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Abstract : Scienceeducationin South Africais not improving much. Many science educators do not
have appropriate science qudifications. Mgority of the learners have limited fadilitiesto learn science.
In this dilemma the move to OBE may result in further substantial deterioration of science education.
A possible way out isto usecomputersin science educationto facilitate the learning process. This study
was designed to investigate how computers contribute to learners skills development in a physics
course. A series of interactive computer smulations of colour mixing and anumber of closdly related
traditional practical activitiesare aimed to promote learners understanding of colour. It was concluded
that while computer environments have greater potentid aslearningtools, they dso limit interactionsin
Sgnificant ways.
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1. Background to study

South Africaneducationisina state of change. The Department of Educationistryingto acceleratethe
pace of change but at the present time insufficient resources in many schools are the sumbling-blocks
to this change. The ultimate goa of the Department s to implement outcomes based education. The
OBE isbased onastructure that begins by recognising the critica skills, knowledge and vaues that are
important for al learners,

Education in South Africa has passed through many stages. None of these stages provided adequate
resources to the mgjority of the learners. In the past, Education in South Africahas been segregated.
The Apartheid ideology determined that there be separate education for whites and blacks. On the
basis of this ideology, the state sponsored 14 departments of Education. Resources to these various
departments were dso discriminatory and were more inclined to favour whites with the Black
popul ation getting the least of these resources. Superiority could be easily detected in human, finencid
and other resources which were dl highly concentrated at white schools.
The following table illugtrates, the sate expenditure during the Apartheid years.

Per capita expenditure on education in South Africa

Y ear African Coloured Indian White
1953-4 17 40 40 128
1969-70 17 73 81 282
1975-6 42 140 190 501
1977-8 52 185 276 657
1980-1 139 253 513 913
1982-83 146 498 711 1211
1984-5 227 639 1112 1702
1986-7 369 887 1714 2299
1988-9 656 1221 2067 2882
Table-1

( Theright to learn; Sources: Blignaut, 1981 and SAIRR surveys)

The effect of this segregated system was a scenario where white-schools were of higher qudity and
gandards, built onlarge tracks of land, eectricity, running water, well-equipped |aboratories, facilities
like libraries, sports fidds with no overcrowding and highly paid and highly qudified educators. The
result of this was high standards and high pass-rates in White schools, thereby getting opportunities to
further studies in areas like Engineering, Medicine, Architecture, Accounting while the poor,
overcrowded black schools could only atain poor results, thereby many dropouts, fewer further
education career-lines and lower-ranks of employment as cheep-labourers. A find point, is that
educators at black schools were not required to have had same levd of training as those at white
school. Many were totaly underqudified for the jobs that they were mended to have.
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Period of transition

Inorder to try and cope withthe obvious discrepanciesinthe qudity of educationamongst the different
race groups, in1992 thegovernment introduced different schooling systems, namely Modd-C, Mode-
B. From the government’s point of view, this would alow certain government-owned schools to
become more autonomous, which would make more funds avalable to previoudy disadvantaged
school. Partiesin opposition to these models would argue that these models were merely introduced
to maintain the imbalances in the South Africansociety by keeping qudity education under the control
of the privileged few.

The differences in some important aspects are tabled below.

Model-B Mode -C
State Funding Equa amounts. Equa amounts.
Saffing Appointed by Education Selected and appointed by
Department. governing body.
Building Maintenance | Responsibility of the Sate. Full responsibility of the parent
body.
Pupil Admissions Determined by the Education Determined by the school.
Department.
Outcome Government fully responsiblefor | Besides government funding parent
the school, but hasno money to | body contral the running of the
look after it. school, and are able to maintain a
high levd of education, aswell as
extramura activities.

Table- 2
( Nicolau, G. and Nicolau, E.The School Guide Book. Johannesburg G.E.N. publishing, 1998)

The Present Educational System

On paper, dl pupils now have accessto quality education. Unfortunatdly, due to language problems,
as wdl as finandd restraints, most people do not have access to these fadilities The government is
forever upping the pupil to teacher ratio, not SO asto bring disadvantaged communitiesinto line with
previoudy advantaged ones, but to put everybody into the disadvantaged category. Also, asfar asthe
controversa Mode-C schools go, more and more parents are not paying School fees(with the
government doing very little to help these schools sort this problem out). Asaresult, nationd education
currently appears to be asinking ship.
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Science Education in South Africa

Science hasrevol utionised the world suchan extent that people canderive alot of benefits which were
not available to them in the past. Mg ority of the people in South Africa had long and gill are being in
adisadvantaged positioninthe fidd of scienceand technology education. Asaresult they did not derive
mog of these benefits, if not dl, of this scientific revolution. Further the lack of science and technology
education did not enable this disadvantaged community to empower themsalves to become useful
citizensleading adignified life with sdlf respect.

Science education is indispensable for every learner up to Grade 12. For aminority of the learners,
school science education will be their first step to becoming scientists. The mgority, will not continue
to study science further. For them, scienceis part of their general educetion, to provide a gateway for
lifein amodern technologica and indudtridised democrecy.

"The Nationa Teacher Education Audit ( 1995 ), commissoned by the Ministry of Education,
concluded that teacher training in South Africawas so poor that the entire systemneeded to be rebuiilt.
The report showed that training at 90% of the country's 109 colleges of education faled to prepare
sudent teachersfor the chdlengesof the new South Africaand the 21st century. ............... The poor
facilities and lack of adequately trained mathematicsand science teachers at most traditionaly African
schools present consderable problems for the future improvement of mathematics and science
education, particularly consdering that the number of Grade 12 candidatesisexpected dmostto double
in the next 10 years."

( SA SCIENCE AND TECHNOLOGY INDICATORS -1996; page 19)

InSouth Africa, total of 1406513 physical sciencelearnersfromGrades 10-12 wereeducated in 1994
by 5013 physicd scienceteachersin African secondary schools. Only 3669 teachersare * qudified out
of this 5013 teachers. Pupil - teacher ratio inphysica scienceis approximately 243:1 whilethenationd
pupil-teacher ratio was 27:1 in secondary schools. ( National Teacher Education Audit, 1995). The
ratio will be worsened by the restriction in the appointment of new teachers, due to the lack of funds
in the department of education now.

* A qudified teacher in South Africa, according to the officid norm, is one with at least a Std 10
certificate (M) and athree-year professond qudification( M+3).

The need for change in science education is afirmed by the fact that, of the over 70,000 learnersin
the South African schools that registered for higher or standard grade physical science in 1994, just
over 13000 or some 20 %passed( Department of Education data, 1995).

In addition, the recent Std 10 physica science examination results dso show that the performancein
the African schoolsis still poor. (Department of Education: Examination Result andyss: 95,96 & 97).
A congderation of the facilities available to the mgority of the learners and the availability of sufficient
adequatdly qudified science educators indicate that these could be some of the key reasons for such
ahigh rate of falure.
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A survey conducted jointly by the Foundation for Research Development and the Human Sciences
Research Coundil in 1995 showed South Africans lagging behind most countries in sdentific and
technologicd literacy. In comparison with 19 other nations, South Africans ranked 18th out of 20
nationdities in their knowledge of the naturd and the environmenta sciences literacy (The Year of
Science and Technology: Calender 1998; page 5).

If south Africawantsto face the chalenges of the modern scientific world, rapid empowerment of the
African learnersin stience is very essentid, as the African learners are in the mgjority in the schools
a present. Appropriate methods of learning and the resources are the keys to successful science
educetion. They influence the development of learners knowledge of, and attitudes towards science.

In this dilemma effective science teaching can address the question of quality science education in the
schools. Overcoming such problems as low enrolment, poor performance and poor internationa
ganding, in science educetion, raises the important question as to how effectively can we improve
scienceteaching inashort time. Effective scienceingructionmay mativatethe learnerstowards science
education and it can produce scientists and  science educators needed in this country.

Computersin Science Education

South Africaisnot unique in having poor performancein science education- indeed the United States
of Americais adso concerned about the inferior performance of its young people in science and is
searching for anew educationd paradigm. A possible solution liesin the gppropriate use of computers
ineducationand President Clinton has made the provisionof necessary computer resourcesinschools
as one of the goals of his presidency. ( Starr, P., 1996)

“The use of computers in education has been widely suggested as a possible solution to the
consderable educationa problems which face South Africa’ (Sewdl,B.T., and Buirski-Burger, N.
1998). Any possibility concerning the introduction of computers into education must address the
question of whether they assst the learners in the learning process. It is the duty of the concerned
science educators to explore benefits from the introduction of computers in science education.

The initid phase of my research involved the review of literature to ascertain the uses of computers
in the science classsoom. The literature supports positively in its assessment of the effects of the use
of computersin education. For ingtance, in his meta-anaytic studies, Kulik (1994) reports:

C Learners usudly learn more in classesin which they recelve computer based ingruction.
C Learnerslearn their lessonsin less time with computer based ingtruction.
C Learnerslike their classes more when they receive computer help in them.

During recent years, public education in many countries has been transformed through technology.
Countries where out comes based education has dready been introduced, are investing heavily in
technology to move computersintoschool classrooms. * Driven by government commitmentsto finance
the connection of schools to the Internet and purchase of more computers for classrooms, education
departmentsaround Audrdiaare optimigticaly projecting that basc literacy will be integratedin school
curriculums in the very near future’ (Education Queendand : 1997). South Africa has already
implemented the out comes based educationin the foundation phase. Can our learners benefit fromthe
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introduction of computers into our science curriculum?

Bearing the above in my mind, | have carried out my research in arura school in South Africa
Selected participants performed two setsof experimentsby mixing thecoloursin different proportions.
One set was performed with the use of acomputer and the other by traditiona methods. The whole
procedure was captured by avideo camera to andyse the events repeatedly if necessary.

Designing Teaching Experiments

The proposed study, introductionof acomputer for ateaching experiment in physics, involving students
aged 15 to 18, main features of which are discussed in Chapter 3, which | carried out a my school.
The disadvantaged school Stuated in the Gingberg location, 2 km from the King William's Town aty-
centre, is a former DET school with 100% enrolment of black learners. At this point, | would like to
give the background of the science department of the school.

Educatorsand learnersin Physica science, Generd science, Biology and Agricultura scienceformthe
science department. There are 9x educators in the science department induding one head of the
department. Only the head of the department of science is qualified (degree + diploma) to teach
science, other educators do not have physica science or general science as mgors in their Senior
Teachers Diploma Inmy School 119 learnersare taking physica science as a subject in Grade 10, 11
and 12 out of 986 learners. Inthe previous years, according to our school palicy, we admitted students
to do science in grade 10 only on merit. The best 35 learners were sdlected from Grade 9 on the
bass of their end of the year examination performance in the physica science component of genera
science and mathematics. When they fal physica science in grade 10, they were changed to other
subject combinations inthe same grade. New admissonsto scienceingrade 10 are grictly onthe basis
of very good performance in an aptitude admisson test. For the last two years, under the new school
policy, no suchcriterionfor selectionwas enforced and learners from our school as well as from other
schools were dlowed to do science according to their own choice. This freedom of choice for the
learners has raised the pupil-teacher ratio. Though the school is situated inthe urban area, most of the
learners in the science classes do not have proper foundation for science learning. Basic conceptsin
science are unknown to them and none of them had any experience with computers. Even the
educators in the science department never had experience in operating computers.

The main part of my study was to find out the skills development, and the participants attitude towards
the computer, when they are exposed to the computer. An observation schedule and a survey on
learners attitude towards the experiments were used to gather quantitetive data. Questionnaires and
focussed interviewswere used collect the quditative data. | have chosento use these methods because
they will enable me to obtain accurate quantitative and quditative data without any bias.

Findings from this study indicate that the use of computer provides opportunity for the learners to
develop many killsand arich learning experience. With proper implementation, computer technology
cantransformthe classroomand create a superior learning environment. Findings aso showed that the
learners needed only afew badic ingructions at the Sart to use the computer in their experiment after
which they were able to proceed without much assistance from the teacher. Computer-based
experiments change the learners’ attitudein a congtructive way and create interest in science learning.
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2. Literature Review

My research mainly focusses on learners kills development and ther attitude when they perform
experiments with the use of a computer. Curriculum 2005 emphasis the two key aspects of sKills
development and attitude. Further, curriculum 2005 has beenimplemented in the foundation phase and
it is going to be introduced in other phases soon. So, it isimportant to review some curriculum 2005
literature to uphold my research.

Curriculum 2005

The process of review and renewa in South African education began in August 1995 in response to
the need to normalise and transformteaching and learning ina new democratic South Africa. From the
outset, emphags was placed on shift from the traditiona content-driven gpproach to outcomes-based
education. It was announced that anew curriculum would be phased in Curriculum 2005. A technica
committee was gppointed by the Minister of Education to produce a discussion document containing
the core of the new South African curriculum.

By January 1997, eight committees representative of the eight learning areas that will form the basis
of the new South African Curriculum had deve oped rationades and outcomes for each of their
respective areas, namely:

C Language, Literacy and Communications
Mathematical Literacy, Mathematics and Mathematical sciences
Human and Socid Sciences
Natura Sciences
Technology
Economics
Artsand Culture

C Life Orientation
The outcomes-based curriculum is based on a structure that begins by recognising the criticd kills,
knowledge and vaues that are important for dl South Africans to acquire. These are expanded into
gpecific outcomes in each of the eght learning areas. Learners will need to show evidence that they
have achieved these specific outcomes. This will be done by means of assessment criteria and range
datements.
( Curriculum 2005: Department of Education: April 1997)

O OO OO OO

The process of science, Specific Outcomes 1, 3 and 4 in Curriculum 2005 Natural SciencesLearning
Area, will bethe mainfocus of this sudy, whichis needed to our learners to face the chalenges of the
rapidly changing science-world and to mould them tofit for the 21st century. Indetall wewill view the
contributions of the above experimentsin the development of problem-solving and decison making
ill, invedtigating skill, communication, and the avenues such as dtitude towards the computer,
confident in handling the instruments, enjoyment and play.
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My research isin science education. | felt to include some benefits of science education from
literature,
Science Education

The need for empowerment for the disadvantaged community in South Africacan dso beviewed from
the perspectives of the arguments of Robin Miller:

“Theeconomic argument: that thereis a connection betweenthe level of public understanding of science
and the nation's economic wedth. In addition, scientific and technical achievement is seen asa sgn of
andaion'sinternationa standing.”

“The utility argument: that an understanding of science and technology is practicaly useful, especidly
to anyone living in ascientifically and technologically sophisticated society. They are better equipped
to make decisons about diet, hedth, safety and so on. They can evauate manufactures clamsto make
sensible consumer choices”

“The democratic argument: that an understanding of science is necessary if any individud is to
participate in discussion, debate and decison-making about issues that have a scientific component.
Decisons have to be made about transport, energy policy, testing of - drugs and treatments, disposd
of waste, and so on. There should be public accountability about the directions of some scientific
research, and public involvement in decisions about whether or not to apply such knowledge.”

“The socid argument.  maintaining links between science and the wider culture isimportant.”

“The cultura argument: that science is a mgor-indeed, the mgor - achievement of our cultureand that
dl young people should be enabled to understand and to appreciate it. We should celebrate science
asacultura product.”

( Robin Millar, Science School Review, March 1996, page: 9)

Inthis section | refer the findings from other researchers of the use of computersin science education.
There are many pardles between their researches and mine; however there are dso significant
differences in the usefulness and gpplications of usng computers in science education. It is highly
relevant to include them in my literature review.

Computersin Science Education

Computer technology in the science classroom is very broad. The manner in which it can be gpplied
islimited only by our credtivity. Historically computer technology wasfirst gpplied to educationfor drill
and practise with a focus on hdping learners memorise or practise skills that required rote memory.
There after devel operstriedto makethe computer become an automated teacher withtutorid software.
(Starr, P. 1996)

Since the out comes based education does not support rote memory and automeated teaching neither
can be accepted wel by learners. The most excting use of information technology in the science
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classroomwould be tool-based applications, meaning learners can use the computersinthe classroom
the same way practisng professionds use technology. ‘ Red world’ software solutions can usudly be
classfied astools for the accessto information, manipulation of information, or for the communication
of information.(Turkle, S. 1997)

Within this framework the following benefits are discussed in detall.

C The use of computer technology provide opportunitiesfor sophisticated inquiry investigations,

epecidly those are not possible because of time, expense, safety or environmenta congtraints.
Computer based smulations and modelling tools help to remove congraints of time, safety, expense
and evenalow manipulaionof variables normaly out of our control. The power of computer interactive
visudisation tools will provide learners with red worlds to manipulate.

C When used appropriately, computer technology in classsrooms stimulates increased
teacher/learner interaction, and encourages co-operative learning, collaboration, problem -
solving, and learner inquiries.

In computer -rich classrooms, educators interact differently with learners, acting more as guides or

mentors and less as lecturers, team with other educators, and work across the curriculum. With

computers, learners co-operate and collaborate more withther peers. Educatorsand learnersarefree
to explore problem-solving, cregtive thinking, and expressve writing and spesking.

C Computer- based ingruction is especidly effective among wesker learners.

The benefits of computer technology are especidly notable for learnerswho arelikdly for school failure.
The use of computer can be less threatening to alearner who has dready experienced many failures
intraditiond classrooms stuations. Assessments have reveal ed that computer-rich programmesraisng
their scores.

C Learnersfromcomputer-rich classrooms show better behaviour, lower school absenteerates,
lower drop-out rates and earn more college scholarships.

Whenthe opportunity to use computersisgiventothelearners, the active participatory roleinlearning

increases. As areault, self esteem is enhanced, and attitudes toward school improve. The strength of

technology provides anexcdlent platformwhere learnerscancollect informationin multiple formats and

then organise, link and discover relaionships among facts and events.

(Kulik, J., A. 1994)

Integrating computers into teaching and learning faced many difficulties in schools. Reasons for these
difficulties are listed below.

1. Teacherslack expertise and they lack the time to learn how to use computers.

2. Teachers are inadequately trained to use computersin their classrooms.

3. Learners and teachers do not have adequate access to computers.

4. Teachers fear for change. Teachers ether fed insecure with technology or they fear that the
computer will expose their lack of subject knowledge.

(Sewdl,B.T., and Buirski-Burger, N. 1998)
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The man part of my research was to focus on kills developments. An observation schedule was
prepared to determine the skills development. Problem-solving & Decison making and Investigating
ills are cited here. Since the recognition of ills development is not in the present curriculum, the
following literature review was very useful to the observers and mein classfy the kills.

Problem-solving & Decision making sKill

Inmathematics and science, the word problem solving has frequently been applied to cognitive, written
problems. Its place in science education has been reviewed by Garrett(1986), who mentioned in his
paper: ' As Sham (1976) has pointed out, the whole fidd of endeavour in problem-solving is
particularly vast and largely disorganised and this has been shown to be true even inthe limited area of
science education'. ( Investigating work in the science curriculum: Richard Gott and Sandra Duggan:
1995, page 41)

Wattsand Gilbert (1989) suggest that there are wide variety of problem solving taskswhich emerged
inthe late 1980s, have grown out of searchfor means of making sciencerdevant and of dlowing pupils
to gpply scientific principles. These tasks can be either written or practical but have astrong emphasis
on skills and methods and include puzzles, design-and-make activities, and extended project work.

A badic, and ddiberately smplified modd for science based on epistemologica perspective, which
seeks to define the problem-solving, advanced by Gott and Mashiter ( 1991 ) will serve as a
diagrammatic Sarting point.

[Sohre problems ]

[Cognitive processes ]

N

[‘3 onceptual understanding ] [Proc edural understanding]
| [
==
Fgl

A modd for science ( based on Gott and Mashiter, 1991)

A descriptive modd  primarily to consder the aspects of performance and appropriate to assesswas
developed by the Assessment of Performance Unit ( APU ) which was set up by the Department of
Education and Science ( DES) in UK The modd provides ( Fig 2 ) a more detailed description of
what is going on when pupils are engaged in the problem- solving activity.
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Problem identification Solution
[

Evaluation of
methods and results

[Fur'fher' r'efor'mulafian]

Eeformulation of a
testable question,
deciding what to measure

Interpreting the data
and drawing
cotichision

(Change in design |

‘ Eecording the data in
E:hnnge in Technique) tables & graphs

/

Planming the mvestization

Cartying out the investigation,
maling observation and
measuretnents

Fig 2
A mode for problem-solving activity ( Gott and Murphy, 1987)

I nvestigating skill
"Perhaps the fegture of school science which most clearly differentiate it from other subjects of the
curriculum is that science classes take place in laboratories and involve students and teachersin
carrying out practica investigations and demongrations ...... Exploring and investigating is centra to
the work of scientists and to science education”

( Robin Millar:(1989) Doing Science: Page 38)

"Investigation provides opportunities for pupils to use concepts, cognitive process and skillsto solve
aproblem. It usudly offers severa dternative ways of reaching a solution to the problem and the
skill can be categorised as:

Using symbolic representation.

Using gpparatus and measuring instruments.

Observation tasks.

I nterpretation and gpplication.

Panning of investigations.

: Performing investigations.”

(Robin Millar(1989): Doing Science, Assessment of Performance unit - 1985)

oOghkwnNE



Page 12

3. Methodology

The main objective of thisresearch is, to find the skill developments, and the users attitude towards
the computer, when a computer isintroduced to carry out an experiment. Both quantitative and
qudlitative research methods were used in gathering data. The quantitative data was collected from
ddan observation schedule(Appendix -ii) used by the observers, and as a survey on learners
attitude towards the experiments(Appendix - v ). Open-ended questionnaire for learners (
Appendix iii ) and another one for educators (Appendix - iv) together with focussed interviews
were used to collect the quditative data. As open-ended questions alow for free and flexible
responses, it will enable me to probe deeply to achieve the objectives of the research. Questions
were carefully formatted in smple English without any ambiguity and not to irritate learners and the
educators. | drafted the questionnaire and tested with my co-learners(with whom | was studying
the M. Ed course) there after with their input | modified the questions before they were given to the
respondents. Much of the information was gathered from the questionnaire, because it is anonymous
and reliable, it encourages greater honesty. | used the focussed interview because the respondents
in my research are exposed to both experiments and aso | thought their responses may be used to
vaidate hypotheses.

For thisresearch | selected eight physical science learners from Grade 11 and two educators from
the science department. Four of the learners are maes and the other four are females. The learners
were selected on the basis of their performance in physica science. Four of them are very good,
two of them are average and the rest of them are below average. Four learners can communicate in
English very well. Since | have been teaching these learners from last year, | did not find any
difficulty in sdlection for my research sampling. | planned for a non-probability, purposive sampling
survey to avoid complications in my small-scale survey. Small-scae surveys often resort to the use
of non-probability samples because, despite the disadvantages that arise from their non
representativeness, they are far less complicated to set up, are considerably less expensive, and can
prove perfectly adequate where researchers do not intend to generdize their findings beyond the
sample in question or where they are mply piloting a survey questionnaire as a prelude to their
main study (Research Methods in Education: Cohen and Manud, 1994, page 88). One educator in
my selection isamale and the other oneisafemae. Both of them are teaching generd sciencein my
school. When | conddered the sample Szing, the eight learners make 25% of their class population
of 32, which isreasonably good for my research.

As| planned, at the sart, the learners were trained in the basic operations of the computer, in
groups, and the educators were trained individually at their request. To keep variationto a
minimum, prior to the beginning of the experiments, learners and educators participated in the same
training at least two hours. First they learned the specific commands and procedures of the word
perfect and applied them in various Stuations. These included the functions of cut, copy, paste, save
and managing files. Learners spent thelr after school hours on the computer and the educators used
their free time to learn the operations.

Colour mixing is the main fegture of the experiment. It was planned to be carried out in two



Page 13

separate ways. Oneis our traditional way of conducting experiments and the other one is mixing the
colours with the use of a computer. | selected this topic for the following reasons.

1. I wanted to carry out the experiments in my school. The computer available for this research at
the school has only the word-perfect programme. Designing the colour mixing in the word perfect
is quite smple and it does not need any expensive software.

2. The resources for mixing the colours in the traditional way are dso eadly avallable in the schoal.
3. The learners selected for my research, already learned thistopic.

4. Learners dways show interest in playing with colours.

Though, the learners learnt the topics of Concept of colour, colour mixing and the spectrum, last
year, | planned to include the explanations of the following prior to the experiments to refresh them
in colour mixing.

Colour : The sensation produced when light of different waveengths fals on the human eye. The
visible spectrum covers a continuoudy varying range of colours from red to violet it isusudly split
into seven colours (the visible spectrum) known asred, orange, yelow green, blueindigo and
viole.

Primary colours. Any one of a set of three coloured lights that can be mixed together to give the
sensation of white light aswell as gpproximating dl the other colours of the spectrum. The spectrum
may be divided into three primary colours known as primary blue, primary green and primary red.

Colour mixing: Different colours are produced by varying the proportions of the prime colours.
Combining coloured lights is an additive process.

Plan for traditional way of conducting experiment
1. Materia for learners

Booklets on theoretical contents, colour paints, eectric motors, circular discs as shown below with
word sheets and exercises.

SR =

Disc for mixing two colours Disc for mixing three colours
2. Traning
Learnerswere trained to (@) paint the water colours on the discs provided.

(b) place the discs on the eectric motor to observe the
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resultant colour.
3. Experimenting in dass

Learners performed the experiment as a group ( two learnersin one group ) according to the topic
organisation. Educators performed the experiment individualy.

Procedure

(a) discswere coloured by different prime coloursin different concentrations
(b) dry coloured discs were placed one by one on an eectric motor.

(¢) resultant colour were recorded when the disc isin rotation

(d) recorded discs were stored in the laboratory for future references

4. Obsarvetion of learners / educators reaction.

Observation of the behaviour of the learners/ educators during the practica work.
( Possibly by avideo camera)

Cregting a"learning opportunity chart " for various skill developments againg time.

Andyssof completed questionnaires from the learners and educators.

Plan for conducting experiment by using a computer

1. Materid for learners

A computer with colour monitor and The word perfect soft ware.
2. Traning

Learners and educators weretrained (@) on the basic operations of the computer
(b) to usethe colour paette under the font.
(c) to save and retrieve thefiles.

3. Experimenting with the computer

Learners performed the experiment as a group (two per group) and the educators performed the
experiment individudly.

Learners and educators performed the experiment as follows.

(a) opened the computer and go to the word-perfect 6.1 programme.

(b) sdected the font under the highlighted format

(c) sdected the colour paette 256 under the font

(d) mixed the prime coloursin different proportionsinthe 0 - 256 scae.

(e) found the proportions of the prime colour components in a given colour

(f) saved thefilesfor future references
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4, Analysisof learners / educators reaction

Observation of the behaviour of the learners/ educators during the practical work.
( Possibly by avideo camera)

Cregting a"learning opportunity chart " for various skill developments againg time.

Andyssof completed questionnaires from the learners and educators.

Great emphasis was given to the observation procedure throughout the experiments. The whole
experiments were captured by avideo camera. The process was recorded by a video camera for
the following reasons.

1. The experiments were performed by the four different groups in four different days. Each day,
there were two sessons, one of 50 minutes and another one of 30 minutes. The observers made it
clear that they may not be avallable al thetime.

2. In each experiment there were eight aspects to be observed and the number of observations of
each aspect was a'so to be recorded. It was thought that observers may not be able to do this
effectively during the time the experiment was performed.

3. Asarecorded video tape can be replayed any number of times, it gives ample time for
observersto discuss the relevant aspects before reaching a conclusion.

EXPERIMENT 1

Learnerswere grouped asfollows:

Group 1. Two femde learners of which oneisagood performer and the other is aweak performer.
Group 2: One mae learner who isagood performer and one female learner whose performance is
average.

Group 3. Two mae learners of which one isagood performer and the other is aweak performer.
Group 4. One femde learner who is a good performer and one mae learner whose performance is
average.

Note: Each group got a least one learner who is fluent in English.

Each group of two learners took gpproximatey 50 minutes to perform this traditiond way of mixing
the colours. Except in the extreme difficulties learners were dlowed to do the experiment in their
way. Learners were not trained or demonstrated how to proceed the experiment as planned earlier
but clear ingtructions were given prior to the experiment. One sample disc was given to them and
they were ingtructed to cut as many as they want from the white sheets by using apair of scissors.
Learners were not active enough to deal with the problems, they faced during this experiment.
Time was wasted in unwanted activities such as drying the water colours. Firgt group took 15
minutes to put one painted disc on the motor! Learners did not paint the discs clearly, the brush was
not washed before they touched the second colour. They painted the laboratory and their clothes
with the water colours. In some instances learners noticed that the disc was sationary while the
motor rotates. Learners had difficultiesin observing the colour of the rotating disc asit was
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vibrating because of the high speed of the motor. They did not take any precaution to reduce the
speed of the motor.

First group used only four discs. They painted the discs with the same concentration of colours.
Their discs gppeared with blue + red, red + green, green + blue and blue + red + green colour
combinations. This group was assisted frequently by the educators.

The other three groupsrelatively performed the experiment well. Second, third and the fourth
group used 8, 11, 9 discs respectively. These three groups changed the concentration of the
coloursin different proportion and observed the resultant colour. These three groups were seldom
assisted by the educators.

All the four groups wrote the observed resultant colours on the back of each disc for their future
references. All the eight learners in the four groups performed this experiment 1 infour different days.
Two generd science educators observed the process. The whole experiment wasrecorded onavideo
cassette.

EXPERIMENT 2

The same group composition, performed the first experiment continued the second experiment.
Learners performed this experiment as an after school activity. Each group of two learnerstook less
than 30 minutes to complete the experiment with the ad of a computer. All the groups mixed the
combinations of the prime colours such as green + red, green + blue and blue + red in the maximum
concentration ( scale of 256 ) and recorded the resultant colours at start. Thereafter they changed the
concentrations of the prime colours numerous times in different proportionsto get different colours.
When using the computer, dl the four groups, opened files for saving their record of observations and
findings for the purpose of retrieving when necessary. The groups two and three also recorded inther
files, acomparison of the observed resultant colours from the results of the two experiments.

They dso found the concentrations of the prime colour components of a given colour. Throughout the
experiment, the learnersdid not request any ass stance from the subject educators. Two educatorsaso
performed this experiment individualy. The whole experiment was recorded on a video casstte.

At the end of these two experiments structured questionnaires were given to the learners aswel asto
the educators and they were interviewed too.
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4. Results

This chapter views, in detall, the contributions of the above experiments in the development of
problem-solving and decision making kill, investigating skill, communication, and theavenues such as
atitude towards the computer, confident in handling the instruments, enjoyment and play.

Problem solving and Decision making skill
The literaturereview guiddines helped me and the observersto formulate exactly what we are looking

under the problem-solving skills. The core problem, learnersfaced in both experiments was mixing the
prime colours in different concentrations.

There were numerous science related  sub-problems cropped up inthe process of both experiments.
The following sub-problems were noted by the observers in the experiments.
Experiment 1

1 Cutting the discs: Learners thought al the discs should be the same size.

2. Sdlecting the colour: Adding water is needed to change the concentration is not
known.
3. Drying the paint: How to dry the paintsin ashort timeis a problem.
4. Macing the disc on the motor: Pricking the discs on the top of the motor made the hole
I

arger a the centre of the disc.

Not rotating disc: Due to the large hole at the centre of the disc.
Vibrating disc: Light disc and the high speed motor creeted the problem.
Observing the resultant colour: Many factors to this problem

Storing the discs: Quick sorting isimportant in limited space.

o N O

Experiment 2

Opening the desired programme: Computer operation with the mouse is a problem.
Changing the concentration of the colours: Using the 0 - 256 scale in the computer.
Getting the resultant colour: Using gppropriate computer operation.

Identifying the colour: Comparing the given colour with the colour on the screen.
Saving the resultant colour: Using gppropriate computer operation.

Retrieving the saved colour: Using appropriate computer operation.

o gk wnNE

The fdlowing tables illudrate the findings in the problem-solving and the decison making skill
developments.
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Core problem-solving activity in Experiment 1 ( 50 minutes)

Group Definngthe  Choosingthe Arriving a Frequency
problem method solutions per minute
1 4 3 3 0.20
2 6 4 4 0.28
3 5 5 4 0.28
4 6 5 5 0.32
Table- 3

Core problem-solving activity in Experiment 2 ( 30 minutes)

Group Definngthe  Choosingthe Arriving a Frequency
problem method solutions per minute
1 12 12 12 1.20
2 19 18 18 1.83
3 14 14 14 1.40
4 13 13 13 1.30
Table -4

In the above tables illugtrate selecting the prime colours in different concentrations as defining the core
problem, the process of mixing the colour as the method and observing the resultant colour as arriving
at solutiony( decisonmeaking ). The numbersin the columns arethe events seeninthe video replay and
agreed by both observers. The last column indicates the number of problem-solving and decision
meaking skill activities hgppened in every minute.

The selected learners and the educators were very keen and cooperative when performing the
experiments. Learners performed both experiments in groups while the educators performed only the
second experimentindividualy. Interestingly, learners, compared with educators, weremoreactiveand
enthusiagtic when performing experimentsuang  the computer. Learnersworking in groupsmay bethe
reason. Botheducatorsexpressed during theinterview, they would have done the experiment 2 better
if they were in agroup. "Learning in groups provides natura settings for sharing process, which are
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important in developing a person'sflexibility and ability to learn effectively " (Computers & Educetion;
May 1998; page 73). Learning in smdl groups can improve achievements in menta functions(Sharan
et al., 1981) whatever socioeconomic level they come from(Shachar & Sharan, 1991).

Four typesof 'cooperativeinteraction’ have beenidentified and organized in the above problem solving
activity. Video tape was played to observe these interactions in both experiments.

1.0ne of the pair isworking, the other is mostly observing: both of them are working e
but there is a gap between them in the leve of contribution to the solution of the problem.

2. Distributed work or parallel work on separate parts of the task: both are dominant and want to
contribute their part to the problem solution. They are aware of each other's will, and therefore they
decide to divide the work between them. Sometimes digtributed work is done for the purpose of
completing the task in limited time.

3. One of the pair is dominant: one of the pair is dominant cognitively and other finds himsdf doing
mostly routine work because of awish to participate in the task actively.

4. Both of them work together: both of them are busy in the task while searching / receiving
informationeach from the partner. If there are contradictions, they are solved by cognitive negotiation
between them.

Second type of interaction was the highest in experiment 1 while the fourth type of interaction was
dominant in dl groups in experiment 2. Limited time to complete the task in experiment 1 forced the
learnersto digtribute the work among themsdlves. Incontrast, learnerswere found at aless pressurised
pace when they were engaged in experiment 2.

Third type of interaction was aso observed frequently in some groups in bothexperiments. Linguistic
kills are contributing for this behaviour. The most able pair in communication found to be dominant.

Computer way of mixing the colours has given the better rate of problem solving activities. It is clear

that computer operations are much faster than the manua operations so that the computers provide
more opportunities to the learnersin these activities.

Sub problem-solving activitiesin Experiment 1

Group Problem Further Change Change Solution Fregquency
identification  reformulation in design in technique per minute

1 7 1 1 0 0 0.18

2 6 2 1 2 0 0.22

3 8 1 0 3 0 0.24

4 4 1 1 0 0 0.12
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Sub problem-solving activitiesin Experiment 2

Group Problem Further Change Change Solution  Fregquency
identification  reformulation  in design in technique per minute
1 5 4 2 2 4 0.57
2 5 5 3 2 5 0.67
3 4 4 4 0 4 0.53
4 5 4 3 1 4 0.57
Table- 6

At least there were eght possible sub problem-solving activities in Experiment 1 and six in the
Experiment 2.The above tables show the experiment 1 has givenmore opportunitiesto the learnersto
be engaged inthe sub problem- solving activities. But learnerswereless concerned about thisproblems
and did not take this problems further up to find the solutions. Manua way of mixing the colourscreates
number of other sub problems and it makes the learners to interact with other materiads. Learners
indicated in the interviews, that manua way of mixing the coloursis problematic and time consuming,
it clearly showsthat they identified the problems.

Observers mentioned, inthe interview, that the computer way of mixing the colours did not provide as
many chances of identifying sub-problem solving activities as the traditiond method. Video replay
showsthat traditiona method makes the learners to ded withmeany equipmentsand materids. The use
of many equipmentsand materials lead the learners into many sub-problemfacing Situations. Whenthe
|earnersperformthe same experiment on computers, these chances are very limited, because they work
inanidedal Stuation. Traditiona way of conducting experiments are excdlent inproviding sub problem-
solving activitiesto the learners. But in contragt, the traditiond way experimentsareweek infacilitating
the learnersto arrive at solutions if there are many sub-problem solving Stuations. Computer way of
learning, facilitates the learners to continue further with their identified sub-problems to arrive at
solutions. This view was aso supported by the observers during the interview.

Mde and femdelearnerswere compared by using group 1 (dl femaes) and group 3(al males) inthe
leve of problem solving skill acquigtion. Video tape was played for this purpose and ther activities
were observed. Both werefound in equa levd. This tendency is not supported in the literature.” A
sgnificant number of femaes were more gpprehensive about using the computer compared to males.
Reinen and Plomp assert that women rate themselves lower on computer knowledge than
men'"(Computers & Education; Feb. 1996; page 26).

Inproblemsolving, inthe traditional method, the learners needed greater assi stance fromthe educators
than in the computer method. The reason being in the computer method only a few problem solving
gtuations arose and the learners eagernessin handling the computer, and ease with which trial-and-
error method can be used in computer enable them to find the solutions to these problems by
themsdlves.
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I nvestigating skill

Observers had difficulties in identifying the invedtigating activities. Since they had little experience in
identifying the skills, muchtime consumed inandyssbefore reaching acommon decison. For instance,
in Experiment 1 the followings are conddered as investigating activities.

1. Whet is colour?

What makes an object to beinthat colour?

Investigating the relationship between the size of the discs and the observed resultant colour.

What factors are involved in the drying process of the water paint?

What makes the discs to vibrate?

Why the discs sometimes do not rotate while the motor rotates

Investigating the rd ationship between the speed of the motor and the resultant colour observed.

Noahs~WDN

Attempits to the above and other possible activities are counted from the video replay in each group
per experiment. Observers and theresearcher were watching together the video replay and discussed
the activities. When dl of them agreed upon, a particular activity was consdered to be classified as
an invedigating activity.

The following chart shows the number of investigating activitiesin Experiment 1 and 2.

Group No. of invedtigetions  Frequency No. of invedtigetions  Frequency

in Experiment 1 per minute in Experiment 2 per minute.
(50min) (30min)

1 8 0.16 11 0.37

2 7 0.14 12 0.40

3 11 0.22 15 0.50

4 7 0.14 13 0.43

Table-7

Once againthe experiment 1 has given lot of chances to the learnersto devel op thar investigating kill.
Inredity experiment 2 madethe learnersto beinvolvedin investigating activities much moretimesthan
experiment 1. During the interview with the educators, they expressed their opinion that computers
provide solutionsto the learners investigationsin avery short time. It automaticaly makesthelearners
to engage more inthe investigating activities. Learners mentioned in their responseto the questionnaire
that the interesting feature in the computer way of mixing the colours isthe' ingtant answer' to their
investigations. They were of the opinion, that computer provides smple and shorter procedure for
performing experiments. Learnersresponses reflect that traditiona way of conducting experimentsare
not welcomed by them. Further, most of them stated if they have a chance to perform dl the
experiments on the computer, they would prefer to avoid the traditional way.
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Mde and femaelearnerswere compared, by usng group 1 (all femaes) and group 3(al maes, inthe
leve of investigating skill acquisition. Video tape was played for this purpose and the activitiesof these
groups were observed. Both werefound in equd leve likethe problem-solving skill acquisitionin both
experiments.

Surprisngly the groups withweaker(in terms of thar classroomand examinationperformance) learners
performed well inthe computer method experiment. Educators confirmed this findings in the interview.
Smilar research was carried out in the Univeraty of Western cgpe. The report sys, "University of the
Western Cape studentstypicaly come from varied academic and socioeconomic backgrounds. Many
of the students are from educationaly disadvantaged communities and nearly dl of these are first
generation university students. Ingenera these students will have had little exposure to technology.....
Initidly it was assumed that sudentswithmathemeaticd ability and those who had no fear for technology
would be successful candidatesinthe Electronic Data Processing course. Contrary to our expectations
no correlation was found between the results of the statistics course and the more practical Electronic
Data Processing course. Students with a fear for technology achieved higher marks(Computers &
Education: Computer literacy in the third world; Feb. 1996; page 23-29).

Communicating skill

Science involves highly complex and abstract subject matter that eementary and some high school
studentsfall to grasp without concrete obj ects and opportunitiesfor manipulaions. ( Sciencelngtruction
in the Middle and Secondary Schools. T. Collette, L. Chigppetta: Page 121,1986 ). The purpose of
the group work is to create an environment where the involved learners can communicate freely.
Through communication even highly complex subject matters can be understood easily by the
participating learners in a group. Communication is needed in dl activities in all stages for proper
learning of the concepts.

Number of communications involved in learning the concepts were counted in the both experiments.
Explanations, indructions, discussons and consultations by verba or gnlanguage betweenthelearners
or between the learner and the educator are considered as communication activities. Recorded video
was played during this process, observers and the researcher combined together in formulating the
communicetion activities.

Frequency analysis of learners communication activitiesin both experiments.

Group No of communications Frequency No of communications  Fregquency

in experiment 1 per minute  in experiment 2 per minute
(50 minutes) (30 minutes)
1 21 0.42 41 1.37
2 25 0.50 46 1.53
3 24 0.48 44 1.47
4 18 0.36 39 1.30
Table- 8

The above table(Table -8) shows more communication activities were involved in the computer way



Page 23

of mixing the colours. These communicaions are further classified into four categories based on a
classfication by M. Wild(1996)

1.0ff-task : Communications are not related to the task.

2. | solated: One or more communicationsoccur without referenceto the previous communication. Very
often, tak at thislevel doesnot lead to meaningful devel opmentsin performance of the task. Performing
the experiment at this level may aso be accompanied by periods of slenceand individud activity. (i.e.
eech learner acting in isolation)

3. Coordinated: Communications are relaive and contextud, with one learner extending or even
repesting a prior communication, or perhaps disagreeing with the previous communication and
advancing a different perspective. Such disputes do not serve to develop task performance.

4. Connected: Communicetions often taketheform of hypothesis, anew ideaor an observation which
is proposed, explained, elaborated, defined, questioned and/ or judified by two learners in
conversation.

Observersviewed that the computer way of mixing the coloursisrich in category 3 and 4 whilethe
traditional way experiment contains mogily the category 1 and 2. Communications from the groups
containing at least one femae learner mogdtly fell into category 1 or 2, hardly ever incategory 4. In the
interview the femde learnersindicated that they were shy to communicate, because the procedure was
filmed.

"Communication may be afunction of a complex range and combination of variables, including:

* type of software used,

* amount and type of teacher intervention;

* number and type of tasks undertaken by the children;

* accessibility of hardware;

* gpproachesto learning exhibited by the children(Biggs & Moore, 1993)

* leve of learner control; and

* composition of groups(particularly with reference to gender)"

(Wild, M.,(1996)Investigating verba interactions when primary children use computers: Journal of
Computer assisted Learning : Volume 12; page 71)

Theimpact of the above variables inthe development of the communication skill isdiscussed below.
Soft wares can be dassfied into two types in terms of the learner control. They are, (i) closed
software(i.e. softwarethat provided low learner control) (ii) open software(i.e. softwarethat provided
high learner contral). The second type could be associated with' more productive interactiona styles
and thefirgt type with only limited interactions(Anderson et d., 1993, p 247). The software used by
the learners for colour mixing mogtly aigns with the second-type. The learner on control of this
software, has the chance of sdecting the prime colours more than 16 milliontimes(three prime colours,
eachhavingascde of 0-256) indifferent proportions. Conversdly, prime colour componentsof agiven
colour could be resolved in more than 16 million ways. Obvioudy, the type of the software used,
played amgor rolein the communication kill development. This view is srongly supported by the
observers during the interview.

In experiment 1, teecher intervention was in the form of assstance to the learners. Number of times
learners were assisted to hdp themto proceed with their experiment. Most of thetime, the educators
were ingructing, explaining and talking to the learners. The learners were, by themsalves, not sharing
ther ideas, not hdping each other and not expressng ther potentids in a supportive learning
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environment. In contrast, the teacher intervention in the second experiment was in the form of
inducement. During the procedure, the learnerswere givenextratasks of more difficult nature to induce
them to increase their communication level. Observers noticed that the learners became more active
inthe learning process whichlead to more effective communicationin sharing of ideas and helping each
other. In a amilar situation, learners completed their tasks without any outside help, gained highest
scores( 5 or 6 inascde of 0-6), with 50% teacher help gained medium scores(3 or 4) and with over
50% teacher help gained lower scores(1 or 2) for skill developments( Journa of Computer Assisted
Learning; May 1998; volume 15; page 78). My research findings and the above literature show that,
condructive teecher intervention in the form of inducement is necessary to achieve higher leve of ill
developments.

| planned to have the same amount and same type of tasks in both experiments. The main difference
between these experiments is the approach. Inthe process, the learnersin al groups when performing
the second experiment increased the amount of tasks and engaged themselvesin more difficult tasks
with greater curiosity and increased communicating skills.

Computer hard ware used in this research were the key-board and the mouse. There were many
operations inthe computer that could have been executed ether by usng the mouse or by usngthe key
board. Learners showed confident inhandling the mousefor various operations while the key-board
for the same operations was rardy used to execute these operations. As the computer could be
operated by only one learner at atime, the two learners had to take turns to operate the computer, but
they had to communicate to complete the task. Thisarrangement provided a better chance of learning
through communication and enhanced the development of communication skill. Educators performed
this experiment individudly, without any communication.

The following table-9 describes the composition of the learnersin each group.

Group 1 Group 2 Group 3 Group 4

No. of Mdelearners 0 1 2 1

No. of Femalelearners 2 1 0 1

*No. of very good learners 1 1 1 1

*No. of average learners 0 1 0 1

*No. of wesk learners 1 0 1 0

No. of learnerswith linguidtic skills 1 1 1 1
Table-9

*Learners were dassfied as good learners, average learners and weak learners on thair class and
examination performancein physical science.

The recorded video tape was played severd times and each and every time events were coded. The
relidbility of coding the videotgped communications on the observation sheets was tested by my
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colleaguesinthe M. Ed course who are familiar with communication skills.

Excdlent communications were observed ingroup 2 and 3 inboth experiments. Observersviewed that
the group 2 composed of mixed gender paring learned and developed their skills through
communications, because of the good mae learner's contribution in communicetion. In genera, good
communicationskills were observed whena good mae performer combinedwitheither mae or femae.
Femde learners in dl groups were found to be less cooperative on levels of communications. It
appearsinthe case of femdes, agood performer isnot necessarily a good communicator(group 1 and
group 4). On the contrary awesk performer gppears to communicate better when combined with a
good mde performer. In the interview the femae learners mentioned that they were shy in front of the
camera. Weaker-male learner expressed his eagernessinthe task and communicated wel withhis pair
ingroup 3. Learnerswithlanguage fluency cooperated well withther pairsand helped themto develop
their verbd interactions.

Communication leves of mixed gender pairs were analysed with reference to group 2 and group 4.
Mixed gender pairing communicates better when the mae performer is good. The cooperation in
communication depends on both gender and their performance leve. My findings does not seem to
appear with that of Underwood & Jandd, (1994) according to whom "Underwood and colleagues
demondtrated the influence of group compositionand in particular, the effects of mixed gender pairing
onlevds of cooperative interactions, finding that mixed pairs tended not to cooperate’ (Underwood &
Jandal, 1994).

Inconclusion, the type of software, teacher intervention, composition of the group, amount of task and
the type of tasks have an effect onthe learners communication. Another study supportsthisview by
gating" that group compostion, particularly withreferenceto gender, teacher interventionand software
dyle were dl likdy to have an impact upon children's interactions'(Cummings, 1985). ( Journa of
Computer Assisted Learning; 1996; volume 12, page 72)

Attitude towar ds the experiments

Assessing the attitude is the mogt difficult task in these type of experiments. When a new way of
teaching is introduced, due to the curiogity learners immediately jump to welcome the "new comer”.
s this attitude long lasting? Questionnaires and interviews helped me to point the gauge on assessing
the attitude.

Asinthe formative evaduation, the questionnaires(Appendix 3,4,5) werepaper-based todidt maximum
feedback, in particular fromthose not accustomed to using computers. Pogt-task questionnaires were
given to learners, and separate questionnaires were given to the educators. The questionnaires given
to the learners were revised, and similar questionnaires were developed to cover the view of the
educators in the experiments.
Eight learnersand two educators were asked to answer the following questionsin a five-point scade
to alow grester focus on computer-based instruction.

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

RN WPk O
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If given the opportunity to usethe computer in practical work | am afraid that |
might damage in some way.

1 2 3 4 5
Computers help meto organise my practical work better.
1 2 3 4 5
| could probably do most of the experiments by using the computer.
1 2 3 4 5
| hedtate to use a computer in the practical work in casel look stupid
1 2 3 4 5

Computers can increase the presentation of my practical work to a degree which
justifiesthe extra effort

1 2 3 4 5
| am not in complete control of my practical work when | usea Computer.

1 2 3 4 5
Computerscan allow meto do moreinteresting and imaginative work.

1 2 3 4 5
Computers make me feel uncomfortable

1 2 3 4 5
Computersmakeit possible to work more productively

1 2 3 4 5

| need an experienced person near by when | perform an
experiment with the use of a computer

1 2 3 4 5
| really enjoy the practicalswhen | am told to use the computer.

1 2 3 4 5
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L. Computerscan allow sdf discovery learning in practical work.

1 2 3 4 5

Analysis of answers from the above questionnaire.

Question Scorefrom  Average Scorefrom  Average Ovedl
8 learners 2 educators average
A 11 1.40 3 15 14
B 38 4.75 6 3 4.4
C 33 4.13 4 2 3.7
D 10 1.25 4 2 14
E 35 4.38 6 3 4.1
F 9 1.13 5 25 14
G 39 4.88 6 3 4.5
H 12 1.50 7 35 19
I 37 4.63 4 2 4.1
J 22 2.75 6 3 2.8
K 39 4.88 6 3 4.5
L 37 4.63 8 4 4.5
Table- 10

Most of the learners and educators strongly indicated that they are not afraid to use the computer in
their practical work. Learnersand educators mentioned that aweek of training in computers changed
themto be aware and unafraid of how computerswork. If the computersare introduced inthe science
curriculum there is no doubt, the social rationale, argued earlier will be achieved. Learners strongly
agreed the computer helped them in organising the practical work, presenting the practical work and
to perform more interesting and imaginary work. They aso mentioned the computer dlows them the
sdf discovery learning and they do not need an experienced teacher nearby. Learnersindicated that
they want to do more experiments with the computer and they are confident in handling the computer.
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Another study conducted at the Univerdty of the Western Cape shows amost the same pattern like
the above findings in an attitude survey. " Mgority of the learners found working with computers
enjoyable and simulating. For example, 74% agreed that they could learn a computer language, 69%
fdt at easeinacomputer class, 66% fet comfortable working with a computer, 51% agreed that they
could get good gradesinacomputer course, 80% thought it isimportant to do wel in acomputer class
and 72.8% said that computers do not scare them. Frequenciesof the pre-questionnaire indicate that
76% of students fdt postive about computers and computer gpplications. Only a few students had
reservations about technology before they did the literacy course. For example 17% of sudentsfdt
threatened by computers, 21% agreed that computers made them fed uncomfortable, 21% fdt they
could not handle acomputer course, 20% agreed that computersrob people of thar individudity, 18%
felt that computers are used to manipulate people, 185 considered learning about computers a waste
of time and 26% felt aggressive and hostile towards computers’ (Computers & Education; Computer
literacy in the third world; Feb. 1996; page 25).

Educatorsviews were different from learners, they argued even the traditiona way of conducting the
experiment gives the equal chances like computer in organising the practica work, presenting the
practica work and to performmorecregtivework. Educators were supporting the learners, in theview
of the computer dlows the users the sdf discovery learning. They mentioned, though the learners get
the solutions in good time when the experiments are carried out withthe computers, experiments are
incompleteinthe sensethat they only used the visud -sense. They viewed that the computersareredly
helpful to the learners when the experiments are impossible to do in the laboratories because of the
resources, time etc. Educators pointed that the learners do not need an experienced teacher nearby,
when they are performing the experiment with the computer is suitable only for experiment 2 type
gtuations which do not involve many variables.

By performing the experiment with the computer, the learners are adle to experience each stage and
each movement of the experiment. They are also directly involved since they canwitnessal the chances
which occur. By udng the computer, the pupils conduct and observe the experiment under ided
conditions which are not possible by traditiona experiments.

" ...the Computer-based Ingtruction (CBI) programme exerted a more positive influence on the
students verbal and nonverba interactions in the physics lessons on measurement than was the
traditiond method of teaching usedinthe study. Specificdly, the quditative excerpts showed thet the
CBI module was able to enhance the subjects interpersona skill viz.: support, collaboration, ease of
interpersond relationships, trust and rapport building more than thetraditiona teaching approachof talk
and chalk." ( Journa of the southern African association for research in mathematics and science
education, Volume 1 - 1997; Joel Kiboss: Page 74)

Computer-based experiment was' owned' by thelearners, evenif the educator made some suggestions
and raised tactful questions. It has givenan opportunity to build onthe learners existing knowledge and
a0 to glean information by personal research. Computer-based experiment, among other reasons,
provided a successful and satisfying outcome for the learner to enjoy much.
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5. Conclusion

Computer smulaions alow the science educatorsto bring richlearning experiencesintotheclassroom.
The smulations often permit the learner to manipulate variables or parametersand thento observe the
consequences of ther choices. " Computer smulations canbringintothe classroom aspects of the world
or universe that are too expensive, dangerous, difficult, or too dow or too fast in occurrence to be
experienced firsthand.” (Tamir, 1986/86 )

Computer-based experiments offer science educators a powerful technology to enhance laboratory
work, often more excting and meaningful to learners. Computer cannot replace the educator
completely, but it can be used as an effective tool or asafacilitetor inthe process of learning. Learners
can explore science phenomenain more accurate and precise ways than are possible by traditiona
experiments - a least for certain experiences. The computer smulationas a laboratory tool, provides
higher rate of skill developments to the learners and to focus on data most immediately.

Exposing alearner to the use of a computer asssts in the following aspects:

a) to master the computer commands and procedures b) to make problem solving an easier task
leading to increased efficiency in problem solving c) to improve investigating skills, d) to enhance
linguigtic kills and planning strategy while working with a peer.  In computer-based experiments
software style, accesshility of hardware, level of learner control, teacher intervention, compaosition of
the group, amount of task and the type of tasks have an impact on the learning process.

Recording the events on a video cassette is very useful in andysing the findings of the research more
throughly. One problem in this respect is that it may not reflect a true picture of the events as some
learners, who could be camera-shy, may not behave naturaly.

On the top of dl, computer-based experiments can change the present learners attitude in a
congtructive way, which is highly needed to the effective science teaching today.
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6. What | havelearnt?

When | joined to do the M. Ed in Science Education, one of my expectations was providing quality
science educetion to the disadvantaged |earnersthrough my research. Over the two yearsthe standard
of science education has been deteriorating in South Africa, in particularly in the Eastern Cape
province, making my hopesto fade. Surprisingly, my learners, withwhom| have been engaged for my
research showing great interest in science. Perhaps change in my gpproach had an influence on them.
| fed that a least one educator is highly motivated and encouraged to continue hiswork. It is redly
an enlightens to the deprived community.

Proper planning is essentia prior to the processisthe big lesson | leant over my project. | have been
ng mysdf withthe same gauge, used to measure the learners development. | am certain that my
learners are going to benefit frommy developed skills such as problem-solving, investigation and
communication.

The researchwas muchinteregting for me from the beginning to the end. | had good cooperationfrom
the learners as well as from the co-educators. Research taught me to be patient in difficuit times and
to honour others fedings and values. |1 did not face serious problems except the research consumed
much of my time than | expected.

Thefindings fromthisresearchis considered astoo luxurious and it is not going to beutilised in the near
futureis my great disgppointment. | nfactthe Computer-based scienceingructioniscos effective, only
needsinitid capital and enthusiastic science educators.

My main weskness was congdering  my opinions asthe only perfect ideas. | admit that my opinions,
before corrections were superficial. The research mademeto andlyse othersopinionstoo. Infuture,
| will critically anayse the opinions from various sources before | come to any conclusion.

| was as0 wesk in expressing the findingsin English. My lack of proficiency in English may irritete or
confuse the readers of this paper. Since English is my second language, | had been and  ill now,
reading alot of magazines, novels and periodicas to improve my language proficiency.

Though | read alot of articles for my references, | did not pay attention to make note of the authors,
publishers etc. | had to search the references again to look the above said details. In future, | will
certainly write down the detalls of the articles, immediately the reference is over.

| was not perfect in formetting the references too. | have seen the format of other authors and
corrected mine.
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Appendix - |

THE DRAFTED PLAN OF ACTION

Date

10-04-98

15-04-98

16-04-98

17-04-98

20-04-98

21-04-98

22-04-98

23-04-98

24-04-98

28-04-98

29-04-98

30-04-98

04-05-98

05-05-98

06-05-98

07-05-98

08-05-98

11-05-98

12-05-98

13-05-98

Time

Plan

Drafting the plan for the research

Meeting the learners/ selection
Meeting the educators
Computer Training

Computer training 2 learners
Computer training 2 learners
Computer training 2 learners
Computer training 1 educator
Mixing the colours-water colours
Mixing the colours-water colours
Mixing the colours-water colours

Mixing the colours-water colours

Mixing the colours - water colours

Comment

completed on 12.04.98

completed on 16-04-96
completed on 22-04-98
started on 17-04-98
Completed
Completed
Completed
Completed

2 learners completed

book reference

2 learners completed

4 learners completed

training 1 educator

Mixing the colours - computer method 2 learners completed
Mixing the colours - computer method 2 learners completed
Mixing the colours - computer method 2 learners completed
Mixing the colours - computer method 2 learners completed
Mixing the colours - computer method 1 educator completed

Questionnaire ( Learners + educators ) Completed

Interview - 2 learners

completed



14-05-98

15-05-98

18-05-98

19-05-98

20-05-98

21-05-98

22-05-98

25-05-98

26-05-98

27-05-98

28-05-98

29-05-98

Interview 2 learners
Interview- 1 educator
Interview-1 educator
Analysis / report
Analysis/ report
Analysis/ report
Analysis/ report
Analysis/ report
Analysis/ report
Report writing
Report writing

Report writing

completed
Analysis-questionnaire

Analysis - interview

Interview 1 educator comp.
Analysis - interview
Analysis - interview
Interview 1 educator comp.
Analysis
Report

Report
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Appendix -l

Observation Procedure

Group ...........
Manual way of mixing the colour  / Computer way of mixing the colours

1. Problem solving skill / Decision making skill ...
2. I nvestigating skill

3. Communication /Response ...
4. Attitude towards experiment .

5. Observation / Recording ...

6. Sdf discovery L

~

Confident in handling theinstruments ...
8. Enjoyment/play L
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Appendix -ili

SECTION A

QUESTIONNAIRE
(LEARNERS)

1.What are the interesting features in the experiment of manual way of "
Mixing the colours "

2.What are the interesting features in the experiment of computer way of "
Mixing the colours ™

3.How did the manual way of " Mixing the colours" help you in the
learning process?

4.How did the computer way of " Mixing the colours” help you in the



learning process?

5.What do you like or do NOT like in the experiment of manua way of "
Mixing the colours " and why?

6.What do you like or do NOT like in the experiment of computer way of "
Mixing the colours " and why?
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Appendix - IV

QUESTIONNAIRE
(EDUCATORS )

1.What are the interesting features in the experiment of manual way of "
Mixing the colours "

2.What are the interesting features in the experiment of computer way of "
Mixing the colours ™

3.How the manua way of " Mixing the colours" can help the learnersin
their learning process?
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4.How the computer way of " Mixing the colours” can help the learnersin
their learning process?

5.Why do you like or do NOT like to accommodate the experiment of
manua way of " Mixing the colours" in your teaching process?

6.Why do you like or do NOT like to accommodate the experiment of
computer way of " Mixing the colours " in your teaching process?
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Appendix - v
Section B

Please indicate whether you agree or disagree with each statement.
Thisisasurvey NOT atedt, sothereareno 'right' or 'wrong' answers
just answer as honestly asyou can. Please tick one answer for each
statement.

Strongly Agree 5
Agree 4
Neutral 3
Disagree 2
Strongly Disagree 1
A. If given the opportunity to use the computer in practical work |

am afraid that | might damage in some way.
1 2 3 4 5

B. Computershelp meto organise my practical work better.

1 2 3 4 5
C. 1 could probably do most of the experiments by using the
computer.

1 2 3 4 )
D. | hesitateto use a computer in the practical work in case | look

stupid
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1 2 3 4 5

E. Computers can increase the presentation of my practical work
to a degree which justifies the extra effort

1 2 3 4 5
F. | am not in complete control of my practical work when | use a
Computer.
1 2 3 4 5

G. Computerscan allow meto do more interesting and imaginative
work.

1 2 3 4 5
H. Computers make me feel uncomfortable

1 2 3 4 5
l. Computers make it possible to work more productively

1 2 3 4 5

J. | need an experienced person near by when | perform an
experiment with the use of a computer

1 2 3 4 5
K. | really enjoy the practicals when | am told to use the computer.
1 2 3 4 5

L. Computers can allow self discovery learning in practical work.

1 2 3 4 S
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Abstract.

Learners must be enabled to develop the necessary life competencies to deal with new
demands and challenges of the fast devel opments of science around theworld. Without a
seriouscommitment to asound foundati onof scienceand technol ogy, thedreamsof abigger
and better future for millions of our nation will be in vain and the vision of an African
Renaissance will never become aredlity.

Thispaper considersdifferent aspectsof career oriented scienceeducation and examinesits
variouscurriculum|ocations. It concludesby raising someissuesconcerning theneedfor skill
acquisition and awareness of the world of work for a South African learner to

meet the challenges of the next millennium.
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1. Background

Weliveinaworld of change, morerapid than ever before. Two hundred yearsago it took
some months to sail from Europe to South Africa. Now, the aeroplanes cover the same
distance inlessthan eleven hours. A letter whichin earlier timestook two monthsto arrive
fromIndia, cannow arrivealmost instantaneoudy through e-mail. Wecan watch the Presi dent
of Americaor alivecricket matchin Australiaontelevisonviaasatel liteand wecan seeand
talk to our friendsany whereintheworld through I nternet. Distance hasshrunk because of our
transport and communications systems. Thenew worldisnow so*small” that not asingle
country canaffordto go itsownway without cons dering thecomplex interrel ationsbetween
the countries. We must all changeto fit in with everybody else.

World of Work

Thingswill never bethesameagain. A tidal waveof changeissweeping over theentireworld.
Thosewho arereactionary, and not prepared for change, will beswept off their feet. Dowe
liveinacountry of change?Y es- in many respectsbut not in preparing the learnerstowards
careers needed to accommodate the changes that are taking place. South Africais still
preparing itsschool-leaversfor aworld which disappeared yearsago, and many educatorsuse
methodswhich aremany yearsbehindthetimes. My literaturereview supportstheaboveview.
Chrigtie, P.,and Callins, C., (Bantu Education: Apartheid | deology and L abour reproduction,
1990) indicatethat thescienceeducationin South Africa isold, rigidand mendto cater for
only ahandful of people. Further, theseill prepared school leaversmaking theunemployment
toriseeveryyear. A higher standard of living for South Africansisdependent on employment
creation. Clearly the government doesnot seeitself asthe provider of employment; thecivil
serviceisbeing downs zed and therearefirm commitmentsto privati seState assets(Professiond
Management Review, October 1996). Ontheother hand, asthe popul ation grows, theamount
of school leaversa sogrows. Very rarely new jobsare being created resultinginthe highrate
of unemployment among school leavers.

Only ahandful of learnerscan benefit fromthissystem. Asitisindicated intheliteraturereview,
lessthan 2.5% of thetota |earnerswould get thetertiary education and therest dropsout along
the schooling period. The present systemis not designed to cater for the mgjority of the
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learners.

Theneedfor the changeincareer world" isclearly illustrated abovefor thebenefit of al South
Africans. Further, theNational Curriculum Framework(NQF) document, whichisinformed by
principlesderived fromthewhite paper on Education and Training(1995), emphas sestheneed
for mgjor changesin education andtrainingin South Africain order tonormaliseandtransform
teaching and | earning. Emphasisisplaced onthenecessity for ashift fromthetraditional ams-
and-objectives approach to outcomes-based education. This paradigm shift, known as
Curriculum 2005, isanecessary prerequisitefor theachievement of thefollowingvisionfor
South Africa:

" A prosperous, truly united, democratic and international ly competitivecountry withliterate,
creativeand criticd citizensleading productive, salf-fulfilledlivesinacountry freeof violence,
discrimination and prejudice”( Curriculum 2005 document: 1997)

My study considers, inthecontext of scienceeducation, thecurrent trendin careers, theskills
needed and the awareness of theworld of work to produce, well- equipped school leavers
to the world of work.

Current Trend

Onehundred yearsago 80% of our popul ationlived off theland but now only 6% arefarmers
or farm-workers.(Population census: 1996) M orefood isproduced, withlesspeopleworking
forit, leaving thefarm-machinesand fertilisersdo the spadework. Nowadayscomputersare
taking over thejobsintheoffices. Thereareonly afew bank-tellers, becauseauto-tellersinthe
street, tel e-banking and I nternet-banking are performing the bank-tellersjob. Fifty yearsago
80% of the workersin factories, were on the floor, but today only 20% remain because
automatic robotsand mechanical hands- dothework.(Central Statistical Service: 1995) As
welook towardsthenext century with unprecedented work patterns, itisimperativethat career
oriented educationbecomesmorecentral part of acurriculum. Itisalsoimperativethat this
career oriented education remains an integral part of professona development and
training(Harris. A,:1998).

The information age and the pace of scientific and technological advance, may provide

numerous career opportunitiesfor thelearners. Inmy view, my study isappropriateat this
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juncture, to explore the career opportunitiesin relation to science education.

Sills

New kind of personal competenceisrequiredto copewithanew kind of situation. It may be
hard to accept that an education in knowledge is not enough. An educated person was
previoudly considered to be a person who knew a lot of facts and had passed a lot of
examinations. Thiskind of educationmakesapersontoliveinthepast, but notinthepresent.
Magjority of the present school - leavers cannot obtain careerswhichrequirecertainskillsor
experience. Infact the content based present educational system never concentrated onthe
learners skill developments, yet skills are the centre piece for any career.

Burgess, T., (1986) indicatesaseriousimbalance in England, asweseeit herein South Africa,
between “education” and “training”. He states, that an educated person is often able to
understand, but not to act. Indeed, young peoplearenot taught to useknowledgein waysthat
arerelevant to theworld outsideschool . Thebasic skillssuch asthearticulateuse of words,
competencein dealing with figures, measurementsand quantities, the ability to remember
instructionsand facts, reasoning skillsfor problem-solving and decis onmaking, and socid skills
are important to learners, so that they will not only survive, but also succeed.( Lifeskills

Education Project, UCT: 1984)

The followings are two examples of advertisements for appointments that implies the
importanceof experienceand skillsinacquiring jobsinthefield of scienceand technology. ™
Requirementsfor aProject planner / Estimator: Recognised engineering tradeand/or Industrial
Engineering / Production Management diploma + At least 5 years hands-on project
management/ planning experience+ Soundinterpersonal organisationa and communicating
skills + Self starter who canwork independently............... , Requirementsfor aManager:
BSc Electrical Engineering degreeor an equivalent qudification, coupled with 5yearsor more
experiencewithwell-devel oped peopleskillswiththeability to negotiate effectively and close

deals are important attributes sought...”.
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( Sunday Times: Appointments. November 8, 1998: Page 13)
Most of the employersrequireexperience, sincethey believe the experienceinaparticular

career provides a better chance for skill acquisition and developments.

Perhapsinthefuture, whenthe Curriculum2005 isimplementedinall grades, al theschool
leaversmay possescertain skills whichwill help themto obtain employments.. Curriculum
2005 focuseson skillswhich areessential for thelearnerstolead abetter life. Theinteresting
part of thecurriculumisthat learnerscan obtain thesamekind of skill fromdifferent learning
areas. Classfication/ sortingisaskill, which can beacquiredinany learning areaor field. For
instance, some learnersclassify theliving thingsin Biology accordingtotheir properties, some
learnersclassify the elementsin Chemistry according totheir propertiesand other learnersin
Mathematics sort the numbers according to their nature. In al these aspectslearnersare

developing classification skills.

According to the report of the National Committee on Further Education(August 1997):
there is a growing recognition world-wide that education and training are fundamental to
economic and socia development. In fact, education/training is fast becoming a strategic
good, where a country's ability to compete effectively in the global economy is going to
depend on skills of its people.

Awareness of the World of Work

Oncethelearnershaveleft theschool or tertiary educationa ingtitutes, they will spend most of
their adultlife” onthejob". Itisthereforeimportant tofind acareer inwhichthey will behappy
fortherest of their life. Tobeabletodothis, thel earnersneed to know about themsel vesand
toknow different careers. Learners abilities, interestsand personalitiesplay animportant role
inchoosing the careers. It isawaysagood practiceto makethelearnersaware about their
potentials and the different careersfor the benefit of our futurework force. According to
Harris. A(1997), insecondary schoolsacommonmodel of career oriented teachingisthrough
subject teaching. Thisoccurswheretheworld of work isused asacontext, or resourcefor

subject teaching. Learning areas like Natural Science, Technology and Economic and
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M anagement Scienceshaveobviouslinkageswiththeworld of work. Other learning areasuse
theworld asaresourcefor subject teaching. Inthisrespect, thelearningissubject driven, itis
learning through the world of work.
Career oriented education isneglectedinthe present South African curriculum. Accordingto
thereport of the National Committee on Further Education, some 2.2 millionlearnersare
concentrated in the pre-employed category, absorbing 72 per cent of dl FET expenditure.
Almost all of these are found in academic senior secondary schools with only 58 664 in
technical colleges. Unlessviabledternativelearning pathsfor skill devel opment aredevel oped
and supported with additional publicfunds, morelearnerswill bepushedinto highly subsidised
senior secondary schools, thus skewing FET provisionfor the pre-employed even more.(
Department of Education, Pretoria, 1997).
To assessthe current trend in careersand the skillsneeded for the sciencelearnersl visited
somelocd industriesand few tertiary indtitutions. | prepared two questionnaireswith qualitative
and quantitative questions, to becompl eted by selected public relationsofficers, focussngon
sciencerelated careersand skillsbeforethisvisit. Theanswerstothesequestionnairesandthe
interviewsheldthereafter hel ped metoformulateanideaabout thecurrent trendin careersand
the skills needed for the science learners.
Inorder to assesstheawarenessof theworld of work among thelearners, | decidedto include
asurvey onthe career awarenessmeasurements. For thispurpose, | chose 20 learnersfrom
a disadvantaged school in King William's Town.
| &l solooked morethan 300 careers, avail abletothecurrent learnersin South Africa. These
careerswereclassified onthebas sof learning areas, under apoint system devel oped my me.
Findingsfromthisresearchillustratethat scienceeducationwith gppropriateskill developments
hasthepotentid to provideempl oymentsto many learnersandthat priority should begivento

make the learners aware of the changes in the world of work.
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2. Literature Review

Thefollowing literaturereview supportsthechangeintheworld of work. Further, itillustrates
the present position of school leaversin South Africa. Since my study isfocussing on the
competencies needed to the South African learners in the world of work, | feltitis
appropriate to mention here.

" Theworld, inwhichwelivein, ischaracterised by vast technol ogical changes. Atthedawn
of the 21st century we are experiencing atechnol ogical revol ution. The new technol ogy of
today istomorrow's old technology. Peopleintheworld of work continuously haveto adapt
tothesechanges. Thelntra-Internet have had aradical impact ontheworking environment.
Peopledl over theworld can communicatedirectly with one another viacyberspaceworld.
The natureof work hasal so beeninfluenced through thistechnol ogical revolutionand new
careersareemerging every day. Itisa so becoming common knowledgethat peoplewill have
more than one career during their lifetime partly due to the ever-changing workplace. "

(MY CAREER-1998, Department of Labour, Page: 3)

Morethan 15 million adultsin South Africado not haveabasi c school education. Perhapsas
many as 10 million adultscannot read and writeat all. Themaj ority of peoplehavecomeout
of 'Bantu Education'’. That system, linked by thestructureandideol ogy of apartheid, wasso
poor that it denied professional development andtraining for themajority. (NEPI Reportson
the National Educationpolicy Investigations; 1992). South Africaisranked 90th out of 175
countrieson 1997'sHuman Devel opment I ndex which providesacountry-by-country measure
of achievements intermsof educational attainment, professiona devel opment and adjusted
real income. According to the 1996 index, South Africaranked 100thwhichwastheaverage
between South Africa'swhite popul ation(ranked 24th overall) and theback popul ation (ranked
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124). Thepositionwassimilar during 1997, with thewhite popul ationfalling into the high human

development category and blacksinto the lower end of the medium human development
scale(Human Development Index: 1997). The present lower human development, playsa
major role together with population explosion and scarcity of resourcesin creating the
unemployment crisisinthelabour market. To break thecurrent constrains, agrowthrateof
6 per cent in the economy and job creation of 400 000 per annum by the year 2000 are
needed(Professional Management Review, October 1996).

"TheNationa Teacher Education Audit (1995), commiss oned by theMinistry of Education,
concluded that teacher training in South Africawas so poor that theentiresystem needed to
be rebuilt. Thereport indicated that training at about 90% of the country's 109 colleges of
educationfailedto preparestudent teachersfor thechallengesof thenew South Africaandthe
21st century”. It continuesthat "the poor facilitiesand | ack of adequately trained mathemeatics
and scienceteachersat most traditional ly African school spresent considerabl e problemsfor
thefutureimprovement of mathemati csand scienceeducation, particularly considering that the
number of Grade 12 candidates is expected to amost double in the next 10 years."
( SA SCIENCE AND TECHNOLOGY INDICATORS -1996 ; page 19)

The following tables give an idea about the school |eavers.

Headcount of Grade 1-12 pupilsin 1993 and 1994

Grade No. in 1993 No. in 1994
1 1558864 1583411
2 1229822 1224394
3 1153196 1174371
4 1039563 1071948
5 1023749 1041671
6 906490 934862
7 827811 859862
8 871204 917969
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11
12
Total
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756164
637291
553730
505045

11062929
Table-1

801065
662990
588899
546156
11407598

Morethan 60% of theenrolledlearnersingrade 1 do not reach grade 12. Either they repeat

or leave the school without gaining any certificates.

Grade 12 examination results ( 1990 - 1994 )
Passin %

Y ear

1990
1991
1992
1993
1994

(' with exemption)

16.7
17.9
16.9
14.6
17.9

Table- 2

Passin %

(school-leaving certificate)

36.3
36.3
39.0
36.7
40.1

All theuniversitiesrequireMatricul ation exemption for enrolment. From theabovetableless

than 20% of the grade 12 | earnerscan get the university admission. Technikonstoo require

very good matric results for admissions.

( SA Science and Technology Indicators: 1996: p 178)

University degrees awarded by broad field ( 1990 - 1993)

1990

Natural sciences and engineering 6749

Health sciences
Socia sciences and humanitie?6077
36237

Total degrees awarded

3412

Table3.1

30297
40808

1991
7077
3434

(SA Science and Technology Indicators: 1996: p 229)

1992 1993
7188 7449
3643 3560

31197 33215
42028 44224
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Technikon diplomas awarded by broad field ( 1990 - 1993)

1990 1991 1992 1993
Natural sciences and engineering 3223 3411 4158 4331
Health sciences 605 704 729 803
Social sciences and humanitiesi657 5173 5876 6221
Tota diplomas awarded 84384 9288 10763 11355
Table 3.2

(SA Science and Technology Indicators: 1996: p 263)

Oneof thelegaciesof our past educational policiesistheimbal ancebetween the number of
studentsproceeding after their high school educationtoadegreeinartsandthosechoosinga
scientific or technological career. Whilemost ingtitutionswhich historicaly catered for whites
and offer relatively good science and mathematics education up to Grade 12, those which
historicaly cateredfor themgjority of African pupilshavemuchlessto offer. Pupilsfromthese
institutions generally leave school without adequate training in mathematics and science,
engineering or technology. Theredlity isthat for theforeseeablefuture, themgjority of African
pupilswill continueto attend theseinstitutionswhicharemainly situatedintherura areasand
townships. Clearly, facilitiesand themethodol ogy intheseingtitutions need to beimprovedto
allowthemto preparegreater number of Africanlearnersfor careersin science, engineering

and technology.

"Of al thepeoplein South Africawith university degreesthesinglegreatest proportion, 26%
aregenera artsdegrees. Thisskewed state of affairsiseven moredramatic amongst theblack
and particularly the African population(and within this section women were the worst
represented). Of all degreesheld by Africans, 42%weregeneral artsdegress............. South
Africaissmply producingfar too few scientistsand engineersinrelationto other disciplines,
concluded Prof. Ramphele, Vice-Chancellor of the University of Cape Town, voicing the
concern of those involved in shaping a new educational future for South Africa™

( The Year of Science and Technology: Calender 1998, Page: 6)

IN 1994, therewereabout 11.8 millionschool pupils attending the 22493 schoolsin South
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Africa. ( Department of Education, South Africa1995 ). In the same year, school pupils
constituted 29% of South Africastota populationof 40.4million ( Central Statistical Service,
SouthAfrica: 1995). 1n 1995/96, the national budget all ocationto pre-primary, primary and
secondary education wasR 28.5 billion, which represented 87.5 % of thetotal education
budget. ThisR 28.5 billionrepresented 18.5% of total government expenditure, and 5.7% of
GDP in 1995( South Africa Y earbook, 1995)

The hugeinvestment of R 28,5 billionineducation produced afew thousandsgraduates of
whichlessthan 2.5% scienceoriented graduates| eaving mg ority of thelearnersunemployed
or asunskilledlabourers. Under the Curriculum 2005, Further Educationand Training(FET)
phaseis made up of Grades 10to 12, hasvery important role to play in bringing about the
necessary human resource devel opment for economictransformation. Therearethreetarget
groupswho require FET: the pre-employed, employed and unemployed. The current FET
arrangementsare skewing provisionstowardsthe education of the pre-employed. Thereis
comparatively little training for the employed and even lessfor the unemployed(National

Committee on Further Education: Department of Education, Pretoria, August 1997)
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3. Methodology

My plan of actionhastwo sections. Visiting local industriesisthefirst part and theother part
isvigiting tertiary institutions.

Initialy | planned to visit some local industries to find detailed answers to the following

guestions.

1. What are the careers available in each of the industries?

2. What are the requirements, in terms of knowledge and skills to the above
careers?

3. What proportion of the above careers are science oriented?

4. Which sectors of the science are required to obtain the above careers?

5. How often they recruit for the above careers?

| wantedto get theanswersfor theabove questionsthroughinterviews. Question 1 canprovide
an ideaabout the jobs, from the casual labourersto the top management available in each
industries. Question 2 measuresthelevel of education such astertiary, secondary etc., andthe
experienceneeded to such employments. Quantitativequestion 3 can providethesignificance
of the science education. Question 4 and 5 are the important to restructure the present
curriculum. Theindustries| selected for my research are DaGama Textiles, King Tanning
Company, Mercedes Benz of South Africaand Bokomo Feeds. Theseindustriesarewithin
aradiusof 50 kmfrommy place. | did not want to spend muchontransport. | anawarethat
theseindustriesdo not cater for awidevariety of careersbut | think they aregood samplesfor

my research.
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Next part of my planiscontacting educationa institutions. Technikons, technical schoolsand
universitiesarethemainfeederstothejob market. My questionsto theeducational ingtitutions
aresmilar tothoseforindustries. | hope, theeducational institutionsdesignthecoursesina
such away as to meet the demands in the labour market. The following questions are

formulated for educational institutions.

1. What are the courses available at your institution?

2. What are the courses available for the science oriented secondary school
learners?

3 Are these courses designed in relation with careers?

4. What sectors of science are needed for the learners to enroll for the courses?

5 What skillsareyou looking at for learner enrollments?

6. What skills areyou developing?

( Please see the Appendix 1)

| hope, that the above questionsand interviewswhichareaimedat thefollowinginstitutions
will provide the information of the courses offered, entrance requirements, learners
developments and the difference between Technikons and the technical colleges.

1. Border Technikon

2 King William's Town Technical College

3. Eastern Cape Technikon

4 East London College for Arts, Business & Technology.

DRAFTED PLAN TO ANALYSE THE INFORMATION

The main am of my research is exploring the current trend in careers and predicting the
possiblecareer opportunities, for thefuturesciencelearners. For thispurpose, | wanttobegin
with surveying, the careersavailable at present in South Africa, for the science oriented
learners. There after, | want to analyse the learning areas and the skills suitable for these

careers. At last, | amgoing to anaysethe specified sciencefiel dsneeded at present aswell as
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in the future for the above learning areas.

Thedata, which| gather fromtheindustriesmay providenecessary information of thecurrent
careers and the skills needed to these careers. The information obtained fromthe tertiary
institutions are going to be used to formulate the learning areas for each career.

| alsowant toincludetheinformationfromthesoftwarecalled” Expo-98" career guidance.
On my request, Green Bean Production- a career guiding services company, sent this
programmeto meonadisc. | downloaded thisprogramme inmy computer. "Expo-98" career
guidancewhich elaboratesabout thecoursesandtheir availability inthetertiary ingtitutionsin
SouthAfrica. Iflearners havetheaccesstothissoftware, that can easily choosetherel evant
subjectsin the secondary school whichwill enablethem to becomeprofessional sinaparticular

career. | regard this software an important resource for my research.

Anaysing theinformationisavery difficult task and time-consuming process. | decidedto
allocate six weeks for this analysis. There are many implications and difficulties in this
research. The research will be carried-out only in asmall scale in the central region of the
Eastern Cape. Theingtitutionsinthis regiondo not offer widevariety of tertiary coursestothe
learners. Thereisno guaranteethat the learnersinthisprovincewill continuetheir studiesin
theingtitutionslocated inthisprovince. On compl etionthelearnerscan get employment in other

provinces too.

Prior totheproposedinterviews! did contact theindustriesaswell astheeducational institutes
and explained my proposal. | requested them to provide relevant people who can be
interviewed, at their convenient time, for my research. M ost of themdid not reply immediately.
| faced difficultiesin persuading them to beinterviewed. Some agreed but they werevery
reluctant to disclosetheinformation about their industriesor institutions. | realised that they
were suspiciousthat, in the name of research | would misusethe information. Somehow |
convincedthemto facethefriendly interviews and promised them that | would not disclose
their namesor positions. Most of themdid not turn up for theinterviewsasscheduled, instead

they postponed withexcuses. | waslooking forward, extracting somethingfromthem. | kept
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ontryingandfinaly | managedtointerview themtelephonically. Their responseswerewritten
by me and then coded and classified. | phoned them again, for clarity on some pointswhich
were not clear to me. The modified findings from the interviews are discussed under the
Results.

| also want to look how well we can equip the learners with creative skills, to initiate, to
undertake and compl ete tasks competently, and the ability to cope with everyday lifein
cooperationwithothers. | hopeto gather the datafor this purpose fromthe answersto my
guestionnaire provided to the industries.

CAREER AWARENESSMEASUREMENTS

Onething | noticedisthat themarketing peopleinthevariousingtitutionsarenot awareof the

new curriculum. Further more they have less knowledge about science.

Fortunately, someof my friendsworkingintheindustriesand theinstitutionshel ped mewith
informationwithout any hesitations. Onesuggested that | contact the Department of L abour for
my research. On my request the Department of Labour sent me their publication, afully
illustrated career guiddineto thelearnerscaled " My Career - 1998". The 594 page book

contains full range of career opportunities within South Africa.

Duringtheinterviews, | cametorealise that most of thelearnersregister for thecoursesinthe
tertiary institutions without being aware about the careers suitable for them. Eveninthe
industriesmost of theempl oyeesnever planned to choosethe particular careers. It appearsto
methat learnersin secondary school sarenot informed about the careersappropriatefor them.
To verify the career-awarenessamong thelearners | atered my plan. | conducted asurvey on

career awareness among the learnersin my school.

Thissurvey wascarried out in the Forbes Grant High school aweek beforethey sat for the
end of theyear examinations. Twenty learnersweresel ected at randomfromgrade11and 12.
Theschool has fivedivisonsineachgrade11and 12. Twolearnerswere selected fromeach
divisionto make 20 learnersof which 10 of them are girls. They were giventhe following

guestionnaire inthemorning to answer. Thewholemorning session wasgiventothemand
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the answer scripts were collected in the afternoon.

( Please see the Appendix 2)

Wearerapidly approaching the21st century with very few daysleft tothenext millennium.
Areweready to facethe challengesof thenext millennium?. Themost worrying aspect with
regardtotheemployment istheworld-widerecession ineconomicactivities. In South Africa
the Gross National Product was adjusted downward over the last few terms: this being
necessary at atime when the need for job-creation is high.

A tableinappendix 4 showsthe possiblecareersavailableat present in South Africafor the
secondary school learners. Themajority of these careersneed further traininginthetertiary

institutions. The table also indicates the knowledge needed from the various learning areas .

( Please see the appendix 4)

Poalitical, economica andtechnol ogical circumstancesarechanging thecareersevery day. All
the changes, with which we are bombarded continuously , create alot of confusion and
uncertainty withinus. Thecareerslisted abovearethe present profileand thereisno guarantee
they will exist in the next 20 to 30 years. It is obviousthat the science and science related
education controls the larger sector of the careersand also it isinteresting to note that the
natural science and technology are the big giantsto create new careers and to destroy the

existing careers.

| looked at morethan 300 careers, which are available to the secondary school learners
today. Some careers are closely related while at the same time others have branches or
gpecialisedfields. For example, thecareer of amedical doctor, needspreferably threelearning
areas, and hasavariety of specialised fields. Inthetable, the career of amedical doctor has

been classified as a single career to save time and resources.
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Point system

After the careers have been listed, the learning area requirements for the careers are
researched. Thecurriculum2005 givestheguidelinesto theselearning areas, but at present
thelearning areasarebeing called " subjects’. M ost of the peoplewhom | interviewed arenot
awareof thelearning areas. Eventhe newly published career guidelinebook , My Career-
1998, mentionstherequirementsintermsof subjects. | faced difficultiesinallocating pointsto

the learning areas.

Themost needed |earning areafor aparticular career wasawarded 3 points, and the secondly
important wasawarded 2 and next needed learning areagot 1 point. For each career, thefirst
threelearning areas are selected in the priority order . Interviews and the related bookson

career guidelines are used to categorise the learning areas.
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4. Results

Findingsfromthe interviewswith Technikonsand Technical collegesarebriefly discussed
below.

Technikons and industries function together to provide auniquetype of educationfor the
learnerswhich can becalled 'partnership education’. Thiscooperation allowsindustry toplay
aroleinformal education, andthen Technikonsto devel op arelationshipwithindustry sothat
it designsand structurescoursesto meet the needsof theindustry. Thelearner istheoverall
winner, inthat the learner is offered a balanced education with proportionate amounts of
theoretical and practical knowledge-ago ahead that provides a distinct advantage in the
scramble for employment. This partnership between industry(the eventual employer), the

Technikons and the learner, is what Technikons education is all about.

Techinikonsprovideeducationat atertiary level. Such educationisprovidedin accordance
with thetechnol ogical manpower needsof the country. Educationfromthetechnical colleges
islower thanthetertiary level and it offersartisantraining coursesfor thelearnerswhich are
caled ' the N stream'.

Technikons, likeother tertiary institutions, strivefor the promotion of knowledgeand skill.
However, the emphasis at Technikonsison the practical application of knowledge in the
training of manpower. Thisisachieved throughintensive cooperation betweenthe Technikons,

industry, commerce and the learner. Technical collegeshelp the learnersto become trades
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persons suchasmotor mechanics, fitter and turner, eectrician, bricklayer etc. Learners, after
servingacertain period of timeasan apprentice(normally four years), would also berequired
toobtainan N ; qudification. Mesting thisrequirement will allow onetowriteatradetest which
will enable one to practise the trade chosen. In addition to the technical courses based on
science, these technical collegesa so offer certain coursesinthe humanitiesfield aswell as

courses enabling students to study towards their matriculation Senior Certificates.

Technikons provide career-oriented education, in other words they educate people for a
specific career or vocation. The training is both theoretical and practical, with learners
aternating their studiesat the Technikonswith application of theknowledgeand skillsgained
duringtheir formd traininginthepractical work situation. Technikonsaresolely responsiblefor
'theT courses whicharetertiary at nature. Thestep diagram bel ow showstheprogressof a

learner at the Technikons.

Laur Tech
Sixth Year
M Dip Tech = ------------
Fifth year
NHDip ~  ----——mme--
Fourth year
NDip = e
Third Year
Second Y ear
First Year
Step diagram

After threeyearsof study at the Technikonslearnersqualify for aNationa Diploma(N Dip)in
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their specialistfield. Having obtained N Dip enablesoneto study towardsthe National Higher
Diploma(NH Dip). Thisqualification needsaminimum period of oneyear'sstudy, whichaso
consists of a combination of theoretical and practical training.

TheNH DipleadsontotheMaster's Diplomain Technology(M Dip Tech) whichasorequires
aminimum period of oneyear'sstudy. Findly, having obtained dl theabovethreequdifications,
alearner may study towardsthe Laureatusin Technology(L aur Tech) whichisthe highest
qualification Technikonshaveto offer. TheLaur Techrequiresaminimum period of oneyear
of study which consists of independent applied research.

Further more, Technikonsoffer short, intensive coursesto accommodate the specia needsof

industry and commerce.

Traditionally, Technikonshavehad theimageof cateringonly for coursesintheengineering
and sciencefields. Gradually, thisimageischanging. Thereis, inadditiontothescienceand
engineering fields, awhole spectrum of courses on offer inthe following categories-afew

examples of which are listed below.

Art and Design Performing arts, music, clothing, graphic, interior,
textile, jewdllery.
Hotel and Catering Chefs, reception, food service management,

commercial catering, home economics,

restaurant management, hotel management.

Commerce & Management Internal auditing, company administration,
accounting, marketing and sales management,
accounting technicians, organization and work

study, personnel management.

Computer: Computer data processing, system anaysing,

computer programming
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General Public relations, journalism, library and

information science.

Secretaria Various secretarial courses, legal, medical,

executive

Intheview of the tertiary nature of Technikons prospective learnersmust possesa Senior
Certificate, for admissionto their courses. Further more, certain courses have additional
admissionrequirements. L earnersfromthesciencestreamshavean advantageto beadmitted

in many courses which are not even classified as engineering or science.

Industries indicated the following skills are needed at work for various reasons.
Communicating Skills: Verbal skills, the articul ateand fluent use of alargevocabulary, the
ability todescribesituationsand eventsand the ability to giveingtructionsand explanationsare

greatly needed in most of the careers.

Reasoning Skills: Many jobsare demanding the competencein applying principlesandrules

to problems and making decisions on grest variety of questions and problems.

Social Skills: At present, world of work welcomes the ability and experience in dealing
competently and in a pleasant, acceptable manner with dl kind of people such as

administrators, seniors, peers, juniors and anybody from a different culture.

Numerical Skills: Competence in dealing with figures, measurements and quantities and

guotations are important in many employments.

Further, the world of work isexpecting the employeesto acquirethe skill of remembering
instructions and data, sizes, time-tables, businessdealsand past and futureevents, without

reminder.
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Career Awareness M easurements - Results

ForbesGrant High School, in KingWilliam’ sTown, wherethe career awarenessresearch had
taken place, hasawell equipped career guidance teacher. All the classes have at least one
guidance period per week though it isnot an examinable subject. The school curriculumis

considerably wide. The following subjects are catered for the learners.

1. Xhosa 2. English 3. Afrikaans 4. Biology 5. Physical science 6
Mathematics 7. History 8. Geography 9. Accounting 10. Economics11. Business
Economics 12 Typing  13. Home Economics 14. Art 15. Agricultural Science
Eachlearner shouldtakesix subjects. Xhosaand Englisharecompulsory, other four subjects
are optional for them.

The following table shows the number of learners enrolled per subject in grade 12.

Subject No. of learners
Xhosa 223
English 223
Afrikaans 174
Biology 156
Physical Science 38
Mathematics 91
History 63
Geography 54
Accounting 36
Economics 61
Business Economics 36
Typing 19

Home Economics 26
Art 34

Agriculture 38
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Biblical studies 66

Table4
Thepatterningrade 11issmilartograde12. L earners select thesubjectsat their own choice.
Thequestionnaireisdesignedinsuch away that it showswhat motivated themto select the
subjects. A sample of 20 |earnersformslessthan 5% of thelearners populationingrade 11
and 12.

The following table shows the subjects taken by the 20 learners.

Xhosa 20 English 20
Mathematics 06 Physical Science 04
Biology 11 Agriculture 04
History 06 Geography 07
Accounting 04 Economics 04
B. Economics 04 Art 03
Typing 03 Afrikaans 14
Biblical studiesO8 Home economics 02
Table5

L earners mentioned so many different careers as their top-ranked professions. Learners
career preferences were scaled in a1 -10 point system. Each learner's best choice was
awarded 10 pointsand | east choiceobtained 1 point. | arranged thefirst ten professionsof the
learners choice inthe descending points order.

( Please see appendix 3)

The following table illustrates the professions and the points.

Profession Total Points Standard

Deviation
Doctor 191 0.69
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Engineer 172 0.99
Accountant 135 2.28
Pilot 116 2.23
Computer expert 110 1.84
Technician 106 2.09
Nurse 087 1.29
Lawyer 066 2.09
Chemist 053 1.7

Security force 038 1.25

Table 6

There are many careers available in South Africa, but learners are not exposed to them.

Smaller standard deviation indicates that the learners view on profession is much closer.

The next table shows the learners’ expectation on professions.

Profession No. of learners wish to attain

Pilot

Engineer

Technician

Accountant

Computer expert

Lawyer

Doctor 1

N N W w h~ O

Table7

Evenif thelearnerswishto obtainthe above professions, their choiceof subjectswill restrict
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them. Thefollowing tableshows thenumber of subjectsthey study relatedto acertain career

and the number of subjects essentialy needed to that career.

It clearly shows that wrong subject choice is the limitation to achieve their desire.

Thefollowing tableshowstherelationship between the number of learnerswishingtoobtain

aparticular professionand the possi blenumber of learnerswho can meet theregquirementsfor

their choice.
Profession No. of learners Possible No. of learners %
wishing to obtain with appropriate subjects

Pilot 5 2 40
Engineer 4 1 25
Technician 3 1 33
Accountant 3 1 33
Computer experts 2 1 50
Lawyer 2 2 100
Doctor 1 0 00

Total 20 8 40

Table 8
Most of thelearnersal so indicated that their sel ection of subjectstowardstheir career goals
are not appropriate. They agreed that they were not aware of either the careers or the
admission requirements for their proposed careers.
Therearemany factorscontributing totheir non-awarenessof thesecareers. Firstly, they were
not exposedto thecareers. Themedia, suchasT.V ., Radio and news papersdo not advocate

theimportanceof career guidanceto thelearners. Most of thetext booksavailableat present
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donot cover thedifferent typesof careersandtheir values. For example, an Englishtext book
doesnot present astory about ahorticulturist nor does ascience book have apicture of an
architect or anavigator at work. Some professionssuch asdoctor, lawyer, technician etc. are

always covered in the media as well asin the text books.

Secondly, thelearnersthemsel vesdo not bother about their futurecareer. Many learnersdo
not realisetheir potential sand do not choose appropriate secondary school subjects. Inmost

cases|earnerswant to choosethe subjectswhicharechosen by their peersor intimatefriends.

Thirdly, thelearnersarenot motivated by their parents, el derly personsand teachersto choose
theappropriate subjectsto obtainthecareers. Many learnersarenot channelled towardstheir

interests. Learners skillsarenot considered or valued and their interestsare alwaysneglected.

TheNatural Sciencelearning areaiscompul sory for the majority of the careers. Out of 292

careers researched 192 careers could not be pursued without Natural Sciences.

No. of careers requiring Natural Science Points
114 3
63 2
15 1
Table 9

Themeanpoint 1.7 for the Natural Sciencelearning area illustratesthe significance of the
science education. The smaller standard deviation value ( 0.6 ) pointsout that science

education is needed for the most of the careers.

The above survey showsthat the majority of learners should choose the Natural Science
learning area tomaketheir lifebrighter. " Thelargest vacanciesexistedinthefield of health-
science and technology, wherethere was arecorded shortage in 1992 of 9812 personnel (
equivalent to avacancy rateof 8,5% ), probably dueto increased emphasisontheavailability

of primary health care for the entire populace.”
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( SA Science and Technology Indicators - 1996: Page 89)

Vacancy rateinthe sciencerel ated sectorsarethreetimeshigher thanany other sectors. But
the reality is that the majority of the learners in South Africaare not part of the Science
education, which causesthe unemployment rateto riseeachand every year. South Africa’s
Green Paper On Science and Technology ( Department of Arts, Culture, Science and
Technology, 1996 ) confirmsthat human resourcesconstitutethe country'smost basi c assets
and that a' technologically fluent work forceisaprerequisitefor economic growth which
underpinsjob creationand animproved quality of life'. South Africahastendedtofocuson
supply rather than demand measuresinitshumanresource devel opment thusfar. Giventhe
current level of competitioninthelabour market and the expense of humanresourcetraining,
apattern of human resource devel opment which makessolittleattempt to match theskillsof

the peoplewhomit produceswith needsof themarket-place may appear increasingly wasteful.

FUTURE TREND

New initiativesimply aneedfor renewal. It requiresforward thinking rather than backtracking.
How the world of work is going to change? The answer is not such simple. The most
complicated ‘world of work ' dependsonthepolitical, economical andtechnological factors.
Theabovethreefactorsarechanging al over theworld. Thelast one changesrapidly inthe
technol ogically advanced countries. South Africashould adjust to these changesfor thebenefit

of it'scitizens.

I nformation Technology

Information Technology isthe biggest giant that is going to consume majority of careers
tomorrow. Technology hasrootedinal sectors. It destroyspresent careersand producesnew
careers that we never thought about before. Does Information Technology need any

contributionfrom the Science Education? Since science and technology are intertwined,
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existenceof Information Technology isnot possiblewithout scienceeducation. Theskillsand
theknowledge of sciencehel ped thedevelopment of Information Technology inall thestages
ranging frominvention, implementation, maintenanceand thedevel opments. Scienceoriented
careers needed for this I T are e ectronic engineering, e ectrical engineering, somatology,
bi omedi cal engineering, computer hard waretechnology etc. They haveagreat opportunity

for devel opment. L earners should beguided to choosethese streamsasthey areenhancing.

Environmental Studies

Our environment issuffering fromall cornersinan aarming rate dueto the devel opment of
science. Scientistsarebecoming moreand moreawareof thedamagethat isbeing caused to
the environment and theurgent need for remedia measures. Asaresult of these, studiesinthe
field of environment are gaining greater importance. The key subjects in this field are
environmental studies, biology, and geography . Thefollowing careersareavailableinthisfield.
1. Ecologist: Ecologists can be described as environmental biologist who study the

interactions between organisms and their environment and between organisms themselves.

2. Genetics: Geneticsisthebiol ogical sciencethat studiestheway heredity qualitiesare
transmitted. It providesan essential basisonwhichdl living organisms, frommicro-organisms

to plants, animals and the human race, are studied.

3. Geologist : Geology isthe study of themateria that constitutestheearth, the physical
forcesthat act onthe earthand thebiology of itspast inhabitantsasrevealed by fossils. This
knowledgeisusedinthe searchfor essential raw materials, but also for other purposessuch

asto ensure safe land usage and in the conservation of the environment.

4. Ichthyologist : Anichthyol ogistisazool ogist who studiesthefundamental aspectsof
fish biology.

Greater emphasis onenvironmental studiescan create hugeamount of careerstothelearners
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aswell to protect the web between the organisms, not being broken.
Mining Industries

At present, many millions of South Africans are employed in the mining industries. South
Africa's minera reserves are unequalled in the western world. The variety and quantity of its
mineral products, of which many are strategically important, and the size of the mineral
industry's research programme, make South Africa one of the greatest mining countriesin
the world. Mining requires a network of shafts and tunnels, which have to be designed
according to geological information obtained from drilling. Rock pressure, the circulation of
fresh air, the cooling down of warm working places, the draining and pumping of water and
cementation are factors that have to be kept in mind in order to prevent the invasion and
infiltration of water. The enhancing activitiesin the mines will provide numerous career

opportunities to the science oriented learners.

5. CONCLUSION

Theinformationera andthecurrent paceof scientific and technological advancesopenthe
way for very many careersto the school leavers. It isimportant for morethan 70 % of al
employeesto acquireknowledgein scienceto pursue the careers available today in South
Africa. Though the knowledge of science hasgreat significancein the labour-market, the
majority of the learnersin the South African secondary schools are not offering science
subjects today. If thistrend persistsfor long, it may be no solution to the unemployment

problem.

To many learnersschool isirrel evant, without meaning, and not rel ated to empl oyment after
school. However, school doesprovidecertain basic skillswhich arenecessary at work. These
skills are not taught and assessed directly in the classroom, but are learnt indirectly from
variouslearning aress. Great emphasi sshould begiventotheskill developmentssincethey are

very important for progressin all kind of careers.
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Introducing thecareer oriented scienceeducationin our new curriculumwill possibly makethe
learnersawareof variouscareers. Most of thelearnersareunawareof careers. Grest publicity
should begivento the career guidance. Educatorsshould try nottoonly relatetheir subject
matter to theworld of work, but al so personalisethe subject matter so that thelearnersmay

focus the relevance of their present studies to their own lives now and in the future.

Lastly, theskills, physical capabilities, valuesandinterestsof thelearnersshoul d berespected

and developed as they arerequired in all sectors of the careers.

6. What | have lear nt?

Theresearchon science orientated careersmade meto be aware of the careers. | am more
knowledgeable, about the careersand their needsnow. | can counsel any body about the
careersat any time. Theabove said wasone of my primeexpectations when| startedtheM.

Ed course in February 1997. | amreally glad that | have obtained it.

Earlier | thought only theacademic qualificationsareneeded to obtai n theempl oyments. After
thisparticular research, I havegrowntoknow theimportanceof the skills, physical abilities,

values and interests required for the careers.

| did not get enough materials to focus the status of the Science Education when | was
assigned to do the Assignment 1 in February 1997. Today the research hasenabled me to
keep sufficient resourcesto enrich me. Theresearch hasprovided mewithavery good chance

to learn and practise the Standard Deviations and the correlations.
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Infuturel will not performasurvey or aresearch far away frommy homeor my working
place. | amredly interestedintheresearchesnow andif thetimepermitsl will carry out some

more researches in the near future.

My mainweaknesswasconsidering my opinionsastheonly perfectideas. | admitthat my
opinions, before corrections were superficial. The research made meto analyse others
opinionstoo. Infuture, I will critically analysetheopinionsfromvarioussourcesbeforel come

to any conclusion.

| wasalsoweak inexpressing thefindingsin English. My lack of proficiency in Englishmay
irritateor confusethereadersof thispaper. Since Englishismy second language, | had been
and still now, reading alot of magazines, novels and periodicalsto improve my language

proficiency.

Though | read alot of articlesfor my references, | did not pay attentionto makenote of the
authors, publishersetc. | hadto searchthereferencesagaintolook theabovesaid details. In
future, | will certainly writedownthedetailsof thearticles, immediately thereferenceisover.
| wasnot perfectinformatting thereferencestoo. | haveseentheformat of other authorsand
corrected mine.

TheM. Ed coursehasprovided me the chanceto know about Internet and to learnthrough

Internet. Internet helped me alot in finding the references, statistics etc.



Page 33

/. REFERENCES

Burgess, T.,(1986) Education for Capability: NFER, Nelson, Windsor, U.K.
CAREER EXPO - 97 Soft Ware; Green Bean Productions, P. O. Box 12248,
Pretoria 0121, South Africa

CAREER EXPO - 98 Soft Ware; Green Bean Productions, P. O. Box 12248,
Pretoria 0121, South Africa

Central Statistical service Report( 1995): Department of Statistics, Pretoria, South

Africa

Christie, P., and Coallins, C., ( 1990) Bantu Education: Apartheid Ideology and Labour
Reproduction: Edited by Kallaway, P. : Ravan Press, Johannesburg, South Africa.

Cohen, L., and Manion, L.,(1994) Research Methods in Education: Routledge, L ondon,
UK.



Page 34

Curriculum 2005 (1997) Department of Education, Pretoria, R.S.A.: April 1997

ECONOMICS(1998)Edited by prof.M.Levin: P. O. Box 14289, Port Elizabeth 6061,

Journal for Teachers of the Economic Sciences: Volume 11, No 1.

Harris, A.,(1998) Work-Related Teaching: An Overview Centre for Teacher and School
Development, University of Nottingham, UK. Published by DfEE.

Harris, A., Jamieson, |. M, Pearce, D., Russ, J.,(1997) Equipping Y oung People for
Working Life-Effective Teaching and Learning in Work-Related Contexts: Research
Studies: Published by DfEE.

I nternational Organisation for Science and Technology Education
Symposium:7th: (1994)Science and Technology Education in a Demanding Society - 31:
edited by Boersma, K., Kortland, k., Trommel, T: Volume 162284, 1, Part 1 : Copies 1

I nternational Organisation for Science and Technology Education
Symposium:7th: (1994)Science and Technology Education in a Demanding Society - 31:
edited by Boersma, K., Kortland, k., Trommel, T: Volume 162284, 1, Part 2 : Copies 1

Kallaway, P., ( 1990) Apartheid and Education: The Education of Black South Africans:
Johannesburg, South Africa, Ravan Press.

Lifeskills Education Project Report(1984): Lifeskills Teaching: University of Cape
Town, Cape Town, South Africa.

Linhard, N., (1987) Careers Choice: College Tutoria Press, Cape Town, South Africa.
Lloyd, J.,(1992)The Career Decisions Planner: John Wiley & Sons Publications, U.S.A.
Nelson, D.,(1987) A to Z of Careersin South Africa: 4" Edition: Edited by Linda Cilliers



Page 35
Don Nelson Publishers, P. O. Box 859, Cape Town 2000, South Africa.

NEPI REPORTS$(1992) Planning Our Future: Edited by Eagan, J., co-ordinated by
Learn and Teach Publications.

MY CAREER - 1992 : Department of Labour: Pretoria: R.S.A.

MY CAREER - 1996 : Department of Labour: Pretoria: R.S.A.

MY CAREER - 1998 : Department of Labour: Pretoria: R.S.A.

Professional M anagement Review, October 1996.

Report of the National Committee on Further Education :(1997)Department of
Education, Pretoria, August 1997

Human Development I ndex,(1997) Human Development Report Office: 336E. 45™
Street, Uganda House, New York, NY 100017, USA: United Nations Devel opment
Programme Publications.

SA SCIENCE AND TECHNOLOGY INDICATORS-1996 Directorate for science
and Technology Policy Foundation for Research Development, Pretoria, 1996)

Saunders, L., (1993) The Work-Related Curriculum: The New Entitlement, British
Journal of Education and Work: Vol.6, No. 1, p 75-91.

THE YEAR OF SCIENCE AND TECHNOLOGY : Calender 1998 Department of
Arts, Culture, Science & Technology , Pretoria, South Africa.



Page 36
8.1 APPENDIX 1

Please answer the following questions in the provided spaces. If the spaces are not enough
please write on seperate sheets.

1. What are the courses available a your Indtitute for the learners who studied physical science
as asubject?

3. The knowledge of which components/ sections of physical science are advantageous or
essentid to follow the above courses?

4. What are the skills acquired through the learning of physica science are advantageous or
essentid to follow the above courses?

courses?

6. Judtify the knowledge and skills acquired through learning of physical science are helpful to
the above mentioned careers?
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8.2 APPENDIX 2

QUESTIONNAIRE

A. What subjects do you study now ?

B. Why did you select these subjects?



C. In your view, what are the ten-top ranked professions in

South Africa? (Indicate the best as 1 and the least as 10)

D. Which profession you wish to obtain after completing your

studies?



E. Do you think your subject choices are appropriate for the

above-mentioned profession? Why?

F. If your subject choices are not appropriate, why you did not

choose the suitable subjects?

8.3 APPENDIX 3
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CAREER / LEARNING AREA

Natural Science

Arts & Culture

Human & Social Scieng

Technology

Life Orientation

Future Prospects

Accountant

-, Mathematics

Accounting Officer

» | [ECONomics & Managem

Accounts Executive

NN

Actor

Actuary

Advertising Careers

Advocate

Aeronautical Officer

Agricultural Engineer

Agricultural Extension officer

Agricultural Inspector

HHHH@NHHHHHLanguage

Agricultural Technician

Agriculturalist

[

Agronomist

[

Air Traffic Controller

WWWW W w|w|w

Airways Clerk

NINININIFEPINININDNDN

Ambulance/Emergency Care W¢

Animal Scientist

N

Aquatic Scientist

PRk |R

Archaeologist

Architect

PlW W w wH w

Architectural Technologist

Archivist

Armament Fitter

Armature-winder

WIFP|INW®W[PFP|PF

Art Editor and Critic

Artist

Assayer and Sampler

Astronomer

Attorney

Auctioneer

Audiologist

Auditor

Automotive M echanist

Baking Industry

Banking careers

Beer-brewer

Biochemist

Biokineticist

Biologist

Biomedical Engineer

Biomeducal Technologist

Boilermaker

PINWQWWWWININW

N RN RP[RPIRPIRP|IR|R|R|N

WIWIFRLININININWIWIN|FP|P




Bookkeeper

Botanist

Branch Manager

Business Economist

NIN[F|N

Cabin Attendant

Career

Carpenter

Cartographer

Cashier

Ceramics Technologist

Charted Acountant

Charted Secretary

Chemical Engineer

Chemist

Chiropractor

City Treasurer

Civil Engineer

Civil Engineering Technician

RPWIWINININININIRP|WIN W

Cleaner

Clergyman

Clerk

Clinical Technologist

Clothing Designer

Coal technologist

Computer Operator

Computer Programmer

Computer Technician

Concrete Technician

Concrete Technologist

WIWWIN|FP W W W

Construction Supervisor

Constrution Engineer

WIWINININ

N RIRPRIPIPIOINIFPINRP|W

Copy Writer

Costume Designer

Credit Controller

NN

Crop Protectionist

Customer Service Agent

Dancer

Data Typist

Decor Designer

Dental Assistant

Dental Technician

Dental Therapist

RPWRPr W W

Dentist

Die-sinker

Diesal Fitter

Dietician

RPIRPIW[NINEFEIN|IN

Diver

Domestic Appliance M echanician

NINININPFPWWIN W

WW W w|N

Domestic Per sonne

Draughtsman

Ecologist

[V

Economist




Educator

EEG-technician

Electrical engineer

Electronic Engineer

Engraver

Entomologist

Explosives Technologist

Extractive Metallurgist

RIRr[RPRINIPININ|R

Farmer

WIWINIWIN W W[N|W

Fashion Buyer

Fiberglass Worker

N

WIFPINN®W|FPWRP[PIWDN

Financial M anager

Fire-fighter

Fireman

Flight Engineer

Food Scientist

NP W|N

Food Service Manager

Footwear Technologist

W

Forester

WININW WIN| W

N R[RPRIRPINP[RP|lW|F

Funeral Director

Furrier

Game Ranger

Geneticist

Geographer

Geologist

GeoT echnologist

N(W W w w

R INININ|(FR|F

Goldsmith and Jeweller

Grain Grader

Graphic Designer

Grasdand Careers

Grassland Scientist

Health Industry Worker

Her petologist

WIW W Wk Ww

Home Economist

Homeopath

NINFPIPIPIPIWOINW®W W[

Horticulturist

Hospitality Industry

NINIFEP[RPINININININI[P

Human Resour ses M anager

| chthyologist

linterior Designer

Industrial Designer

Industrial Engineer

Industrial Technician:Hydrometry

Industrial Technologist

RiRrINRP[RIN

Inspector of Works

Instrument Maker

I nstrument M echanician

NINIEFEPININ®N

R

WIWINW WP W Wk

Inter preter

Inventory Manager

I nvestment M anager

Joiner & Woodmachinist

Journalist




Knitter

Land Surveyor

L andscape Ar chitecht

Leather Chemist

Lift Mechanic

Machine Operator

Machinery Mechanic

NININIW|IN|F

RPIRPIPINW®

WIW( Wik [N

M agistrate

Mail Handler

W

Make-up Artist

M anagement Accountant

Management Consultant

M anager

Marine Biologist

M ar ket Resear cher

Marketing

Materials Engineer

M athematician

2

WIN|FPINININ|FPL|N

Matron

1

M easur ement and Control Technician

N

Meat Cutting Technician

Medal Jewdler

N

[

Media Manager

M edical Doctor

Medical Orthotist Prosthetist

Medical Physicist

Metallurgical Engineer

Metallurgical Technician

M eteor ologist

M eterological Technologist

Microbiologist

Miller

WIWWWINW W w|w

NINININIFEPINININDN

RiRrIRPRIPIWIRP[R|RP|P

Milliner

Milwright

Mine Surveyor

Mining Engineer

Moulder

WIW|ININ

RPIN|w| R

N[k, |W

Musician

Nature Conservanist

Natur e Conservator (Z00)

Navigating Officer

Navigator

WiWwiw|w

Network Controller

Nuclear Scientist

Nursing

Occupational Therapist

Oceanographer

Operations Assistant

Operations Resear cher

Optical Dispenser

Optical Technician

Optometrist

WIN|W RPN W W W W

NIEPINWIELINININNPEPININDNN

RlwRrINWIRP[IPIPIPIN|IR|R|R|R




Oral Hygienist

Ornithologist

Paint Technician

Patent Attorney

Patter n-maker

Petroleum Technologist

Phar mazist

[

Photographer

Physicist

Physiologist

Physiother apist

Pilot

Plaster and Tiler

Plastics Technologist

Plumper

Podiatrist

WININIP|{WWW W WWININWIN W W

Post Office Clerk

Postman/Postwoman

Power Plant Operator

WiRr[(N(RP|WW(N[RP[RP[RPR|R

Private Secretary

Production Manager

Productions Assistant

Programmer

Projectionist

WIWININIFPIRPINWOINIPIPIWININININININIRP|IPINIEPININ

Psycometrist

Public Administration Officer

N

Public Relations Practitioner

Purchasing M anager

N[ Wk W

Quality Control Inspector

Quantity Surveyor

Radiation Protection Monitor

Radiation Protection Officer

Radiation ProtectionSpecialist

WiWiWw i w|w

NININFIN W

RiRr|(R[N[R

Radio Announcer

Radio Careears- Technical Career

[

Radiographer

N |-

Receptionist

Recreation Manager

Recr eation Officer

Refrigeration Mechanic

Rigger

Rubber Technologist

RN R

SA Navy : Officer Training

WIN|WIN

N[ Wk W

Sales Representative

Sawmill Operator

Scale Fitter

Sea Transport Workers

PRk [N

Secretary

Sewing Machine Operator

[

Sheet Metal Worker

Shop Assistant

Singer




Soil Scientist

Somatologist

Speech-L anguage Ther apist

Sport Advancement Officer

Sport Manager

Spray Painter

Store Manager

Swimming Pool Superintendent

Systems Analyst

Tailor

W W(Rr[(NR[RIRPIN RPN

Teacher

Technical assistant

Technical Illustrator

Technical Writter

Technician

N[k [N

Tdler

[

N[(WIN W W

Terminologist

Textile Technician

Textile Technologist

Tool-,Jig-andDiemaker

Topographical Surveyor

WL |NIN

RPlw|(Rk|Rk

NN W W

Tourist Guide

Trade Tester

Trandator

Travel Agent

Treasurer

w

Typist

Valuer and Appraiser

RPINPWWIN W

Veterinary Nurse

Veterinary Surgeon

Veterinary Technologist

Viticulturist

WIN| W W

Watch M aker

Water Service Works Technician

Welder

WIW WP WL PN ®

Wildlife Manager

Wine-maker

Wood Scientist

Wood Technologist

Zoologist

WIN|[W W WININ

N(FR[NINFRP[P|P|FP[N|FP|NIN|W

RPlw|(Rk|Rk

TOTAL

154

482

412

54

20

387

137

74

MEAN

0.53

1.7

1.4

0.2

0.1

1.3

0.5

0.3

SD

0.86

0.6

0.6

0.7

0.7

0.9

0.8

0.8
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SUMMARY

This paper focuses on the use of computers in education, in particular science
education in secondary schools. After examining sometrendsin computer-assisted
teaching in different countries, the paper analyses and discusses the issues for the
benefit of the disadvantaged learnersin South Africa.

1. INTRODUCTION

The history of ethyne gas provides aninteresting similarity with the use of the computer in
education. In 1895, ethynegaswasdiscovered andit wasonly used to producelight. Nearly
after two decades of this discovery, researchersfound that ethyne could be used to make
plastics. Intheend, ethynewasused to produce asubstancewhichhashad amuchmorefar-
reaching effect on soci ety than burnersof ethynecould haveever predicted. In many respects,
the computer isbeing used in education much likeethynewasbeing used inthebeginning after
itsdiscovery. Similarly, educatorsin thedevel oped countrieshave madethe obviousdiscovery
that someof their past teaching methods can betransferred to the computer intheform of drills,
tutorial sand computer- managed ingtruction after seeing itscapabilitiesin busnessandindustry.
And, likethe demiseof ethynefor lighting, the use of expensi ve microcomputersto support
these applicationsonamassscaeislikely to drop dramatically when educatorsreaisethat
there are much cheaper alternatives. But moreimportantly, many educators are using the
computer asan educational tool, not realising thetrue potentia of thecomputer. They continue
to adapt computer technol ogy to existing methodsof instruction. Thefull instructiona potentia
of the computer cannot be reached until the educators view the computer from adifferent
perspective, much asethynewaseventuadly viewed asacomponent of abuilding materid rather
than a source of light.

My literaturereview beginswith the history of the use of computersin education. Thefirst
chapter views thechangein purpose of theuseof computersineducationinvolvingavariety
of issues such as changein methods of learning, accommodation of rapid discoveries of
computer peripherals. These are discussed in three phases.

The next chapter, the main frame of my literaturereview, exploresthe use of computersin
scienceeducation. Current crisisinthe South African scienceeducationispaintedfirst andthere
after the need for anintroduction of computersto rescuethe science educationiscritically
analysed. Thisanaysisiselaboratedinthree sub headings namely, computer asanideal tutor,
computer s mulationsin scienceeducationand, new learning environment. Theadvantageof
computer asanideal tutor isexplained by thefollowing historical event: Alexander the Great
benefited by having the brightest personinthe knownworld, Aristotle, asthe privatetutor.

2



Today, possibly eachlearner can haveaccessto acomputer asa privateideal tutor witheven
more knowledge than Aristotle.

Theadvent of thesimulationsinthe computer hasreducedthestrain of learning by abstract.
Itisnow possibleto useasimulationto demonstrateinteractively with 3- D graphicstoaclass-
ful of studentshow particlesarearrangedinacrystal lattice, or how an earth quake happens.
| performed someexperimentswith softwarescontai ning simul ationsand theadvantagesare
discussed in my literature.

Thecomputer isnot just another formof medialikeafilm projector or videotapeunit. These
devicescan dispenseinformation but cannot react to theindividual needsof thelearner nor they
canactively encouragethelearner to achieve higher level sof cognition. Thetruepotentia of the
computer is providing a medium through which the learner can learn through efficient
interactions. Thenew environment, Internet, providesexce lent experiencestothelearners. The
benefits of the new environment are discussed in detall.

Computersareused for educational purposeinalargescaein sometechnologically advanced
countriessuchasUSA, UK, and Austraiainimplementing Out Comes-based Education.
Since South Africaismoving towards Out Comes-based Education, | felt that thereferences
to experiencesinthesecountriesarevery important for thefuturesciencelearnersin South
Africa

Thenext chapter, highlightssome international andlocal experiences. Thecasesof Kenya,
Zimbabwe, Y emen and South Africaare viewed to build up an argument for the use of
computersin science education. Further it isfortified by areport on aresearch that was
conducted in a senior secondary school in South Africa.

After acareful critical analysis of the introduction of computersin science education from
variety of literature someval uablerecommendationsareexpressed for futureconsiderations.
Inconclusion| findthat thecomputersarevery powerful toolsfor scienceeducation, but | have
also cautioned that computersby themsel ves cannot replace educators. They canonly beused
as effective tools in the learning of science facilitated by educators.



2. History of Computersin Education

Knowing the history of computersin education uptoitscurrent positionwill hel pusto assess
thedevelopmentsinthisfield. Thiswill giveusaninsight into thechangesand their purposesand
help usinattaining our goa sineducation. In many countriesincluding South Africaaparadigm
shift ineducationisvigble. Thisshift changestheteacher centred educationto alearner centred
education. Theroleof thecomputer in educati on a so changing to accommodate these changes.
The changesinthe purpose of using computersin education are described in thefollowing
paragraphs.

Accordingto Turkle, S,, (1997) thegoa of computer literacy inthe past wasteaching students
how computersworked and how towrite programmes; if studentscould understand what was
going 'inside' thecompurter, they would havemastery over it. Now thegoal istoteach students
how to usecomputer applications, onthepremisethat if they canwork withthecomputer, they
can forget what isinside and still be masters of the technology.

Dunsby, P., (1995) reportsthat the Internet was used at the start in 1969 by US Defence
Department’ sAdvanced Research Project Agency for itsdecentralised computer network.
After evolvingfor 30 years, today theInternet’ shugeinformation resourcesare accessed by
more than 40 million users world wide for various reasons including educational purpose.

The following illustrations are  described in the series of “* The New Media and
Learning” articleswhichare presented at aconference sponsored by The American Prospect
at the MIT Media Laboratory in 1996.

Broadly speaking, use of computersin educationhasgonethroughthreephases. Inthefirst,
fromthemid-1950stotheearly 1980s, theprimeinterestswerethe devel opment of computer-
assstedingtruction(CALl) and theteaching of computer programming. Computerswerethought
to be"transparent” whenthe userscoul d | ook beyond the magic to the mechanism. Thefirst
personal computersof the 1970sand early 1980s, like the mainframes and minicomputers,
required usersto know how to issueexact instructions. Someone who knew programming
could handle the challenge more easily.

The second phase of development began roughly in the early 1980s, with the spread of
personal computers, graphical user interfaces(GUI), and general applicationssoftware. PCs
and genera applicationssoftware made computing moreflexibleand easily adapted to different
subjectsand stylesof teaching. Thenew opaqueinterfaces- thefirst popular oneonthemass
market wasthe 1984 M acintosh -represented morethan atechnical change. TheMacintosh
"desktop” introduced a way of thinking about the computer that put a premium on the
manipul ationof asurfacesimulation. Thedesktop'sinteractiveobjects, itsdial ogueboxesin
which the computer "spoke” to itsuser, pointed toward new kinds of experience in which
peopl edid not so much command machinesasenter into conversationswiththem. Userswere
referring to anability to makethingswork without needing to go below thescreen surface. In
acultureof smulation, when peoplesay that somethingistransparent, they meanthat they can
see how to make it work, not that they know how it works.



Unlikemotion pictures, radio, and TV, computerswerefar more susceptibleto both student-
centred and teacher-defined activities. And ascomputersbegan to be used for communication
and thedevel opment of new learning communities, they took onanentirely different character
fromtheearlier technol ogies. Thecomputer revol ution of earlier decadeshasnow turnedinto
a communications revolution and opened up important new possibilities for learning.

Thesepossibilitiesareall being extendedinathird phaseof development that hasbeguninthe
1990swiththe advent of multimedia, theexpl osivegrowth of thelnternet and theWorld Wide
Web, and thetransformation of computing from asegregated activity into aubiquitouspart of
everyday work, school, and homeenvironment. Thelessonsof computing today havelittleto
dowithcal culationand rules; instead they concern simul ation, navigationandinteraction. The
very image of the computer asagiant cal culator hasbecome quaint. Of course, thereistill
"calculation” going on within the computer, but it isno longer widely considered to bethe
important or interesting level to focus on.

It isnot unreasonabletoimagineatimenot too, far from now whereeach learner will takehis
or her own portable computer to school. Given that there are schools in the devel oped
countries now who expect primary school learnersto take their own portable computer to
school, and that therel ative cost of portablecomputersisbecoming cheaper, thispracticemay
spread and become the normal practicein South Africatoo. A child entering school today is
likely to continuein school for at least another tenyears, andinthat timeit can beexpected that
the child will learn through computers because of the tremendous changein the computer
technology it may becomeaffordabletoall thelearners. Bearing theaboveinmind, my literature
review explores the possibilities and advantages of learning science through computers.



3. Computersin Science Education

Itiswell knownthat most countries, including South Africa, havemany problemsinscience
education. In South Africa, clear shortagein numbersof qualified scienceeducatorsandthe
inferior learning methods, which are many years behind the times, are the key problemsto
mention. The National Teacher Education Audit (1995), commissioned by the Ministry of
Education, reported that teacher training in South Africawasvery inferior and that thewhole
systemneededto bereformed. Thereport showed that many collegesof educationfailedto
preparestudent teachersfor the challengesof the new South Africaand the 21st century. It
further indicated that future improvements of science educationisbleak due to the poor
facilities and lack of adequately trained science teachers.

Itisworthwhile, at thisjuncture, to notethat South Africaismoving towardsalearner centred
out comesbased education. I nthissystemtheresponsibility of learning changesfromteacher
asit isin the traditional methods of teaching, to learners as the case of self learning and
individual learning methods. The main tasksfor educatorsin this new paradigmwill beto
facilitate and manage the process of learning instead of teaching the learners directly.

Ontheother hand, theworldisbeing changed, to an extent that people cannot livewithout
the benefits of the scientificinventions. If South Africawantsto face the challenges of the
modern scientific world, rapid empowerment of the science learners is very important.
Appropriatemethodsof learning and the provisionof resourcesshould beconsidered asthe
primefactorsof such empowerment asthey influencethe devel opment of learners’ knowledge
of, and attitudes towards science.

As science educators, we are challenged to accommodate the global changes in science
education, wehaveto updateour curriculumand our instructional methodol ogiesto provide
relevant and highly motivating learning experiences for our learners.

I nternational experience has highlighted that computerscan be, and have been, catalyst for
transforming classrooms. Computerscan beusedin schools to achieveany desired educationa
outcome. For instance, if our objective istoreducestudy timeandyetimprovethequality and
guantity of what learners know, then computers are available for drill and practice.
Alternatively, if theoutcomeisto achieve congructivist |earning thenthe provision of advanced
visualisation tools, real dataand on-line accessto tutors are featured in the computers. If
educators adopt tools that are smple, durable, flexible and responsive to teacher-defined
problemsinmeeting thedemandsof daily instruction, computersnow increasingly meet those
minimum requirements- but obviously, they can aso do much more(Starr,P.,1996).

What isthe role of computer technol ogy in addressing the challenges of science education
reform? An often repeated phraseinthelearner centred educational worldis; ‘ let’ sdo science
not learn about science . Researchersinvolvedin Appl€ sinformation Technology for Science
Educationhavefoundthat advancement in hardware capabilities, user interface and software



technology allow |earnersto usecomputersasatransparent tool to exploretheworld around
them(Apple Computer Inc., 1999).

Thecurrent literaturereview triesto eval uatein detail sthe effectivenessof using computersin
scienceeducation. Hawkridge, D., 1990, emphasizestheuse of computersin classroomsas
follows. Firstly, children should be aware and unafraid of how computerswork, because
computersare pervading inal sectorsrapidly. Since school s preparestudentsfor life, they
should preparethemto deal with computers, which ought to bedemystified. Thiscanbecalled
the 'social rationale, because it deals with students' place in society.

Secondly, childrenshould learnto operatecomputers, at least at abasiclevel. Manipulation
of computersprovidesomeconfidenceintheir ability to control computers, and possibly lays
the foundation for a career in computer science when they move into jobs. Thisis the
vocational rationale: computer education should be related to future jobs.

Thirdly, childrenwill learn physics, art or any other subject better through computer-assisted
learning. Thisisthepedagogical rational e, caling for improved teaching and learning, and may
well be the one that commands greatest support among educators.

Computersrequirestudentsto do lessmemorizing of factsand moreinformation handling and
problem solving. Computersencourage studentsto learn by collaborating rather than competing
with other students. Computersare seen ascatalysts, enabling desired changein educationto
occur. Thisisthecatalyticrationale. Teacherswill adopt'morerelevant’ curriculaand bring
educational opportunitiesto alarger number of children.

Computer asan Ideal Tutor

All theabove-mentioned rational e, without any doubt, haveanimpact directly or indirectly on
effective science instruction. Computers can be used in schools to achieve any desired
educational outcome. Of dl the advantagesthat computerswill deliver to scienceeducation,
the best will betheir capacity to act as individual tutors. Infact, thecomputer actsasanideal
private tutor because it provides exceptional advantages for science learning.

Thisideal tutor ishighly knowledgeableinall learning areasand it can guidetheindividual to
coursesmoresuitabletothelearnersability. Dowlin, E., and Loertscher, D.,(1999) report that
the devel opment of the search enginesand the metasearch enginesinthecomputer technol ogy
isproviding accessto any information which is needed by the user.

Further, thistutor isawareof exactly what thelearner knowsthiswill prevent unduerepetition,
and providesindividual attentionwithal the necessary instructions. Our |earner, of course,
would never fal behind because of sicknessor absence; theprivatetutor would alwaysbegin
the lesson exactly where the previous lesson had ended.

Our modd privatetutor can repest and review alesson asoften asnecessary without irritating
thelearner, whilepraising each forward step with an encouraging attitude. Withindividualised
computer indruction, learnerscan get dmostimmediatehelpif somethingisunclear. Itisevident
that educational computers today have phrases like “ Ask an expert”, “ Type a science



guestion” and“ e-mail your questions’ inorder to assist learners. Learnerscan continueto
show their lack of understanding until the problem is resolved without any fear of
embarrassment or disgrace in front of their peers. When learners are unaware of their
weakness or may not know the questions to ask, the computer will recognise their poor
learning sidesthroughitsconstant eval uationsand assessments. I nthissituation other learners
will be unaware of who requires more attention at aparticular level or when an obstacleis
dowing afellow learner. Computerscan provide quality instruction and diagnostic testsin
different formsrangingfromdrill and practiseto assessment(Sewell, B.,T., and Buirski-Burger,
N., 1998).

Computer simulationsin science

All thesepowerful characteristicsareavailableinthecomputerswhicharedesigned generaly
for educational purpose. A prominent featureexistingin today’ scomputersisthe*smulation’
which is a very promising and unique application for science learning. Trowbridge and
Bydee(1986) definecomputer S mul ation as'arepresentation of thebehaviour of ared situation
or system. Computer s mulations have been called dynamic blackboards by someteachers,
becausethekind of information that they normally havetowritelabouriousy by hand onblack
boards may be presented on a monitor in a dynamic flow capable of displaying the
simultaneous effect of various factors and treating them as operator - dependent variables.

Thequestion of simulationisposed from preschool throughto university years. Why should
four-year-oldsmanipul atevirtua magnetsto pick up virtua pins?\Why should seven-year-olds
addvirtual ballast tovirtual ships?Why shouldfifteen-year-oldspour virtual chemicasinto
virtual beakers? Why should eighteen -year-olds do virtual experimentsin virtual physics
laboratories? Theanswerstothesequestionsareoften: smulationsarelessexpensive, there
are not enough science teachers. But these answerslead to alarge question: Areweusing
computer technol ogy not becauseit teachesbest but becausewehavel ost thepolitical will to
fund adequately?

Sewell, B.,T.,and Buirski-Burger, N., 1998 report that computersare capableof providing
smulationsof scienceexperimentswhichrangefromsimpleto complex. Forinstance, learning
about quantum mechanicsisdifficult to many learnersbecause of its abstract nature. Only
computer s mulation can providevisual intuitionsabout what it would beliketotravel downa
road at nearly thespeed of light. Computer s mulation makesit possibleto play withdifferent
parametersand seehow systemsreactinred time, providinglearnersan experienceof " living
physics'.

| performed somes mul ative scienceexperimentson my persona computer. Y ue-LingWong's
Javalnteractive Titration Simulationprovidesarichlearning experienceinthetopicof acid-
base neutralisationin chemistry. It alowsthe learnersto perform asmulative acid- base
titrationto determinethe concentration of anacid by titration by using astandard sol ution of
Sodium Hydroxide astitrant. Sodium Hydroxide can be added by dropsof volumerange
from0.1to 5.0 mL. Simulation shows the change in pH graphically whenever adrop of



SodiumHydroxideisadded. Accurateend point ispossible asthe smulationallowsto add
smaller aliquotswhen closer totheend point. V ariabl es, such asconcentration, volumefor acid
and base can be adjusted by the use of adidebar whichisavailableinthe ssimulation. Acid-
basetitration can be performed more accurately inlesstime without the fear of chemicals.
Reacting adversaly, infact, avariety of activitiesand processeswhich aredifficult or even
impossible in science experiments can be smulated through computers.

A natural sciencereferencebook; EyewitnessEncyclopaediaof NatureV2.0 Ages10-Upfor
Mac/ Windowson CD-ROM featured with s mulativelive-action videoismorethan aresearch
tool for younglearners. When browsing through thisinformative, fact-filled CD-ROM, children
will get excited about biology, zool ogy, ecology and more. Thereisno doubt, thelearnerswill
be highly motivated to learn natural science when these types of smulative softwares are
availablefor them. Lauterbach, R., and Frey, K. (1987) indicatethat learners’ enthusiasmand
motivation areincreased by the contribution of s mulationsasthey solvetheir problemsa most
immediately and provide instant feedback to their decisions.

A New L earning Environment

Interactions are vitally important for learning. Dunsby, P.,(1995) arguesthat exchanging
informationisthekey to any definition of learning, and computershave been the central piece
of theinformation age. Ascomputer technology devel ops, communicationthrough computers
also developsand creates a path way for learnersto interact globally with their peersand
educators. Global On-line AdventureL earning(GOA L) network academy reportsthat itson-
lineclassroomand el ectronic pen pal network connects 1.5 millionlearnersand educatorsin
20,135registered classroomsfrom 108 countries. L earnerscan easily locatetheir peerson
many criteriaincluding age, grade, curriculum, language and more.

After 50 yearsof controversy over theimpact of televisionon children, anew world of on-line
mediaisemerging that may haveeven greater impact onthem( Montgomery, C. M., 1996).
Thenew on-linemedia, alearning environment, is known asthelnternet. Unliketelevision,
onlinemediaare dynamic and two-way. Thisparticipatory quality makesthem particularly
compellingtochildren. Technological breskthroughssuch asreal -timeaudio, red-timevideo
and virtual reglity modelling language(which alows users to turn Web sites into three-
dimensi onal environments) aretransforming onlinemedia(Rheingold, H.,(1994). Through
Internet children arebeing connectedto avast digital universethat goesbeyondthefamily, the
local community and eventhenation. Educationwill expand beyond the classroom and other
traditiond settings, asmoreinteractivewaysof learning becomeavailable(Montgomery, C. M.,
1996). Internet is a cultural phenomenon, a tool for uniting the world with powerful
communicationand agreat instrument for accesstoinformation (Dowlin, E., and L oertscher,
D.,1999).



Accessto thelnternet and the Web put studentsin reach of resourcesfromtheworld’ slargest
library and peoplethat schoolscould never beforeprovide. Thenew medium also provides
accessto audio and video resources, which conventional librariesgenerally donot offer. And,
of course, thelnternet providesnot smply published resources, but also cyberspace- news
groupsand other forumsfor discussion; programmesfor roleplaying and smulation. Groups
of learnersat different schools, evenin different countries, work together on collaborative
projects, comparing theresultsof environment studiesor cross-cultural surveysand thereby
learning not only the subject at hand but also other skillsin socia relationships. Through
distancelearning, bothlearnersand educatorscantakecoursesin specia subjectsnotlocaly
available( Starr., P., 1996). Thosewithout accessto thecommunicationssystemarelikely to
fall behind in education and be unable to compete in a highly selective job market.

Computer communicationsmake contact, at whatever physica distance, easier andlesscodtly.
For example, learnersnow take el ectronicfieldtripsto enter into discussionswith peoplein
speciaised fields of work, to view exhibits, even to use the cameras and other physical
instrumentsthat arenow being connected to theWeb and that will increasingly enablelearners
inreal timeto enter into eventsat adi stanceand to participatein scientific experiments. This
new electronic mediacan provide updated(up to minute) accurateinformation in seconds
whenaqueryissubmittedtoit(Rybicki, P.,E.,(1999). Inredity, theinformation weget from
our local librariesaremonthsor even yearsout dated becausewe can'’ t afford tomaintainthem
with updated information. Further, searching for information takes seconds in the new
environment asopposed to hoursin our traditional databases. Further thecol ourful graphics
and engaginginteractivity of thenew multimediatechnol ogieswill makethe livesof children
morepowerful forces. If guided properly, the new mediacould enhancetheir drivetolearn,
providethemwithaccessto arriveat adiversity of information andideas, and enablethemto
reach acrosscommunity and national borders. Whiletraditiona mediaaresometimesviewed
asunnecessary diversions, digital mediawill soonbecomeanintegral part of daily life. Thenew
mediaallowsthe usersto do everything, that peopledoinred life, exceptleavingtheir bodies
behind. According to Rheingold, H.,(1994) through the Internet, people can exchange
knowledge, make plans, brainstorm, play games, find friends, debate and share emotional
support.

Globaly, the new environment for learning, still hasnot had any generd influenceon schools.
Themany high-end usesof thenew technology, likeonlinecoursesinrelaively, areappropriate
for advanced secondary tertiary work but do not addressthe general needs of primary and
secondary education. A study was conducted by Buck, J.H., and Horton, B.P.,(1996) to
obtain a broad overview of the use of computersin middle and

junior highschool leve inHorida(USA), indicatesthat avail abletechnol ogy isnot being utilised.
Fromtheresultsof anational survey inUSA, Becker,H.,J., (1991) found that computersin
many classrooms servefor occasional individual re mediationand enrichment rather thana
major learning environment. However, thenew media, arebecoming essentia tointellectud and
artisticexpress onand scientificwork. Astheentireworld of communicationand knowledge
is transformed, it becomes inconceivable to leave education behind.
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4.Educational Computersin the Developing Countries

Many devel oping countriesareturning to computersintheir effortsto build stronger economies
and moreefficient public services. Educationa policy documentsin somedevel oping countries
areincreasingly stressing theimportance of computer literacy to devel op ‘generic skills and
basic competenciesin learning. However, a significant obstacle to attempts to integrate
computersineducationisthetraditional tendency for disciplinary compartmentalisationand
specidisation. The following chapter discusses the issues and quotes the cases of some
developing countries, which are taking alead in thisfield.

THE CASE OF KENYA

Kenyaspendsahigher proportionof itsnational incomeon educeation, and hasrd atively high
percentagesof itschildren attending primary and secondary school . Classesarelarge, 40being
common at the secondary level. M odernization isaming the national goalsfor education.
Government wantsthe schoolsto prepare children to use modern technology. Although
Kenyaseconomy isagricultura, thereisa so athriving businesscommunity, and agovernment
system, both of whichrequiretechnol ogical support including computers. Theeducational
systemismeritocraticand strongly oriented towardspreparing studentsfor public examinations.
Indeed, teachersareobligedto focusonthe syllabusset for each subject, thusneglecting any
teaching beyond it. Computer studies and computer science do not appear in the list of
recognised secondary school subjects. Thereisno ' technology -led' curriculum.

In 1982 the Ministry of Education, Science and Technology decided to alow small
experimentsin computer education, both to gain experienceand to produce computer-literate
students. In 1988, K enyan school shad about 230 microcomputers, of which about 140were
in privately-funded schools as part of external aid, paid for by donor agencieswhich aso
provided softwareand some staff training. Thereisconcernthat suchaid will not continue,
leaving the schools with expensive computers they cannot afford to run.

The Computersin Education Project of the AgaK han Education Service (CEPAK ) deserves
special note. CEPAK was preceded by asmal pilot scheme. Itsoriginator considered that
learning about computersand how to programmein BASI C wereincidental tofutureneedsof
students. Computersshoul d beintroduced rather toimproveinstruction, revitaizeteachersand
give children experience of using them.

Thepilot, based on the pedagogical and catayticrational e, had ambitioustargets. for example
it was expected that teachers across the curriculum would be trained and become self-
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sustainingintheir use of computersby theend of thetwo-year start-up. Thisperiod provedto
betoo short: teachersneeded moretimeto become secureintheir use of the computers, to
sampleprogrammes, and to consider how and whether they could integratetheseinto their
normal teaching. They a so neededtimeto think through( and accept or rgject) changesintheir
approach toteaching suggested by the softwareand by project staff. It soon becamecl ear that
students needed a course, too, on how the world of information might impinge on their lives.

"The pilot project wasvery thoroughly eva uated by researchersfromtheUniversity of Nairobi
( Gakuru and Kariuki, 1986 ) and reported on by Papagioannis ( 1985 ). The mgjority of
teacherswere using microcomputers and werewilling to discussways of improving their
teaching. Studentswere studying morein groups-someat computers, otherscarrying out other
tasksand werediscussing their work more. A few had become" computer experts' being able
to operate the computers better than their teachers. Humanities teachers lagged behind.
Programmes devel oped tended to be of the drill-and-practice kind.

Out of thepilot ( by then called CEPAK Phasel ), themain CEPAK project emerged, aiming

to:

- improve the quality of teaching by in service teacher education using
microcomputers as a catalyst.

- use microcomputers as a teaching resource in appropriate school subjects.

- provide pupils with a basic knowledge of information technology to help them
in their studies and make them aware of their technological environment.

- improve the quality of school administration through the use of appropriate
technology, and

- ensure that the schools become self-supporting in educational information
technology through the appointment of appropriately trained staff" (Hawkridge,
D.,1990)

Someeducatorsin Kenyahold theview that children should learn about programming: others
that they should know how to use computer programmes for accounting, graphics, word
processing etc. Thereisalsofeding that if children of the devel oped world canlearnto use
computers, so must childrenin Kenyainorder to stay abreast of new developments. Among
teachers, theseviewsdo not crystallizeinto afirmvocational or pedagogical rationale, though
they may be made aware of both during training. Rather, there is a concern that using
computersmay deprivestudentsof valuabletimefor studying theexamination curriculum. Only
afew teachers, think that computer science coursesareagood way for studentsto get jobs
in the computer field.

Teachersin Kenya express views about the disruptions they feel computers cause. Some
teachers, for example, say that they do not like having to take classesto aspecial computer
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room. Teachers, andtheir principals, al soworry about therecurrent costsof using computers.
they stop childrenfrom printing what hasbeen compiled onthe computers, becauseprinting
isexpensive. Damageor eventheft of hardwareand softwareisarea danger insomeschools,
causing principalsto insist on access being limited.

Parentsare somewhat sceptical about their children's career prospectsinthisfield, despite
students’ enthusiasm. Business neverthel ess 'poach’ teacherswith computer-rel ated skills:
studentswithcomputer skillsfrom school slike Starahecan easily get jobs. Insomeschools,
boys seem more confident than girls with computers, and are keener to learn programming.

Theresearchdirector of CEPAK notestheneed for anational centreto provide continuing
support for computersin Kenyan education.( Makau, 1987b). The future of computersin
schoolsinKenyaisfar fromassured. Government policy isnot yet fully established. Despite
strong economic growthin Kenyain recent years, expenditure on educationisnot likely to
expand sufficiently fast toalow for afull government-funded programmeto put computersinto
al secondary schools, or evenamajority of them. At best, it seemslikely that resourceswill
beallocated to alarger selected group than at present and that the work done so far will be
sustained.

THE CASE OF ZIMBABWE

During the 90 years of colonia rule in Zimbabwe, the majority of the country's children
received|ittleor no education. After independence, thegovernment all ocated to educationthe
largest percentageof itsbudget. Human and materia resourceswere stretched to themaximum
inthe 1980s, and the Ministry of Education'sprioritiesdid notinclude computersfor schools.

How remarkableit isthat anumber of secondary schoolsand afew primary schoolsobtained
microcomputersand their staff showed such great interest inintroducing themto the students.
Thestudentsinturn, areenthusiastically learning to usethem, whether towrite programmesin
BASICor Logo, or for using businessapplicationsand educationa software. Ministry policy
appearsto havebeento encourage devel opmentswherethesewerefunded from privaterather
than government sources. Ministry aimed at creating an awarenessof information technology
insecondary school s, wasstarved of fundsdespiteitscall for softwareand coursewareto be
written or adapted ' in Zimbabwe by and for Zimbabweans.

Adoption of computers by the schools has come about as aresult of at least two kinds of
pressure: parentsand principa shave combinedtoraisefundsto buy theequipmentinabidto
increasethe school s prestigeand modernity, and teachershaveaskedfor itinorder tobeup
todateprofessionally. Thereisnostrongly andwidely heldrational e, although parentslook
anxioudly totheir children'sjob prospects. M ost schools, especially thoseinrural areas, have
difficultyinraising fundsto obtain computers, athough somehave been given hardwareand
software by foreign computer companies.
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TheMinistry'sCurriculum Devel opment Unit appointed an of ficer inthemid-1980stofoster
computersinschools, andfor about twoyears( 1985 - 87) circulated aquarterly newsl etter,
Microcomputer Usersin Zimbabwean Education, contai ning contributionsfrom teachers.
Schoolsfaced difficult hardware choicesand obtained different types, withno hardwareor
softwarestandard being set. In 1989 only ahandful of school swereoffering computer studies
coursesat Ordinary or Advancedlevd . A few offer their own courseininformationtechnology,
ineither thefirst or thelast year of secondary schooling, focussing on someuseof Logoand
onteaching word processing skills. AlImost al thecomputer-using school srun clubs, inwhich
programming in BASIC is the dominant student activity.

"To servethevocational rational e, oneof theleading privateboarding school s, Peterhouse,
started by using Commodore 64s. Peterhouse decided against offering Ordinary-and
Advanced-level computer studies: thetimetable wastight aready, and the syllabuseswere
more academic than practical. The school also wanted all interested students to use the
computers, not merely the most able. To quote the rector ( Peterhouse, 1988):

All thelearnersshould know theelementsof word processing and theuse of spreadshesets. Al
should beableto makesome use of the graphi csfacilities. Intoday'sworld such experience
and knowledge is not aluxury: it is essentia"

Peterhouse created itsowninformationtechnol ogy syllabusand now awardsitsown certificate
withtheapproval of the Ministry and of the Computer Society of Zimbabwe. Studentswork
towardsthe certificateintheir owntime, after the class hours. They become familiar with
terminology, learnkeyboard skills, gain someunderstanding of problemsthetechnology can
address and develop techniques for solving them."(Hawkridge, D.,1990)

I n Zimbabwean computer education, itis truethat almost a| teachersdo not seetherelevance
of computersto their work, and indeed teachin school swithno computers. Thoseteachers
who arekeento usethemachinesare somewhat i solated and face someopposition. Inaddition
tothefairly largedistancesbetweentownsin Zimbabwe, schoolshavedifferent hardwareand
offer different courses, and their teachers do not have much contact with each other.

Despite such problems, teachers views expressed in the Newsdletter in the early days of
microcomputersin Zimbabwewereoptimistic. Peterhouseteacherssaid: ' weseek toensure
that our pupilsareawareof the part played by computersinthe modernworld and that they
should not be mystified by or apprehensive of the machines. One missionschool, Katenhe,
beganin 1986 with abattery operated Spectrum because the school had no electricity. The
batteries were recharged at another mission some distance away.

Theviewsof studentsand parentsareinfluenced strongly by thethreat of unemployment, the
most seriousproblemfacing Zimbabwe. Inthese circumstances, hevocationd rationaeislikey
toprevail among studentsand parentsalike. If their children can gainasignificant advantage
in job-seeking through learning how to use computers for work, parents are powerfully
motivated to providethefundsto put computersinto school s, with or without Ministry policy.

THE CASE OF YEMEN
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Abdallah O. Al-Farra of Sanaa University researched the effectiveness of some current
educational technology techniques on teaching chemistry. Three teaching methods were
adopted: Instructional T.V ., computer and teacher-classdiscussion. Inthefirst two methods,
instructional T.V ., and computer, thestudent |earned by themselves, i.e. individual and self-
learning. Onthe other hand, the discussionmethod wascarried out by aqualified chemistry
teacher. The subject matter was the same for al studentsin the three groups.

Thesamplefor study wasdrawnfromthefirst secondary class( gradeeleven) intwoformal
Y emeni School. A pretest devel oped by theresearcher wasconducted. After re-mediation,
the post test was given to evaluate the effectiveness of each teaching method.

Thefirst method wasdesigned toteach agroup of 15 students: the chemical conceptsof this
subject by the use of closecircuit television. Thecircuit consisted of atelevision set linked
directly by Video CassetteRecorder V.C.R. Theteaching programmewasdevel oped by the
researcher intelevisonstudio at the Faculty of Education, SanaaUniversity. Theprogramme
wasbasad upon the sl f learning approach. The Scientific material wastakenfromthestudent's
chemistry textbook. All thegroup memberswatched the programmetogether in onesession.
However, the design of the research allowed to replay the programme for several times.

The second group of 15 studentsused the computer to |earnthe same subject by the same
approach. |.e. self learning but by the useof personal computer. Thestudentsof theresearcher
inthe specia Diploma programme-Faculty of Education devel oped therequired computer
programme.

Thethirdgroup of studentslearned thesamesubjectinthetraditional way. Therefore, students
in this group were taught the same content but by face to face teacher tutorial activity.

Thefindingsrevea edthat the T.V. method obtai ned thehighest scoresfollowed by computer
method thenteacher-tutoria method. Theresearcher believesthat thereisagreat necessity to
adopt such new methods. The nature of our modern life, the great progressin science and
technol ogy may encouragethistrend. M oreover, oneof main reasonsfor adopting thesenew
methodsisthe need for ahuge number of qualified science teachersto face theincredibly
increasing the population of the learners.

Theresearcher recommends, the new methods should beimplemented assoon aspossible, at
least onexperimental scale. However, itisa so advisabletoinvestigatein depth theconditions
and basic regquirements on terms of financial aspects, school buildings facilities...etc.

THE CASE OF SOUTH AFRICA

InformationinfrastructureintheAfrican continent istheleast developedintheworld. Statistics
from Jensen, M., (1998) showsthefollowing situation regarding theinformation technol ogy
development in Africa at the end of 1998. Africans have the least access to computer
equipment, the most primitiveinformation networks, and theleast accessiblemediasystems.
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But thisisto exclude South Africa. Around onemillion Internet usersin Africa, of whichmore
than 85% arelocated in South Africa. Generally Internet accessisconcentratedin capital cities
of African countries, except for South Africa. United Nations Economic Commission for
Africain 1996 reported that South Africawasranked 16" intheworldintermsof thenumbers
of Internet access.

Theaboveindicationsarevery much promising and encouraging the computer-based education
inSouth Africa. The 13" Commonweal th Conference of Education Ministersreport saysthat
historically disadvantaged educational institutionsin South Africaarestill far behindinthe
informationinfrastructureand they arealmost smilar totheuniversitiesand school sin other
African countries.

Someeducationd ingtitutionshave been privileged to devel op informationtechnology in South
Africa as the beneficiaries of decades of segregation. | would like discuss, some recent
developments in the computer-based instruction from such institutions in the following

paragraphs.

Thefollowing computer-ass sted sciencelearning programmeof University of CapeTownis
briefed from its* Electronic Science Tutor” review.

Theintroductionof computersinthe University of Cape Townfor educational purposewas
started in 1985 withthedevel opment of aseriesof computer-based tests, coveringthesecond
year B.Sc. Biochemistry syllabus. At that timecomputerscontrolled the presentation of tests,
recorded the student marksand enabled studentsto communi catewithlecturesusing e-mail.
ItwasUCT’ sfirst venture of computer-based education and itssuccessencouraged anumber
of activities in departments ranging from Construction Economics and Management to
Chemistry.

In 1988 aprogramme wascreated onsimilar principlesfor senior secondary school students
studying Physical Science. The programme had been devel oped and published as® Physical
Science Revisionfor Stds 9-10" in 1994. The name was changed to “ Electronic Science
Tutor” in 1997 to point the applicability of the programme to awider audience.

Theinitial design considerations, expressed in 1988 were:

* The programme would cover the whole Physical Science(Higher Grade)curriculumfor
Standards 9 and 10 in English and Afrikaans.

* The programme would run under DOS on dl compatible hardware with appropriate
Computer-based Education techniques.

*The programme would be arevision aid and not a substitute for a teacher or textbook.

Themain objective of theprogrammewasto hel plearnersinrevisingfor their matriculation
examinations. However, the programmewas useful in avariety of learning situations. To
provide comprehensive and supportive learning environment, two additional tools named
as’topic reviews’ and “ management system” were designed.
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At present “ electronic Science Tutor” isan extensiverevisionaid supporting the Physical
Science (Higher Grade) curriculum, which has the following aspects.

* Contains 60 topics includes areview of each topic.

* Tests each topic and provides the learner with feedback.

* Ensures the progress in learning by keeping detailed records of test results.
Simulations, interactiveworked examplesand origind graphicsaresomespecid featuresof this
programme and they are found to be very helpful in science learning.

The heart of the programme hastestson each topic. The questions aredesigned to test the
material in the syllabus at different levels. Important features of the tests include:

* Questions are selected from large banks.

* Useof different kind of questions such asmultiple choice, sngleword input, proposition
evaluation and numerical input.

*mmediate feedback

*Analysis of performance by question category

* Sequence, recycle and drill test modes.

The purpose of the management systemisto enablelearnersto measuretheir progressand
educators to monitor the progress of learners. This provides an incentive for learners.

The programmeisbeing revised and improved continuoudly in accordancewith thechanges
in curriculumand the learning methods. The programme isbeing used by morethan thirty
schoolsand university academic devel opment programmes. Thelr intentionisto providequality
coursawarein Phys csand Chemistry which supportslearnersand educatorsby fulfilling their
real needs.

Futureversionsof “ Electronic Science Tutor” will includemoresimul ations, photographic
images, sound and video and additional management functions. Itisalso expected that the
details of the new curriculum(curriculum 2005) will be available in due course.

The research Institute for Education Planning (RIEP) of the faculty of Education at the
University of Orange Free State hasasitsobjective the support of black education systems
withinthe South African context, oneof themain operationa areasistheupgrading of science
teacherswhichissponsored by the private sector. Educators and education plannershave
attended workshopsand in-servicetraining coursesoffered by theResearch Ingtitute. During
the presentation of these coursessevera problem areawereidentified. Inanattempt toremedy
at least some of the problems experienced by black science teachers, computer-aided
ingtructionwasseen andinvestigated asapossiblesolution. A recent developmentinthesearch
for moreefficient training methodsinvol ved theintegration of computer-aided programmeswith
existing in-service training programme for teachers.

The problemsrelated to inadequately qudified black teachersof physical sciencein South
Africa, the RIEP hasstarted to devel op computer softwarein physical sciencewhichmay be
used by teachersduringin-servicetraining courses. Simulationshave been used especialy to
demonstratethe usageof apparatus. Thesoftware can beeffectively employedfor thepurpose
of revisionexercises, demonstrations and the conducting of experimentsand they can be of
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gresat benefitintheschool asanaidtotheteacher, for individualizedinstruction of pupils, and
forthein-servicetraining of teachers( Vander Wal, R.W.E.,and Vander Linde, H. J.,1992).

Internet BioEd Projectisaninitiativeof University of Western Cape(UWC) aimingto make
use of the Western Cape Schools Network(WCSN) to gain access to resources through
Internet by schoolsthat arepart of the WCSN. Thepil ot project hasthefollowingintentions.
* To determinethe needsand required skillsof teachersand pupilsto makethemaccess the
resources.

* To provide training to allow pupils and teachers to develop the necessary skills.

* To devel opand makeavail able acoll ectionof resourceswhich pupilsand teacherscan use
once they have gained the necessary skills.

* To evaluatethe quality of theseresourcesand toimprovetheir effectivenessintheteaching
and learning of biology and environmental education in the selected schools.

* To spread the use of the improved resources to other schools.

At present, the project makes question banksavailableto learnersand it provideson-line
resourcesviatheworld wideweb. Throughthisproject, biology studentsandteacherscould
exchange ideas, and discuss questions and issues related to high school biology and
environmental education.

Inadditiontotheaboveinitiativesfromtheuniversitiesin South Africa, therearemany Internet
based educationa projectssuch asCyber School Africa, Learning Channel Online, WakeUp
Genius, Interaid and Shoma Education Foundation, recently startedto assist thesecondary
school learnersand educators. They dl areworking to devel opinnovative usesof computer
technology in education. Role of some of the above-mentioned projectsare stated briefly
below.

Cyber School Africastarted in 1997, to offer aweb-based exam revision guide for South
Africanmatriclearners. Thisprogrammeisasupplement to the present traditiona learning and
teaching system. However, thisweb-siteisa so useful tolargenumbersof overseasweb-site
visitors. Thispilot programme proved to beextremely successful withmorethan 1000 user
sessionsrecordedinitsfirst month. Keeninterest of theuserscontributed to the devel opment
of thisproject to become a morecomprehensiveweb sitein 1998 andtorelaunch the Cyber
School Africasiteasanew and improved world-class educational web sitein July 1999. It
intendsto devel opvirtual community among itsusersby providing dynamic communication
facilities.

Power Scienceisacomputer-aided Instruction(CAl) for sciencelearners. Itis developed
by experienced scienceteacherssince 1990 asapart of Wake up Geniusweb-based teacher
supplement. Dynamic interactivetuition, examination papersandtheir solutionsarethemain
featuresof Power Science. Learnerscan easly navigatethrough thissoftwareasit requiresonly
somebasicbrowsingskills. Therarequdity of thisproduct isreflected by thegraphicsprovider
for every experiment and the graded questions for both the weak and the strong learner.

Shoma Education Foundation uses multimedia technology to assst educators who are
struggling toimplement out comesbased educationinthe South African schools. It provides
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athree-phased approach that uses satellite, the Internet and collaborative lessonto ensure
educators acquire new skills which are highly required in the new paradigm.

In contrast aresearchwas carried out by Nadargjah,K ., 1998, in one of the disadvantaged
schoolsin South Africa. Theaim of theresearch wasto investigate how computerscontribute
tolearners skillsdevelopmentinaphysicscourse. A seriesof interactivecomputer Ssmulations
of colour mixing and anumber of closely related traditional practical activitiesareaimedto
promotelearners understanding of colour. L earnersmixedthecoloursinthetraditiona way,
referred asexperiment 1 and they mixed the col ourswiththe use of acomputer, referred as
experiment 2. Demonstrationof skillsof the eight |earnersparticipatedinfour groupswere
observed and analysed. Findings from this research are discussed below.

The selected |earnersand the educators werevery keen and co-operativewhen performing
the experiments. Learners performed both experiments in groups while the educators
performed only the second experiment individually. Interestingly, learnerscompared with
educators, were more active and enthusiastic when performing experiments using the
computer. Learnersworkingingroupsmay bethereason. Both educatorsexpressed during
the interview, they would have done the experiment 2 better if they werein a group.

Problem Solving Skill

Computer way of mixing thecolourshasgiventhebetter rate of problem solving activities. It
is clear that computer operations are much faster than the manual operations so that the
computers provide more opportunities to the learners in these activities.

The experiment 1 has given more opportunities to the learners to be engaged in the sub
problemsolving activities. But learnerswerel essconcerned about thisproblemsand did not
takethisproblemsfurther up to find the sol utions. Manual way of mixing thecolourscreates
number of other sub problems and it makes the |earnersto interact with other materials.
Learnersindicated intheinterviews, that manual way of mixing thecoloursisproblematicand
time consuming, it clearly shows that they identified the problems.

Observersmentioned, intheinterview, that the computer way of mixing the coloursdid not
provideasmany chancesof identifying sub-problem solving activitiesasthetraditional method.
Video replay showsthat traditional method makesthelearnersto deal with many equipments
and materials. The use of many equipmentsand materia slead the |earnersinto many sub-
problemfacing Situations. Whenthelearnersperform the sameexperiment on computers, these
chancesarevery limited, becausethey work inanideal situation. Traditiona way of conducting
experimentsareexcellent inproviding sub problem-solving activitiesto thelearners. But in
contrast, the traditional way experiments are weak in facilitating the learnersto arrive at
solutionsif therearemany sub-problem solving situations. Computer way of learning, facilitates
thelearnersto continuefurther withtheir identified sub-problems toarriveat solutions. This
view was also supported by the observers during the interview.
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Inproblemsolving, inthetraditional method, thelearnersneeded greater assi stancefromthe
educatorsthaninthe computer method. Thereason beinginthecomputer method only afew
problem solving situationsaroseand thelearners eagernessin handling thecomputer, and ease
withwhichtrial-and-error method can be used in computer enablethemtofind thesolutions
to these problems by themselves.

I nvestigating skill

Once again the experiment 1 has given lot of chances to the learners to develop their
investigating skill. Inredlity experiment 2 madethelearnersto beinvolvedintheinvestigating
activitiesmuch moretimesthan experiment 1. During theinterview with theeducators, they
expressedtheir opinion that computersprovidesolutionstothelearners investigationsina
very short time. It automatically makes the learnersto engage more in the investigating
activities. Learnersmentionedintheir responsetothequestionnairethat theinteresting feature
inthe computer way of mixing thecoloursisthe' instant answer' totheir investigations. They
wereof the opinion, that computer provides smple and shorter procedure for performing
experiments. L earnersresponses reflect that traditiona way of conducting experimentsarenot
welcomed by them. Further, most of them stated if they have a chance to perform al the
experiments on the computer, they would prefer to avoid the traditional way.

Surprisingly thegroupswithwesker(intermsof their ¢l assroom and examination performance)
learnersperformed well inthecomputer method experiment. Educatorsconfirmedthisfindings
intheinterview. Similar researchwascarried outintheUniversity of Western cape. Thereport
sys, "University of the Western Cape students typically come from varied academic and
socioeconomic backgrounds. Many of the studentsare from educationally disadvantaged
communitiesand nearly al of thesearefirst generationuniversity students. In general these
studentswill havehadlittleexposuretotechnology..... Initidly it wasassumed that studentswith
mathematical ability and thosewho had nofear for technol ogy woul d be successful candidates
inthe Electronic DataProcessing course. Contrary to our expectations no correlationwas
found between the results of the statistics course and the more practical Electronic Data
Processing course. Studentswith afear for technol ogy achieved higher marks(Venter, .M.,
and Blignaught, R.J., 1996)

Communicating skill

Number of communications involved in learning the concepts were counted in the both
experiments. Explanations, instructions, discussions and consultations by verbal or sign
language between the learnersor between thelearner and the educator are considered as
communicationactivities. Recorded video wasplayed during thisprocess, observersandthe
researcher combined together in formulating the communication activities.

Theresultsshow morecommunication activitieswereinvol ved in thecomputer way of mixing
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thecolours. Inexperiment 1, teacher interventionwasin theform of assistance tothelearners.
Number of timeslearnerswereass sted to helpthemto proceed withtheir experiment. Most
of thetime, theeducatorswereinstructing, explainingandtakingtothelearners. Thelearners
were, by themselves, not sharing their ideas, not hel ping each other and not expressingtheir
potentialsinasupportive learning environment. In contrast, theteacher interventioninthe
second experiment wasintheformof inducement. Duringthe procedure, thelearnerswere
givenextratasksof moredifficult naturetoinducethemtoincreasetheir communicationleve.
Observersnoticedthat thelearnersbecame moreactiveinthelearning processwhichlead to
moreeffectivecommunicationin sharing of ideasand helping each other. Inasimilar Situation,
learnerscompl eted their taskswithout any outsidehelp, gained highest scores( 5or 6inascae
of 0-6), with 50% teacher help gained medium scores(3 or 4) and with over 50%teacher help
gainedlower scores(1 or 2) for skill developments( Journal of Computer Assisted Learning;
May 1998; volume 15; page 78). Theresearch findingsand the above literature show that,
constructiveteacher interventionintheform of inducement isnecessary to achievehigher level
of skill developments.

Computer hard ware used in this research werethe key-board and the mouse. Therewere
many operationsinthecomputer that could have been executed either by using themouseor
by using the key board. Learners showed confident in handling the mouse for various
operations whilethe key-board for the same operationswasrarely used to execute these
operations. Asthe computer could beoperated by only onelearner at atime, thetwolearners
hadto taketurnsto operatethe computer, but they had to communicateto completethetask.
Thisarrangement provided abetter chanceof |earning through communi cation and enhanced
the development of communication skill.

Inconclusion, thetypeof software, teacher intervention, composition of thegroup, amount of
task and the type of tasks have an effect on the learners communication.

Attitude towards the experiments

Assessing theattitudeisthemost difficult task inthesetypeof experiments. Whenanew way
of teachingisintroduced, duetothecuriosity learners immediately jump towel comethe" new
comer”. Isthis attitude long lasting?

Most of the learners and educators strongly indicated that they are not afraid to use the
computer intheir practical work. Learnersand educatorsmentioned that aweek of training
in computers changed them to be aware and unafraid of how computers work. If the
computersareintroduced inthe science curriculumthereisno doubt, the social rationale,
argued earlier will be achieved. Learners strongly agreed the computer helped them in
organising thepractical work, presenting thepractical work andto performmoreinteresting
andimaginary work. They asomentioned thecomputer alowsthemtheself discovery learning
and they do not need an experienced teacher nearby. L earnersindicated that they wanttodo
more experiments with the computer and they are confident in handling the computer.
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Educators views were different from learners, they argued even the traditional way of
conducting the experiment givestheequal chanceslikecomputer inorganisingthepractical
work, presenting the practical work and to perform more creative work. Educators were
supportingthelearners, in theview of thecomputer alowstheuserstheself discovery learning.
They mentioned, though thelearnersget the solutionsin good timewhentheexperimentsare
carried out withthecomputers, experimentsareincompletein thesensethat they only used
thevisual -sense. They viewed that the computersarereally helpful to thelearnerswhenthe
experiments are impossible to do in the laboratories because of the resources, time etc.
Educators pointed that thelearnersdo not need an experienced teacher nearby, whenthey are
performing the experiment with thecomputer is suitable only for experiment 2 typesituations
which do not involve many variables.

By performing theexperiment with thecomputer, thelearnersareableto experienceeach stage
and eachmovement of the experiment. They arealso directly involved sincethey canwitness
all the chances which occur. By using the computer, the pupils conduct and observe the
experiment under ideal conditions which are not possible by traditiona experiments.

Computer-based experiment was' owned ' by thelearners, evenif the educator made some
suggestionsand rai sed tactful questions. It hasgiven an opportunity tobuildonthelearners
existing knowledge and al so to glean information by personal research. Computer-based
experiment, among other reasons, provided asuccessful and satisfying outcomefor thelearner
to enjoy much.

A similar study was conducted at the University of the Western Cape by Venter, |.M., and

Blignaut, R.J.,in1996. Their report showsa most thesamepattern liketheabovefindingsin

an attitude survey. Finding states that the majority of the learners found working with
computers enjoyable and stimulating. For example, 74% agreed that they could learn a
computer language, 69%felt at easeinacomputer class, 66% felt comfortableworkingwith
acomputer, 51% agreed that they coul d get good gradesin acomputer course, 80% thought

itisimportanttodowell inacomputer classand 72.8% said that computersdo not scarethem.

Frequencies of the pre-questionnaire indicate that 76% of students felt positive about

computersand computer applications. Only afew studentshad reservationsabout technol ogy
beforethey didtheliteracy course. For example 17% of studentsfelt threatened by computers,

21% agreed that computersmadethemfeel uncomfortable, 21%felt they could not handlea
computer course, 20% agreed that computersrob peopleof their individuality, 18%felt that

computersareused to manipul ate peopl e, 185 considered | earning about computersawaste
of time and 26% felt aggressive and hostile towards computers.

Thereport further saysthat the University of the Western Cape(UWC) studentstypicaly come
from varied academic and socioeconomic backgrounds. Many of the students are from
educationally disadvantaged communitiesand nearly al of thesearefirst generation university
students. Ingeneral UWC students had littleexposuretotechnology. Initidly itwasassumed
that studentswith mathematical ability and those who had no fear for technol ogy would be
successful candidatesinthe Electronic DataProcessing course. Contrary totheir expectations
no correlationwasfound between the resultsof the statistics course and the morepractical
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Electronic DataProcessing course. In UWC studentswith afear for technology achieved
higher marks.

5. Critical Analysis and Recommendations

"Future computer networks for education in the twenty-first century appear to assume
extensiveworl dwidenetworkswhich usethe processing power of thecomputer terminal to
enhancethevalueof themultimediainformationtransmitted. Current systemsintheUK have
pioneered valuable work, but because of inherent design problems of the present central
systemsand themovetowardslocal management of schools, current global interconnections
may be restricted to afew pupilsin afew schools.”

( Davis, N.1993)

Very soon the computer will be the ‘complete’ educator. To choose the best method of

teaching fromthe different modes of educating thelearnerssuchas T.V., Video, Audio,

Computer and the traditional teacher-chak board, will not be needed any morein the near

future, becausethe computer doesall thesetogether. To day thecomputer isthefast and most

knowledgeable, up to date information provider to the learners. Whenthe computersare
connected to the advanced net work systems, learnerswill be able to see and talk to the
subject experts miles away from them as well as the learners can communicate among

themselves. Niki Davis, describesin his paper, choice of avideo through atermina which
displays six video clipssimultaneoudy in high resol ution on the screen and enabl esthe user to
search videos by theme or other key words. Heaso describes” Tell MeMore Television®

transmitted by cable, inwhichtheviewer browses, at will, through hoursof interest and can
seek elaboration on specific points.

Inthe UK afew systemswhich support e ectronic communication within compul sory education,

whichallow theusers, on payment of subscription, to be connected to central computer which
managesel ectronic mail and possi bly databasesand computer conferencingtoo. Thiscentral

computer can open gatewaysto other host computersinthe UK and abroad. Such systems
have supported some fascinating and val uableeducation: for examplecultural exchanges, an
electronic'writer inresidence and collaborativecollection and interpretation of scientificdata
across schools and countries. ( Keep, R.,1991)

Whenthelearnersaregiventhe opportunity to communicatethroughthe networks, will be
exposed to many activitieswhichare needed to construct their knowledgeinalearning area.
Someexperimentsin science, which areimpossibleto performinaclassroom situation, can
beeffectively carried out through the computer s mulations. Computersarea so providing, the
learners, the opportunities to explore the interesting fields in depth.

Our current system of schooling reflectstheindustrial age, so we need anew approach to
learning in the information age. Theintroduction of computersinto classroom promotesa
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greater emphasison projects, with educatorsacting asfacilitatorsand learnerstaking ona
central roleintheir ownlearning. Computerscan makeashift fromall learnerslearning the
samethingstodifferentlearnerslearning different thingsand fromthe primacy of verba thinking
to the integration of visual and verbal thinking.

The Cost of Computers

The new technology of today istomorrow'sold technology. Thetechnol ogical advancements,
accelerates the production of computers, more than the demand, create alot of confusion
among the consumers. Today we can purchaseacomputer, with 1000 timesmore advanced
features and 10000 times faster for less than the price a computer a decade ago. In
mathematical terms, the computers today, are more than 10 million times cheaper!

" These'palmtop' machinesareportableinaway that evenlaptops can never be. Eight palm
top computerscanbecarriedinasmall box, andtherearenoleads, no plugstoworry about(
the pocket book runs on two 'AA' batteries and a3V lithium back up) and no noise. The
childrenand teachershaveflexibility of workplace, work spaceandwork style. Childrenwere
abletotype, interrogate, discussand read whilst onthemove. Childreninthe special school
appear happy towork at atableor rest the palmtop on akneeor bag. Palmtopswere passed
around groups during scienceand Englishactivities...........ccccccverueenee. Theissueof costis
closely tiedto sizeand portability. For the price of onedesk top machineaschool can have6-
8 palmtops. Thuswe havemoved from asituation of onecomputer shared by wholeclassto
onewherenormal group organi sation can now betargeted at computer use. Access(interms
of time) for childrenincreasesby afactor of at |east five( in somecasesmuchmore)” (Cross,
A.,1994).

Y etjust asaccessisbecoming urgent, thenumber of childrenlivingin poverty without access
totechnology, isgrowinga anaarmingrate. |nsufficient fundsinthe Department of Education
may leavemany communitiesand vast mg ority of schoolsunconnected. Evenif somechildren
inthewealthy private school sareabl eto usethe new mediathrough school sandlibraries, they
will still bedisadvantageto childrenwith accessat home. Anhour or two of computer access
inschool isnot enoughto acquirethetechnol ogical competencethat many jobswill require.
Somearguethat costsof theequipment will go down dramatically inthenext few years, making
computer communicationsasaffordableasradios, tdlevisonsand V CRs. But monthly service
charges and communication(local telephone call) charges are other barriersto make the
majority of the learners unconnected to this new media of learning.

Purchasing theeducational softwaresarevery costly. Loca production of thesesoftwaresare
unlikely at thistimebecause thetechnology inthisfieldisnot yet developedin South Africa.
If weareredlly looking for thelocal productions, weshould makeour learnersaware about
thel T by introducing thecomputersintheir school curriculum. Theexposureto thecomputers
will lead our learnersfor tomorrow'stechnol ogy, to producethe soft waresfor our needswith
confident. Until suchtechnology devel ops, our learnersmay usetheinexpensivenetworksto
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gain knowledge and skills.

Inredlity, al the scienceexperimentsarenot possibleto executein our existinglaboratories.
Congtruction of laboratoriesfor each and every school to cater for the scienceexperimentswill
consumethelargest sector of the national budget. Computer smulationsarecost effectivein
termsof scienceexperimentsat our schools. Further more, al theexperimentsinsciencecan
be performed in the manageabl e time-span.

Benefits of Computersin the Classroom

The following may serve as a guideline regarding possible uses of the computer in the
classroom:

- Thecomputer can be used to introduce the subject matter to bediscussedinthelesson. As
theintroductionto alessonisof the utmost importanceagood and effectiveintroductionwill
determine whether the pupils will be motivated to listen attentively to the rest of the lesson.
- Computers can make the learners more engaged with their activities.

- The use of computers can aso help address another obstacle to change-standardised
achievement tests. To prepare learnersfor those tests, schools can make use of the more
didacticformsof computer-based education without organising their wholeprogrammeon that
basis.

- Computer-based education may helpto createeffectively smaller classes. Empirical studies
indicatethat |earnersinlargeschoolstakepartinfewer school activities, identify lesswiththe
school, and havelower scoreson achievement teststhando learnersin small-sized schools.
Thesmall classsizepermitscloser relationsamong educatorsand learnersand thereby fosters
the kind of unified educational visionthat researchershaverepeatedly identified asakey to
successful schools.

- Membersof different racial groups may learn morethroughinteractive softwareor online
services because they sense no stigma or disapproval.

- Computer networksimproveaccessto educational resourcesfor thosein small communities
and rural areas. Likewise, computers and computer communications enable people with
disabilitiesto gain accessto resourcesotherwiseunavail ableand to take part ingroupswithout
hindrance or stigma.

- Thecomputer may beused for drill and practice. Several appropriatequestionsonthework
to berevised may be sel ected fromaquesti on bank by meansof the computer inavery short
time.

- The computer can also be used to demonstrate difficult conceptsand ideas, whichmay be
explained effectively and repeatedly with the aid of the computer.

- Asalready discussed, experimentsmay be demonstrated onthe computer, or thelearners
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may beallowed timeon thecomputer to do theexperiment themsalves. Computer smulations
arebest reserved for thoseexperimentswhich cannot be conveniently performedintheschool
situation.

-Demondtration of practical applicationsof thetheory, i.e. bringing thefactory totheclassroom.
Theextensionof theory into practiceisavery important facet of theteaching of science, but
often the theory learnt can also be applied in practical situations which can only be
demonstrated to the pupils by means of computer simulations.

The Learning Possibilitiesin the Computer Simulations

- Very complex experimental techniquesthat would requireexpens veequipment, inordinate
amountsof time and/or extremely long complex process, can be carried out. Eg. Millikan's
experiment

- Experimentsof verylong or very short duration canbeateredtofit intheschool tameable.
Biological reactions areextremely slow: inacomputer simulationthese time-spans can be
reduced to manageable periods.

- Computer simulationsarevery useful wherecertain dangersareinvolved, such astheuseof
toxicchemicals, rapid or explosivechemical reactions, or other natura processeswhichwould
make the experiments far too dangerous to be carried out in atypical chemistry laboratory.
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6. Conclusion

Thehistory of ethyneprovidesonefina insightintotheroleof thecomputer inlearning. Ethyne
isusedto makeplastic, atermwhichoriginally meant " formative, fashioning, creative”" Ina
sense, thecomputer is"cognitiveplastic”, ableto beformedinany manner wechoosetoassist
usin the learning process. Until educators and learners alike appreciate this fact, we will
continueto waste, rather than expl oit, the usesof the computer in education. Society could
afford to wait several yearsfor plastics but it canill-afford to wait as long for curriculum
developersto discover the best uses for computers in education.

The educational community must pressfor the needed changesto overcome the failure of
education to meet the needs and hopes of most South Africans. Educators must demand
computer-based material swhich encourage experiencing andintegrating. They must learnto
usethesematerid sinthemost effectivemanner intheir classrooms. They must push educational
researchers to provide the needed guidance and direction.

TheMinister of Primary and Secondary Educetion for Zimbabwe, ComradeFay Chung, Said:

"Computer technology is going to change ways of teaching and possibly challenge the manner
in which we think about schools"

( Zimbabwe Herald, 23 May 1988)

To achieve the educational goals in the short time span, technical way of teaching may be
introduced. Sincethenew curriculumisnotrigid, thepossibility of accommodatingthe” new
methodsof teaching" canbeexplored. Asweareenteringtothe OBE erafrom our traditional
educational system, the possibility of introducing computersfor education, inparticul ar for
scienceeducati on should beexperimented. A decade ago computersand rel ated technol ogies
wereconsidered asluxuriousand it will beavailableonly for thefirstworld. Today theimage
is changing due to the over production of computers and components. Tremendous
advancement in technology around the globe provides cheaper access to the information
technology.

In Science teaching, computer-based experiments offer science educators a powerful
technology to enhance laboratory work, often more exciting and meaningful to learners.
Computer cannot repl acetheeducator completely, but it can beused asan effectivetool or as
afacilitator in the process of learning. Learners can explore science phenomenain more
accurate and precisewaysthan are possible by traditional experiments- at least for certain
experienceswhich arenot possiblein the classroomteaching. Thecomputer ssimulationasa
laboratory tool, provideshigher rateof skill devel opmentstothelearnersandtofocusondata
amost immediately.

I nformationtechnol ogy can bearemedy to the de-motivated | earnersand educatorsin South
Africato changetheir attitudesin aconstructiveway, whichishighly neededintheeffective
scienceteaching today. The most difficult task in implementing the computersfor science
educationisto convincetheeducatorsabout the changein method of teaching. If thistaskis
not persuaded among the teachers, informationtechnol ogy for science educationwill bea
dream.
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