
thecomputer asa controland presenta-
tion platform” (Edgar, 1992).

LEARNER CONTROL.

A critical difference between conven-
tional computerassisted instructionand
multimedia, is in the sequencing of the
instruction. Inthedesign of interactive
multimedia materials, the learner is
given a greater degree of freedom in
choosing the informationand activities
that comprise thelearning task. These
choices are typically non-linear in fash-
ion (McGrath, 1992) andare controlled
by a system of menus that enable the
learner to navigate through the pro-
gram. Learner control is an important
consideration when considering learn-
ing applications of interactive multi-
media. By their very nature, interac-
tive multimedia products provide the
highest degree of learner control possi-
ble. The hypermedia base on which
they are designed relies heavily on a
very low degree of program control
and maximum opportunity for control
given to the learner.

There has been considerable research
conducted into the effects of learner
control of computer based learning on
the acquisition of knowledge. Not all
research hasbeen conclusive. Murphy

& Davidson (1991) describe a study in
which the development of concept
learning was studied in relation to vary-
ing levels of learner control. Learner
controi was not found to be an influ-
encing variable. Other research on
learner control clearly indicates that
learners who are not skilled in the sub-
ject tend to learn imore effectively if the
contrel of the learning sequence is left
to an external agent rather than the
learner herself. While skilled learners
choose more options and make better
use of the instructional materials to
achieve higher learning gains, less
skilled learners make poorer choices,
choose fewer items and perform less
well (Goetzfried and Hannafin; 1985,
Ross, Morrison & O’Dell, 1989). The
findings from such research suggestsa
need for caution and concern in the
application of interactive multimedia
materials such as electronic books
among novices and less skilled learn-
ers. The lack of any form of program
control over the material that is pre-
sented to the learner could result in
many students failing to access impor-
tantinformationfrom the program. The
non-linear form of information access
could result in learners choosing inap-
propriate information sequences inca-
pable of delivering the information be-
ing sought.

The lack of program control in interac-
tive multimedia applications is one of
its key attributes and main strengths
(Scott MacKenzie, 1992). If itisthecase
that unskilled learners do not fare well
with such instructional design, then it
is necessary to consider changes to the
way learners use the programs rather
than changes to the instructional de-
sign of the application. If learners can
be trained in the processes involved in
navigation and appropriate navigation
strategies developed, the potential for
successful useof theapplication would
appear to be enhanced considerably.

EXISTING RESEARCH.

There has been a good deal of research
conducted into computer based learn-
ing that can have direct application in
the design of interactive multimedia
materials. The Interactive Video (IV)
has many parallels with modern multi-

media applications and was an ad-
vancement with which much oftoday’s
technology is linked. These devices
were used more for instructional pur-
poses than as information sources but
much of the research in this area has
relevance to this study. McNeil and
Nelson (1991) report a meta-analysis of
instructional applications of IV over
the past ten years. Among their find-
ings concerning effective implementa-
tions of IV in classrooms are findings
that suggest:
¢ theimportance of the teacher in the
leaming process, .
¢ program controlled producing
moreeffectivelearning thanlearner
controlled IV, :
e a favouring of group instruction
and
o learner differences contribute sig-
nificantly to differences in learning
outcomes.

COGPERATIVE LEARNING.

The use of irtevactive multimedia ma-
terialsanc " _ctronic booksis frequently
completea iagroup settings to provide
student access to what is frequently a
scarce resource. The need for consid-
eration of the students’ discrete and
combined actions in such settings
would appear an important considera-
tion in determining the learning poten-
tial from such activities. In some in-
stances, the use of interactive informa-
tion providers such as video-discs and
CD-ROM, may not be well suited to
applications of this nature.

At first glance, the use of interactive
instructional materials appear to have
considerable potential as facilitatorsand
motivators of group activity. Therehas
been considerable research conducted
into the effectiveness of small group
learning activities. Johnson and
Johnson (1989) report a significant im-
provementin effectivelearning among
students engaged in group learning
when compared to individual learn-
ing. With computer based materials,
the research once again indicates posi-
tive outcomes to be gained fromtheuse
of groups rather than individuals. Re-
search indicates that computer based
instructionis often moreeffective when
completed in groups with the group-

ERIC -

Aruitoxt provided by Eic: .

N 198 AUSTRALIAN EDUCATIONAL COMPUTING, JULY 1993
‘i
!

205



ing able to yield improved achieve-
ment and attitudes over individual in-
struction (Dalton, Hannafin & Hooper,
1989; Hooper, 1992).

Theachievementofimproved leamning
outcomes through the cooperative use
of computers is dependent, however,
on the quality of the design of the com-
puter based learning materials. Hooper
(1992) discusses the need for the soft-
wareto enable all group memberstobe
cognitively engaged at all times in the
learning process. Dalton (1990) argues
further that the design of instructional
materials for group activities demands
inherently different approaches to ma-
terials used by individuals. The in-
structional design characteristics of
interactive multimedia tend to reflect
more the intention of individual rather
than group use, in much the same way
as printed material serves the single
reader. Thecapacitv of the materialsto
display and present information to the
wider audience is a key factor in en-
couraging theirgroup use. Inassessing
the utility and efficacy of the use of
interactive multimedia materials, the
natureof theinteractionsand outcomes
from group use would appear an im-
portant and necessary consideration.

NAVIGATION.

Previous research projects conducted
among varying applications of
multimedia in the form of hypertext
and hypermediahave shownthatmany
factors can and wili impact on the
outcomes from the use the application
of interactive multimedia in classroom
settings Trumbull, Gay & Mazur(1992)
found that the different search modes
employed by users of interactive
multimedia was a factor influencing
the successof interactions. Jacobs(1992)
questions whether educational
institutions are ready for the open-
ended nature of hypermedia
applications bearing in mind the
difficulties that have accompanied the
applications of discovery learning.

THE RESEARCH PROJECT

A research team at Edith Cowan
University has been actively pursuing
research that seeks to determine the
efficacy and utility of interactive

multimedia applicationsin schools. To
achieve this, the team has conducted
several case study projects in which
MPC computers (multimedia personal
computers) have been placed in
classrooms and a comprehensive
evaluation undertaken of the use of
these resources in student-centred
research projects.

PHASE ONE
In the first phase of the study, the elec-
tronic book, Mammals CD-ROM Mul-
timedia Encyclopaedia, was used by
students in conjunction with conven-
tional books as an information source
for a project. The purpose of this re-
search project was to investigate out-
comes from the application of an elec-
tronic book as a source of information
for classroom research. Toachieve this
the study sought to discover the fol-
lowing attributes of the use of elec-
tronic booksinthecontextofaninquiry
based student activity:

e the impact of total learner control
on the quality of the information
accessed,

¢ the information seeking and re-
cording strategies employed by
students,

¢ the forms of information accessed
by students, and

¢ thenatureoftheinteractionsamong
students and the potential influ-
ence on learning outcomes.

The study was conducted in a class of
32studentsin their final yearof primary
schooling. Two MPC systemsrunning
under Windows 3.1 with the Mammals
program wereinstalled in thestudents’
classroom for the four weeks that the
project ran. Students were rostered in
groups to use the computers and given
access to the computers on four sepa-
rate occasions during the project. A
cooperatively planned unitof work was
developed by the classroom teacher
and theteacher librarianand integrated
intotheSocial Science Curriculum. The
requirements for the project and the
expectations of the teacher were made
evident to the students in a session
conducted by the teacher librarian at
the commencement of theactivity. The
topic of Mammals was discussed and
students given the opportunity to se-

lecta particularmammalas the focus of
a research activity.

As the school follows an inquiry ap-
proach toresearch work, students were
guided to create focus questions that
would direct and lead their informa-
tion gathering. Through the develop-
ment of a concept map and class dis-
cussion, students were able toconsider
the nature of the material that would be
useful in the required summary paper.
Students compiled their own lists of
focus questions under the guidance of
the teacher librarian.

The students were given comprehen-
sive training in the operations of driv-
ing the package. The students spent a
number of designated library research
periods over the period collecting in-
formation from which their summary
papers would be written. This time
was spent jointly in the library using
books and in the classroom where the
computers werestored. Data was gath-
ered by the researchers through obser-
vation and videotaping of allcomputer
interactions, follow-upinterviews with
all students and staff. Students’ sub-
missions were closely examined to de-
termine the nature of the material that
was contained and the level of use of
information from the electronic book.

THE MAMMALS CD-ROM

The Mammals CD-ROM is an interac-
tive multimedia compater program. It
is published by National Geographic
as an electronic form of a popular
printed publication, Book on Mammals.
The software has been designed with
aninstructional interfacethat gives full
control to the user. Alldocumentation
for the program is in electronic form
with help and instruction sequences
readily availab/e to the user. The pro-
gram contains 44 colour video clips, in
excess of 700 colour photographs and
information or: 229 mammals.

An initial screen provides access
through a menu system to a help rou-
tine, instructions for use, specificmam-
mal information, information about
individual animals, a game and anop-
tion to quit the program. If students
elect to find out information about a
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specificanimal, the program usesa two

level alphabetic index to enable selec-

tion. A species screen for each animal

provides a picture of the animaland a

small amount of general information.

A further eight icons on the screen pro-

vide access to distinct forms of infor-

mation at yet another level,

¢ asound file of the animal’s call,

 avideo clip showing the animal in
its natural element,

* a photo album showing still pic-
tures of the animal,

¢ adistribution map,

e aset of tables showing statistics on
size, reproduction eétc,

e an essay about the animal, and

 a printout of the essay or captions.

Within these eight options, there are
some that provide access to a further
level. For example, when viewing the
photographs of the animals, students
can view captions for each photograph
and can often access a sound track. In
its operation, Mammals has 6 discrete
levels. Navigation through thelevelsis
achieved by the selection of icons. At
each level, there is an icon to take stu-
dents back to the previous level.

RESULTS

The following paragraphs contain a
summary of the behaviours that were
observed and providesomeinsightinto
the manner in which the Mammals
program was used as an information
source alongside the other materials.

1 .INFORMATION SEEKING STRATEGIES
The program was judged to be easy to
use, by all students in the class. The
point and click mode of operationand
the icon based navigation, although
initially unfamiliar to many students,
were quickly learned and applied suc-
cessfully to operate the program. On
only few occasions were students ob-
served to arriveat screens that werenot
expected. In such instances, this was
usually brought about by inaccurate
clicking of the mouse and an unex-
pected selection being made. The pro-
gram operated inatotally reliable fash-
ion and students were able to access
precisely the particular menu or infor-
mation screen that they sought.

Despite what appeared to be a large
number of levels, no student was ob-
served experiencing any difficulty in
moving between the levels and in se-
lecting from among the options. Stu-
dents were observed to move directly
to the required options once a d-xision
had been madeto seek particular infor-
mation. Oncetheinformation had been
gained, the return to the species menu
or the main menu to facilitate further
selection was direct and efficient.

The information searching strategies
that were used by the students when
interacting with Mammals appeared to
be directly related to the size of the
group using the hardware. Distinctly
different strategies and processes were
observed among students working in
groupsof fourand groupsof two. When
working in groups of four, the students
shared control of the hard wareby pass-
ing the mouse between themselves. A
typical interaction would see one stu-
dent use the mouse to select the mam-
mal of his /her choice and usethe avail-
able options to receive information on
that animal. In the process of viewing
the information on this animal, the stu-
dents would take heed of suggestions
made by other group member. These
suggestions were of the form”let’s hear
it” or “look at the photographs” and
“can we see the video?”

In groups of two, the students were
observed to pay more attention to the
mammal from their own project. Indi-
viduals took more time to view the
information screens on their particular
mammal. There was much less evi-
denceofinteractioninthe smallgroups.
The student with the mouse assumed a
higher degree of control with the other
acting in a more passive role. In both
modes, there was still a noticeable re-
luctance on the part of the students to
attend to textual information. Textual
information was available in the form
of an essay on each animal, captions for
the individual photographs, descrip-
tions of keywordsand phrasesand short
descriptionsin manyof theinformation
screens. Students were rarely observed
toread from the screen despitethelarge
amount of information that was pre-
sented in this way.

2. INFORMATION RECORDING STRATE-
GIES.

Students were not observed to make
much use of traditional recording
methods when using Mammals.
There were only several occasions
when students were observed to use
pencil and paper to record informa-
tion and in these instances, the
recording was 