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Abstract

The thesis ilustrates the contention that an outcomes-based system with its underlying
nhiiosophv of social constructivism cannot operate effectively within a traditional school
system. Restructuring of an institution is necessary to accommodate the outcomes-based
system. Using the research instruments of interviews, questionnaires, journals, participant
observations and collection of physical artefacts, two case studies investigating systemic
factors as they influence science learning were conducted in two South African schools. The
one school, St Sebastian’s College, was an extremely well resourced school while the other,
Mtunzini High School, was a middle class school in comparatively deprived circumstances.
Artempts were made to iniroduce an outcomes-based education course invoiving a group of
grade 8 learners in the respective schools. Difficulties in implementation were encountered
and at best only very limited success was achieved. There were two reasons for this. First,
particularly in the case of St Sebastian’s College, I designed a course which was over
ambitious 1n that it was not suited to the developmental stage of the learners. Second,
traditional schooling systems follow a perspective of education termed ‘the structure of the
disciplines’ which fosters a system of rigid time tabling, compartmentalisation of subjects and
emphasis upon summative assessment. In contrast, the curricula I designed involved a
“cognitive” perspective which required flexibie time scheduling, integration of subjects and
developmental assessment. The conflicts which arose include time constraints and resistant
attitudes on the part of learners and teachers. The thesis culminates with some suggested
steps to follow should a school community wish to restructure. These include a shared vision,
emploving organised abandonment, capacity building and commitment to a systemic

perspective.
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Chapter 1 : The Literature Review

1.1.  Introduction

There is, on the whole, nothing on Earth intended for innocent people,
so horrible as a school. To begin with it is a prison, but in some
respects more cruel than a prison.

[ encountered words to this effect by G.B. Shaw in a JMB English Composition Examination
many vears ago and subsequently have never forgotten them. [ concur wholeheartedly with

Mr Shaw when considering a traditional school.

South African schools are currently facing the challenge of implementing Curriculum 2005
and more specifically Outcomes-Based Education (OBE) which is a clear paradigm shift
away from the traditional schooling philosophy. Since I had my reservations concerning the
rigid programmes of traditional schooling, [ decided to conduct research to establish whether
or not traditional schoois were structurally prepared and their personnel attitudinally attuned

for the transition.

Since this 1s a qualitative piece of research, I consider it essential to nail my colours firmly to
the mast and inform the reader of my central assumptions, While conducting fieldwork at the
respective venues, [ assumed that the traditionalist schooling svstem is incompatible with the
fundamental changes which must accompany OBE. This, in my view, is the case because the
major role players, be they educators, administrators or learners, at the two research sites,

seemed neither to have the will nor the structure to support these changes.

In the first chapter of my thesis I will explain the rationale motivating the introduction of
OBE as an educational policy in South Africa. As part of the explanation, I will inform the
reader of the key educational assumptions of OBE and why it is regarded by scholars as a
paradigm shift away from traditional thinking. I will then explain the implications of these
premises for a school. This is important since it not only offers the reader some insight into
the differences between the two genres of education, but also warns of the difficulties which

arise when making the transition from a traditional school to one based on OBE principles.




1.2.  The “Paradigm Shift”

Ever since my interest in curriculum studies began with the mention of Qutcomes-Based
Education (OBE) and Curriculum 2005 [ have been hearing and reading about the terms
“saradigms” and “paradigm shift”. Even when conducting my fieldwork, teachers spoke
freeiv of the two terms. Yet, no one seemed able to articulate the exact origin and meanings

of these terms.

Rovd (1992:306) defines “paradigm” as a model or theory where thev consciously or

unconsciously guide our thinking about such things as organizations, leadership, and policy.

The term “paradigm shift” 1s mentioned by Finn (1990 585-386) with reference to Thomas
Kuhn's famous book, The Structure of Scientific Revolutions (1970: 2™ ed). Kuhn used the
term “paradigm” when explaining the way the world was perceived to operate by previous
zenerations of observers, and how scientific revolutions altered these perceptions. Among
the historic “revolutions” in science were the change from the Geocentric unmiverse of
Ptolemy to the Heliocentric version mapped by Copernicus, the change from Newtonian
mechanics to the quantum theory of Planck and Einstein and the change from the teleological

notions of evolution to Darwin’s theory of natural selection.

Finn hastens to add that the revolutions in science do not aiter phenomena themselves, but
rather the ways they are viewed. Take the Copernican revolution, for example. Copemicus
saw the same sun, moon and planets as Ptolemy, but the interpretation of their movements in

relation to one another were completely different.

In the same way that scientists interpret physical phenomena in different ways than
previously perceived so educators have applied the term “paradigm shift” to education. Finn
(1990:586) describes traditional education in terms of emphasising inputs, namely, process
and system, effort and intention, investment and hope. To improve education means to try
harder, to engage in more activity, to give people more services, and become more efficient

in delivering them.

The educational paradigm shift, argues Finn (1990:ibid), has been recently defined as a

change in emphasis from inputs to outcomes. Sure enough, just as in the Copernican

2




revolution, the phenomena have not changed only the interpretation thereof. In the
educational sense, there are still teachers available to teach and learners who wish to learn.
However, education according to this new definition is the result achieved, the leamning that
takes place when the process is successful. Only if the process succeeds and learning occurs
will we say that education happened. If there is.no evidence to verify such a process then no
education occurred — however many attempts were made, resources allocated or energies
expended. In short, it does not matter from an outcomes perspective the time spent in the
classroom studving courses. What is ultimately important is can the student successfully

demonstrate proficiency.

1.2.1. Reasons for this paradigm shift

The question foremost in my mind is why change the emphasis from “inputs” to “outcomes™
What possible reason(s) could there be for rocking the boat to the extent that major

restructuring of education needs to be effected?

I will argue that there are essentially three reasons for this change in emphasis. The first is
based upon research, the second is wider economic and social forces exerted upon schools,
while the third is the inefficiency of traditional schools to meet the needs of the individual

learner.

1.2.1.1. Research that weakened the link between inputs and outcomes

Finn (1990:589) makes the point that there was once a very robust connection between
educational inputs and outcomes. For example, education once presumed that by making
substantial investments in resources to begin with would automatically be proportional to
protitable dividends. However, a comprehensive study of educational “productivity” by
Herbert Walberg (nd) as quoted in Finn (1990:589) revealed that some educational methods

worked far more effectively than others, irrespective of the cost.

Walberg’s work was bolstered by the synthesis and meta-analysis of many studies by Eric
Hanushek (1989) as quoted in Finn (1990:589) which weakened the link between educational
inputs and outputs even further.




In addition to the research which weakens the link between inputs and outcomes, there are
wider economic and social forces being exerted upon schools to change their emphasis. 1 will

now continue to elaborate upon these factors.

1.2.1.2. Economic and social forces exerted upon schools

See (1994:30) claims that there have been four information revolutions in world history,
namely, the storytellers, the scribes, the printers and most recently — the digital revolution,
described as the “Fourth Information Revolution”. This is the age in which schools and
society are presently located. All forms of information have become digital and learners can
use technology to gain access to information at any time, from any place in the world, in any
format required. Darling-Hammond (1990:286) supports See in his claim and she notes that
in economic terms, the world is moving from a manufacturing economy to a technologically
based information economy in a global market place. Darling-Hammond continues to argue
that the traditional form of education supported academic success for some and failure for
most others. The majority of failures then found employment on farms or in factories since
the manufacturing economy was rehant upon low-skilled workers. Although this type of
economy is redundant in the western world, schools still function to support it. In South
Africa, which is a developing country, schools, in my opinion, are also guilty of producing a
high failure rate among its learner population. This can no longer be countenanced for the
South African economy is in desperate need of learners, subsequently to become workers,
who require a more advanced knowledge of technology and industrial developments. This is

a key requisite to remain competitive with other countries in the global market place.

Pearce et al (1992:7) refer to McNeil’s (1990) four orientations of the curricuium. These
include the humanistic, the social reconstructionist, the technologist and the academic
approach. It is my opinion that South African schools have been compelled over the decades
to adopt this academic approach. This is the vehicle by which learners are introduced to
subject matter disciplines and organized fields of study, such as Geography, Science, History
and Mathematics. Cohen (1993:791) identifies the key problem with this approach in
traditional schools, namely, that learners are not taught to inquire, but rather to digest the
results of other people’s inquiry. Furthermore, Cohen (1993:729) adds that current
assessment methods focus on the most superticial methods of learning such as memorization
of facts. Learners are rarely exposed to the necessity of making major value decisions,

solving real-life problems or taking intellectual and practical risks.
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Darling-Hammond ( 1990:289) corroborates this and draws upon the comprehensive study of
more than 1,000 classtooms by John Goodlad. He found that for the most part, the
curriculum called for and made appropnate only some ways of knowing and learning and not
others. He found that students listen, read short sections in textbooks, responded briefly to
questions, and took short answer and multiple-choice quizzes. They rarely planned or
imtiated anything, did not create their own products, never read or wrote anything substantial
and did not engage in analytic discussions. The results are summarised by See (1994:30)
wio claims that schools in contemporary times are mere sorting and assessing svstems rather
than teaching institutions. Consequently, only a minute proportion of learners are destined
for the professions, while the majority are sentenced to low-skilled employment or more

likely in South African terms — unemployment.

Bv way of contrast what does business and industry require of its students and future
emplovees? To gain a better perspective on the matter I urge the reader to consider closely
the requirements of William Hayes, a senior staff administrator at Honda of America in

Maryville, Ohio.

Hayes (1994:42) mentions first of all, that students coming into the Honda workplace must be
able to function as part of a team. They need to be able to build trust, understand diversity,
share effort and accept responsibility. This point is particularly acute in South Africa with its
concerted moves away from Apartheid and repression to a liberal democracy where diversity
is the norm in the workplace and 1n society. Second, students must be able to communicate
effectively. Third, in addition to good verbal skills, students must write adequately to
compile reports, send memos or submit suggestions. Fourth, students must have good
presentation skills. This means they must explain possible solutions in the form of charts and
graphs. Fifth, students are to be effective problem solvers. No longer is there the
convenience of a plant “expert” to solve problems, but rather a team is to be responsible for

finding solutions systematically by gathering data and deciding on a solution.

In comparing Cohen’s and Darling-Hammond’s opinions about schooling with the
requirements of business and industry, one immediately notes the vast chasm between the

reality and the ideal.




Bames (1993:3) quotes King & Evans (1991) as asserting that public education must improve
and that dissausfaction with the poor results of educational practices is the major impetus for
outcomes-based education. Proponents such as O’Neil (1992), as quoted by Barnes (1993:4),
believe that implementation of OBE will result in long-needed changes in education. Barnes
further quotes Finn (1990) who suggests that these changes in education are possible if
educators shift from the old paradigm of education which focused on inputs, 10 a new

paradigm stressing outcomes.

DIRECT COST TO THE PROVINCES OF CANDIDATES WHO
FAIL THE STANDARD 10 EXAMINATION
Province canF:::ie:tes Dirif)ts tunit Total cost
! ;

Eastern Cape 41 899 | R387 R 16214913

Free State 23083 R390 R 9002 370

Gauteng | 36702 | R312 'R 11451024 |
| Kwa Zulu-Natal 48 975 R465 R 22675424

Mpumalanga 20 498 R390 R 7994 220

Northern Cape 2 760 R384* R 1059 840

Northern Province R350 R 30397 150

North West 24 285 R305 R 7406 925

Western Cape 3816 R480 'R 4231680

TOTAL 293 857 R110 433 547

o This is an average cost as no information was available for the |

Northerm Cape
Source: City Press 9.2.98

Table 1.1
[Source: Edusource Data news (21):July 1998:11].

1.2.1.3. Reasons for restructuring schools : Organizing for results

Up to this stage [ have quoted research that exposes the tenuous relationship between inputs
and outcomes and that current traditional schooling systems are completely out of sinc with

the social and economic trends. If, however, educators are to be convinced that their




institutions are in need of restructuring and their teaching methods are in vain, then more
cvidence needs to be brought to the- fore to expose the shaky toundations of traditional
schooling. The success or failure of the existing traditional schooling system in South Africa
rests upon the Matriculation Examinations. As a case in point consider Table 1.1 detailing

the high numbers of failures of candidates and the corresponding costs.

The president of the National Professional Teachers® Association of South Affica
(NAPTOSA) as quoted in Shindler (1998:11) deciared that the direct cost to the department
of the 293 357 pupils who failed the 1996 matriculation examinations was an estimated
R110.4m. He further speculated that R750m would be required to accommodate the failed

candidates who were to be readmitted in the 1997 academic year.

In my opinion, the current system is not only unsatistactory because of a high failure rate and
high financial burden, but, what 1s worse, 1s the “inputs” traditional system lacks credibility.
In the same article in February (1998:10), it is reported that the Education portfolio
committee received confidential information regarding the assessment of the 1996
matriculation examinations. The import of this was the results were highly adjusted to assist
disadvantaged pupils. Take the example of the Eastern Cape: All had to be raised, a third by
9%.

It is my belief that in terms of education the origin for the poor results, high numbers of
tailures, exorbitant costs and consequent lack of credibility lies in William Spady’s (1988: 4-
5% denunciation of the traditional schooling svstem. His argument is supported by the
research of Benjamin Bloom (1976), John Carroll (1963), Robinson (1985) and Brown &
Saks (1975, 1978, 1980, 1981, 1983, 1984, 1987), as quoted in Schalock er af (1993:181).

1.2.1.3.1. The contention of William Spady

Fundamentally, Spady (1988:4) asserts that the ‘traditional schooling system’ is not
organized for results but for student custody (ie promotion and retention of students),

administrative convenience and for time management.




in traditional schools, 1t 1s the calendar with its servants the clock and timetable which exert
the pervasive influence on the organization of schools and on the thinking of those who work

and study in them.

Parkyn (1994:35) describes the characteristics of the traditional schooling system. At the
start of a school vear, a teacher is assigned a class with a brief to cover a certain syllabus in
the one vear period. A certain number of periods of fixed time duration are scheduled each
week in which the teacher and pupils come into contact. In such a scenario, ability ranges in
the class generally tend to vary from poor to excellent, but cach learner is usuaily granted
only one chance to write a test or examination. The results in the class vary, usually in
correspondence to abiiity range. Some students, mostly the brighter ones, are deemed to be
more competent and have lived up to the expectations of the teacher. The less competent

ones score lower marks in not meeting the requirements of the course.

Consider the diagram:

The prevalent practice paradigm

CALENDAR | <« » | CUSTODY

l ‘
M \
CREDIT| «— | COURSES | «+— |CONTENT | +— | COVERAGE

i

Y k4

OUTCOMES < » | COMPETENCY

Spady (1988:3)

Figure 1.1




Zven though a student may be functioning at a higher level than his class mates, he is not
permitted to study more difficult work while his weaker peers receive remediation to soive
their conceptual confusion. The key issue for the teacher is not to meet the needs of the
individual learner, so that each can reach maximum potential, but to engage in what Spady
{1988:3) calls the unproductive syndrome of “putting in time” and “covering the material”.
The net result 1s all the students, irrespective of ability are retained until the year’s course is
complete and a wide range of competence and outcomes are exhibited. This is illustrated by

the normal distribution curve at the bottom of figure 1.1.

The circumstances in traditional schooling arise because time 1s set as the constant. Spady
now recommends that time should become the variable. Learners are to be given extra time
and support in their efforts to achieve success. However, at the end of the educational
encounter, all roads would lead to Rome and evervone would be able to achieve success.

This is the essence of what Spady calls organizing for resuits.

1.2.1.5.2. The research evidence in support of Spady’s claim

The research evidence upon which Spady’s argument rests is expounded first of ail by
Benjamin Bloom (1976) and Robinson (1985), as quoted in Boschee & Baron (1994:195).
According to Bloom and Robinson every child, when given sufficient time and proper
assistance, can be expected to learn. In support of this, Carroll’s (1963) research, also quoted
in Boschee & Baron (1994:195) shows that differences in student scores on aptitude and
intelligence tests are measures of time required for different students to learn the same
material, not as previously believed, measures of students’ innare capabilities to learn.
Brown & Saks, quoted in Schalock er al (1993:181), contnbute their research findings to
confirm the work of Carroll, Bloom and Robinson. They found that additional levels in

outcomes can be expected from additional amounts of time allocated.

This gives rise to Spady’s suggestion, quoted in Artis (1994:27) that, “when students learn

and whether they learn well 1s more important than when and how they learn 1t”.

[ will now consider a new paradigm. a new interpretation of education that will ensure

maximum benefit for all students enrolled in the schooling process. It contains all the

9




clements of the prevalent practice paradigm, except outcomes and competency have been
exchanged with time and custody. This is now the outcomes-based paradigm wherein the
outcomes of a person’s learning and-ihe level of achievement are decided upon before any
turther course design is considered or supplemented. What varies, is the time taken for each
individual learner to achieve those outcomes and consequently how long each person will be

retained at a certain level betore promotion, as qubted in Spady (1988:5).
Consider figure 1.2 (Spady (1988:6)).

The outcomes-based paradigm

g ' OUTCOMES | »| COMPETENCY

| N\

4
CREDIT | ¢—— | COURSES |4—» | CONTENTS | ¢—p{ COACHING

AN

TIME |« » | CUSTODY

Figure 1.2

The result for curriculum planners, explains Spady (1988:7), is that broadly defined exit
outcomes are decided upon and then planners design down for the thematic programmes that

support them. More will be said about this design process later in the thesis.
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Suffice 1t to say at this stage that [ have considered three key reasons for questioning the
creditability ot traditional schooling. First. the tenuous link between inputs and outputs
according to the research of Walberg and Hanushek. Second, the observations of Darling-
Hammond and others who doubt the efficacy of schoois to meet the challenges of a global
economy and the Information Revolution of the 21% century. Third, the erroneous perception
that schooliing should be organized according to custody of students and the calendar with its
adjuncts — the clock and timetable which was proved to be based on faulty premises by the

research of Bloom, Carroll, Robinson and Brown & Saks.

These are all serious indictments which cannot be summarily dismissed and are greatly
accentuated since South African society is currently in a process of social transition within
the new dispensation of a liberal democracy. Unfortunately, the country is having to cope
with severe social problems. These include nigh unemployment and deeplyv ingrained racism.
Considering unemplovment, Reuters (quoted in the EP Herald, p.3 29" August 1998) quoted
a figure of between 23% and 30% in the formal sector. Concerning racism, Edusource (Data
news No 21/July 1998) refers to the Human Rights Commission (HRC) as having
investigated 29 cases of alleged racism in schools in 6 provinces since 1995. A particularly
severe case, which was well publicised in February 1998, occurred at Vryburgh High School
after the governing body suspended 5 black children from school. It developed into a conflict
involving black and white parents and the community at large. A task team appointed by a
multi-party parliamentary committee resolved the conflict after exposing deep-seated racism
in the school. Furthermore, Spargo (1990:30) cites problems of a growing population and
increasing urbanization with perils of malnutrition, spread of disease and a deteriorating

natural environment.

In addition, McKeman (1993:344) alerts us to the fact that a high-tech culture prevails in the
west and learners will need to compete in the arena of global economic warfare. Since skill
requirements in the workplace changes five times faster than organizational changes in

schools, learners will need to become adept problem-solvers and independent learners.

To make a contribution to meet these challenges, National Education is implementing

Curriculum 2005 and more specitically outcomes-based education in government schools. [t
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is this form of education which deserves closer scrutiny in terms of its philosophy and basic

premises and the consequences thereof for schools and the communities which they serve.

1.3.  Outcomes-Based Education (OBE)
1.3.1. The philosophv of OBE

Rogers and Dana (1995:7) state that “outcomes-based” refers to the results that the education
community desires before teaching occurs. Geddert (1993:205-6) contends that to decide
upon these desirable qualities in terms ot what a learner should know, do and be like, the
entire community needs to engage in meetings and conversation. To ensure that no
misunderstandings concerning OBE arise, school administrators need to adhere to this central
tenet of broad community involvement. The school educators, parents and community
members must all be willing to build trust and improve student leaming. Once decisions
concerning exit outcomes and appropriate means to assess performance have been made then
appropriate instructional strategies and learning activities need to be impiemented to achieve

the desired outcomes.

To understand this policy of total community involvement in selecting exit outcomes and
then designing backwards to achieve the outcomes as opposed to following syllabi perhaps it

is appropriate to present an analogy of sharecropping described by Fritz (1994:80).

The traditional system of schooling is akin to plantation slavery which is input-compelled.
Under such a system, the slave owner makes the daily farming decisions. [n sharecropping
landlord Legree compels outcomes, not inputs: “Johnny, vou make your own decisions about
planting, weeding and harvesting. ['m deciding only the outcomes: Your family delivers
cight bales to me by November 1 each year. This is a “high-stakes™ outcome because 1f you

fail, I will punish you by taking away your home and means of feeding your family.”

In this analogy, the landlord is the National Education Department who decides upon the
outcomes and Johnny is the school teacher who can conduct any course he likes, but must do
so in such a way that the learners exhibit the intended outcomes desired by National

Education.

To expand on this point, OBE is often misunderstood by interested parties because it cannot

be defined as strategies, content, curricula, facilities, staffing or budget. Instead 1t is really a
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philosophical “umbrella™ over these operational aspects of education. It is the responsibility

of cach education community to determine how strategies, content, curricula, facilities,

staffing and budget will be structured to implement the OBE philosophy.

The basic premises of the OBE philosophy are defined by Spady & Marshall (1991:67):

(1) all children can learn (perhaps not in the same way on the same day),
{i1)  success leads to more success, and

(111)  schools are a key element in providing the conditions for success.

These basic premises may seem very attractive, but if complied with serve to re-detine

education and have far reaching consequences for the community. Rogers and Dana (1995:8)

mention a few important implications:

L.

12

[99]

The education community (school and community it serves) must be involved in
education decisions.

Tt involves the entire education community in major curricula decisions and will take time
and must be done well in order to build trust. Pliska (1997:5) and Evans & King
(1994:15) speak of a total systems approach for change to be successful. Any piecemeal
efforts are doomed to failure. Mike Cohen (former education program director of the
National Governors’ Association) quoted in Brandt (1991:55) agreed with Pliska and
Evans & King arguing that all aspects of restructuring a school are interrelated. For
example, assessment cannot be thought of independently of accountability. More than
this, accountability needs to be related to the curriculum and to alter a curriculum the
culture inside the system needs to be altered. Cohen concedes that all these factors cannot
be accomplished simultaneously, but must be thought of concurrently.

Change will require training and resources, and districts must be prepared to operate in
old and new ways simultaneously until change is complete. David (1991:15) sympathizes
with teachers who are tackling the task of restructuring schools. She refers to their
situation as being “caught in a time warp between the old and the new”. On the one hand,
teachers are being asked to teach their students to think — to forsake superficial coverage
of content for depth and understanding. On the other hand, they are still judged publicly
and privately by standardized tests that emphasize 1solated facts, rote learming and content
coverage.

Focus to be on local results, and not on what other communities have done or

experienced.
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The key issue is the entire school éiornmunity 1s to be involved. In past years. school
administrators made decisions and then informed the scholars and the community after the
event. Parents, having real and important desires for their children, were ignored. This
cannot be allowed to continue, for teachers aﬁd administrators are to acknowledge that
parents want their children to:

(1) learn the subject matter,

(i1) become self-directed learners,

(ii1)  learn how to work well with others,

(1v)  be etfective communicators,

(V) develop responsibility, and

(v1)  apply what they learn in new situations.

Traditionally, schools have concentrated upon number (i), learning the subject matter. As we
approach the 21 Century, parents and business require that learners master the other five as
well. Friedland (1992:97) supports this viewpoint stressing the need to move away from
existing outdated curricula because students of today are of a different era with significantly
different needs. Since schools have more autonomy in deciding on how to achieve these
outcomes, it is crucial that all stakeholders participate in developing educational outcomes
that will result in learning. So what are outcomes? Spady er al (1994:29) clarify that
outcomes are clear, observable demonstrations of student leamning that occur after a
significant set of learning experiences. They are not values, attitudes, feelings, beliefs,

activities, assignments, goals, scores, grades, or averages.

It must be remembered that OBE is a vision still to be realised and schools at the present time
are grappling with concrete issues such as low budgets, teacher strikes and redeployment of
teachers. For this reason, change will take time and is an on-going process with growth being
continuous. This viewpoint of Rogers & Dana (1995:9) is well supported by McNeir (1993:
23-24) who writes: “Schools must allow enough time to carefully plan their program and to
evaluate its results. The vision of restructuring offered by the OBE model must be sustained
if it is to truly transtorm.” Most likely, OBE efforts by communities will concentrate upon
what is no longer satisfactory, what needs to be done in its place, and hold everyone - teacher

and learner — accountable for what they do. This notion of accountability is affirmed by Finn
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(1990:390) whereby teachers in an OBE system acknowledge the relationship between what
goes on in formal education and the learning which results.

To successfully implement OBE the educational community needs to develop svstematic
long-term plans to reach community held educational goals. If a community opts for a
programme to secure short-term success without a systematic pian then the result will be

disillusionment, outnght anger and suspicion of the OBE movement.
Not only must plans be well thought through and systematic, but each community 1s to
develop its own goals and plans. This is the case because there are many different ways to

implement OBE.

[ will now consider the fundamental premises of OBE and their implications for existing

schools.

1.4, The fundamental premises of OBE and their implications for schools

In this section, [ plan to closely analyse, in turn, the three premises of OBE to establish their
meaning. After each premise I shall consider the consequences for the teaching and learning

community of schools.

1.4.1. Assumption [
Spady er af (1994:30) state the first key assumption of OBE as follows:

All students can learn and succeed, but not necessarily on the same
day or in the same way.

These authors (ibid) then succinetly clarify what teachers are to focus upon when faced with
a class of learners. Teachers are to be cognizant of a student’s unique learning needs, rates
and characteristics. Smith (1995:24) justified this clarification with the observation that the
traditional system is a single entrée educational menu for all children. Yet, in aiming a
course at the general ability range in a class, the learning environment may fail to address the
needs of certain individual learners. The reason for this, continues Smith (ibid), 1s because
children and adults learn at different rates, in different ways, and at different times. For this
reason, no single profile of a developing person is identical to another, nor are one’s

strengths, interests, or talents the same..
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The consequence of Smith’s recognition that all learners are different is explained by
McGhan (1994:71). He believes it is} prucial to realise that students in an OBE system, who
progress through a given set of outcomes at different rates, can only be accommodated if
schools learn to handle scheduling problems. This is the case, because students will

invariably start and end outcome sets at different times.

Moody (1994:35) provides one with a deeper mnsight into what “scheduling problems”
actually means. He envisages that ringing bells will no longer separate classes into 50-
minute blocks ot time fragmented from one another. It is incumbent upon teachers and the
administration to restructure schedules and calendars to provide longer blocks of time during

which more in-depth learning can occur.

Moody speaks of longer blocks of time. My immediate question is if 30-minute periods are
no longer suitable, then what duration would be more appropriate? Arbor (1990:8) suggests
that schools should be utilised year-round; open each day from early morning until evening,
She suggests scheduling sessions for three or four hours at a time when teachers and students

are to meet.

Time-tabling changes, although a fairly routine undertaking in a time-based traditional school
proves, in an OBE-framework, to be more than a match for even the most ardent of
administrators. Take the example of Larry Nyland, the Superintendent, Pasco, Washington.
USA, School District No 1. Nyland (1991:35) cites time-tabling as one of the most
demanding of challenges in the district. Both seniority of individuals and tradition had to be

set aside to cope logistically and emotionally with the obstacles which beset the reforms.

Spady er al’s (ibid) first philosophical premise also claims that students not only require
varying amounts of time to master a unit of work, but also vary in their learmning styles.
Rosenthal (1996:87) lists five different kinds of learning styles, namely: visual, auditory,
tactile, kinesthetic and mapping. It appears to me that the traditional form of schooling with
its emphasis on content coverage favours the auditory learner. This is so because, for the
most part, the teacher lectures the class for much of the time compelling students to listen
attentively. In the South African context this is particularly undesirable in my opinion
because it limits English second language learners who constitute the majority of the

population. [ agree with Reid, quoted in Rosenthal (1996:56), who demonstrated that English
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second language learners are more tactile and kinesthetic (building of models) in terms of
their preferred learning styles. For this reason, the first philosophical premise of OBE,
expounded by Spady et a/ is particularly appropriate. Teachers are duty-bound to

accommodate the learning styles of learners.

In order to best assist learners according to their most favoured learming styles, the
implication here is a change in teaching methodology. Kgame (1997:8-9) refers to what she
describes as a participatory methodology. Examples of this methodology include role play,

discussion, brainstorming and pair and small group work.

To further my analysis of the first premise of OBE expounded by Spady et af (ibid), 1 wiil
now continue with a discussion of mastery and cooperative learning as related issues

pertaining to students who do not learn “in the same way”.

Evans & King (1994:13) acknowledge that aithough OBE does not require mastery learning
as an exclusive instructional model, many authors consider mastery learning to be an integral
part of OBE beliefs and practices. These authors include Burns (1987), Schleisman & King
(1990) and Spady (1982), as quoted in Evans & King (1994:13). Guskey er a/ (1991:37)
inform the reader that mastery learning, developed by Bloom in the mid-1960s, is a process
by which aspects of individualized instruction improve student learning in group-based

classrooms. What tollows is the process which teachers will be expected to apply.

The material to be leamed is divided into instructional units. Following teacher instruction
after each unit, a formative test is administered. This is not for final mark purposes, but it
provides teacher and learner with feedback on whether or not successful learning was
achieved. If necessary, corrective activities are to be provided requiring additional time and
practice until mastery is achieved. For those who achieve mastery first time round, they will
be given enrichment activities. The weaker learners, after corrective measures, will then

perform a second formative assessment task before going on with the next unit.
Guskey et al (ibid) state clearly that corrective activities are individualised and target

concepts and skills learners have not mastered. These activities which very often require peer

cooperation demonstrate a more appropriate learning approach.
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Allied to mastery learning is the use ot cooperative learning. Guskey ef df (ibid) envisage
that learners are to work on assigned tasks in small heterogeneous groups of two to six
learners. The group members, while engaging in the activity, are to collaborate and mutually
support one another. Johnson & Johnson (1987, 1989), as quoted in Guskey et af (1991:37),

provided five elements crucial to any cooperative learning programme. These include:

(1) Positive interdependence: Learners evidence responsibility for their own
learning and that of other members in the group.

(11} Individual accountabilitv: Each leamer is to demonstrate masterv of the

assigned work.

(1)  Face-to-face interaction: Each learner is to explain concepts in their own

words and in the process assist each other towards an improved construction
of knowledge.

{iv}  Social skills: Leamers are to interact in a positive manner. This means that
each member received an opportunity to communicate and contribute ideas
and support under the effective leadership of a particular group member. The
atmosphere is to be harmonious and cordial.

(v) Group processing: Groups are to assess effectiveness and devise ways to

improve.

My first reaction to mastery and cooperative learning is that they both sound impressive, but

do they assist students towards success even 1f it is not in the same way, on the same day?

Guskey er af (1991:38) referred to Thorpe Gordon Elementary School in Jefferson City,
Missouri, which implemented OBE with emphasis on mastery and cooperative learning in the
late 1980s. Some excellent results were recorded. The third graders wrote the criterion-
referenced Missourt Mastery Achievement Tests. In 1989 only 10% of the third graders
scored between 20-40%. More significantly, 70-90% were ranked between 60-100% with
50-75% of these achieving over 80%.

The evidence of Thorpe Gordon is not isolated. Evans & King (1994:13) refer to the meta-
analysis of a mastery learning study conducted by Kulik & Bangert-Drowns (1990). These
researchers examined 108 studies on Bloom’s Learmning for Mastery and Keller’s
Personalized System of Instruction. The meta-analysis indicates that the average student in

the mastery learning class performed at the 70" percentile, whereas the average student in the
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control class performed at the 50" percentile. Furthermore, the mastery learning approach
favoured lower-aptitude students more than higher-aptitude students. The downside, it
seems, is that students in mastery learning classes complete fewer courses than in control
classes. This is what I would expect logically, because the Spady et uf (ibid) premise
demands that «// learners are to succeed. Hence, more and more time is to be made available

until learners can demonstrate mastery.

It appears from this evidence that mastery learning and cooperative learning really favour the

weak learner, but what can be said from a teacher’s perspective?

[n a paper written by Kuiper & Wilkinson (1998:10), I explain my previous teaching
methodology before enrolling for a B.Ed course at Rhodes University. It was my practice to
atford Engineering Science students the opportunity to transcribe pages of laborious notes
which [ had prepared for them on overhead transparencies. This served as a “delaying tactic”
so they would have something to do. In contrast, when [ contempiate the possibilities of
mastery and cooperative learning explained earlier my mind-set and experience from a
teacher’s perspective is that it must be very taxing. [ make this statement because South
African classrooms are generally (though not always) overcrowded and in some cases are
occupied by learners of diverse cultural background. Hence, to keep pace with each
individual’s learning needs through a system of feedback and correctives, monitored through
collaboration and group work is laudable in theory, but not casily achieved in reality. I
hasten to add that the OBE ideal is not impossible because Artis (1994:29) lists a few
examples where OBE has been implemented successfully. These schools and districts
inciude:

¢ Public schools in Aurora, Colorado,

¢ Township High School District 214 in Arlington Heights, Illinois,

¢ Johnson City Schools in Johnson City, N.Y.,

+ Lucia Mar Unified School Distﬁct, Arroyo Grands, California, and

¢ The College Community School District in Cedar Rapids, lowa.

Be that as it may, to illustrate the difficulties of mastery and cooperative learning as teaching

and learning strategies necessary to achieve a high success rate of students, I will now draw
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upon the high school experience of Lee Ann Cavener, quoted in Schwarz & Cavener
(1994:330).

Lee Ann was an English teacher at Ponca City High School in 1992-93 and worked in
conjunction with a university professor, Gretchen Schwarz. Cavener cited time for grading
and regrading and further planning as the main difficulty in the transition to OBE. [t was
found that more than half the class did not meet the 70% crteria for a mastery leaming
assessment on a literature concept. The result was more extended teaching of new concepts
and more testing of old concepts. Cavener was then waylaid by more assessments of the new
and redone work. She tried to assist learners with extended deadlines, but concludes that the

paper work and record keeping became a formidable burden.

Another danger of OBE alluded to by Schwarz & Cavener (1994:331) was that students
translate the OBE premise of “success for all” into the practice of postponement. The idea
being that if they do not have to pass initially then delay, gain insight into the questions
posed, and use these as cues for the test to follow. Furthermore, teachers struggled mightily
to cope with the learning styles and ability ranges of learners. To remedy this, perhaps a

computerised system is necessary. [ will now explore this possibility.

1.4.1.1. Computer Management Systems

To effectively track the achievement of a large number of students both Neison (1985:15) and
Capper and Jamison (1993:442) refer to a computerised information management system.
The purpose of this is to remain consistent with the mastery learning philosophy of not
allowing students to advance before a prerequisite skill is mastered. See (1994:31) advises
teachers that in addition to managing assessment records, computer programmes are useful in
determining an individual’s learning style. He recommends products such as ROADMAP
Learning Styles software which ascertains a person’s preferred learning style and assists
teachers towards designing appropriate individualized instructional activities.

In Cavener’s case, as quoted in Schwarz & Cavener (1994:333), declining financial support
tor schools meant that no computers were made available to assist in record keeping and test

design. In South Africa, many schools will be in similar tinancial circumstances and the
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absence of computers will place extreme pressure on teachers. I will have more to say about

the use of computers in my two case studies.

1.4.2. Assumption Il
Spady er af (1994:30) state the second key assumption of OBE as follows: “Successful

learning promotes more successful leaming”.

When [ first read this assumption that success breeds success, | was quite puzzled, asking
myself why make this fundamental assumption? How is it related to a child in a school?

Friedland (1992) explains as follows:

Friedland (1992:96) quotes social scientists whose contention it is that children are growing
up in the most negative, problematic and neurotic society ever. It i1s believed that these
circumstances must have a detrimental impact on a child’s self-esteem. Consequently,
students exhibit distorted values, lack of discipline and have fuzzy goals. All this translates

into low interest, low motivation and low achievement.

Friedland (1992:97) speaks of reputable research studies which show a high correlation
between healthy esteem and success at school in the areas of higher educational aspirations
and superior academic achievement among others. Purkey, as quoted in Friedland (1992:97)

comments:

There is a significant and positive relationship between a student’s concept
of himseif and his performance in school. Students who feel good about
themselves and their abilities, are the ones most likely to succeed.

The inference of this logical thinking 1s by providing conditions in a school wherebv learners

improve their self-esteem, success may then be assured which will lead to more success.
The strategies which Friedland (1992:99-100) recommends to promote self-esteem are:
(1) cooperative learning,
(11) outcomes-based instruction with each learner recetving the necessary time and

support to achieve outcomes, and

(111)  contluent education.
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Friedland (ibid) detines confluent education as education where cognitive and affective
components of a subject are intertwined. This in my opinion is one important characteristic
which curriculum developers must attend to. Adding to the combination of cognitive and

affective factors is the need to fuse a number of traditionaily separate subjects into an
integrated curnculum termed the thematic approach. [ will now seize upon this opportunity
to discuss some of the experiences which educators have had concerning the design of an

integrated curriculum.

1.4.2.1. Curriculum integration

Artis (1994:28) is of the opinion that a school restructuring with an OBE system will require
a tremendous amount of integration. The Kansas State Board of Education (1993:5) defines
an ntegrated curriculum as one which unites all curricula through defined outcomes in order
to meet the specific needs of all learners. The integrated curriculum transcends the entire
schooling process 1n that it integrates all levels of outcomes and may include outcomes from

a variety of programmes in courses and for grade levels.

O’Neil (1994:9) commentates upon Wiggins’s observations (nd) that OBE proponents find it
difficult to weave academic content into an outcomes framework in an effort to develop a less
fragmentary course. The reason for the difficulty explains Anderson (1992:868) is because
Science has a unique nature in terms of the Science concepts themselves and the modes of

inquiry that produce them,

1 agree strongly that course integration is very taxing and at the start of my fieldwork I
agonised over the best way to achieve it. This 1s one reason why so much criticism has been
leveled at OBE. Le Haye (1994:28), for example, accuses OBE of being a chameleon by
nature, taking on different names and meanings in almost every case. The explanations for
this 1s OBE 1s not a “program” but a way of designing, delivering and documenting
instruction in terms of its intended goals and outcomes, as quoted in Spady (1988:5). This
means that the vision of OBE can be interpreted in different ways when schools design their
own programmes. More will be said about my approach in later chapters of this thesis, but
presently I will consider the “design down” curriculum development process referred to
above bv the Kansas State Board of Education. This is an integral planning phase which

must be punctiliously observed by any curriculum team. Thereafter, [ will briefly consider,
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from a teacher’s perspective, two case studies reporting educators’ experiences with
curriculum integration. One, considers teachers’ competency inside and outside of their

teaching specialities while the other, a process approach applied in a Science curriculum.

1.4.2.2. The design-down process

It is important for schools to realise their responsibility with respect to the National Education
Department. Through a consultative process, involving teacher unions, NGOs, tertiary level
representations and input from industnalists and foreign consultants, the National Education
Department tormulated a series of outcomes. These are recorded in the government Gazette,

6" June, 1997 No 18051:139-173.

The outcomes are divided into three categories. The crtical cross-field outcomes, the
learning area outcomes and the specific outcomes. These outcomes are a fait uccompli and
represent what each learner is to perform or demonstrate after a programme has run its
course. This is what the OBE-literature refers to as the exit outcomes. The Kansas State
Board of Education (1993:8) defines exit outcomes as those formulated as integrated learning
experiences which are the foundation for the total curriculum. The Board continues that from

exit outcomes emerge programme, course/grade level, unit and lesson outcomes.

What becomes crucial for schools is to decide on outcomes at the course/grade level with
further refinement at the unmit and lesson levels by teachers. Particularly challenging in my
view will be the need for new teaching methodologies and subject integration. We will now

consider these important facets as they influence the teacher directly.

1.4.2.3. Participatorv methodologies

As explained earlier, the outcomes-based education envisaged requires what Kgame (1997:8)
described as participatory methodologies. Lakin & Wellington (1994:187) in referring to
teaching of the nature of science admitted that few teachers are at home with such strategies
as discussions, small group work, reading for learning, role-play or drama. They generally
feel intimidated by such strategies because they cannot implement them effectively. This was

precisely my own teaching experience when engaging in tieldwork.

23




Take the example ot small group work 1n Science classes. Generallv, two to six learners are
assigned to perform an experiment. To function effectively Watts & Bentley (1992:62)
advise that three characteristics of the ;group must be in evidence, namely:

(1) a notion of membership and appreciation of its consequences,

(11) delineated roles of members, and

(i1)  shared norms.

It has been my experience that science teachers use group work experiments mainly to
iflustrate concepts and gather “objective” data as Hodson (1990:35) suggests. Teachers
generally, do not explicitly stress the need for groups to allocate group-roles to its members
prior to the experiment. More significantly, when the session is compilete, the teacher does
not generally allow learners to discuss and debate the evidence among themselves. There is
simplv not enough time for such long-winded activities. Worse still, the teachers ubiquitous-
ly assign group work to overcome the problem of equipment shortages. Better to have large
groups working with a tew items of apparatus than no experiments at ail. After the session,
groups are quickly dissolved and teachers set about explaining the concept which the
experiment should have illustrated. Vygotsky’s theory judges this to be a fundamentally

unsound practice.

Alexopoulou & Driver (1996:1099) refer to Vygotsky’s theory which stresses the role of
language and discourse in shaping meaning. When group work is in progress the joint
actions and communication of learners assist in construction of knowiedge and meaning. To
achieve this the teacher’s emphasis needs to go bevond illustrating concepts to teaching
leamners to work collaboratively. [ will now consider integration in the curriculum. I will

presently consider exampies of where integration have been attempted n the curriculum.

1.4.2.4. Example of teachers’ experiences with integration in the curriculum

The sort of integration 1 have considered involves first, the integration ot different Science

subjects and second, the integration of a process approach into a Science course.

1.4.2.4.1. Case study [
The following explanation is my own summary of the key points revealed in a study by
Sanders er ¢/ (1993:723-736). It considers research surrounding three expenienced teachers

who taught classes both inside and outside of their areas of certification. Their areas of
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specialisation were Chemistry, Biology, Earth Science, and Mathematics. The unfamiliar
areas were Astronomy, Physical Science and Photography. The article considered how
etfective and comfortable teachers were in and out of their area of certification with respect

to thetr preparation, interaction with learners and later retlections after the lessons.

Teachers in an area of specialisation had a sound knowledge of the content of their subjects.
They relied on notes prepared years before. Consequently, they were able to sequence
concepts appropriately and manage their classes skillfullv. In these classes, there was less
teacher-input and more learner-centred activities. These teachers were more adept at
facilitating nisky activities such as discussions wherein learners were at liberty to ask difficuit
questions demanding a keen insight on the part of the teacher. The teachers could change the
flow of the class readily and adapted to differences in student ability. Theyv were able to
accomplish this with consumate ease because they had such a diverse background in their

subject areas to draw upon.

By contrast, these teachers in an area outside of their specialisations struggled more with their
preparation. They lacked matenals and tended to write more in the form of notes and had
difficulty sequencing concepts. During classroom interactions, teachers tended to lecture
more, steering clear of learner-centred activities. Occasionally, there were classroom
management problems aggravated by difficulties with explanations. The teachers and their

students often became confused and flustered which upset the timing of their lessons.

In reflecting upon their lessons in retrospect, teachers outside of their area of certification
thought more about their teaching. They tried to think what needed to be clarified and
improved and were uncertain about the effectiveness of their teaching in terms of student
understanding. By comparison, teachers in their areas of certification, reflected more on their
students and their understanding and participation. This was the case because they were

confident in themselves that the learners had followed their content presentations.

142,42, Case study 11
Instead of considering a traditional teacher’s efficacy in and out of certified subject areas as
was the case in the Sanders er af/ (1993) research, Gaskins & Guthne (1994:1039-1056)

describe a process approach to the science curriculum. The project aimed at integrating the
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teaching of Science, reading and writing processes in a conceptually based, constructivist

curriculum for early high school pupils who read below grade level.

The team who designed and implemented the curriculum consisted of a school principal,
university researcher, research assistant, and two science teachers and their supervisors.
Gaskins & Guthrie (1994:1053) concede that this task was formidable. One supervisor
confessed that, “programme development is the most painful thing I’ve ever been through in
my life, including childbirth ... and [ think it’s especially hard for somebody who’s never
been through it before because they don’t know for a fact that there is a pot at the end of the

rainbow’’.

From a teacher’s perspective the real chailenge was not so much in assisting learners towards
a better understanding of key concepts, but in teaching learners how to do, think, read and
write about Science. What was involved was planning, arranging and then facilitating a
classroom experience wherein leamners could really do and learn Science. This meant
working with assiduity to create circumstances wherein learners would observe and interact
with real-world objects and events, make predictions about how they work and read to
research what others have learned about them in constructing and writing explanations, as
quoted 1n Gaskins & Guthrie (1994:1040).

This is the essence of the process approach which leads learners to detect patterns and test
predictions through reflective observation. Learners were then encouraged by their teachers
to make connections between the evidence of their observations and what was recorded in
reference books through the medium of collaborative discussions and negotiated
explanations. The whole integrated process rested on students’ ability to manipulate and

critique what they read and wrote in an attempt to solve real-life problems.

Teachers were initially dubious as to whether or not learners were capable of higher-order
thinking. In connection with pre-assessment Gaskins & Guthrie (1994:1051) quote one
teacher: “When we did that pretest thing ... I, in my own head, predicted disastrous resuits. [
kinda, said, no way, these kids are going to die. This is too hard for them.” But contrary to
those initial prejudices concerning pre-assessment, expectations of students’ capabilities and

potentials changed, although student accomplishment was not always remarkable.
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1.4.3 Assumption [1I

Spady er al’s (1994:30) third assumption is: Schools control the conditions
that directly affect successful school learning.”

In this section I intend to acknowledge the influence of “tests” on the curriculum and will
Jiscuss the tvpe of testing which OBE proponents advocate. Since learners are directly
affected by the assessment process, I deem it necessary to consider learner and parental
attitudes towards OBE in general and more specifically towards assessment. Finaily, [ plan
to expiore more closely what “controlling the conditions of success” means for schools in

terms of accountability.

1.4.3.1. The influence of the test

In OBE, the emphasis lies not so much on a learner’s abiiity to recall information, but
depends more on what he or she can do in practice with that knowledge or skill. This is
particularly important for future emplovees or umiversities who will attach high stakes to
these demonstrations of competence. Consider an apposite quote from the work of Madaus
(1979) recorded by Darling-Hammond (1990):

Evidence from many studies demonstrates that, when such high stakes
are attached to scores, tests can be expected to exert a strong influence
on “what is taught, how it 1s taught, what pupils study, how they study,
and what they learn.”

I will now explore the form of assessment which is touted to exert such an influence.

1.4.3.2. A holistic form of assessment

Lubisi ef al (1997a:123) explain that South Africa’s Curriculum Framework has opted for a
holistic form of outcomes-based assessment. Lubisi er af (1997a:131) define the term

“holism” to imply that things are connected. So what is connected?

At the level of assessment a holistic understanding will only judge a leamer to be competent
if she is able to integrate the required knowledge, skills and values in different contexts. At
the classroom level “holism” means continually combining assessment, teaching and learning
instead of the fragmentary traditional approach, characteristic of which is a test tagged on at

the end of a unit, as quoted in du Toit et @/ (1996:30).
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Watts & Bentley (1992:170) reporting on the work of West and Wilson (1990) claborate
upon the implications of holistic assessment for leaners. At the start of a course or unit,
learners would be introduced to the assessment criteria — a list of what is to be achieved and
level of competency. As the course or unit progresses, learners would be afforded the
opportunity to test their progress at frequent intervals — a process termed self assessment.
Adequate provision would be made for learners to assess each other’s work and to suggest
suttable changes to assessment tasks and criteria. Up to this stage, the form of assessment
may be described as developmental, diagnostic or formative. In the final stages of the course
or unit, summative assessment unfolds after negotiation with peers and teachers and the

resuits of all assessments would be incorporated in a Record of Achievement called profiles.

1.4.3.3. The instruments of holistic assessment

Since OBE practice is characterised by frequent monitoring of a leaner’s progress and
cognizance is continually paid to individual learning styles, Grover (1994:175) remarks that a
variety of assessment procedures are employed. The purpose being to evaluate learning and
diagnose the need for additional instruction. This is far removed from the function of

traditional assessment which is to test, label and categorise learers.

Although an exhaustive list of assessment strategies exist [ will describe four which impacted
upon my research, namely criterion-referenced tests, portfolios, and performance assessment
defined by Grover’s synopsis (1994:175-176). Thereafter follows the most challenging form

to implement, namely, authentic performance assessment.

1.4.3.3.1. Criterion-referenced tests

These tests use questions based on what the student was taught to measure how much the
student learned from that instruction. Such tests may use multiple choice or essay questions,

or a combination of both.

1.4.3.3.2. Portfolios
A porttolio is a file of student work centered on a particular topic or content area. It is now
used as an assessment technique where specified contents of the portfolios are reviewed

according to established criteria to determine the level of student performance and progress.
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1.4.3.3.3. Performance assessment

This form of assessment requires students to perform a test rather than simply answer
questions. [t may call for wrting or solving math or science problems or completing a

science experiment. [t is judged against established critena.

1.4.3.3 4. Authentic performance assessment

I will now continue with a bret discussion on authentic performance assessment which is
described by Bergen (1993-94:99). She refers the reader to Spady’s (1992) definition of an
“putcome” which informs about what students have learned and can demonstrate in periorm-
ance. If this is the case, Bergen argues that “authentic” performance assessment is that which

evaluates what children can do in actual or simulated applied situations.

The reason why authentic performance assessment has been introduced in OBE systems is
explained by Manges er o/ (1995-96:10). These authors draw attention to the growing
demand of employers for secondary and post secondary schoois to produce graduates capable
of performing in the “real world” workplace. To accomplish this, communication skills,
problem-solving skills and cntical thinking skills are a prerequisite. Pearce et af/ (1992:21)
expands upon this by quoting Resnick (1987) and provides a more amplified list of features
inherent in higher-order thinking. These include: non algorithmic, complex, multiple
solutions, multiple criteria, uncertainty, self-regulation, imposing meaning, and effortful.
Manges ef al (1995-96:11) are correct in their commentary that these high levels of thinking
are a definite move away from outcomes emphasizing recall to those emphasizing
resourcefulness. To be resourceful, leamers are compelled to focus on analysis, synthesis

and evaluation skills.

Well, if higher order thinking skills are the target of learning then exactly what are the

learners feelings towards outcomes-based education? [ will now explore this further.

1.4.3.4. Learner attitudes towards OBE

Keefe ef al (1992:28) speak from experience derived from their work in the Essential Schools
in the United States in the 1980s-90s. To imtiate OBE programmes it was found that

principals and teachers encountered much opposition and even hostility from learners. This
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occurred. in their opinion, because more was expected of the learners who were then required
to work harder. Although this situation prevailed initially, the environment improved
considerably over the vears as the students began to acclimatise to the new requirements of
higher order thinking. The students’ esteem and morale became elevated by the respect
shown by teachers who actually expected them to work, to arrive at independently
determined answers and take responsibility for their learning. Teachers in these Essential

Schools have found the results of graduating semiors extremely encouraging.

3e this as it may, in my opinion the most formidable barrier obstructing any change from a
traditional form of assessment to one demanding higher-order thinking skills is the existing
mind-set of the learner. Webster (1994:30), a dedicated post-secondary teacher. in making
the transition from traditional methods found that her students only wanted to {earn enough to
pass. The grades they had obtained merely reflected what they had crammed into their heads
the night before. Her students never accepted responsibility and consequently never utilised
higher-order thinking skills in applying their knowledge in “real-life” circumstances. Suffice

it to say, Webster changed these conditions, but not without toil and sacrifice.

This is understandable because Marzano (1994:47) alerts us to the fact that learners generally
do not perform well on performance assessment tasks. Teachers complain that they are
difficult to compile and since so few are available, they tend to supplement performance
assessment with traditional tests. This is dangerous in my opinion because it sends

contlicting messages to students who then struggle to prioritise their learning.

Perhaps more of a misunderstanding than a mind-set problem which learners have conceming
OBE is the notion of expanded opportunity explained by Spady (1988:7). Guskeyv (1993:35),
commenting upon traditional schooling, notes that learners believe they have a fixed amount
of time to spend preparing for tests. Once completed and the marks are recorded then no
second chances are available. This is bound to cause confusion in the early stages of OBE
implementation because learners are no longer constrained by time limitations. They can try

and try again. What 1s important is successful mastery.

I wiil now explore another potential threat to the implementation of OBE — the reluctance of

learners to read about Science.
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143541 Leamers reluctance to read about Science

Cohen (1993:792) argues that a focus of OBE will be on conducting a search for information
by the learner rather than being instructed what to learn. This implies that the learners will
need to be competent readers if acquisition of pertinent knowledge is to be successful.
However, Lemke (1990:22) observed that students are not taught to use language in speaking,
arguing, analysing and writing Science. A reason for this omission is to be found in the
research of Lunzer & Gardner (1981) as quoted in Carre (1981:80). These researchers quoted
Science teachers who posited that reading was not *“a very reliable way to introduce a topic,
nor was it an especially etfective way of acquiring information for most children of school

going age”.

This neglect in children’s education has created a certain perception of Science education in
the mind of the learner. The consequences are expanded upon by Lakin & Wellington
(1994:187) who refer to a science teacher’s interpretation of a child’s expectations:

They don’t expect reading and discussion or drama and role-play — they
do expect bunsen burners and practical work. They don’t want to learn
that Science 1s not a set of facts ... They see little place for their own
interpretations or theories but want to know what should happen in a
particular investigation and what this proves.

Therefore, an OBE curriculum will be strongly opposed by this negative perception on the
part of Science learners. To remedy the situation, Ogbom (1991:44) otfers some sound
advice. She suggests that to assist pupils towards becoming effective communicators they
should be given well-wnitten, accessible matenals in science books., magazines and

newspapers.

In my expernience of Science teaching I have found few accessible and interesting articles.
They tend to discourage even the most ardent of enthusiasts through excessive use of
technical terminology. For this reason, most articles will require extensive editing and
“toning down” to be consistent with the reading ability ranges of learners. This will demand
many hours of painstaking work on the part of Science educators, but is of inestimable
benefit if Lemke’s assertions are correct in that learners need to be taught to talk Science. To

do this — prioritise reading in the teaching repertoire.
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According to Boschee & Baron (1996:576), since parents are significant stakeholders in their

children’s learning, I will briefly consider what some parents have to say about OBE.

1.4.3.4.2. Parental concerns about OBE

Rogers’ & Dana’s (1995:16) research reveals that some parents are apprehensive that no
conclusive proof exists that OBE works. Parents have objected strongiy to any suggestion of

involving their children as “guinea pigs" in an educational experiment.

Rogers & Dana (ibid) defend OBE emphasizing that it is not a single curriculum or a single
set of instructional strategies. Therefore, it is the parents’ responsibility to examine the OBE
“package” which is implemented in their local education community. This may be difficult.
however, because OBE is laced with technical jargon opines Schwarz (1994:87). For
example. she asks what the foilowing will mean to any concerned party: “Outcomes are high
quaiity, culminating demonstrations of significant learning in context™ Admittedly the
language of OBE is difficuit to decipher and is bound to cause more than its fair share of
confusion. [ had some unfortunate experiences with jargon during the course of my

tieldwork which [ will explain in due season.

Finally, [ will analyse the importance of autonomy, control and accountability as they all

mtluence assessment.

1.4.3.5. Autonomy, control and accountabilitv

In an OBE-system government schools and the National Education Department are bound by
a relationship of autonomy and control as mentioned earlier. To refresh the reader’s memory,
Boschee & Baron (1996:576) explain that the State decides on the targets for student
achievement (i.e. the outcomes). This is the control facet of the relationship. Schools are to
provide suitable programmes so that learners may demonstrate these outcomes. It is the
responsibility of the local community to develop a plan to achieve successful results. This is
the autonomy facet of the relationship. This leads onto the next important consideration —

accountability.

Keete er al (1992:35) expilain the concept. Accountability means gathering more precise

information about student achievement on a periodic basis:
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+ through indicators that can be compared over time across classrooms, schools and
districts and make the information-more accessibie to the public, and
+ allocating more dramatic (positive and negative) consequences for performance to

students, teachers, schools and districts.

Keete ef al (1992:35) argue on the one hand that accountability is positive in that it provides
taxpayers, parents and students with quality documented evidence of a school’s service.
Traditionally schools have not done this because test scores belie what students have learned

at school.

On the downside, Keefe et af (ibid) acknowledge that there is little consensus in American
schools on what standards should be used to evaluate student performance. Hence, how can
zovernment schools be compared? More significantly, in attempting to establish a fair
accountability system, there may be the need to establish standardized achievement tests to

the neglect of authentic achievements.

I have two problems with accountability. In the first instance, accountability, according to
Monk (1992), quoted in Furman (1994:429), assumes a casual link between educational
practices and outcomes. My criticism supported by Porter (1993), quoted in Furman
(1994:429), is that no concern is apportioned to possible defects in the system, such as high
pupil to teacher ratios or the poor socio-economic circumstances of some learners. These
interfering variables must differ widely between schools, but have a very pronounced effect

in determining whether or not achievement is possible.

My second concern ts mirrored by Worthen (1993), also quoted in Furman (1994:430), who

questions whether assessment bias can be controiled.

Some authors such as Woolnough & Toh (1990:128-129) advocate, in the context of
assessment of practical course work, that teachers should be given general criteria and then
be left to make their own professional judgements. Black (1990:25) takes an even more
extreme line contending that a teacher who records a pupil’s performance over time and in
several contexts, and can discuss the idiosyncratic answers of learners can compile a more

reliable record than any external test. [ say this is true until animosity or favouritism exists
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between learner and teacher which will more than likely cloud judgement to the detriment of

the learner.

In final analysis, the moment links are made between practice and outcomes while ignoring

interfering variables and bias, problems will arise and accountability will prove contentious.
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Chapter 2 : Research Methodology

2.1 Introduction

Since my research questions require a deep and thorough understanding of social issues
within the complex environment of schools, I have conducted my fieldwork from the vantage
point of the interpretivist paradigm. In light of the fact that school situations are often unique,
| have described events in relation to OBE in terms of two separate case studies. Quite
charactenistic of these studies are qualitative research methodologies of which the most
important are participant observations and in-depth interviews. To complement the data
cathered, [ have also utilised the instruments of journals, written artefacts of learners and their
teachers and photographic evidence. In order to triangulate my data effectively and confirm
1ts internal validity, I have also resorted to the use of questionnaires. The inclusion of
questionnaires, generally associated with positivistic methodologies because of its
quantifiable attributes, is justified on the basis of Reichardt’s & Cook’s (1979) advice that
instruments should be used as eclectically as possible, as quoted by Vulliamy (1990:9).

It is my purpose in this chapter to explain to the reader why it was necessary to select an
interpretivist approach and how [ used the various research instruments in the compilation of
the case studies. Quintessential to my explanation are the circumstances within which my
fleldwork was grounded and how they influenced my decisions. I begin with a justification

for an interpretivist approach to the project.

2.2, Justification for the interpretivist approach

Jackson (1995:10) elaborated upon the interpretive assumptions about science and human
behaviour. In his explanation, Jackson (ibid) reveals that the interpretive approach examines
how people make sense of their lives and how they define their situations. At the start of an
interview with one of the science teachers at Mtunzini Secondary School, 1 was asked to
justify the purpose of the interview. This was my reply:

The purpose of the interview is to find out from a practising science teacher
where the systemic problems may lie if an outcomes-based education type
curriculum were to be introduced into this school. I need to establish your
impressions from what you have read about it, and from your own experience
as you go from day to day in your teaching practice. It would be very difficult
tfor me, from a visitor’s perspective, to see some of the problems; some of the
issues which may arise because I don’t have the background knowledge; a
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knowiedge of the culture of the school ... and ... um ... which I should
imagine is very much in the forefront of your own mind.

Essentiaily I was trying to establish how people in their natural circumstances of the
classroom made sense of the possible implementation of OBE into their existing school
systems. In the opinion of the role players, I was trying to establish where the aspects of
continuity and the aspects of departure existed should an OBE svstem be introduced in a
formerly traditional teaching environment. True, [ had a fairly shrewd idea from my
continuous referral to the literature, but I needed to place the issues within the authentic
contexts of two South African schools. [ needed to capture their opinions on tape or in
questionnaires or journals while recording careful observations in my field notes. The way to

accomplish such a task was to operate within an interpretivist framework.

2.2, Reasons for framing my research questions within the boudaries of a case studv

Abagi (1995:13) contends that society and its institutions comprise an enormous and complex
world. If this is the case then ecach school has its own unique characteristics, which may
differ tremendously from one to the next. Hence, Abagi (ibid) claims that a social scientist’s
challenge is to understand and explain such issues. It is for this reason that the two schools,
namely, St Sebastian’s College and Mtunzini Secondary School formed two separate case
studies.

St Sebastian’s, after a superficial glance, is completely different to Mtunzini. The former is
entirely administered by White South Africans, the latter by Black South Africans. The
cultural differences between the two racial groups must provide for an immediate difference
in worldview and is a major contributing factor in the creation of different learning
environments, Furthermore, St Sebastian’s is reputed to be an ehite school in South Africa,
sporting some of the finest educational resources in the world. Mtunzini, on the other hand,
can be classified as a deprived environment in comparison. These circumstances were
brought about through the legacy of Apartheid. Consequently, whereas the issue of sport and
cultural activities play vital roles and occupy a considerable amount of time in the lives of St
Sebastian’s school boys, those issues are of little significance at Mtunzini. Quite to the
contrary, Mtunzini is beset by more ‘bread and butter’ issues such as teacher retrenchments,
crowded classrooms and lack of resources and support from an often apathetic provincial

education department.
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Being mindful of these considerations, I feel justified in separaung my research into two
separate case studies, described n qualitauive terms.  However, if there is an
acknowledgement that such extreme differences exist, then it raises the perennial spectre of
justifving such case study research in terms of external validity. Anderson (1990:164)
defines the term as whether or not the findings of one case can be generalised to other
situations.  More specifically, can the conclusions drawn trom the St Sebastian’s and
Mtunzini case studies be extended to other schools across the country as they grapple with the

implementation of OBE? It 1s this pertinent issue which deserves more attention.

2.3.1. Justifving my case study research in terms of external validity

The reader will recollect my statement that superficially, St Sebastian’s and Mtunzini were
completely different. [ based my argument upon the separate world views of the respective
admuinistrations and the vast resources of the one school versus the limited resources of the
other school. However, upon deeper analysis, St Sebastian’s and Mtunzini are very similar in

terms of core systemic considerations.

In the literature review, I quoted Spady who argued that traditional schools are controlled by
two factors, namely, the calendar and custody. Each year, schools are obliged by law to be
operational for a certain number of days. Each day, subjects are offered within the confines
of a rigid time-table and leamers are only eligible to proceed to more advanced levels after
their year of custody has expired. This regimented approach which has held sway since the
Industrial Revolution has become so intimately intertwined within the fabric of schools as
systems that it is hardly ever questioned. In addition to Spady’s factors, [ do not deem 1t
inappropriate to mention a further characteristic common to ail South African schools,
namely, the orientation towards the matric exam system. All schools are subject to the
constraints of a broad syllabus and it is the mission of these institutions to prepare pupils a

well as possible within a limited time frame.

If Spady’s observations and my own refinements are correct then schools throughout South
Africa all adhere to the same common denominator. Therefore, the systemic problems of
introducing OBE into a time-based structure are widely applicable to most other schoois
nationwide. Science teachers will be waylaid by the same problems and difficulties which I
experienced. For this reason, I can assert with some conviction that the case studies which I

have presented are externally valid.
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2.3.2. The issue of internal validity

Robson (1993:403) refers to the neutrality issue in research which is raised by Lincoln &
Guba (1985). The question posed is: “How can we be sure that the findings are determined
by the respondents and the situation and context, and not by the biases, motivations, interests

or perspectives of the enquirer?”

This 1s not an easy question to come to terms with. One of my main research instruments was
the in-depth interview and Bell (1993:95) refers to the problem of bias in interviews
discussed by Selltiz, Jahoda, Deutsch & Cook (1962). These authors are critical of the
interview as a research instrument in that interviewers may “lead” the respondent and if the
same question is asked by two different people, with different emphases and intonation, it
may yield different responses. Atkinson & Hammersley (1994:254) confirm Selltiz er /'y
opinmion by acknowledging that there is no perfectly transparent or neutral way to represent

the natural or social world. So, what 1s to be done about 1t?

Anderson er al (1994:111) provide a viable solution. They suggest that qualitative
researchers address subjectivity by incorporating and openly discussing it. This I attempted
to do. The reader will recall that in the opening paragraphs of chapter 1, [ admitted my biases
by assuming that current traditional schools have neither an appropriate system nor the will to
support an OBE curriculum. In chapter 3, [ compared Andy Christianson’s epistemology to
his classroom practice and noted the inconsistency. I may be criticised for the fact that [ had
based my conclusions upon one lesson, but then admitted that the following series of periods
which And may have offered were more in keeping with his philosophy. In chapter 4, I had
many apprehensions and concerns when initiating my fieldwork at Mtunzim. [ discussed

these openly making no attempt to conceal what may have influenced my research.

Another means to cope with internal validity problems is presented by Stake (1994:241) who
quotes Flick’s (1992) method of triangulation. This method is generally considered a process
of using multiple perceptions to clarify meaning, verifying the repeatability of an observation
or interpretation. Fontana & Frey (1994:373) speak of one method of triangulating where a
researcher uses several methods in different combinations. These authors provide the
example of Morgan (1988) who suggests complementing survey research with interviews and
participant observations. This multimethod approach I used continuously to verify the

authenticity of my observations. Take for example the issue of learners at Mtunzini being
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unoccupied duning school time because of teacher absenteeism which [ explained in chapter
4. Large crowds of leamers were seen wasting their time because they were not supervised. [
was not content to merely photograph learners lazily basking in the sunshine. I interviewed
teachers, administrators and learners to gather diversified opinions. To complement this data.
I employed the use of questionnaires which required of learners an explanation as to how they

utilised their time.
In summarv, the way to cope with the issue of validity was to admait to the problematic nature
of it and then attempt to verify the authenticity of observations with a wide selection of

research instruments.

2.3 3. The literarv stvie of the case study

Cohen & Manion (1994:123) express the view that case studies typically present research
data in a more publicly accessible form than other kinds of research reports. The language
and the form of presentation is less esoteric and less dependent on specialized mterpretation
than conventional research reports. For this reason the case study serves multiple audiences.
It does not demand extensive knowledge of implicit assumptions, so making the research

process more accessible.

In accordance with Cohen’s & Manion’s observation, | have presented the case studies of the
two schools in a far less formal and academic form than would characterise other research
reports, [t is my hope that school communities throughout South Africa will be able to
comprehend the import of what is being described and so implement OBE in their

circumstances more successfully than | managed to accomplish.

2.4, Research instruments: technical aspects and experiences surrounding their

employment

2.4.1. The questionnaire

Throughout my fieldwork 1 compiled and administered four questionnaires. At St
Sebastian’s, one questionnaire was completed by four members of the Science department
and the other was completed by the learners of Grade 8Z. A similar pattern was followed at
Mtunzini with a member of the Science department and an administrator completing the
teacher questionnaire while the learner questionnaire was filled in by the leamers of Grade
3G.
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2.4.1.1. The purpose of the questionnaires

For the purpose of this discussion refer to appendix A where questionnaires which [ designed

are located.

According to Oppenheim (1992:100) the questionnaire’s function lies in measurement.
Beginning with the leamers at St Sebastian’s, I wished to determine how their time was
occupied cach week. [ pursued this course of action because [ was constructing a case that
would explain that learners were too preoccupted with sport and cuitural activities to dedicate
ime to their reading. To accomplish this successtully [ devised questions which inquired of
learners which sports and extramural activities they participated in and the corresponding
number of hours that they were engaged in such an enterprise. Interspersed in the question-
naire were questions regarding the books that the learners read and the number of hours per
week which they spent reading this literature. Once analysed 1 presented the data in the torm
of bar graphs which was most informative, revealing in graphic detail, the over-emphasis

which St Sebastian’s places upon sport and cultural activities.

Concerning the questionnaire presented to learners at Mtunzini, [ was particularly concerned
about how influential socio-economic factors were on a child’s schooling. In question (3), [
asked the learners to tick the appropriate box pertaining to the distance they travelled from
school to home. Question (4) inquired as to the means of transport. After analysis, the
average learner is faced with a 4-5 kilometre walk each day just to reach the school. I used
this evidence to explain why I thought the school was harsh in excluding learners who arrived

late for lessons in the morning.

The two examples mentioned explain how [ used Oppenheim’s idea that qustionnaires are

used for measurement.

[ was less concerned, however, with the measurements when considering the questionnaires
for adults. In their case, I wished to gather data concerning how suitable OBE was for their
particular circumstances. When analysing the data, I became intrigued with the responses to
questions towards the end of which required open answers and more thoughtful input than

marking a number on a Lickert scale of 1 to 9. In effect, I was asking teachers to make
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predictions should an OBE curriculum be implemented. [ was trving to ascertain their

attitude towards such a system.

Concerning these questions, Mr Robinson (a science teacher at St Sebastian’s) was puzzled
by the term ‘formative assessment’. This was valuable data, outside of the questionnaire,
which revealed that even experienced teachers are not familiar with the jargon and had
probably not contemplated the full import as to what changes may result if OBE were to be
implemented. Gavin Cook (a- colleague of Mr Robinson) was equally baffled bv the
questions at the end of the questionnaire which involved a transformational OBE system. He
complained bitterly that my questions were too vague and so never responded to the latter
part of the questionnaire. For example, question 7(c) inquired as to, “How accurate are St

Sebastian’s exam/test results for measuring a person’s academic prowess.

I suppose Jackson's (1995:373) point is well taken. He advises researchers to minimize the
number of opinion-seeking, open-ended questions because many respondents feel that it is an
imposition and too time consuming and so leave the spaces blank. Cohen & Manion
(1994:94) take an even more extreme view suggesting that open-ended questions be avoided
completely since the answers of respondents cannot be probed to determine the full meaning

of their answer.

2.4.1.2. The design of the questionnaires
2.4.1.2.1. The learners’ questionnaires

Since the learners at St Sebastian’s and Mtunzini were approximately 13 vears old, | began
their questionnaires with nominal questions. This is the simplest type of question requiring
the identification of a fixed category, for example: “What sport do vou play?” or “How far is

your home from school?”

To make the questionnaires more comprehensive I included open-ended questions for
purposes of clarification. At the time of compilation, I did not realise that most learners in the
respective schools were illiterate or verbally inexpressive at best. Therefore, valuable data
was omitted. This is a problem referred to by Oppenheim (1992:107) where he advises one to

be more cautious in devising questionnatres for children.
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In addition to the nominal questions, I also included interval scale questions. [t was
challenging to select the attitude categgories since the questions related to different aspects of
my teaching and no single set of attitude categories was applicable. Relating to the scale
questions, I used an agreement scale or Lickert scale. The scale reflects upon the intensity of
an attitude or an opinion which 1s sought. (Résearch Methods notes, Rhodes University,
1996:7).

The final type of questions included were of the rank-ordering variety. Jackson (1995:374)
explains that when presented with these questions, respondents are asked to indicate an
ordering of response items, usually from most to least preferred. In the case of Mtunzini and
St Sebastian’s | asked learners to rank what they considered to be their prionity list of
acuvities at school. In both cases, learners ranked the scoring of 100% on a science test as

one of the most important items.

2.4.1.2.2. The teachers’ questionnaires

The formats used for the adult questionnaires were essentially of four kinds. The first was
ordinal questions listing responses on a continuum (Research Method notes, Rhodes
University, 1996:3). Associated with this kind of questioning were what Jackson (1995:386)
would refer to as “reliability checks” or repeated questions. [ noticed on one of the
questionnaires that a respondent marked ‘5” when asked to gauge support from colleagues in
the Science department. His estimate rose to ~7° when asked to gauge collegiate support
should OBE be introduced. His interpretation and reasoning for the difference are difficult to

determine with such limited information.

The second type ot question was that of rank-ordering. I asked teachers to estimate what was
most important to learners at the school. In most cases, at Mtunzini and St Sebastian’s,

scoring 100% on a science test was of top prionty.

The third type which has already been discussed is that of the open-question where unbridled
opinions were sought. The fourth type, although ot restricted useage, was of the nominal
type. Oune particular example caused a great deal of confusion in my mind. The nominal
question asked teachers at St Sebastian’s to judge whether their school was product or process
oriented. Two of the four science teachers believed that the school was product-oriented.

One believed that the school was process-oniented, while another occupied middle ground
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adding a response to the etfect that the school was 60% product and 40% process. This
inconsistency 1 did not expect because they are all part of one department and yet seem to be

tollowing different policies in their classrooms.

2.4.1.3. My experience in administering the questionnaires

24.1.3.1. The learners’ questionnaires

The most disappointing submissions were received from Mtunzini Secondary School. [ left
the administering of the questionnaire to their normal class teacher because [ had urgent
commitments elsewhere. Unfortunatelv, the learmers did not complete the questionnaires in
one class period and were asked to return them the following day. Learners misinterpreted
the situation and thought the questionnaire was a class test and so there was evidence of

learners sharing responses which reduced the credibility of the data.

in addition, learners were of poor literacy and not verbally expressive and this limited data

capture to a minimuin.

2.4.1.5.2. The teachers’ questionnaires

Oppenheim (1992:102) referring to postal questionnaires identifies that it is characterised by
a low response rate. [ thought at the stage of issue that | would enjoy a high response rate
because the teachers were responsible academics and [ had direct contact with them. How
sadly disillusioned I became. | pursued teachers for three months at the one school who
continually delayed completion and in the case of the other school, respondents either lost

their questionnaires or never bothered to make an attempt.

I do not believe such negligence can be attributed to lack of mtegrity, but rather to pressured
commitments. Take the example of St Sebastian’s. Teachers spend 80 hours per week
engaging in activities associated with the school which leaves precious little time for the

mundane requirements of questionnaire completion.

242, Interviews

Mishler (1986:ix) explains that the central question in social and behavioural sciences is to
find out how individuals perceive, organize, give meaning to, and express their understanding
of themselves, their experiences, and their worlds. For the purposes of exploring the

possibilities of introducing OBE into traditional learning environments, no research
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instrument proved to be more effective in probing people’s perceptions and opinions than the

interview.

Note that I use the word “interview”. The reason 1s interviews, according to Fontana & Frey
(1994-36 1), range along a continuum from strucfured, to semi-structured. When [ began myv
deidwork at St Sebastian’s, | decided it was more prudent to prepare a fixed schedule of
questions which I could pose to respondents. This was the advice of Dunsmuir & Williams
£1991:9%). In the mnitial stages I found that recourse to a schedule helped to maintain the flow
when [ exhausted fresh ideas. However, as [ became more familiar with the interview process
and read more broadly on the subject, so my interview approach progressed more towards the
“eiite” interview described by Anderson (1990:223). The emphasis in these situations
became probing; probing the views of a single individual. In my case the individuals were
etther school administrators, teachers or the learners whom I taught. In their own way, they
were all unique and it became my approach to continually ailow the respondent’s answers to
evolve the conversations as Paget recommended, as quoted in Mishler (1986:97). Consider

the following exchange between myself and Mrs Khumalo, a Science teacher at Mtunzini.

Interviewer: Now, you have mentioned that their English is poor and so forth. Now,

most of the project materials which they are going to collect will be in

English.
Mrs Khumalo: In English and they need to read.
[nterviewer: OK, now ... we get to the key issue of reading and

accessing of information. How would vou help kids to read

more?

From this section of the interview, the reader will observe that it was myself who linked
project materials and the fact that they were written in English. I never referred to the learner
being able to read. This was Mrs Khumalo’s suggestion. Once she had raised the issue, I
pursued the matter. The point I am trying to make is the evolutionary nature of this in-depth

type of interview.
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The second charactenistic of my Interviewing style was 10 paraphrase important ideas atter a
person’s commentary. Anderson (1990:230) indicated that this practice crystailises what has
been said and increased validity because the respondent will either accept the abridged
version or clarify points. The following is an example of the approach used in this regard and

concerns the exchange [ had with an interviewee who was relating how tests are conducted.

interviewer: Now, how would they give you a test and how would vou
learn for that test so that you could pass and do well?

which | am sure vou would want to do?

Respondent: Well, mevrou is a good teacher and she teaches us, Sir, the
work so we understand it and then she’ll tell us there is a test
and if you want to learn it, say, read the first chapter of the
book or sometimes she will give us a worksheet and she’H say

that this is ... and so we’ll make it ... T’ll remember it.

Interviewer: So it’s a question of taking a textbook or worksheet and

learning what it said?

Respondent: Yes.

Aside from the basics of probing and paraphrasing, I also tried to adhere closely to Stake’s
(1995:65) advice of listening closely to what was being said and not settling for a simple
"ves” or 'no’, but coaxing the respondent towards a description of an episode, a linkage or an

explanation.

The important 1ssue of reliability and validity was raised earlier and Anderson (1990:228)
opines that the greatest threat to consistency and authenticity lies in distortion brought about
by verbal messages which are sent and received. Fontana & Frey (1994:371) speak not only
of the verbal interaction, but also of nonverbal elements which may influence the course of
an interview. For example, these authors quote Gordon (1980) who recommends that the
interviewer be cognizant of kinesic and paralinguistic communication. These finer nuances
refer to the subtle bodv movements and variations in volume and pitch of the voice. In

recognition of the importance of these external matters, [ tried to adhere to Anderson’s
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{1990:226-227) recommendation of interviewing respondents on their home territory while
facing the interviewee and dressing according to expectation.  For example, | dressed
tormally when interviewing the deputy headmaster of Mtunzini, but dressed informally
when interviewing grade 8Z learners of St Sebastian’s on occasions of visiting their

dormuitories for interviews.

2.4.2.1. Practical probiems experienced to arrange interviews

As { will explain in the St Sebastian’s case study, time is of a premium and leamers are not
casiiy accosted for an interview after school. In concession to their pressured programmes I
had to arrange with the deputy principal, weeks in advance, to secure a suitable time and
venue. Upon extensive negotiation. the deputy granted me permission to interview learners
on six consecutive evenings in their dormitories. To meet myv research commitments [
compiied, and, with quite some inconvenience, managed to interview learners between 7:20

om and 9:30 pm on the evenings suggested.

The situation at Mtunzini was even more precarious as far as interviews were concerned. 1
can vividly recall that afier gaining permission to interview learners, [ was limited to one
afternoon’s interviewing. The learners, | knew from experience, were not that reliable, and
even after much entreaty would simply not return for an interview after school. Not to be
daunted by the impending examinations or the looming teacher strikes, I decided to bribe
iearners with ‘coke and cake’ to grant me an interview. Photographs 2.1 and 2.2 show
leamers enjoying their culinary delights before commencing with the highly prized

Interviews.

At the end of my research, I conducted interviews with 31 individuals. Some were more
successtul than others and strangely enough depended mostly upon the rapport between us.
[ felt that it the element of trust existed then respondents were more willing to converse.
The point of Fontata & Frey (1994:374) is well taken. *“Yet, to learn about people we must

remember to treat them as people, and they will uncover their lives to us.”
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2.4.2  Partcipant and non-participant observauon

Anderson er af (1994:130-131) explain that a participant observer does not necessarily
interact with participants, but because of its long history in anthropology a participant
observer is one who is there, in the field, observing people in their natural surroundings.

This situation occurs as opposed to reading other authors’ accounts in the research literature.

With this i mind Anderson et a/ (ibid) explain that there exists a continuum of participant
observations. These authors present the types of participant observations according to the

fotlowing spectrum:

r ¥ T |
Passive Moderate Active Total
Uninvolved

Observer Participant

A continuum of participant observation

Figure 2.1

Considering this diagram, I classified my role in the classrooms of St Sebastian’s and
Mtunzini as a passive uninvolved observer, a moderate observer and an active participant. [
operated in the first capacity when merely observing the lessons of teachers to establish the
expectations which learners had of school. 1 operated as a moderate observer when I asked
learners questions in another teacher’s class. In contrast, I acted in the third capacity when
rving to organize constructivist classes to determine the response of the learners. I will now

consider the first and third categories in more detail.

2.4.3.1. Passive uninvolved observation

When acting in this vein, I tried to adhere to the advice of Dunsmuir & Williams (1991:74).
These authors recommended that it is better to remain as inconspicuous as possible. For this
reason, [ attempted to blend into the background, sitting quietly with field notes, camera and
tape recorder causing minimal disruption. The thinking here was not to enter into class
discussions or activities which may iniluence the course of events and invalidate the data. I

made extensive use of the photographic evidence, recorded transcripts and field notes when
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observing teachers at the schools to develop contrasts and parallels. A good example of this
is to be found in the St Sebastian’s case study concerning the lesson and interview of Andy

Christianson.

2.4.53.1.1 The fieid notes

What 1s of particular interest i1s the method I used to write my field notes. Bennaars
(1995:124), incidentally, quotes Bogdan & Biklen (1979) who define field notes as “the
written account of what the researcher hears, sees, experiences, and thinks in the course of

collecting and retlecting on the data in a qualitative study.”

To collect effective field notes in a passive uninvolved capacity, I first drew a diagram of the
basic layout of the classroom and recorded the rough starting positions of learners in relation
to the teacher. The diagram and fieid notes in appendix B provides the reader with an

example.

The filed notes are dated and such particulars as the teacher, class and topic are all
documented. Thereafter, the reader will notice that the diagram is annotated with comments
referring to what the boys and teacher were doing in relation to the time. Note that the “Sink
or Float” continuation began at 2:45pm. Every time a significant event would arise, I would
simply record the details and the actual watch-time. Later I could calculate the number of
minutes which passed in relation to the observed activities of the learners. In accordance
with Anderson et al’s (1994:134) stipulation, 1 always wrote up the notes as soon as
possible. The field notes helped me to identify whether a transmissive approach was in
evidence with leamers receiving what the teachers taught or a more process-oriented

approach which was learner centred.

2.4.3.2. Active participant observation

Anderson et al (1994:131) define an active participant as one who seeks to do what the
participants in the research scene are doing to better understand the process. In my case, I
assumed the role of classroom teacher and designed and facilitated a course more in keeping
with OBE principles. During my classroom sessions [ was too busily engaged in teaching
and organising the class and could not compile detailed field notes of the events. However, |

did make use of the tape recorder and after class transcribed the proceedings while
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compiling notes in my journal. It is the issue of journals and physical artefacts of learers
which deserve more attention.
244, Journals and physical artefacts

2441 Journals

Anderson er af (1944:153) refer to journals as encouraging description, interpretation and

reflection on the part of the teacher as well as the student.

As soon as significant events occurred in the course of my research, I recorded them as
anecdotes in my journal. This was particularly important because the finer details of these
portrayals would easily fade from memory. In the case study of St Sebastian’s I related an
anecdote concerning the research of Mr Robinson. Without the use of the journal there is no
way | could have remembered the finer points of his narrative. Although journal keeping is
tedious it, nonetheless, offered me some colourful descriptions when writing the case

studies.

Unfortunately, the journals of the learners of St Sebastian’s were poorly maintained while
that of Mtunzini were non-existent. The reason for this is learners were so pressurised by
their commitments or of such poor literacy that no journal entries were submitted on an on-
going basis. At the end of my St Sebastian’s fieldwork [ had to bribe the learners with 10

extra marks to motivate leamners to write a couple of paragraphs!

2

4. 4.2, Planned artefacts

(S
_k}|

Anderson {1990:160) in referring to the six sources of data mentions the collection
of physical artefacts of learners as an option. The artefacts which I collected and
immediately photocopied were that of learner assignments, tests and practical write-
ups. I did not allow this data to collect, but started the preliminary analysis as
Robson (1993:377) advised. This is not easily achieved admits Miles & Huberman
(1984:54) since qualitative research is recorded in terms of words and not numbers.
The words are fatter than numbers and have multiple meanings. To classify the
words, Miles & Huberman (1984:56) suggested the use of codes which are
abbreviations or symbols applied to sentences or paragraphs conveying an idea. In
my case, [ used coloured adhesive discs to make important points so that they could

be easily identified for tracking purposes at some future stage.
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2.6. Conclusions

Abagi (1995:13), quoting Anderson p(-1988), Majchrzak (1984) and Nachmias & Nachmias
(1982), argues Social Science research is a problem solving exercise to acquire a body of
reliable information about a social phenomenon to explain, predict and understand the
phenomenon. This body of knowledge may then solve a problem and improve people’s

weifare.

if this 1s the case then the problem I am trying to solve is to improve science education. To
accomplish the task, I consider research to be an essential. Since schools are complex
environments, to do justice, qualitative research is vital using the instruments of interviews,
participant observations, journals and physical artefacts which are to be complemented by

questionnaires.

51




Chapter 3 : The St Sebastian’s Case Studv

3.1,  Introduction

The case study begins with a description of St Sebastian’s College : its resources, its
personnel and the mission they strive to fulfill. Following are two vignettes. One concerns
useif with an interview with a science teacher and a description of a science lesson he
conducted for grade 10s. During the analysis [ tried to contrast what was revealed in the
interview with events which transpired in the lesson. The second vignette focuses upon the
analysis of a laboratory practical session organized by another science teacher at the school. [
attempted to explain events and raise issues pertaining to the lesson as it related to what came
to the fore in the interview. Since the practical session exposed severe weaknesses in this
teacher’s methodology, I recommended a process approach based upon the opinions of the
experts. [ then account for the curriculum of St Sebastian’s according to a ‘structure of the
disciplines’ perspective and contrast this with a somewhat opposing perspective which I
struggled to adhere to, namely, the cognitive perspective. Thereafter, is a description of the
course which I designed and its accompanying rationale which siressed a process approach
because it juxtaposed with the ideal of scientific literacy. However, my social constructivist
teaching methodology was vehemently opposed, revealed in a practical demonstration which
I described. This description then raises the issues of control, time, importance of results to
the St Sebastian’s school boy and the viability of developmental assessment in the product
oriented milicu of St Sebastian’s.

-~

3.2, St Sebastian’s College in context

St Sebastian’s College of Buxley in the Eastern Cape is described in an advert posted in the
EP Herald (May 1998) as “One of South Africa’s finest schools.” They are currently in a

phase of expansion and development while preparing pupils to be leaders in the 21% Century.

Apparently St Sebastian’s has been expenimenting with curriculum innovations for the past
three years. For this reason, 1 was immediately granted permission to conduct research when
[ presented my suggestions to the administration in October 1997. Much will be said for the
research during the course of this case study, but for the time being, I wish to provide the

reader with some insight into the background of the learning environment.
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What justifies the school in rating itself among the top draw of schools in the nation? Having
been educated in a similar “privileged’ school, I can cite four reasons for this:

(1) the beautiful environment in which the school is located,

(i)  the quality of the teachers,

(i11)  the excellent record of matriculation pass rates over the years, and

(iv)  the superfluity of resources.

I will now consider each of these points to place the school in its context.

3.2.1. The environment of the school

The ivy-clad stone walls, the chapel and clock tower, the well manicured lawns of the playing
fields, the spacious gardens and well-maintained flower beds all blend together to create the

impression of the ideal learning environment.

Pause for a moment and glance through photographs 3.1-3.6 in correspondence with a map of
the school. You will not fail to remark upon the superb architecture of the school; the beauty
of which 1s greatly accentuated by the sunshine of a warm afternoon in autumn; the season

touted as the most beautiful of the year in Buxley.

3.2.2. The highly qualified staff

The staff all have impressive qualifications. Out of a total staff of 43 in 1996, one teacher
had a PhD, seven had Master’s degrees which may have supplemented teaching diplomas, 8
had Honours degrees which may have supplemented teaching diplomas while 27 had first
degrees and/or diplomas. In comparison with other schools, government or private, St

Sebastian’s can take pride in their esteemed teaching personnel.

3.2.3. The excellent matriculation results

On visiting the office of the deputy headmaster, I learnt that the mission of St Sebastian’s was
to produce pupils with a matric exemption. If this is their mission then the results of 1997
proved to vindicate their purpose. 89% of pupils who wrote the matric exams passed with

exemption.
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324, The supertluity of resources

For the teaching of Science, St Sebastian’s is well resourced. The school makes use of three

tully equipped laboratories, well supplied with the ﬁecessary apparatus and chemicals.

Photograph 3.7 shows a laboratory being utilised in a practical session. Photograph 3.8
shows a storeroom full of chemicals. The three laboratories and one physics classroom all
have the benetit of a computer and access to a television and video recorder. This is shown
in photograph 3.9. In addition, pupils and teachers mayv make use of a library (photographs
3.10 and 3.11), stacked with over 13 thousand books, not to mention CD ROM. Perhaps,
what makes St Sebastian’s the créme de la créme is the Arthur Cotton Design & Technology
Centre. Learners from all departments make use of the lecture theatres and workshops in the

construction of various technical artefacts. Photographs 5.12 depicts the centre.

In order to send a boy to a school of this prestige, beauty and stature, parents need to be
prepared to pay a high price. Fees during the 1998 academic vear amounted to R39 000 for a
College boarder and R27 000 for a day scholar. St Sebastian’s 1s therefore an elite school and

not unjustifiably reputed to be a pocket of excellence.

Since [ was a visitor in the school with my “new-fangled ideas”, I deem it appropriate to
present two vignettes of the school so as to provide the reader with an impression of the
school, behind the ivy-clad walls, so to speak. These two vignettes centre around Science
classes and from a research methodological point of view may be descnibed as passive
uninvolved observation. The first concerns a grade 10 lesson of Mr Andy Christianson
whose class is studying the topic “parallax shift”. The second is a grade 8 practical session
under the control of Mr Robinson where their topic 1s that of density. These two vignettes
will expose the environment in which [ tried to implement a more social constructivist

course. This course and the issues it raised will be discussed thereafter.

3.3, Vignette 1 Mr Christianson’s lesson on parallax shift

The following vignette portrays an interview and a lesson conducted by Mr Andy
Christianson — the head of the Science Department at St Sebastian’s College. The lesson was
scheduled 1'% hours before the interview. On reviewing the evidence, | made a close analysis

of Andy’s views on education in relation to his practice in the classroom.
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Cn Andy’s request I presented him with an interview schedule a day before the interview.
Betore the mterview commenced, however, he affirmed that he did not have time to study the
schedule. I believe Andy’s cormncntsﬂin the interview and his performance in the classroom
were not contrived. The lesson which I observed focused on a co-ed group of grade 10

learners and the Physics topic was “parallax shift”.

For the purposes of this discussion I will alternately consider aspects of Andy’s interviews in
relation to what was observed in his lesson. I would classify my research as passive
uninvolved observation making use of field notes, recorder and camera as recording

instruments. The first significant issue concerns Andy’s epistemology.

3.3.1. Andv’s epistemology

After the term “epistemology™ had been explained, this was Andy’s opinion on how leamers

develop knowledge and the circumstances which promote this structuring process.

Andv: I think that education has to be seen in terms of the leamner
who is ... ¢h ...leamning and he obviously has - every
learner has some, made some sort of sense of the world -
even though it i not actually the way things work. AndI in
education, we need to be able to go along with the process
to modify their understanding of the way the world works

. um ... the process by which that happens is very
important. They actually allowed to get a chance to express
their ... ¢h ... understanding of the way the world works ...
if not ¢h full picture, an incorrect picture ... um. If they
don’t if the time and the constraints sometimes, being
presented with and the big question and the crunch comes
in when their preconceived ideas to adopt someone else’s
without discovering it for themselves ... That’s the crunch.
So obviously the more they can discover for themselves the
easier it is for them to overcome their preconceptions stroke
misconceptions ... um, and I think learning, learning takes
place from where they are at ... um ... and in a complex

situation then to build bridges towards ... um ... abstract
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Interviewer:

Andy:

Interviewer:

Andv:

eh. They ... you actually have to find where they are at,
before you can-actually get them to build bridges to ... that

In your teaching practice, where have you tried to make or
understand where the child was at in order to take him
further along the road?

Um ...

What sort of policy do you have in that regard?

Well, ... um ... I get them ... to ... to ... write quite a lot
down of their own understanding of the work in Science
essays. They write quite a lot of science essays. [ have
quite a few files of the better ones, and they they, also I get
them to discuss in groups, to put it in their own words ...
what is happening and to argue amongst themselves and I
come around and listen to their arguments. They by, sort of
a ... a ... ‘socratane (sic) dialogue, I ... of they say this
then I say if that is the case then that will be the case ... and
this and this and this ... leading them to the absurd, based
on their misconceptions and then get them to, as a class,
often come up with alternative solutions. That’s ... um ...
not really one-on-one, except through the written work.
One-on-one takes place in those “buzz groups” and then
end with a class discussion where they discuss to ... discuss
with me, sort of socratane (sic) dialogue ... where I put
their ... . I present them with their own ... sort of like
reflective listening. Feed them back what they are saying
to me in a slightly different context. Would they mean this
until they see that perhaps there is this not the full concept

. and try and get them as a class. Often it is a jointly
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owned thing ... rather than a personaily owned thing. So, I

mean that ... um ... .

The transcript of Andy’s interview reveals the strong commitment and orientation which he
has towards social constructivism. Note how Andy acknowledges that each child has prior
knowledge which needs to be recognised. More lsigm'ﬁcantly, note the emphasis which Andy
places upon writing, socratic dialogue and “buzz groups™. It is through this medium that
children can voice their thoughts and so engage in the restructuring process which the

icamers’ peers or the teacher himself may initiate.

In reviewing the lesson which Andy conducted in relation to Andy’s epistemology of social
constructivism, | cannot help but notice, the stark contrast. For most of the lesson, Andy was

the centre of attention as opposed to the learner being the focus.

After introducing the lesson, he set about a lengthy lecture on the principle of parallelax shift.
He tried to relate the concept to a practical example of its usage in the destruction of a dam in
Germany during the Second World War. The only real input from the class came in the
occasional response to Andy’s questions and in transcribing the definition of parallax shift.
Towards the end of the first half an hour, Andy asked the class to take down the following

sketch (figure 3.2) as it related to the practical demonstration which was to follow.

The aim of the exercise was to go out onto the rugby field and from the vantage points of the
pavilion steps at B and the pavilion wall at C, look outwards towards the pylons (at R), some
10 kilometres away. Then using the principle of parallax shift, it would be possible to

determine by similar triangles, the distance between B and A.

While still in class, Andy explained the principle of parallax shift and what was to be done in
the demonstration in relation to the sketch while the pupils were copying down the
information. Andy proceeded to develop his logic to the formula stage which had the

tfollowing form:

AB=05x10 (1)
FP
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Consider the diagram
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Figure 3.2

Triangular diagram used in parallel shift practical

What was interesting to note was Andy became more hurried and impatient immediately
before the learners were scheduled to go down to the rugby field. This is because they only
had another 13 minutes before the end of the lesson and the demonstration was quite
involved. Consider Andy’s comment: “Now, I want us to get to the field promptly. So if you

could move it up!”

When on the field I took various photographs of Andy and the class which the reader may

~ peruse alongside.

My first observation is Andy is always the centre of attention. Whatever happened to that
learner-centrality, vou might ask? The learners are generally standing around with hands in

pockets, hands on hips or with folded arms. Worse than this, the reader will notice in
photographs 3.13-3.15 that no books are open and hence the learners are not relating the
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practical situation which they are viewing to the fairly involved triangular diagram depicted
carlier and the confusing formula (1) which Andy had derived.

My summation of these events after careful analysis of the interview lesson transcripts,
observation notes and photographs is that Andy is a victim of his circumstances. I believe he
is sincere in trying to follow social constructivist principles in his teaching practice and may
even use them to a limited extent, depending on the situation. However, Andy is compelled
to schedule lessons to remain within a tight framework dictated by 43-minute periods.

Although not articulated clearly, Andy refers to this problem early on in our interview:

Andv: If they don’t, if the time and the constraints sometimes, being
presented with and the big question and the crunch comes in when
their preconceived ideas to adopt someone clse’s without them

discovering it for themselves... .

Andy’s lesson on parallax shift certainly illustrates this “crunch” where learners were not
given the opportunity to discover anything. They were imposed upon. They were not asked
to explain the concepts to cach other, work in teams or take measurements for calculation
purposes and so find the distance between the pavilion and the rugby posts. They simply did
not have the time. I would have suggested an hour to an hour and a half of intense field work

for success to be realised by all the learners if OBE principles were applied.

In all fairess to Andy, I only observed one lesson and therefore we can hardly be too critical
of him on the basis of a single lesson. Perhaps, the next day he may have had a more learner-
tocused lesson. This may be the case, but the transmission approach to teaching which is so
characteristic of traditional schooling, was certainly manifested in Andy’s general lesson

approach.

In the interview, I asked Andy whether he would be prepared to involve a prominent
authority, outside of St Sebastian’s, in assessment in an OBE system. Andy immediately
referred to the case of Professor Eddie Barlow, a State witness, who had been invited to St
Sebastian’s to present a topic on road accidents while relating his evidence to various Physics

concepts, for example, equations of motion. Study Andy’s words carefully.
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Andv: ... Protessor Eddie Barlow is a State witness and we have had him here before

to ralk about Physics of motor cars and the dangers of our roads ... but from an
evidence point of view ... using graphs and equations of motion to ta/k about

road safety ...

The point [ am making here is Andy’s incessant use of the word ‘talk’. Once again when

asked about subject integration, Andy used the following words:

Andv: We can get people from other departments, to actually talk to
science class. What it means, a particular aspect ... we can get the
Geography department ... to come in; the History department to

come in, to falk about the history of how Galileo ...

An interesting point to ponder as [ conclude this vignette is not only the difference between
Andy Christianson’s stated epistemology and his teaching practice, but also the consistency
of Andy’s approach with that of the behaviourist paradigm, an example of which is
Fundamental Pedagogics. Andy considers the learner to be in a less prominent position than
the authority State witness or his colleagues from other departments. The learners are
reduced to recipients of knowledge as opposed to ones who can engage in knowledge
construction in a course facilitated by the experts. Based on the evidence which I have
constructed for the reader, I conclude that what 1s in Andy’s head may not be in his heart — as

sincere as | am sure he 1s.

3.4 Vignette 2 The practical lesson of Mr Robinson

When [ started my field work at St Sebastian’s I was invited to the staff room for tea and
introductions. During the course of conversation with a Mathematics teacher, he proudly

declared: “We’ve been teaching in an OBE-sort-of-way for years now.”

The year before (1997), [ happened to read a report in the local Buxley newspaper — Grocott's
Mail. The article posted in late October 97 was entitled “Struggling to find our educational
direction and meaning.” It concerned a record of Mr Butler’s (headmaster) address to the

school and dignitaries on speech day. One particular sentence caught my eye. It read: “St
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Sebastian’s was already developing a hybrid which blended OBE into its own

methodologies.™

[ was intrigued by this statement and the conversation with the Mathematics teacher revealed

that new innovations in the St Sebastian’s curriculum were afoot for the past three years.

During the course of my field work, [ interviewed Dr Johan Robinson — a science teacher
whose tenure as head of department had recently expired. He is one of the doyens of the
College, having 18 vears of teaching experience and yet modestly reminded me that he never
had a teaching diploma. Notwithstanding this deficit, Mr Robinson is obviously a man of
considerable experience and integrity who demonstrated an unflinching loyalty to St

Sebastian’s.

One of my first questions posed to Mr Robinson was to explain the meaning of Mr Butler’s

comment. This was his reply:

Mr Robinson: My interpretation of that is that St Sebastian’s has over many
years now encouraged experimentation in teaching. We have the
minimum of red-tape and [are not] directed exactly how and what
we should teach — so there has been the freedom to try new ideas.
If they work: well-and-good. If they didn’t: well, we still learnt
something. There has also been, over the years, an increase in
interest, in other methods of assessment ... there has been a

growing awareness and interest in group work ...

From this statement, it is plain that a very sound relationship of trust exists between the
administration and the teachers. If there is free reign to implement changes in the curriculum
and still make mistakes without fear of accountability then much can be said for a truly

democratic dispensation at St Sebastian’s.
The second point to note is the interest and priority which the school apportions to group

work and assessment. For the purposes of the following discussion, I will focus upon group

work. My particular interest is the way Mr Robinson envisages group work in terms of
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classroom management in comparison with events which transpired in one of his grade 8

classes.

To encourage Mr Robinson to explain his policy toward group work, I asked him the

following question in the interview:

Interviewer:

Mr Robinson:

In terms of your own teaching, you having been at the school for 18
vears ... um ... let us go back 12 years, how was it different then to
what it is now um, you have mentioned the aspect of group
work ... could you narrow it down to a particular example. How
would you have approached the topic of density then, as opposed to

now ... or has it been fairly consistent?

No, [ think in my own teaching I encouraged more forcefully those pupils to
work together. I have always done that, but I am more and more aware of the
benefits to be gained by that and I will try more and more ... to give
opportunities where they can have group work — both in terms of worksheets,
practicals and also questions which they asked, which I encouraged them to

discuss with each other, rather than to ask me immediately what the answer is.

Later in the interview we continued with this theme and Mr Robinson elaborated more fully

upon his role in relation to groups of leamers in the learning process. These were his

comments:

Mr Robinson:

I have a sneaking suspicion that pupils can teach each other more effectively
than 1 can provided they are doing it seriously and that they think carefully
what they are saying and what they are doing ... I very often ask individual
pupils to teach other pupils, say a question has cropped up in class on
occasions that groups of pupils have been struggling with and haven’t been
able to get the answer. I will happily explain it — one or two of the group, but
if another individual or group of pupils asks the same question I will very
often ask one of the original members to come and explain it to the one who

has asked the question. As a safeguard, I normally hover in the background
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just in case there are still misconceptions and I will try and prevent

misconceptions from being propagated.

Before progressing with a description and critique of events which unfolded in a practical
session involving grade 8s, I would like to pause for a moment and ponder the words of
Johan Robinson. Mr Robinson, in describing his practice of hovering in the background,
waiting to pounce upon misconceptions to prevent their dissemination reveals his positivist

epistemology.

Glasson & Lalik (1993:182) explain that positivists believe it is possible to use theory,
together with value-independent observation and logic to discover phenomena that
purportedly exist in the real world. The goal of science for positivists is to achieve an
1somorphic relationship between human knowledge and the natural world. In Mr Robinson’s
case, if this relationship was not immediately apparent, represented by what he calls

“misconceptions” then it is time to step in and remedy the situation,

Glasson & Lalik (1993:188) then quote Glasersfeld (1989) who, speaking from a postpositi-
vistic perspective, describes knowledge as a collection of conceptual structures which are
viable within the learner’s range of experience. The obligation of teachers operating from
this perspective is to find ways to understand students’ viewpoints, propose alternative
frameworks, stimulate perplexity among students, and develop classroom tasks that promote
efforts at knowledge construction [Glasson & Lalik (1993:188) quoting Vosniadous &
Brewer, 1987].

The Glasson & Lalik (1993:187-207) article refers to their study which examined teachers’
changing beliefs and practices when the transition from a positivist to a postpositivist
perspective was made. One of the teachers observed was Martha who initially expressed the
positivistic view that the goal of science instruction was for students to arrive at scientifically
acceptable conclusions. As she explored social constructivist principles, documented in
Glasson & Lalik (1993:201), she noticed a tension between her efforts to present correct
scientific explanations and giving learners opportunities to develop their own understandings.
Indeed, similar to Mr Robinson, Martha valued learner dialogue because learners seemed to

learn faster. Yet, her apprehensions were aroused when she had to acknowledge the import-
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ance of student talk and ideas, even when having to face scientifically unsound arguments on

the part of the learners.

If social constructivist philosophy has credibility then Mr Robinson would be advised to
rather tolerate a child’s misconceptions for a short while. Thereafter, Mr Robinson is to
devise situations where a child struggles to account for observations with his or her existing
framework (mental structure) and hence will readily alter his or her current framework to
embrace a more appropriate understanding. This is far removed from Mr Robinson’s current

practice of concept climination and replacement.

[ now wish to describe a practical session conducted by Mr Robinson. The class of grade 8s
engaged in a practical session entitled “Sink or Float?” It involved determining which
materials would sink or float in water and then relating their findings to the concept density.

The discussion is once again accompanied with photographic evidence.

3.4.1. Description and analvsis of a practical session involvin 8s

3.4.1.1. Description

At the start of the practical Mr Robinson asked the class to tum to pages 19 and 20 of their
tvped notes and he requested that they do the investigation in groups of three.

Mr Robinson, seen in photograph 3.16, then gave the class a perfunctory demonstration at the
front of the laboratory indicating which materials were available and how to use the
displacement cans. The masses and corresponding volumes of the objects had to be
determined and their densities found. The whole idea was for the learner to progress through
the prescribed practical step-by-step, and then finally conclude that if a material’s density is

less than water, it floats; if greater than water, it sinks.

I decided to unobtrusively observe a group of learners at the back of the laboratory. To give
the reader an idea of the group’s location, peruse figure 3.3.

Consider photograph 3.17. I noticed that the group fell under the leadership of Billy, a highly
motivated Chinese learner located nearest the camera on the right. He was closely assisted by
Sam who is seated to the right of Billy. Sam was observed to be the scribe for the group and
occasionally helped Billy with the arrangement of the apparatus.
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Initially there were only three in the group, the third learner Tom who is seen nearest the
camera in photograph 3.18. I noticed-from the start that Tom was not the least interested in
the practical, showing signs of boredom. He began to play with the apparatus and then used

the measuring cylinder to make a tlute noise.

Now study figure 3.4. Within four minutes from the start of proceedings, two more learners
forced their way into the group. These were two Africans, whom I have given the
nseudonyms: Josiah and Nathaniel. Billy, Sam and Tom remonstrated against their inclusion,

but they were adamant and so they remained.

Billy and Sam made a serious attempt to foilow the steps of the practical and perform the
prescribed procedures. Here we see Sam in photograph 3.19 determining a volume while
Billy went to measure the mass of an object on the chemical balance. Tom, Nathaniel and
Josiah became more boisterous and started splashing water on the bench. Evidence of their
horseplay activities is betrayed in the photographs 3.20 and 3.21 where the culprits are seen
to be laughing. Eventually the situation, shown in photograph 3.22, became intolerable since
there was water splashed all over the working area near the leamners’ notes. This compelled
the learners to relocate to another “drier” part of the laboratory shown in photograph 3.23.

Their new position in the laboratory is indicated in the figure 3.5.

During these events Mr Robinson was trying desperately to maintain some semblance of
order. His blood pressure was rising by the minute. The following passage of interaction
between Mr Robinson and the class illustrates my point and captures the “atmosphere” in

which learners were expected to work.

Mr Robinson: Please guys notice, millitres and cubic centimetres are the same

thing.

Just then a learner broke a glass displacement can nearby to the appreciation of the group.

Mr Robinson: What’s happened!? 1 told you to use the aluminum can ... [To
everyone] [ hope you are all writing up the results in your notes. 1
expect you all to have a table [said to my group]. [He continues]

Gentlemen, could [ just have your attention please. Everybody
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piease ... It must have been vou in this classroom about two weeks

ago ... Sam found a spatula that had been broken.
Learner | Who?

Mr Robinson: My lab assistant ... a spatula that had been broken. Who did it?
Who did it?

Learner 2 What is a spatula, Sir?

Mr Robinson: A spatula is a little spoon thing which should have been like this
[holding 1t up] ... but somebody has bent it, has tried to mend it.

Who did 1t? It was one of you in this class. Pardon ...
Learner 3: Mavbe it was another class.

Mr Robinson: It was found in the class after you had been. The previous class,
somebody saw 1t completely whole ... unbroken and then you guys

came in and somebody broke it. Can I please ask: “Who did it?”

Mr Robinson continue to chide the learners for not owning up and finished off with the

following comments:

Mr Robinson: It is a symptom of this age, it is a symptom of this country. Itisa

pity that somebody doesn’t have the guts to own up.

It seems that Mr Robinson was not hovering in the background waiting to pounce on
somebody’s misconceptions. However, he then allowed the class to continue while

admonishing my observed group who are seen in photograph 3.24, huddled around a sink.

Mr Robinson: Please don’t fill up the sink Billy. What are you guys doing?
[photograph 3.25] How are you going to do that? Please don’t put
wet things on the balances ... Please don’t reset the balance on the
left.
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All this frenetic dialogue on the part of Mr Robinson serves to illustrate the difficulty in
which he found himself. It was close to the end of the period, the clock was ticking away and
most members of his class were undisciplined. His final announcement, when the bell was

about to sound, was the following:

Mr Robinson: Are you guys interested in working or not or are vou just fooling
around? Have you done the notes as well? Please will you put ail
vour objects on the towel so they can dry out ... right put these
things away now. [Bell goes ... learners snatch their satchels and

run off leaving their wet apparatus in a mess on the bench].

3.4.1.2. Analvsis of Mr Robinson’s laboratory and lesson approach

Roth {1994:198) provides a vivid description by Gallagher & Tobin (1987) of a situation in
science laboratories which emerged from cthnographic studies in traditional high schools in
Australia and America. The authors discuss several elements as constitutive for the problems
with laboratory teaching. These problems are enumerated below followed by my own

commentary related to the teaching of Mr Robinson.

3.4.1.2.1. Problem 1
Experimental tasks often embody a cookbook approach. Students follow recipes gathering
and recording data without a clear sense for the purposes, procedures and their inter-

connections.

3.4.1.2.1.1. Commentary

Mr Robinson provided learners with typed notes, specifying the procedure to be followed. It
was clearly a cookbook approach. The learners in the class were expected to follow these
steps on page 19 and record their data on page 20 in the table provided. Photograph 3.26
illustrates this point. Very little thought on the part of the learner went into making sense of
the purposes and interconnections necessary to understand the expeniment. The situation was

aggravated by the misbehaviour of the learners.

34.1.2.2. Problem 2
The tasks presented to learners have low cognitive demands and provide a context that

precludes reflective thought and concentration.
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3.4.1.2.2.1. Commentary

Since Billy and Sam were the main role players in conducting the experiment. and there were
only limited items of equipment which could be handled, and the procedures which had to be
foilowed were not that intricate, Tom, Nathaniei and Josiah were immediately alienated.
become disengaged. Their misbehaviour contributed towards an unpieasant atmosphere and

Dr Robinson’s aggression towards the end of the lesson was indicative of it.

s

4.1.2.5. Problem 3
Leaners spend much of their laboratory time in otf-task activity with short periods of
attention to get the work completed. The time off task is used for non-science related

socialization with peers all over the classroom.

3.4.1.23.1. Commentary

This was clearly the case with Tom, Josiah and Nathamel splashing water, making flute
noises and generally making every effort to derail the experiment. My recommendation is
that more attention must be given to assigning group roles and activities so that everyone is

contributing..

3.4.1.2.4. Problem4
To make up for the time lost in these activities, teachers set a high pace in regular classroom

periods to transmit factual information.

3.4.1.2.4.1. Commentary

In the case of this practical, leamers needed to be able to plot resuits on a graph. Mr
Robinson spent a whole period, about two weeks before, lecturing on the method to plot a
graph. 1 taped the lesson and after transcription, it amounted to 18 pages of teacher

instruction with little input from the learners.

3.4.2. A recommendation for an improved lesson

After the lesson I spoke briefly to Mr Robinson about his impressions. He was clearly

disappointed with events and conceded that the lesson was not successful.
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To overcome the problems discussed earlier [ have a recommendation: Adopt a process

approach to science teaching. [ will now investigate this matter in more depth.

3.4.2.1. A process approach

On one occasion | questioned Mr Robinson about the possibility of introducing a process
approach into his lessons. His reply was he doubted the ability of a grade 8 to the extent that
they had not developed to the stage of being research scientists. He would never be
reconciled to such an approach. His sentiments on the matter were confirmed in his written
evidence generated trom the questionnaire which [ had compiled. He selected the lowest
rating of “1” on a Lickert Scale of 1-9 concerning whether he stressed a child’s ability to use
process skills in designing his or her own experiments. Concerning a grade 8’s ability to
design their own experiments, Brotherton & Preece (1996:65-74) would disagree with Mr
Robinson for his iack of faith in his learners. These researchers investigated the teaching of
Science with a special emphasis on process skills with year 7, 8 and 9 classes. Their study
employed experimental and control groups. The most significant finding to emerge after the
28 week study was the ctfectiveness of the intervention. It was shown that year 8 classes

were capable of using process skiils in the design and performance of their own experiments.

The premise of the “process’ model, explain Gott & Mashiter (1991:58) is that Science places
more emphasis on methods than on products. These methods or processes include:
observing, classifying, describing, communicating, drawing conclusions, making operational
definitions, formulating hypotheses, controlling variables, interpreting data and experiment-

ing.

In short, learners are placed in a situation where prescribed ‘cook-book’ expenments are no
longer the modus operandi. Rather learners are faced with a problem which Gott & Murphy
(1987), as quoted in Gott & Mashiter (ibid), define as one in which the pupil cannot
immediately see an answer or recall a routine method for finding it. The learner must set
about following a set of procedures such as identifying variables, controlling variables,

experimenting, tabulating results, analyzing and generalizing conclusions.

Millar (1991:50) takes the argument a few steps further. It 1s not sufficient merely to teach
the processes of Science for their own sake. The challenge is to design and facilitate a

curriculum which is personally valuable and worthwhile enough wherein a learner wiil be
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stimulated to use the cognitive skills to understand scientific concepts and make sense of their
world. In other words, the processes are a means to an end. To extend upon this notion, we
use the processes in a bid to understand the scientific ideas and concepts. Indeed, I agree
with Millar and initiaily I attempted this approach in designing my own curriculum but
collided head-on with several systemic problems. I will now turn my attention to explaining
my own lessons and field work at the College in order to reveal the impracticalities of

introducing an OBE curriculum within a traditional system.

33 Introduction : A process approach to the curricuium

At the start of 1998 I was given responsibility for piloting a new “OBE Science course” for
one class of grade 8 learners at St Sebastian’s. My initial understanding was that [ had carte
blanche authority to implement any radical changes that [ thought would reorient the existing
situation towards an OBE system. Within one month I was compelled to refocus my
approach so that it was more in keeping with the existing programme. Why did a promising
opportunity degenerate into such an embarrassment? [ can identify two reasons. First, [ was
not cognizant of how deeply entrenched the traditionalist system was at St Sebastian’s,
evidence of which 1s provided in the two vignettes. [ did not analyse the existing curriculum
thoroughly enough and I naively believed that the school was anxiously awaiting the
paradigm shift which OBE promises. [ did not realise that the existing organization of the
school exerts an enormous influence upon the curriculum and the teachers’ and leamers’
entire thinking was controlled by 1t. This is one of the central observations made by Spady of
the time-based structure prevalent in traditional schools which I discussed in chapter 1. Yet,
as fundamental as it was, [ failed to be realistic, hardly giving it a precursory glance. Second,
when designing my course, my requirements and expectations superceded the ability ranges
of the learners because [ did not pay attention to their developmental level. In short I have to
be held accountable for the shortcomings of the course. It was not the fault of St Sebastian’s
that [ was so unrealistic and naive. In the latter part of the case study it is my intention to
analyse the existing traditional curriculum of St Sebastian’s in relation to what [ envisioned.
This is the very essence of the thesis itself — to illustrate how impractical it is to
accommodate two fundamentally different educational philosophies within a single school
framework. [ hope to achieve this end by relating the events which occurred as I observed

them and in the words of the role players as I recorded them.
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3.5.1. Opposing perspectives on education

The perspective of education held by St Sebastian’s 1s best described by Posner (1992:95) as
‘the structure of the disciplines’. According to this perspective, the primary purpose of
education is the development of the intellect (King & Brownell, 1965) and the disciplines of
knowledge constitute the content best swited for this intention. It is believed that each
discipline has a distincuve structure, and acquiring this plurality of structures is given the

highest priority in schools.
The ptece of evidence to support my view that “the structure of the disciplines’ is paramount
in the administrative policy of St Sebastian’s is located in the existence of a time-table.

Below (figure 3.6) is a typical example of a grade 8 boy’s routine scheduie.

Timetable of a grade 8 learner

PERIOD | | | | |
’ TTUES | WED A B _ C |, D
1 % A . Fre Div A Hist Geo
2 Geo M % Hist E E A
3 D&T | D&T Com GVi M
4 E A , M Med Geo Sci
5 - E s Fre M Art Fre
% BS | Hit | E Sci M D&T
7 Art Geo Fre A E
1 8 | Sd | : |
Figure 3.6

[ will now focus attention upon a competing perspective labelled by Posner (1922:109) as the
‘cognitive’. Inherent within this perspective are the concepts: integration of subjects,
existence of naive theories, recognition of prior knowledge and the integration of the

departments.

3.5.1.1. The integration of subjects

The “cognitive’ perspective is consistent with social constructivism and is far more holistic as

opposed to the fragmentary approach of the “structure of the disciplines’. Resnick (1983), as
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quoted 1n Posner (ibid), summarises the perspective with the notion that learners construct

their understanding and look for meamng and regularity and order in the events of the world.

This can be achieved, I believe, with a holistic approach rather than dividing the curriculum
into separate subjects. There are definite benefits in treating the curriculum in this way.
Posner (ibid) who quotes Resnick (1983) states that the one reason for this is learners can
make interconnections between the subjects so as to tie bits of information into clusters which
are orgamzed into schemata. This is what [ attempted, but the mind-set of teachers at St
Sebastian’s resisted any cross-pollination of the disciplines. These were the views of Andy

Christianson:

When faced with a theme — how you deal with situations in that
theme, as opposed to a, sort of a content based and direct way
through the syilabus ... um ... L that, that. could pose a problem.
That’s because there are certain subjects, a very much ... the
logical sequence of dealing with topics is quite, ¢h ... fixed. One
subject will have its logical order, while other subjects will have

their logical order.

3.3.1.2. The existence of naive theories

Resnick (1983), as quoted in Posner (ibid), continues with the comment that with this
construction process will emerge certain naive theones, which is an integral part of the
learning process. These naive theories result when the learner has not fully integrated

complete knowledge of the situation.

Gavin Cook, another sctence teacher at St Sebastian’s, expressed some reservations about this
attribute:

In Science, if they actually come to a wrong conclusion it is

incredibly difficult to convince them that their conclusion is wrong

and to um ... adjust thetr conclusion to what 1s alleged to be the

correct conclusion..

Reading these comments, | immediately conclude that Gavin’s classroom practice is

transmissive by nature so as to prevent learners from getting the wrong end of the stick. My
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approach of having free conversation would therefore contlict strongly with traditional

pedagogy.

3.5.1.3. The issue of prior knowledge

Resnick (1983) as quoted in Posner (ibid), then raises the issue of prior knowledge and how
important it is to acknowledge its existence. The reason is a reciprocal relationship of
evaluation exists between the incoming knowledge and the present schemata. If cognitive
dissonance results then the restructuring process begins and continues until accommodation is

etfected.

The issue of prior knowledge and its recognition by St Sebastian’s statf as being important
was contested bv Gavin Cook. During a departmental meeting, Gavin wamed that, “we have
10 e careful of this thing called prior knowledge”. He related a story of a friend who said
that a boy in his class was asked to 2xplain the procedure involved in the production of
maize. The boy then explained the farming process and as a climax to the narrative, the boy
purportedly declared that, “once bagged, it was ready to be stolen!” The inference being that

(Gavin expressed some deprecation towards making provision for prior knowledge.

3.5.1.4. The integration of the departments

Up to this stage [ have argued the case that 1t is highlv improbable to accommodate a
cognitive perspective to education within the confines of a traditional system. The
philosophy of the staff members militate against any such possibility. Little to no provision
is made in a concrete way to correlate the subjects or acknowledge prior learming and naive
theories. So much for the subjects, but what can be said for the integration of the
departments? How willing is a chemistry teacher, for example, to relinquish his or her status

to become a general educator?

Since the curriculum is ‘custom made’ to fit snugly into the organization of the institution, so
a strong influence is exerted upon the curriculum’s organization. The prevailing
circumstances at St Sebastian’s resulted in a strong compartmentalisation of subjects as was
noted in Andy’s views on integration. Posner (1992:143) observes that to have strong

compartmentalisation of subjects, there needs to be an equally strong departmental structure

84




within the school. Is there any possibility of narrowing the rifts between the departments at
St Sebastian’s? There seems to be some divided opinion on the matter.

Mr Robinson, on the one hand, believes that integration of departments is fruitless because of
hus deticit of knowledge in certain subject areas. He opined that this would compromise his
efficiency and deny learners exposure to his expertise in the field of Chemistrv. Having
completed doctoral research at Cambridge, he was armed with an enormous fund of
anecdotes concerning Chemuistry in society. For example, he once engaged in a research
aroject involving chlorophyll. He explained how he removed a magnesium atom f{rom a
chiorophvll ring and replaced it with a cobalt atom which then behaved 1n the same way as
vitamin B would in a test tube. He reasoned that it would be a disservice to the learners to
divert his attention away from Chemistry if he now had to chart the unfamiliar topics of

Biology which he had not studied since his, “bean seeds had died in standard 8”.

This 1s only one perspective. Gavin Cook, on the other hand, was more amenable towards
the concept of departmental and subject integration at the grade 8 level. In terms of the

subject matter Gavin suggested the following:

Gavin: ... perhaps the children here should be doing three subjects only,
but in fact eh ... integrated studies, which could involve History,
Geography, Science, Mathematics ... the whole ‘caboodle’, but the
biggest factor [ would be stressing was language ... .

I then inquired about departmental integration, but he was somewhat evasive. This was the

way [ phrased my question:

Interviewer: Just to, perhaps, put a little boulder in your way: How would an
English teacher feel about having to cope with science classes in a
school like St Sebastian’s where they have so often seen

themselves as exclusively English teachers?

Gavin: Um ... there [ don’t think there is any great ... e¢h ... difficuity.

After all it’s comprehension I’'m looking for.
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My conciusion from his comments is Gavin has not contemplated the full ramifications of
developing an integrated curriculum supported by integrating the departments. Be this as it

may, he still sees some leeway for integration, which Mr Robinson completely dismissed.

My own course : A process approach

U
L

3.3.2.1. A lomcal arcument for mv approach

To understand the course which I designed, the notes of which are to be found in Appendix
C, 1t is imperative to understand that OBE is a means to design, defiver and document the
achievements of learners. This caused me endless confusion since the Government Gazette,
No 18051 of 6™ June 1997, only provides the outcomes, assessment criteria (judgement
statements) and range statements (what learners are to exhibit). These outcomes only specify
skills and attitudes while paying scant attention to content. In the past, teachers always
resorted to a syllabus and accompanying guidelines. However, OBE allows teachers wide
latitude to decide upon concepts and their sequencing, the learning activities, the teaching

strategies and assessment instruments.

After much deliberation [ took a logical guess as to how to proceed and settled upon a
process approach. [ based my decision upon clues gleaned from reading the information
describing the specific outcomes. Specific outcome 1 of the Natural Sciences (Government
Gazette 1997:146) states: “Use process skills to investigate phenomena related to the Natural
Sciences”. Before defining the assessment criteria and range statements, the gazette
emphasizes the need for the collection of wide ranging data. A range statement of the senior
phase labours the point by stipulating that learners must access a wide array of sources of
information on phenomena. Furthermore, learners were expected to use a broad range of
instruments or devices to collect, measure, analyse and present data and findings. This |
interpreted to mean that leamers were expected to make use of bar-graphs, pie-charts and

straight line graphs to represent experimental data.

Aside from the process skills in an experimental sense such as observation and hypothesizing
which [ have already elaborated upon in the thesis, I reduced the requirements of specific

outcome 1 to the need for learners to be competent readers.
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In hindsight, my decision was not so far oif the target. Bray (1998:10) illuminates that one of
the functions of a teacher in such a system as OBE is to access and organize resources so that

learners will be able to demonstrate their achievement of learning.

Hardly in command of the niceties of OBE, [ then specified two programme outcomes in the

following way:

1) the learners must be able to access information from a variety of sources — be it digital or
print — in order to apply that information to the solving of problems of a scientific nature
which affect society,

2) The learner must be able to demonstrate process skills in conducting scientific

investigations to explore phenomena.

[ reasoned that the other eight specific outcomes wouid be made provision tor based upon a
learner’s ability to read and experiment. [ assumed (erroneously so) that St Sebastian’s had a
pupil population of high quality learners. It was a school of some prestige and was located in

Buxley; to my mind, the home of the English language in South Africa.

3.5.2.2. The course

Months prior to the start of my fieldwork at St Sebastian’s in January 1998, [ acquired and
read numerous articles from scientific journals. Armed with mussionary zeal and yet
counterpoised with absolutely no experience in curriculum development, [ selected what [
considered to be the most appropriate topics in Chemistry and Physics which could be used in
a study related to the theme: The Farth and Bevond (Government Gazette 1997:144). This
was one of four themes used as organizing principles for an OBE curniculum which provided

the context to assess learning.

3.5.2.2.1. The structure of the content

The configuration which I used to structure the content was what Posner (1992:129) would
describe as “pyramidal” or “hierarchical”. Typical of this structure are multiple unrelated
concepts or skills which are studied almost concurrently becoming necessary for learners in
order to master subsequent concepts or skills. Posner (1992:130) makes the concept more

lucid with the following diagram shown in figure 3.7.
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Hierarchical structure of the content

Figure 3.7

Glance through the content arranged in a hierarchical structure which would then give rise to

key concepts to explore the theme: Earth and Beyond.

An important consideration was the position of Mathematics in my structure. According to
Brandt (1992/3:69), who quotes Spady, Mathematics 1s an enabling outcome and not an
outcome in its own right. Although 1t has its own structure it must be leamnt in wayvs that link
it to real-life problems, issues and challenges and treated as a tool which it was intended to

be.

The result of reading the article of Brandt was I decided to incorporate some Maths topics in
my Science lessons. Since the analysing of results was going to be important in terms of
graphs and pie charts the learners were ultimately going to need the prerequisite concepts of

ratio and proportion and equations.
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Project Assignments;

)
2)
3)
4)
5)
0)
7)
8)
)
10)

Key conceplts (o explore the
Theme: Farth and Beyond

Research the constitution of the solar system
A study is to be made of the 9 planets, asteroids and comets

Learners to he able to make an orrery depicting the solar system

Research the birth of the solar system

Research formation of earth and distribution of the elements
[.earners to use a star atlas to identify major stars, constellations and nebulae of the southern skies

A study to be made of earth’s size and shape with special mention of rock formation in terms of friction.

Learners to explain tides with reference to forces exerted by sun and moon
Study made of moon’s gravitation

Study of pressure with reference to the atmosphere

T

DENSITY

MASS AND
MATTIER

I
VOLUME

PRESSURE

FORCES

AREA

LENGTH

|

|

|

ATOMS| [ELEMENTS] | MOLECULES | | COMPOUNDS |
| [
NEUTRONS ELECTRONS PROTONS

Figure 3.8

Concept map and project assignments
planned for course
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Germinating in my mind at this point were the rudiments of an integrated course. [ had
weaved elements of Physics, Chemistry, Mathematics and English. The scientific articles
which 1 planned to issue were generally historical in context and so History added a further

spice to my pot pourri.

In the opening paragraph I ailuded to the confusion which resuited in me trying 0 get a
handle on OBE. Apparently this confusion is justified and is quite a normal occurrence.
Bames (1993:5) quotes Murphy (1984) who explains that educators struggle with the concept
of OBE and how to implement it because understanding OBE requires a construct of
integrated structure, or gestalt. All elements are to be integrated, be it the content, attitudes
and values, or the teaching, learning and assessment processes. The focus is on integration.
Subjects which were once perceived as being separate entities are to be correlated, shown in
figure 3.8. This proved to be a challenge for me, the magnitude of which I did not appreciate
before tacing a group of rambunctious grade 8 learners. [ will now examine my
implementation strategy in terms of a model of scientific literary couched within a framework

of social constructivist methodology.

3.5.2.3. Scientific literacy within a social constructivist framework

The reader will recall that my original two programme outcomes stressed the learners’ ability
to access information in the development of concepts and apply process skills in conducting
scientific investigations. This approach is the embodiment of scientific literacy according to
Gott & Duggan (1996:793). These authors compiled the following model specifying the

components inherent in the concept of scientific literacy. The model is shown in figure 3.9.

When conducting my fieldwork at St Sebastian’s I had fanciful notions of striving towards
designing a course which would embrace scientific literacy. The teaching strategy to achieve
it was to apply social constructivist principies. [ will now present some expert opinions on
teaching strategy and then describe the events as they unravelled to illustrate the contrast
between the theory and the practice. Of particular note is how influential the organization of

a traditional institution can be in stifling a preferred methodology.

90




SCIENTIFIC LITERACY

THINKING SCIENTIFICALLY

A KNOWLEDGE BASE A KNOWLEDGE BASE
OF (SUBSTANTIVE) RELATED TO EVIDENCE
CONCEPTS *
FACTS SKILLS
Gott & Duggan (ibid)
Figure 3.9

A model of scientific literacy

3.5.2.4. Constructivist teaching methodology

Appleton (1997:303) identifies the key tenet of constructivist-theory which suggests that
learmers use existing ideas to make sense of new experiences and new information. To
promote leamning, there is to be a change in the learner’s existing ideas, either by adding some

new information or by reorganizing what is already known.

Driver (1988:141) represented a constructivist teaching sequence shown in Figure 3.10.
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ORIENTATION

CCOMPARISON
WITH
PREVIOUS
IDEAS

ELICITATION OF IDEAS

RESTRUCTURING OF IDEAS

CLARIFICATION AND EXCHANGE

EXPOSURE TO CONFLICT SITUATIONS

CONSTRUCTION OF NEW IDEAS

| EVALUATION]

APPLICATION OF IDEAS

REVIEW CHANGE IN IDEAS

Figure 3.10
The constructivist teaching methodology

Driver (1988:141)

Driver (1988:142) explained that after capturing the interests of the learners in an orientation

activity, the leamers discuss and review their own ideas or models. This is the elicitation

phase. In keeping with Appleton’s commentary, prior ideas are identified. Driver (ibid)

recommends that these ideas be displayed on posters which may be amended as the learning

process continues. Both learner and teacher need to be informed about the prior knowledge
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of the learners. Thereatter, a restructuring phase commences. This is where the learners are
exposed to situations such as experiments or what is found in the literature which is arranged
bv the ieacher. The mission is to expose the learners, with their current cognitive structures,
10 a situation which cannot account for what is observed or noted. Confusion and
dissatisfaction arises in the mind of the learner and thereafter follows the construction of new
ideas. Throughout the process there is an emphasis upon negotiation between learners as
they trade ideas to explain the discrepant events. Eventually, if the restructuring process is
successful, accommodation results. This is not the end of the sequence for the teacher then
needs to engineer situations where the learners will upply their revised conceptions in a range
of ways. This may involve practical construction tasks, experiments, imaginative writing
tasks or more conventional text book problems to solve. At the end of the lesson sequence,
iearners then compile new posters to compare with the previous ones to review how change

nas occurred. [emphases are Driver’s|.

The reader will remember in chapter 1, [ referred to mastery learning as an integral part of
OBE. This method of correctives and feedback can casily be assimilated into the
constructivist methodology. If the restructuring and application phases are not successful,
and 1t is so detected, then remediation may follow before continuing. This is one of the chief
reasons, to my mind, why social constructivist theory is compatible with OBE principies. |

now turn my attention to events in the field.

3.5.3. The classroom environment, the course, the leamer response and the issues that were

raised
Before any discussion of the course and the learner response to it can be set in motion, [
consider it essential to describe the laboratory which was, for the most part, the site of

learning.

3.5.3.1. The site of learning : Mr Robinson’s laboratory

From the scale drawing alongside in figure 3.11 it becomes obvious that the site of learning is

a traditional laboratory with furniture consisting mainly of permanent fixtures.

When facing the board, learners would immediately see a computer with a bookcase behind it
laden with several shelves of books. The side benches were generally stacked with piles of

notes waiting to be issued. This is the first trace of the nature of the institution — learners
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were being geared towards exam training. Further evidence of this purpose is to be found on
a green chalk board on the front right hand side of the classroom near the door. The board
was entitled “The Good News Board” and listed Mr Robinson’s test dates scheduled for the
vartous classes. In keeping with this theme, what becomes vital in an exam is time. On the
right hand side of the classroom was a clock and the note next to it read: “Time will pass ...

but will you?”

When compiling these field notes, [ wondered what impression learners gained from such a
classroom atmosphere. Immediately, [ conjectured, just from these stimuli which |
mentioned, learners must receive the impression that they are expected to sit quietly in their
seats, imbibing the wisdom of the teacher which was as fixed as the benches on the floor.
The knowledge which is considered important is contained in teacher’s notes, while deadlines
for returning that knowledge are clearly indicated by the “Good News Board” and none too

subtly betrayved by the clock on the wall.

The point [ am making is the static environment which had been fashioned by 150 years of
tradition now collided with my competing philosophy of social constructivism. [ initially had
high ambitions of creating a situation wherein learners would be able to engage in
multifarious activities, such as experimenting, researching, debating and thinking creatively
about solving novel problems. How disappointed I was to become; I was guilty of setting my

expectations too high.

3.5.3.2. The course : A discussion

Notes detailing the course are located in Appendix C. The first section consisted of six umnits,

namely
UNIT 1 Science and Scientists
UNIT 2 Is Science good or bad for society?
UNIT 3 The Scientific method
UNIT 4 Measurement
UNIT 5 Equations
UNIT 6 Ratio & Proportion
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My approach was first to contextualise Science in our society. [ thought the best way 1o
accomplish this was to present the learners with hand-outs containing readings which were to
become sources of discussion and debate. After learners had adjusted, they would then be
expected to go further afield in search of their own literature in the library. My thinking was
uitimately to reach a stage where learners would demonstrate their ability as independent
researchers. For the time being, [ was content to give them readings from journals which [

considered appropriate.

Atfter reading through the first unit, Science & Scientists, the reader wiil note that [ asked
them for a drawing of a scientist in action and a note on what Science entails. Once
complete, learners were expected to read the extracts and, much like a comprehension,

answer the corresponding questions.

Appendix D shows some of the efforts which [ recetved. Bear in mind that [ was interested

in a learner’s prior knowledge and this assignment seemed fair enough.

The reader will notice from the contributions that the learners perceived Science to involve
scientists doing experiments. Either in words or pictorially the data exposes the thoughts of
12-year old learners: “Let’s do experiments!” Yet, as committed as [ was to social
constructivism, I chose to ignore the learners prior expectations to my peril. My agenda was
to emphasize reading and research, but as you have seen, the learners had other expectations
and were generally weak in the area of language composition. Through inexperience [ then

issued the second umt: “Is Science good or bad for society?”

To give the learner a balanced view, I presented the negative side of Science and Technology
in “Tribal Warfare”, an article which had its origins in a Scientific American journal. The
other entitled: “Taxes and Triangles™ presented a positive view of the ancient Egyptians using
Mathematics to their advantage in building their pyramids. Accompanying each reading
were questions and activities which the learners were expected to perform 1n groups. You
will notice the integrated nature of the assignment which was flavoured with elements of

English, Mathematics and History, while referring to Science and Technology.
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Even in these early stages | was beginning to sense some inertia on the part of the learners.
When asked the following session for the submissions of assignment 2. no one complied.
Learners protested that it was too difficult or did not have enough time for the homework
because of other commitments. Mr Robinson, himself, showed signs of discomfort during
these early stages and raised his concerns that my course was devoid of practical work. I
chose not to heed his warnings and asked if more time could not be made available to do
oractical work and research after hours. [ began to realise that because my assignments were
rarrly ditficuit, 43 minute periods were not sufficient. The following day Mr Robinson
returned with the message from the administration that no extra time for Science could be
spared. The grade 8s were only allowed three 43-minute periods per cycle. He did concede
that leamers may be available for excursions on occasions called RAP (report and project)

davs.

A RAP dayv was scheduled once 1n a blue moon and, as | comprehended it, was utilised for
projects on the part of learners while teachers completed report cards. On one such RAP day,
[ arranged with the JLB Smith Institute of Ichthyology to present a lecture-cum-
demonstration session on scientists and what they do. This was to become the one and only

excursion which was permitted because of the pressure programme of the leamers.

Not deterred by the negative feedback from the class or Mr Robinson, I soldiered on
changing strategy trom English comprehension assignments to Mathematical ones. | deemed
it necessary to studv equations and ratio and proportion as this will be invaluable to learners
in drawing graphs and representing information using pie-charts. The lessons which I hosted
were all teacher controlled. After a couple of weeks at St Sebastian’s, [ was so constrained
by the limitations of time that I completely abandoned constructivist teaching methods in its
purest form. The learners were struggling with the concept of equations and algebra as the
evidence of Appendix E portrays. Yet, regardless of the need to assist slower learners with

remediation, [ pressed on lesson after lesson, trying always to keep pace with the bell.

Betore leaving for an Advanced Research Methods course at Rhodes University for a
fortnight T asked Mr Robinson to “facilitate” a lesson on “the scientific method” which is
Unit 3 in Appendix C. The notes were carefully prepared, but I made the mistake of using
difficult jargon such as dependent and independent variables. Nevertheless, after the two

week period, I, unbeknown to Mr Robinson, visited his laboratory and discovered that the
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notes had not been issued and the lesson must have been taught according to a iraditional

demonstration/discussion style.

During a telephone conversation with Mr Robinson, he informed me that after his interaction
with the class he had the ~gut feeling’ that the leamers were finding my lessons rather duil.
He suggested that | would need to, “draw them in more”. Although difficuit to accept at the
time, after caretul analysis, [ understood the significance of his statement. It boiled down to
an interpretation of roles — the roles of the leamner and the teacher. [ reasoned that leamners
must become responsible and active in the learning process, while teachers no longer occupy
the limelight. Mr Robinson and the learners were still responding to the dictates of a
traditional system, while [ was struggling to operate in a way which demanded more time to
begin with. In other words, we were on completely different wave-lengths and did not
understand each other. St Sebastian’s never understood OBE and I never understood the

constraints of the existing organization.

In addition to the “Scientific method lesson” which Mr Robinson organized, I asked him to
allow the learners to visit the library to research how Science had influenced their culture.
The purpose was to gather information and report back to class the following week and write
a criterion referenced test. This is test 1 in Appendix C. In appendix F 1s a sample of
contributions which I received. They were disappointing in that they lacked flare but what
was even more disheartening was Mr Robinson’s feedback to the effect that learners had
squandered valuable time in the library. Obviously, the learners were not accustomed to such
activities as independent research and the work produced certainly confirms their lack of

enthusiasm.

Immediately atter 1 had returned from the methods course to resume my field work, a
parents’ morning was scheduled for grade 8. Enthusiastically, I tried to gain access to the
meeting with tape recorder and field notes, but was denied this by authorisation of the
headmaster. It was probably just as well because Mr Robinson had to weather some scathing
criticism from one of the belligerent mothers. She did not appreciate the fact that her son was
a guinea pig in some educational experiment which I was developing. Later that morming my
supervisor, Mr Robinson and myself had a meeting where a letter signed by the headmaster
and Andy Christianson was presented. Examine its contents in Appendix G. The reader wiil

notice that [ was being held fully accountable for the faiiings of the course while St
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Sebastian’s was credited for encouraging new ideas which may be to the benefit of the

learners.

This was an extremely embarrassing experience since what | had attempted had failed. To
add salt to the wounds, my failure had now been disseminated among the parents and staff of
a high protile school. As desperate as my situation had become, [ had only one recourse — to
admit my mistakes. [ had set my ideals too high, while not being cognizant of the learners’

deveiopmental stage.

Burns (1986:92) refers to Inhelder & Piaget (1958) who remind one that learners between six
and twelve are in a concrete operational mode of thinking. They can only discuss the world
as it 1s. This i1s why experiments and practicals were so important in the repertoire of Mr
Robinson. Unfortunatelv, I ignored his warning and disregarded the growing hostility and
written evidence from the learners. They obviously were not coping with the passages [ had
arepared or with the algebra which embraced new mathematical concepts. It was time for a

new strategy.

3.5.3.3. The new strategy . A practical approach

The new strategy was to focus on science practical work. [ developed a practical entitled:
“Density and the processes of Science”. This practical was scheduled for a 43-minute period.
Thereaiter, followed a consolidation period where [ taught them the process skill of
tabulating results and plotting points in a cartesian plane. By way of discussion, I attempted a
restructuring session wherein learners could develop the concept of the inverse relationship
between mass and volume and how this influences density. For example, the greater the

mass, the smaller the volume then the greater the density.

For the purpose of my argument [ have presented the reader with a transcript of teacher-pupil
interaction which occurred at the end of the consolidation period and the beginning of the
period which followed. In this lesson [ wished to establish how successful the restructuring
process had been and learners, through a teacher demonstration, were asked to explain the
“ball and ring” experiment in terms of density. Particular points of interest which arose out
of this selection of data are:

(1) the expectation of the need for strict controi by teacher and pupil,
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() ‘imitations of time in the school structure to do academic work, and

(11) St Sebastian’s as a mark oriented institution.

‘What follows is teacher-learner interaction at the end of the period after the consoiidation

seriod on the 2™ March 1998.

Teacher: Now, [’m gotng to ask, on Monday, for the experiment write-up on
Monday — marks, for the end of this term. There is another mark
order coming up in a month. [ am going to ask for the experiment
write-up.

On Monday. [I’ll see vou again on Monday. ['ll ask for that
axperiment write-up ... so pe warned. [ will be ziving vou an

assessment mark for that.

Leamer: Our table Sir. Must we have the table and then write up why some

things ““sink and float?”
The next period was scheduled on the 9" March 1998 and began in the following way:

Teacher: Put that cricket bail away. Settle down and let’s take out our notes.

Today, I want to take in your practicals.
Leammer 2:  Ah! Please Sir! Youcan’t Sir! Ah!

Teacher: Also your science files as weil. [ want to see how vou have

arranged things ...

Leamner 3: Sirt Sir! {much remonstration because leamners did not do

thetr work or maintain good notes}.

Learner 2: Please Sir. Can’t you give us more time! You said vou would!
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Teacher: Alnight ... The rest of you ... [ want vou seated so we can get on

with our lesson. Yes?

Position of activity in laboratory for the practical demonstration
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Figure 3.12
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Once settled, 1 called the learners to the front for a teacher demonstration of the Ball-and-
Ring experiment. The following diagram of the classroom indicates the position of the

demonstration and the close aggregation of learners, shown in figure 3.12.

The teacher-pupil interaction continued as foilows:

Teacher: Grade 8s! Our focus was that otf?
Learner |: Density, Sir. Water.
Teacher: Now, what ["ve got here is a piece of apparatus called ...?
\
Learner 2: A brass balil. Sir.
Teacher: A ball and ring. The ball and nng experiment usually used in the

context of heat, but we are going to use it in the context of ..

Leamner 1 Water.

Teacher: Density. Now, this ball has a certain ... 7

Learner 4: Weight.

Learner 3: Mass!

Teacher: Mass. Let’s not use weight ... mass. Just remind us — what does it
mean?

Learner 3: The amount of content ... The amount of mass ...

Teacher: It is the contents of the solid in terms of matter it contains. Now, it

also has something else. You mentioned it, Roland.
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Learner 5

Teacher;

Learmner 7:

Learner 4:

Learner 8:

Teacher:

Leamer 7:

Teacher:;

Learner 3:

Leamer 3:

Leamer 10:

Teacher:

Learner 9:

Teacher:

It’s going to change.

No, it got mass and ...

Volume.

It’s got mass and it’s got volume ... Right. OK. Let me see what

happens. Be quiet please, when I put the ball through the ring.

it goes through!

It won’t work, Sir, when you heat 1t up.

It won’t work, because the chain goes around.

[Holding ball in tlame].

How long do you have to hold it there Sir?

Now, what is happening to the ball at the moment?

It’s expanding.

Getting bigger!

Enlarging!

QK. What can be said for its volume? What can be said for its

volume?

It’s increasing.

Its volume is becoming greater and its mass is staying the same.
Now in terms of density, what can be said for the ball? Its density

at the start compared with what it became.
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Learner 11:  The density is the same.

Teacher: He says the density is the same. Any advances on that?

Learner 2: Density is the same.

Teacher: Densuty is the same. Alright ...

Learner 3: It must be the same because the mass remains the same.

Teacher: OK. We’ll come back to that. Now this experiment over here is

the reverse of ... =

Learner 12:  Will the ball fit through the hole? ...

Teacher: Here we are going to do the reverse.

Leamer 10:  You are going to heat the ring, Sir.

Teacher: {Heating the ring]. The ball won’t go through the ring. It has too
much? ...
Leamer 8&: Mass!

Teacher: NO.

Learner 7: Volume.

Teacher: Too much volume. Right. Too much volume.
Learner 7: You’ll have to heat this.

Teacher: [s that the only way?
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Leamer 4: You could freeze the ball. Hi! Hit Hi!

Teacher: Just heat the ning.

Learners: {Taiking, laughing and joking].
Teacher: OK. Heat the nng.

Learner 7 Expand it

Teacher: Let’s expand it.

Learner : It just went through oaks. -

Learners: Wooh ... wooh! Yippeeh ... [clapping and applauding].

Teacher: Shut-up! In terms of what we have seen here — explain the

experiment in terms of density. What happened to the density of

this?
Leamner 4: It becomes greater.
Teacher: So you need a larger ring [Learners laugh: Hil Hi! Hi!] In terms of

density. What is your explianation.

Leamer 11:  The density stays the same..

Teacher: You say the density stays the same ...

Leamer 9: Volume changes. density stays the same. [Whole cacophony of

voices. Everyone offering answers simultaneousiy}.

Learner 2: Didn’t we have to hand in our project for today!
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Teacher: We are going to talk about that Grade 3Z. Let’s go back to your

places [Learners return to their seats].

In light of this transcript [ will examine the emerging issues more closely.

32.5.3.3.1. The issue of control

The first issue of interest i1s the mutual expectation in the classroom by both teacher and pupil
of strict control. Davis et af (1993:631) explain that this is a key feature of the traditional
objectivist paradigm where it is believed that a child attains personal control only through
voluntary submission to discipline imposed and rewarded by an outside authority. From a
constructivist point of view, Davis er al (1993:631) contrast this with the idea of valuing
:ndividual differences and interests of students. The teacher is no longer a controller but a
classroom manager. In seeking to establish a healthy interactive climate, constructivists need
to adopt cognitive and humanist psychologies. [n such conditions, learners have choices and
concomitant responsibilities which benefits their education and empowers them to become

well rounded citizens.

You will recall that I struggled to maintain order in the classroom. [ even admonished them
with the command: “Shut up!” This emphasizes the point that the expectations of the school
and its mdden assumptions exert enormous influence on classroom relations. Even with the

best constructivist intentions I sill resorted to the traditional methods of tight control.

To cement the notion of mutual teacher and learner expectations of control consider the views

of Cecil Butcher, another science teacher in the school.

Cecil: They have just got to know vou and eh ... what ... um ... and I have never
been one to say sit down and don’t open your mouths. Shut up! [ want two-
way communication, but they must know that when I open my mouth they belt
up, and 1 am not prepared to have them sitting and chatting if [ am chatting.

You know, you establish formal ground to start with.

Compare Cecil’s opinion on discipline with a grade 8Z learner’s views on my lessons:
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Leamers: The class itself. kind of puts a lot of people off ... not off, turns some people
on ... some people off, because, I mean, some people sit at the back. They,
they can talk without other people hearing them and then they mess around

and you know there is copving of work that goes on.

Reading between the lines, I perceive that he would prefer a more controiled class.  Yet,
teacher control need not necessarily be as overt as this. 1 once observed an English teacher’s
response to learners when they were reading a difficult passage of prose. Periodically,
learners would ask her the meaning of a word such as “medium’ or “clairvoyvance™. She never
insisted that they become self-reliant and use a dictionary, but yielded and defined the words.

Hence, they remained dependent upon her and she subtly controlled them.

3.5.3.3.2. Limutations of time

The second issue of interest is the limitations of time which learners have to concentrate upon
academic work and specifically reading. The programme in figure 3.13 shows an average

dav in the life of a St Sebastian’s school bov.

You will notice that boys were literally begging me to extend the time to hand in their
assignments. One even said he did not have the time. From my questionnaire data [
discovered the reason for his request. Learners are heavily burdened with sporting and
cultural commitments. The following two bar graphs in figure 3.14 compare the amount of
time spent playing sport and engaging in cultural activities versus the time spent reading.
One learner does 17 hours per week of the tormer and can only manage 2 minutes of the

latter. [ am not surprised that their writing ability is so poor.

One Wednesday afternoon I walked around the school playing fields with my camera and the
picture 5.27 alongside confirms how the learners spend their afternoons. What is quite
distressing is [ visited the library and acquired statistics as to how many books were taken out

in the first three months of 1998. These were the results in table 3.1.
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Hours per week

Corresponding hours spent by learners in extra-mural activities

30 -

25

20 -
15 -
10 -

Daily programme of a grade § Learner

i

Time - Activity and Event
i
S.45am ' Rising bell for grade 8s 5
Cold shower
6:15am | “pick ups”
6:25am - Bell for grade 9s-grade 125 |
6:30 am | Grade 8s go and fag (duties for .
senior bovs)
7:20 am Roll-¢call
7:25 am - Bell, depart for school
1:00 pm 1 School ends and lunch
. then rest pertod
2:00 pm | Bell and classes
i Change for sports
4:30 pm ! Return to house and shower
i Quiet time «
 Societies ;
6:30 pm Supper |
7:25 pm Roll-call

7:30pm - 9:00 pm

Prep (homework)

9:00 pm Pravers |
| |
| ' |
i 9:00 pm ~9:30 pm | Free time ‘
L Lights out ?

Figure 3.13

vs pleasure reading

0O Time spent in extra-mural activities

@ Time spent reading

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

N 5t

&

Learners 1to 17

Figure 5.14
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CLASS TOTAL NO. OF BOOKS TAKEN OUT |
' Grade 3 227
9 166 |
10 156 |
| 11 .98 |
12 30

Table 3.1

Number of books taken out in 1* term of 1998 by grade level.

Note the marked decrease in the number of books taken out from grade 8 to grade 12. These
figures. although accurate, are deceiving because the learners, when they have access to the
'ibrarv, mainly utilise it to consult the CD ROM or newspapers and magazines. Yet, sureiy,
the staustics do indicate that the learners are deprived of opportunity to do some pleasure

reading.

This is the viewpoint of Gavin Cook who forwards the following concerns relevant to the

matter and how sport absorbs most of a child’s time and energy.

Gavin: Now you are talking, with due respect, to an ex-sportsman and [ will take on
anybody as far as achievements in sports go on this staff and knock the heil

out of them ...

But ... ja ... ja ... ] have been a sports fanatic. [ love my sport, but
[ think that it is over-emphasized. But that is the South African
public — especially schools not good at sport — the children don’t

come.

Earlier [ recall he mentioned how necessary it was for learners to do pleasure reading and that

sport dilutes this precious commodity of time.
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3.5.3.3.3. Importance of resuits

The reason learners were so anxious .to extend their time 1s they had a strong desire to do
well. They equated more time with more opportunity to perform the tasks. So, where does

this desire stem from? The answer is supplied by Cecil Butcher:

Cecii: They [the leamers] are very resuits-onentated ... That’s where it
comes from, their families ... Normally, the parents are fairly
ambitious and they are very results-orientated. They are paying a
fair amount of money for their sons to be here and [ suppose they

do put a fair amount of pressure on the kids to do well.

To illustrate how damaging this continual striving for marks can be, ponder the words of the

following grade 8 learner.

Leamer: To me. it’s kind of like that it’s always been like that, to me. When I bowl an
over in cricket, I don’t, you know. It is not supposed to be this way, but when
I bowl 1 keep on worrying about what the figures [the marks] are going to look
like on the book.

3.53.3.3.4. Formatve and summative assessment and the expectations for assessment at St

Sebastian’s
The issue_of formative and summative assessment at St Sebastian’s proved to be very
confusing. Learners were so accustomed to the finality of an end-point test that even when
asked to re-submit an assignment, [ hardly received any returns. The staff, too, were also not
familiar with the concept of developmental assessment. Mr Robinson and Gavin Cook, when

encountering the term in my questionnaire, drew a blank and asked for an explanation.

As far as leamer expectations of assessment are concerned, leammers were far more
comfortable with the product oriented test in the second mark order than the process oriented
test featuring in the first mark order. 1 presume, the second test on density required lower
order skills of simple recall and algorithmic methods whereas the first demanded analysis and
research. A comparison of the results of the two tests are presented in the pie-charts below in

figure 3.15.
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TEST 1 Resuits of process-oriented test

R1-90% -

Non-returns

71-80% -

a1-70%

11-20%

S1-00%

31-40%

41-30%

TEST 2 Resuits of product-oriented test

91-100% 44-50%
81-90% ~

31-60%

71-80%
61-70%

Figure 3.15
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As a final confession though, I was not entirely truthful in the children’s mark orders. Their
results were destitute of any validity or reliability. Boys who had hardly written two sensical
words the whole term received upwards of 45%. This was to comply with Mr Robinson’s

insistence that the results of my class be comparable with his.

From an OBE frame of reference, marks are not important. Ultimately, the emphasis is on
whether or not the learner can accomplish the task proficiently in practice. In certain cases
marks can be terribly superficial and arbitrarv. At St Sebastian’s, learners receive an
impression mark between 1 and 7; 4 is competent; 3 or lower corresponds to poor work, 5 or
higher corresponds to good work. At the end of the mark order [ happened to be typing in
impression marks on Mr Robinson's computer and he had just returned from tea, quite
incensed that the administration should demand that all leamers receive impression marks
berween 4 and 7 inclusive. The inference being that teachers were not ailowed to judge a boyv

incompetent or slothful, even if it was the case.

3.5.4. Conclusion

In conclusion to this case study [ would like to quote the profound words of a grade 3 leamer

who let his feelings be known concerning my course.

I know this is a new thing, that you have to do but it sucks and to
me is not Science. I know of three guys that whatted (sic) to go to
Mr Butler and I have talk them to just stop and give it a charnce
(sic) but now [ carn’t (sic) take it Sir, it is so unfare (sic) that vou
take off marks because of our spelling and grammer (sic) and I
don’t see the point of doing maths that we have already done on
(sic) the standerd (sic) five year.

Granted I omitted to compile a careful situational analysis of the culture and organizational
factors impacting upon the St Sebastian’s curriculum recommended by Carl (1995:47).
Egregious blunders were made in my estimates of the learners developmental levels and
capabilities. However, as disappointed as I often was in doing this field work, I learnt that it
is not possible to entertain two fundamentally different philosophies under the same
umbrella. If OBE is to be introduced into a school with its hallmarks of an integrated

curriculum, flexible scheduling and authentic performance assessment then it needs more
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than piece-meal attention. [t requires a total systems re-alignment. There can be no

compromise in this regard.

As far as my research is concerned | have found consolation in knowing that accurate data

was collected even in the face of harsh censure, criticism and abuse.
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Chapter 4 : The Mtunzini Case Studv

4.1, Introduction

In this case study I first consider the site of my research, namely, Mtunzini High School.
Then I present some of my assumptions, apprehensions and concerns when starting my field
work. What tollows are three vignettes to provide the reader with insights into the teaching
environment which [ was entering and which exerted such a strong intluence upon the
learner. Thereafter, [ presented some research relating to several issues surrounding the kev
systemic factors of time scheduling, disruption brought about by unforeseen ecvents,
integrated curricula, resources and assessment. Once completed, [ begin with a description of
my own course where | explain the problems which I experienced and the passage I chose to
alleviate the impasse. A vignette describing mv use of practical demonstrations concludes
the case study and raises the 1ssue of whether science teachers can successfully circumvent

the ubiquitous probiem of resource shortages.

Mtunzini High School : Description of the school milieu

Mtunzini High School is rated as a middle class African school. The first impression gained
is that of plain brick and mortar buildings (photographs 4.1) which contrast sharply with the
shack dwellings on its periphery (photograph 4.2).

Nearby, one can see a football field (photograph 4.3), or the skeleton of one, which is poorly
maintained and overrun with weeds, litter and stones. For the six weeks duration of my field
work [ never saw anyone utilise the football field since the children preferred 10 play their

games on the more even basket ball courts behind the school.

Although the school is located in a high density area of Duma, Buxley, one cannot help but
notice the rustic presence of African culture which encroaches upon the boundaries of the
school. Periodically, herds of goats and cows will be seen wandering past the school,
attended to by shepherd boys. It is not uncommon for a goat to graze on the coarse grass
within the school perimeter. No one seems to mind; farm animals are an essential part of

African culture and tradition.
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4.2, The school facilities: qualifications of teachers: school mission and fees

N

2.1, The facilities
Mtunzini is a co-ed school comprising some 1200 high school pupils ranging from grades 8
t0 12. The classrooms are generaily small in relation to the large number of scholars who
trequent them. Within the phalanx of school buildings is a series of quadrangles. Within the
school 1tself, learners have few comforts such as tuckshops or common rooms where they
may aggregate, relax and enjoy such indoor activities as pool or table tennis. During break
time, learners are all compelled to leave the classrooms and go and play their games outside.

or have their luncheon packs with their friends.

Notwithstanding these deficiencies, Mtunzini is not short of the basic essential facilities such
as a home economics room, woodwork and art centres and an all important library. As far as
Science Education is concerned, Mtunzint has two reasonably well equipped science
laboratories with provision made for cupboards and adjoining storerooms to stock some basic
physics equipment and chemicals. However, nothing elaborate exists such as expensive tume

cupboards, gas cylinders or vacuum pumps.

47272, The qualifications of the teachers

Considering that Mtunzini fell under the jurnsdiction of a disadvantaged Black Education
system during the vears of Apartheid, the teachers are relatively highly qualified. As shown
in the pie-chart in figure 4.1, teachers’ qualifications range along a continuum from standard
teacher diplomas (equivalent to a matric and 3 years tertiary level experience) to Masters’
degrees.

Pie-chart showing qualifications of teachers

Masters degrees and
diplomas

3%

Teaching diplomas
only
2%

Honours degrees and

dipiomas
22%

Bachelors degrees and
diplomas
Standard teaching 37%
diploma [equivalent 1o
matric and 3 vears
tertiary levei
expenence]
32% Bachetors degrees only

2%

Figure 4.1
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423 The mission of the school

Since the mussion ot the school is to;)repare learners for matric exams, much teaching time
and energy is directed towards this purpose. Mtunzint can be proud of their 1997
matriculation resuits where 84,6% of leamers received a school leaving certificate and a
further 13.1%. a matric exemption. It is not surpﬁsing that the school is dubbed the “pride of

Jozal’

4.2.4. The schooi fees

In recognition of the learners’ often depressed living circumstances outside of school. the
learners’ parents are obligated to contribute a paltrv R40,00 per annum towards their school

tees and a turther R10,00 should their sons or daughters opt tor woodwork or art classes.

In summary, although far from being the poorest of the poor. Mtunzini is a forbidding
environment in comparison with traditional white middle class schools. The scars of
Apartheid have not quite healed as the ghost writing, “Down with white teachers”, shown in
photograph 4.4, reveals. Apparently, two years before a radical youth group of AZAPO, who
were a small minority and rallied by a few demagogues, protested against the presence of
white teachers. Their protest actions were quelled, however, by a group of Black parents
visiting the school. This writing on the wall was literally the only tangible shred of evidence
to betray the political struggle which dominated past events in the school. Generally, I was
welicomed, especially by the learners who would sometimes be seen running from 100 metres

away to open the closed gates at the entrance of the school.

Fieldwork at Mtunzini High School

and results of my investigations

4.3.  Assumptions, apprehensions and concerns

At the start of my fieldwork [ was given the challenge of teaching an electricity section to a
group of grade 8 learners according to OBE principles. This brief was rather vague, but I
approached the task with circumspection 1n light of my recent experiences at St Sebastian’s.

The reasons for my hesitance in planning a suitable course were threefold:
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1) The expectations of the learner.
{11y Cultural and language considerations.
(111)  The expectations of the teacher.

I will visit each of these reasons in turn.

431, The expectations of the learner

As I discovered at St Sebastian’s, the student plays a vital role in the enactive part of the
curriculum. The expectations can make or break a curriculum innovation effort. Since OBE
became widely publicised from mid-1997 1t has had its detractors, for example, Jansen’s
paper [no details known] who levels ten poignant criticisms at OBE. Learners are not
oblivious to such disparaging views since it direcﬂy influences their academic aspirations.

Peruse an excerpt from a student newspaper at the school written bv Tando Sandi (1998:8):

Many of the scholars believe that this new form of education waiil
create the (sic) higher failing rate, because we are (sic) busy with
our own problems and activities ...

Sandi and his peers had developed the misconception that teachers are effectively sidelined in
their education and they as scholars will be left to their own devices to become
“knowledgeable™.

Sandi’s fears are by no means isolated. This syndrome of the traditionai student is widely
reported in the literature. Loughran & Derry (1997:935) quote Gardner (1991) who identifies
most students as being guilty of developing meta-cognitive skills of asking themselves:
“How much work do I really need to understand to satisty the requirements of this course?”
This quote is universal and speaks of learners who are reluctant to extend themselves and so

resistance 1s inevitable.

Since my fieldwork experience was of such short duration, I decided it was more prudent to
say very little about my mission at the school because of all the “baggage” associated with
OBE. Rogers & Dana (1995:523), on the other hand, are opposed to this practice, referring to
it as deceitful since if you believe OBE is good for the child then refrain from concealing the

fact.
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432 Cultural and language considerations

Jegede (1997:1) informs the reader that: “For the developing countries of Africa dominated
and governed by non-western socio-cuitural factors, western science means an imposition of
one culture over another. It means the replacement of the anthropomorphic worldview with a
mechanistic one.” Jegede (1997:9) continues with the warning that the difference in world
views becomes intolerable for teachers of western background who have to teach students of

non-western origins.

Concerning myself at Mtunzini, [ knew very little about African cuiture in relation to western
philosophy. For example, [ would be hard pressed to integrate traditional African religion and
cosmology with the practical matters of electnicity. Biko (1978), as quoted in Lubist et a/
(1997:136), speaks of the importance of traditional music in that African songs were not
meant for individuals, but for groups. For this reason, [ planned group work activities as far

as resources wouid ailow; a practice which dove-tailed with OBE methodoiogy.
Another issue was that the learners were all Xhosa speaking and of limited English
proficiency. Therefore, I assumed that my speech would have to be slow and simplified a

policy which extended to the notes I compiled on the board or in handouts.

4.3.3. The expectations of the teacher

Although teachers at Mtunzini would prefer to distance themselves from any association with
the philosophy of Christian National Education (CNE) and its accompanying teaching theory
of fundamental pedagogics, | assumed that the teachers were unconsciously subject to the
subtle influences of a rigid behaviouristic paradigm. These teachers may have objected to
certain forms of institutionalised racism characteristic of education during the Apartheid
years, but it is my opinion that the underlying teaching practice of these teachers is consistent
with the philosophy of CNE.

To give the reader an example: I assumed that the teachers would regard themselves as
occupying a superior position to their learners since they are authortative reservoirs of
knowledge as opposed to the learners who are passive recipients. This belief is in keeping
with the theory of some CNE exponents such as Viljoen, as quoted in Beard et af (1981:12)
who regards the child as a thing (a non-human). Other authors such as Oberholzer, quoted in

Beard er o/ (1981:12), grant the child some humanity but still view the child in a negative
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fight. The inference here is that teachers would be very reluctant to allow their learners

responsibility and so oppose a key principie of an outcomes-based system.

Since CNE has a beliet in Calvinism and Science, there is inevitably a preoccupation with
measurement through examinations. Anderson (1973) made the widely reported statement
that examinations are ‘the tail that wags the educational dog’ and Chari (1973) reports that
educators teach what is tested rather than testing what 1s taught, as quoted in Dore
(1976:162). Orevbu (1984:223) provides an African perspective claiming that African
schools tend to, “Teach too many things too fast ... perpetuated bv the requirement that ail
orficial examinations be based on these.” This is an apposite quote relating directlv to
Mtunzini. Leamers, as they are approaching examinations, are continually dnilled by their
teachers to meet the demands. At a later stage in the thesis [ have presented a series of
vignettes revealing the circumstances prevailing in the school. More importantly, teachers
derine their roles, not so much as educating leamers, but in preparing them for examinations
and tests. It is my impression that teachers who have grown up in a CNE system will mis-
understand the intentions of an OBE system. This presents several implementation problems.
Indeed Shanks (1993:6) quoted by Towers (1992) cited teachers’ limited understanding of
OBE as a major reason for resisting its implementation. Therefore, any innovation will need
to be introduced with caution as current expectations may provide substantial resistance.

Presently [ will consider the topic of teachers as “facilitators™.

4.2.3.1 Teachers as “facilitators”

It is my impression that teachers at Mtunzini have an accurate understanding of their role as
facilitator in an OBE-system. Take the example of Boetsap Kiwane’s (a science teacher at

Mtunzini) views who attended an in-service training course:

Boetsap: In OBE, my understanding is, you negotiate. You say, OK, we don’t have a
syllabus — we have a leaming programme. Now, we need to do this: How can
we best approach it? What do you think needs to happen ... It is the learners
deciding, you know, who belongs where — the size, the number of people. Of
course, the teacher still has a role of guiding, providing the guidelines in terms
of how group work can function etfectively, but more depends on the learners

than on the teacher.
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Although teachers may know the theory of how a facilitator differs from the role of a
traditional teacher, Roth & Rovchoudhury (1993:148) warn that the task of a facilitator is not
an zasy undertaking. Allowing students to choose problems of their own interest entails an
underlying intellectual expectation from the teacher. Students may come up with problems
that require an in-depth knowledge of the subject matter on the part of the teacher as
facilitator.  Furthermore, teachers may struggle to guide and advise because of their

untamiliarity with these tasks.

gualifications of reachers. A tull 34% of teachers only have limited expertise and therefore 1
have my reservations as to the ability of these teachers to answer questions directed from

learners which may require deep insight.

Martin-kniep & Uhrmacher (1992:266-268) further confirm myv suspicions by expanding
upon the difficulties teachers experience when designing curricula. These authors cite lack of
curriculum development experience on the part of teachers as a severe drawback threatening
the implementation process. South African teachers have always had recourse to a syilabus
in the past and the learning programme which Boetsap refers to may prove to be very

challenging to design.

So much for my assumptions and apprehensions. [ now plan to present three vignettes
concerning the lessons which I observed at Mtunzini. They all invoive grade 8 classes. The
first two vignettes are a reconstruction of events which transpired in separate classrooms and
illustrate a form of traditional teaching which impinges upon the expectations of the learner.
The third vignette 1s a science lesson involving grade 8 learners studving the topic of
electricity through the medium of group work experiments. The three vignettes will raise

several key systemic issues pertaining to OBE and its successful implementation.

4.4 Vienettes : Teaching and leaming at Mtunzim

441 Vignette 1l A grade 8 English class

The first class [ observed was a grade 8 English class. The questions relating to the
comprehension were written on the board before the start of the lesson. The learners were

expected to have read the book and answered the questions.
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The teacher, for the most part, sat in the position indicated on the sketch and directed the
entire operation. After reading the question on the board, he would ask the class for volun-
teers to answer the question. On a rare occasion, a more competent learner would venture an

answer by raising his or her hand, and then stand up and read what he or she had prepared.

The teacher would either commend the learner for a good attempt or dismiss any wrong
answers. Later in the lesson, if the leamners did not succeed to his satistaction, then they

would be required to stand up and remain standing as photograph 4.5 indicates.

This approach shouid be denounced in the strongest possible terms in my opinion. The
reason is by punishing the learner through humiliation it is pernicious in that negative
teelings become associated with English classes and more specifically with the English
language. The teacher administered this form of punishment out of frustration because he
discovered that many leamners had not done their homework and were merely copving down
what other leamers were reciting. To further fuel his anger, he caught a learner who had
tailen asleep. Thus, if leamers could not supply correct answers, were caught sieeping or had

not done their homework, they were required to remain standing.

The lesson was entirely teacher directed and soon lost its appeal for leamers who were
obviously bored. This boredom was clearly noted when one learner threw a pen at one of her

peers while the teacher’s attention was occupied with another matter.
By the time the end of the lesson was approaching, those learners marked with an asterisk

(L*) were asked to remain standing. Once the siren had sounded, learners wasted no time in

packing up and joining the fray in the corridors outside.
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442 Vienette 2: A grade 8 Business Economics lesson

The iesson was a revision lesson, because the exams were looming not two weeks away. The
iearners were asked to read through’a passage for homework and during this lesson, the
teacher questioned their recall of the facts. Interestingly enough, the passage which the
learners were required to read was their notes which amounted to about 13 papers. [ found
this strange because even at grade 8 level, one inay expect learners to be able to cope with

more than 13 pages in five months!

The lesson, however, began with the teacher asking the learners to define business
2conomics. One learner at the back was observed to stand up and read the definition from her
notes. A rapid discharge of questioning would ensue with the eventual answering by the
learners who correctly identified the answer which was in their notes. This pattern of
questioning and answering characterised the lesson. Once a question had been proffered, the

teacher then summarised the answers on the board shown in photograph 4.6.

What I found disturbing was the fact that the teacher, after asking a question or making a
statement, would repeat it, sometimes ten or fifteen times, before a response would be
elicited. The following transcript excerpt of the lesson illustrates this interrogation approach

of the teacher and the effects on the learner. The teacher is referring to the four basic human

needs.

Teacher: The third type of human need is ... ?

Learner: Clothing.

Teacher: Clothing [writing on the board] ... It is a basic human need ...
Clothing, a basic human need, you agree?

Class: Yes.

Teacher: lothing, a basic human need. You agree? You need it. If you

don’t have something on, can you survive? If you don’t have
something on, can you survive? If you don’t have something on,

can you survive? Clothing — a basic human need. Why?
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Leamers:

Teacher:

Learners:

Teacher:

Learners:

Teacher:

[eamers:

Teacher:

Learners:

Teacher:

[_eamer:

Teacher:

Yes [Kids laughter] ... [Quite some confusion].
Clothing, a basic human need. Why?

[Confusion, laughter and joking] ... [short burst of loud talking in

class].

Is clothing a basic human need!?

Yes! Yes!

Can you survive without clothing on? ...

[Contusion].

Is clothing a basic human need?

Yes! Yes!

We say it is basic because we cannot survive without it. We cannot
survive without them ... What wiil happen if you do not wear
clothes? ... Our torefathers survived without clothes ... so why do
we saying (sic) that clothing is a basic human need?

[Reading from notes] It protects us from animals and elements.

Clothing protects us from the elements, the sun, rain ...
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Figure 4.3

4.4.3 Commentary
In summary, after reading the two vignettes thus far, the reader will probably realise that my

fears and apprehensions which I stated earlier are well founded.
As far as fundamental pedagogics is concerned, we can see it clearly manifested in both the

English and Business Economics classes. The mechanistic style of triadic dialogue,
described by Jones (1997:563) who refers to the work of Mehan & Silverman (1985), which
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‘ollows the pattern of teacher question, child response and then teacher approval or denial is

in sharp relief.

In addition, [ noticed the unimaginative presentation of the lessons where the teachers made
use of the chalkboard as the only teaching aid. The learners, after a short while, soon became
disengaged and one learner in the English class fell asleep in concession to the boredom.
Apparently, this excessive use of the chalkboard is fairly pervasive throughout the school.
During the interviews with the learners, they all commented on how they were expected to
ranscribe reams of teacher’s notes once it had been explained to them by the teacher. The
message vained from these lessons was the teacher was the authority and the learner the
receptacle. [t was the teacher’s responsibility to control the learners. This then became their
frame of reference in my opinion, expecting the practice to be transferred to the science

4

Cciassroom.

The second point to gather from these lessons is the use made of English by the learners. The
Xhosa children struggled to overcome the language barner, and as a recourse read the

answers from their notes. There was no attempt made to paraphrase their notes and converse

freely.

Wertsch (1991), as quoted in O’Loughlin (1992:814-815), explains why these circumstances
should prevail;

The reason is students may come to school with a diversity of
voices and sociocultural perspectives, but teachers use the fairly
uniform speech genre of formal instruction. This translates into the
teachers’ insistence that their preferred speech genre be used
instead of their students’” voices. Rarely, if ever, is it the teacher’s
intention to seek information or provoke dialogue. Rather, the
process is regulated by the teacher. [Superb examples of this are
provided in the two vignettes. ]
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444 Vignette 3; A grade 8 Science class

This vignette describes events which untolded in a Science lesson of Jacky Khumalo where
she employed the use of group work. To do justice to the issues of small classrooms in
relation to large numbers of learners and their resulting difficulties, I have included in figure

4.4, a scale drawing of the classroom and its furniture.

Jackv's class is a bleak shoe-box of a room. Since the lights were all out of order, it was
generally dark and uninviting. On closer inspection, [ discovered that it was not so much the
lights which were defective, but the problem may be attributed more to the absence of fuses.
Notwithstanding this, there were three large windows on the southerly side compiemented by
two smaller ones on the opposite side. The classroom had one broken window, probably the
result of some childish misdemeanour since boys were accustomed to playing football on a

nearby netball court.

The reader will notice from the diagram that provision in the classroom has been made for
group work. Generally, three separate desks were positioned alongside one another allowing
six to eight learners to form a group. This is commendable on the part of Jacky, but I urge
the reader to reflect upon the challenges posed when trying to navigate between the groups.

To reinforce the idea, view photograph 4.7.

As for the décor of the classroom, it was completely destitute of any colour. There were no
displays on the walls, either professionally printed or student originated. In summary,
Jacky's class was dark, dusty, dull, crowded and unpleasant. A most uninspiring learning

environment.

4.34.4.1. A lesson on parallel and series circuits

The diagram in figure 4.5 below shows the class design.
At the start of the lesson Jacky referred the class to the teacher’s notes recorded in appendix

H. It required learners to set up and explain the relative brightness of bulbs in series and

parallel.
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Seating plan observed during Ms Khumalo's Science class
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As soon as the learners received their instructions, they continued with the assembly. [ was
mainly focused upon my target group indicated on the diagram, (figure 4.5) and shown in
photograph +.8. The photograph illustrates the difficulty of teaching in this vein. There were
seven learners assigned to one circult board. A circuit board is difficult to manipulate and
with so many “cooks”, I am sure the broth was not difficult to spoil. Contributions were
rapidly offered by all the learners to the one or two dominant members who actually handled
the apparatus. Photographs 4.10-4.12 provides the reader with clear evidence of how

impractical it is to have so many learners in close proximity around one circuit board.

Misconceptions easily arise under such conditions. [ noticed that at one stage the learners set

up the following circuit in figure 4.6.

Since the globes were located one below the other according to tigure 4.7, the learners
tenaciously beiteved that the circwit they had set up was a parallel circuit. Theyv argued that
bulbs were located one below the other according to figure 4.6. [ tolerated their
misconceptions for a while and continued to show them a true parallei circuit while asking
them to compare the corresponding brightness of the bulbs in each case. Once achieved, they
began to realise that the circuit they originally identified as a parallel circuit was in actual fact

a series circuit,

CELLS

—
CONNECTING WIRE

~ CONNECTOR

LAMP

Figure 4.6

Circuit assembled by learners who believed that this is a parallel circuit

136




Figure 4.7

Diagram in textbook showing a parallel circuit

This was a time consuming endeavour because two separate circuits had to be arranged to

make a fair comparson and the whole reconstruction process must have lasted ten minutes.

This was a luxury which an observer such as myself could afford, but what about Jacky? She

had to attend to seven other groups while maintaining order. Photograph 4.20 shows her in

tull battle cry admonishing learners who were misbehaving. 1 inquired where she perceived

her problems to lie in such a group work situation:

Jackv:

Interviewer:

Sometimes you can be a little too, look at one group ... then if you spend more
time with that group it may happen that you may not go to the rest of the

groups at the same time ...
Right. So which groups tend to get more of your attention?
Those who are lacking, those who are lacking ... Some of them will not be

able to grasp the concept very easily ... so you need to spend more time. Then

that eventually will make you not reaching the whole class in one period.

Jacky makes the interesting point that the time period of 50 minutes is too short to ensure that

all learners have grasped the concepts. In final summation of her lesson on series and parallel

circuits, to make up for much needed time, she called for the best circuit boards and asked for

the leamners to congregate around her.

137




The fifty learners then crowded around the display near the back, climbing on desks and
chairs, craning their necks to gain the best view. Several learners towards the rear of the
gathering could not see and so became bored and mischievous. This behaviour degenerated
into the physical assault of learners near the front. Worse still, Jacky’s concluding efforts
resulted in the learners developing misconceptions. The two circuits which were displayed

had the appearance shown in figure 4.8.

Problems arose because instead of learners associating a series circuit with one long row of
bulbs and a parallel circuit as one comprising bulbs arranged one below the other, learners
thought that any circuit with three cells and three bulbs was a series circuit. Similarly, anv

circuit with two cells and two bulbs was immediately a parallel circuit. Therefore, it was not

uncommon for the circuit in figure 4.9 to be labelled a parallel circuit.

Series Circurt Parallel Circuit

Series and parallel circuits

Figure 4.8

A circuit erroneously labelled by learners as a parallel circuit

Figure 4.9
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[ noticed that this error was continually made by these learners in subsequent lessons. These
errors and difficulties, | believe, would not ordinarnily anse if the classes were not so large,

the resources so scarce and the time duration of lessons so curtailed.

To conclude this section of the case study 1 will presently embark upon a discussion of key
issues relating to the systemic nature of schools as they concern OBE. The issues considered
are time scheduling, unforeseen events which caused time wastage, an integrated curnculum,

resources, and assessment.

4.2 Kev issues relating to the svstemic nature ot schools as thev concern OBE

4.5.1. The issue of time scheduling

The ubiquitous time table and the ailocation of separate periods to various subjects is
prominent at Mtunzini. The fact that science lessons are only S0 minutes long is only one
oroblem. More severe is the issue of only having three lessons per six day cvcle which

presents further complications. Jacky explains:

Jacky: Standard 6 [Grade 8}, they have only three for one class per cycle.
So in a cycle you may see one class only once. So it means that in
two weeks time you will do one concept in different periods in one

class.

Interviewer: And how does that work? Do you find that, that eh ... it helps

good understanding or what is the result?

sacky: ...But most of the cases when you come back, the first group that
you have done it they forget. They think that they still know. Then

you carry on and you find that they have forgotten everything.

Since any transformational OBE system will require substantial blocks of time, flexible
scheduling is essential. This is a point well taken by the administration, but they do not seem
to have any clear ideas on how to accomplish it. Reverend Solomon Hlobane grappled with

my question of how to plan for rearranging the time scheduling.
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Reverend Hlobane:  Yes ... I think that. that is going to be a momentous task.

You know, eh, it is something which we have got to work on ... ¢h
... jointly, eh, time here. e¢h .1 maybe understand vou bv, vou
talking about the period.

Interviewer: The actual period of contact between the teacher and the student.
Reverend: ch...ch . ..¢h..eh... ¢h . Thatis going to be opened, really.

Interviewer: Right.

Reverend: That is going to be opened. Maybe it is going to be decided by the
department or even by that individual teacher because that is what
we are doing already. Now, we are teaching up to twenty to two,
but some people do come for extra, you know, classes. And eh ...
ja, I mean OBE, you know it involves as well, you know, kids
doing most of the work themselves. It might cail upon us to come
and do supervision where in the afternoon or even go out on
excursions. You know, go out to the dumping place. Go out to the

army. Go out, you know, and ...

Up to this point [ have explained the limitations inherent in the current Mtunzini system
concerning the time constraints and the recognition by the administration to have flexible
scheduling in an OBE system, aithough no concrete plans exist. But now, what can be said
for all the time lost because of unforeseen disruptions in the school? 1 have cited six
incidents which occurred in as many weeks of my field work where time was inapproprately

atilised.

4.52. Disruptions: The latent thief of time

4521 Incident 1: Learners’ exclusion from class

One morning [ wished to observe Boetsap’s Grade 11 Science class and planned the visit
unannounced. To my dismay, a large contingent of learners were waiting outside and I
assumed that Boetsap was absent that day. One leamner, however, told me to knock and

Boetsap, surprised to see me, allowed me to sit at the back of the classroom. I never under-
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The Reverend Hlobane trains a wide sweeping spotlight on the matter explaining that many

teachers may not share Abdul’s enthusiasm.

Reverend: Well ... T feel many people will feel unhappy ... unhappy because of the
transition, big transition. We, we have been having a syllabus, decided
somewhere and we had to simply oblige to it and ¢h ... many of our teachers
have done that successfuily. We, now, it’s now going to be thrown on us to
decide, firstly, that is a golden opportunity ... It, it might be a risky business.
Because there are still many of us who are under qualified ... T think some
teachers will feel, you know, ¢h less equipped to go on their own ... eh ...

They might need someone to guide them.

These two gentlemen are speaking hypotheticaily about issues which may arise in time to
come. What are the current circumstances at Mtunzimi? Jacky explained how the English
and Science departments are recognising the need to cooperate in the interests of improving
learners” English. If the English department needed a comprehension for example, then they
would consider the recommendations of the Science department and set an exercise based

upon a page from a science textbook.

After a careful review of the literature and my research data, I feel that perhaps Abdul is
being too optimistic in thinking that it will not be a problem. As indicated in the literature
review, school districts have been overwhelmed with the task since a commitment to
integrate far exceeds a superficial mention of an example relating Physics and Geography.
There may be considerable cognitive gain for leammers if an integrated curriculum is

implemented, but amounts to major headaches for teachers.

454  The issue of resources

The reader will recollect that in the introduction to this case study I explained what is
available as it relates to Science education. In Boetsap Kiwane’s opinion, there is a dearth of
resources available, but he confidently elaborated at some length how OBE would remedy the

situation.

Boetsap: ... vyou know what [ like about OBE. It does not rely more on

textbooks and all that. One can be innovative. It actually taps into
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teachers’, vou know, creativity ... ch, you can be able to use
resources, | mean, take natural resources that are there. You don’t
have to pay anvthing io learn about Geography — just go outside
and look at the ... if vou are talking about landscape ... you don’t
have to pay anything. There are hills. You can see what vou are
talking about. If vou are talking about rock formations, there are

rocks outside.

Lunenburg (1992:15) quotes the research of Brown (1991), Eposito (1989) and Hess (1991),
t0 the effect that in an OBE system which Boetsap envisages, provision needs to be made for
the busing arrangements of leamers and their teachers. This has resuited in soaring
transportation costs which Mtunzini can ill-afford. | Therefore, Boetsap’s plans of trying to
cope with scarce resources will run aground upon a reef of a different kind, but tantamount to

limited funding.

[ believe Reverend Hlobane is far more realistic, acknowledging the fact that resources are in
limited supply and not likely to be replenished by the department. However, he expresses the
hope that existing resources will be exploited to their maximum potential while teachers

employ creativity to expand upon them.

To cast the issue within a Science education framework, George (1993:19) regards mateniai
resources 1n this context to be chemicals and laboratory equipment. She contends that most
curriculum developers ascribe the following benefits as a result of the inclusion of practical
work: (1) it elucidates theory; (i1) it exposes students to the way scientists operate; (ii1) it

promotes practical skills; and (1v) it motivates students.

George (1993:21) balances these perceived benefits however, with the evidence of Clarke
(1983) who argues that no studies conclusively prove that there are pay-offs for students who
are exposed to these technologies. George (ibid) and George (1992:106) then torwards a case
for the compilation and use of indigenous knowledge, but explains that science teachers in
developing countries, of which South Africa is a part, have neither the time nor the

inclination to research these possibilities thoroughly.
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n the case of Mtunzini, some commercial resources such as circuit boards are available and
can be used to their fullest potential. This is only one source in my opinion. The school is
aiso exposed to a nich heritage of African culture because of its location and personnel. it
may be of some advantage to tap into these resources, perhaps with the assistance of Rhodes

University, as Reverend Hlobane repeatedly suggested.

4.

h

3. The issue of assessment

Developmental assessment as an addition to the more familiar summative variety places
snormous strain upon teachers as reported in the literature review. When 1 asked Reverend

Hlobane for his impressions, these were his comments:

Reverend: ... even the form of assessment which we are going to use ... ¢h ...
and here one is not that sensitive, but, that is, that is going to come
upon us heavy. You know, we have got to devise means of going
... | mean, of actually tackling it ... It is going to involve a lot of
you know, time ... c¢h, are are going to be strained as well ...

stressed.

Stress and strain may be the thoughts conjured in teachers’ minds when contemplating the
effort and time expenditures associated with assessment. This being the case, however, it
was not a concept entirely foreign to Mtunzim. Abdul explained his approach to

developmental assessment.

He showed me a test he gave to one of his classes out of 100. Question 3 was particularly
difficult and learners may have only scored 5 out of 30. In class, Abdul reviewed this
question with the learners and then told them to prepare the question for the foilowing day’s
test. Second time around, the total for the question was 20 marks and for each mistake he
would deduct 5 marks. A learner may now receive 15 out of 20 which translates into 15 out
of the original 30; some improvement on the previous 5 marks. These 15 marks are then
added to the learners’ total which inflates their results. Abdul admitted that this was time
consuming for him, but he had the learners’ best interests at heart and was satisfied with any

improvements.
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it s now my intention to focus my attention upon my own course which I designed and
impiemented with special referral to teacher demonstrations as a means of coping with
iimited resources. [ will question the efficacy of this resort since it influences the planning of

many science teachers throughout the developing world.

4.6 Mv own course

4.5.1. Introduction
In iight of the evidence [ was gathering at Mtunzini, and my expenences at St Sebastian’s, |
formulated 'wo outcomes which the learmers were to demonstrate. HBoth outcomes were

nrocess oriented.

Outcome |
. : L . . Lo .
Learners, when given adapted scientific articles, were to analyse these carefully in groups and

then coilectively develop a presentation explaining the essence of the concepts it referred to.

Qutcome 2
Learners were to demonstrate the process skill of ‘prediction” when conducting investigations

to explore electrical phenomena.

The notes I used in this course are to be found in appendix L

By the time [ arrived at Mtunzim, | had emerged from three months of field work and was
soberly aware of the limitations of grade 3s. At Mtunzini [ was dealing with second or even
third English language speakers and whatever course was pursued, | knew that caution was of

paramount importance.

To begin with, I decided to remain with the policy of allowing leamers to perform as much
practical work as possible while complementing their experiences with explanations. Being
cognizant of the rigid didactic style of teaching to which they had grown accustom illustrated
by the vignettes presented earlier, [ deemed it more prudent not to deviate too far from their
expectations to begin with. [ hoped to introduce my process approach gently as the learners

acclimatized to my intrusion.
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+.0.2. The progression of conceptual development

Reterring to figure 4.10, the reader will see a concept map which demonstrates the conceptual
progression. Through a process of discovery, I allowed learners to first assemble some
simple circuits in an attempt to make the bulbs shine. It was a warm sunny day, so I
mstructed the leamners to work on the basket bail court outside. Leamers, divided into groups

of between five and nine, worked on the assignment.

4.0.2.1. Probiems of communication

The following lesson we returned to the classroom and through a questioning and answering
lesson, 1 attempted to elicit what the leamers had gathered from the practical. What I
discovered early on was that the students were terribly reticent, and it was like 'drawing teeth’
irving to encourage these learners to speak. Jegede's (1997:9) explanation of these
circumstances is based on socio-cuitural influences. He speaks about the high regard chiidren
have for authority figures in their traditional society. This locus of authority is now
transterred into the classroom where the science teacher becomes the elder and “knows all” in
issues relating to scientific facts, processes, principles and laws. It is the learner’s
responsibility to listen and absorb. Jegede (1997:9-10) analyses the situation more deeply in
terms of community goal structures, traditional world view, societal expectations and the

sacredness of Science. I will consider each aspect briefly.

Concerning the community goal structure inherent in traditional African cuiture, people are
interdependent but school science suggests that they are to be individualistic and competitive.
For example examinees usually write tests in isolation. This causes a disturbance in the mind
of the child and so he or she would prefer not to venture any answers. The traditional
worldview of the African suggests a strong belief in the supernatural. Since Science is more
“down-to-earth”, conflict arises and the matter of societal expectations is also subject to
debate. An African child forms an integral constituent of a community; any failure on his or
her part means the community has failed. Hence, in my classroom, if a child proffers an
incorrect answer then it may cause deep embarrassment, because it reflects strongly on home,
friends and community. Therefore, it is wiser not to risk any replies. Finally, Science is
considered to be sacred. The community sees the products of Science in the form of
technology which controls their lives. Science is something which requires magical

explanations which the African sees as being incompatible with their thoughts. The result 1s
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fear: fear of the subject and fear to pursue the course of logical reasoning through questioning
and discussion

Concept map showing progression of concepts
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Figure 4.10
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These are Jegede’s views. Abdul Patel (Science teacher at Mtunzini) confirmed the socio-
cultural perspective, but believed that in the South African context, fundamental pedagogics
was so autocratic in its execution that these learners had been beaten into submission and

now remain silent.

[ would agree with both Jegede’s and Abdul’s opinions, but I posit one further explanation.
My view is the learner is compelled to study Science through the medium ot English and the

arade 8 learners of Mtunzini are severely lacking in their linguistic ability.

To prove my point [ devised a simple comprehension test requiring some basic understanding
of electricity which was supposedly dealt with in class prior to the test. The comprehension
test and a few contributions are to be found in appendix J as proof of how deficient the
learners are. Furthermore, in appendix K, I have included learners’ written contributions to
their worksheet assignment. It is deeply disconcerting that the learners should be lacking in
this area. Germann & Aram (1996:778) remind readers that comprehension skills are crucial
to construct appropriate meaning about the task. This is why I placed such a high emphasis
on process and reading skills, because learners may be able to assemble a circuit board and
make a bulb shine, but never have the linguistic capability to explain why. Peruse the
evidence supporting my viewpoint in appendices J and K.

It is believed that writing is essential for a learner’s education; a viewpoint supported by
Fellows (1994:987). From a constructivist frame of reference, Fellows (ibid) argues that the
“looking-back™ nature of writing matches the nature of changing knowledge and encourages
students to consider alternative understandings. Tierney, Soter, O’Flahavan & McGinley
(1989), quoted in Fellows (ibid) researched students’ writing with and without a reading
component and found that wnting associated with reading activities enabled students to

extend their thinking and acquire new perspectives on topics.

The problem with pursuing a process approach involving reading and writing 1s that science
literature in generally esoteric, laced with jargon beyond the reach of English second
language learners. Moje (1995:362) refers to a science teacher’s experiences when stressing

reading assignments. These were her comments:
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This is not a novel that you're reading ... this is a Science book.
You have to hang tough and eventually voull get it. You may
have to read it once, twice, maybe 10 times to get the concepts that
are talked about in these chapters.

5.2.2. A course of action

4.6

Cn the one hand were learners, severely deficient in English, and yet on the other hand, the
experts assert that reading and writing are key clements in the learners™ conceptuai
developments. To make some progress in meeting the requirements of my first outcome,
namely that learners read in groups and deliver a presentation, [ decided to select a few
relevant journal articles. These articles and their adapted versions are found in appendix L
and are related to the production of electricity and the negative and positive effects of low

intensity magnetic fields surrounding current carrying conductors.

n keeping with the suggestions of Wellington (1993:30)1 carefuily seiected the articles from
Time and New Scientist. 1 then paraphrased the articles, writing them in more accessible
English.

The assignment which accompanied the articles was designed to assist learners to acquire a
better understanding of the articles by allowing them to work in groups and thereafter plan a
team teaching exercise. The collaborative assignment is very beneficial according to Pizzini
& Shepardson (1992:244) who quote the research of Hertz-Lazarowitz, Baird, Webb &
Lazarowitz (1984) who claimed that student autonomy increases student leaming via

increased student-student interactions.

Unfortunately, this team teaching exercise together with my process expenmental approach
stressing "prediction’ never quite became airborne. Circumstances which included time
constraints, pressure of June exams and an impending teacher strike forced my hand. Not to
alienate the learner, I first decided to build up some momentum relying on traditional
pedagogy to navigate through the syllabus, concentrating upon the basic concepts. [ initially
planned to introduce the readings and process skill of ‘prediction’ towards the culmination of
the course. Unfortunately, this was not to be and I had to collapse two periods into one and
resorted to the method of a teaching demonstration lesson to elucidate the concepts of the

heating and magnetic etfects of an electric current.
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This strategy is standard procedure and is followed by science teachers the worid over.
Certainly in an environment such as Mtunzini where there exists exam exigencies and a
shortage of resources, such a policy is inevitable. To conclude this case study, I will describe
events during the demonstrations and the resuits of this teaching practice as an option for

science teachers in similar circumstances.

4.6.2.2.1. Vignette: Practical demonstration sessions: Are thev successful?

[ first reter the reader to two worksheets in appendix H. The first is entitled “Resistance” and

overieat is its application.: “The fuse — “The policeman of electric circuits’”. The second

worksheet is a composite of the chemical effect and the magnetic effect of an electric current.

The culmination of my lesson series which deals with the chemical and magnetic effects of an
clectric current, was originally planned to contain some aspects of the process approach
discussed earlier. Unfortunately time constraints would not permit me to allow learners an

opportunity to do the experiments on their own. [ had to resort to a teacher demonstration.

To contextualise the teacher demonstration involving chemical and magnetic effects, it is
important to briefly discuss the preceding two lessons. In the first of the two lessons, leading
up to the teacher demonstration, learners had the opportunity to conduct an experiment
involving nichrome wire to establish the fact that it becomes hot when current passes through
it. Learners then buiit circuits with steel wool fuses and so applied the concept of the heating

effect of an electric current when the fuse “blew”.

The following lesson. ot which photographs 4.17-4.19 bear witness, was a consolidation
period where | demonstrated what the learners had already seen and assisted them with the
written requirements of the assignment sheets. Of particular interest here is photograph 4.18
which indicates how desperate 1 had become on occasions to involve the learner and elicit

contributions from them.
Unfortunately, a teacher strike was pending, end of term mark schedules were due,

¢xaminations were around the corner and the syllabus had to be completed by request of the

regular class teacher. To meet these demands, [ decided to do a two-in-one demonstration the
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tollowing period which would involve the chemical and magnetic effects of an electric

current.

Photographs 4.20-4.22 show the apparatus which [ had prepared and the accompanying board
work to consolidate the notes. Pay careful attention to photograph 4.20. Nearest the tape
recorder is a solution of copper !l chloride into which is inserted carbon electrodes. On the
edge of the table 15 my specially constructed wooden “E-frame” apparatus with a white
platform upon which rests tiny plotting compasses surrounding a straight current carrying
conductor. On the opposite side by the blackboard is a telegraph set to show a practical
application of the magnetic effect of an electric current. The entire demonstration required at
least 15 hours of prior thinking and preparation on my part to reach this stage. As events

unfold, the reader can judge if my diligence was worth that expenditure of effort.

First, I have presented a transcript of events which occurred during the lesson, followed by a

commentary.

Transcript

Teacher: What’s happening? It is changing colour — isn’t it? Changing

colour from black to ...

L.earner: Copper.

Teacher: Sort of a reddish. Now, now, if the solution here ... is copper
chioride ... If the solution is copper chloride, what do you think
that brown stuff is?

Learners:

Teacher: What is that brown stuff? ...

Leamer: Rust.

Teacher: It is not quite rust, but sort of got its application. What do we call

it? ... Take a guess.
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Leamer:

Teacher:

Learner:

Teacher:

Learner:

Teacher:;

Learner:

Teacher:

Leamer:

Leamer:

Teacher:

Copper chlonde soiution is burning.

You, we know that, but what is this reddish stuff? Oopsie,
[dropped electrodes into the solution] ... It is simple copper metal.
That’s not the end of the story. Oopsie [dropped electrodes into the

solution] ...

Look closely, get right down. What do vou see at the ... this

clectrode?
Bubbles coming up.
So, what is 1t? [Learners in small groups asked to come closer].

There are bubbles come from down here [Learners start shouting,

laughing and joking 1n the class].

[Stomp! Stomp! Stomp! With broomstick on the tabie]. Settle
down! ... Grade 8! Grade 8! Grade 8! Listen up! [Stomp!
Stomp! Stomp!] What are the bubbles?"

It is a gas. Hvdrogen.

No, not hydrogen. You smell it around swimming pools.

Oxygen.

Nitrogen

No, people. Chlorine gas.
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4.62.2.1.1. Commentarv
The ftirst point to notice in the transcript is that the moment there was a demonstration
pertormed before the class, the situation became teacher-directed and it became a maiter of

control. You will note that I even had to shout above the noise to make mvself heard.

The second point is the iearners had no prior concept of what was taking place at the
electrodes. Some suggested that rust was forming on the cathode, while gases such as
hydrogen and oxygen were presumed to form at the anode. The best I could do was
acknowledge their attempts at guessing the right answers, but because of time pressures [
could not contront their misconceptions by asking them to spend time reading the explanation
provided on the worksheet. I was compeiled to submit and inform them of what was taking
place. Therefore, [ had sacnificed a xey constructivist principie, not so much through
1gnorance, but because ot the demands of the traditional schooling system. The constructivist

approach takes time — no questions asked.

The demonstration of the magnetic effect of an electric current and its attendant expianation
was handled in a similar teacher dominated fashion. In the test which was to follow the next

day, I included the question shown in figure 4.11.

At least 95% of the learners who wrote the test believed the nail would get hot. This kev
piece of data shows the folly of my decision to handle such a broad spectrum of theory
through practical demonstrations. The learners confused the heating of nichrome wire with
the magnetic effect of an electric current. [ deserve to be reprimanded for my error in

judgement even in the face of a pressured programme.

Roth er al (1997:526) present a number of reasons why such demonstrations as mine are

bound to fail. The relevant ones I have cited include:

a) without a theory, students have difficulty in separating noise from signal;

b) previously appropriated discourse interfered with the development of a new, situationally
appropriate one;

¢) the overall context was such that many students did not consider demonstrations as

something of importance; and
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4) students had no opportunities to test whether their descniptions and explanations of the

event were viable.

Roth er af’s explanation is most revealing and serves to illustrate why learners become so
contused. Time must be made available so learners can access relevant theory, and apply

their knowledge through discussion in a work oriented environment.
Test question concerning magnetic effect of an electric current.

QQuestion 9

Have a look at the sketch. Say what you think will happen to the nail.

Figure 4.11

4.7.  Conclusion
There is a popular perception that OBE is a ‘white elephant’ and will never get off the
ground. When doing my field work at Mtunzini, I heard countless arguments of how lack of

resources pose the greatest danger to its implementation.

[ believe such a threat as scarce resources pales into insignificance in comparison with the
need to have a change of mind-set. [ concur with Abdul Patel who laboured the point that
resources at grades 8 and 9 are not an issue. Rather, what is more important is for the
teacher, learner, parent and admuinistrator to change their philosophical outlock from

objectivism to social constructivism. Without such a transition, no change is possible.

To further augment this view, consider the case of Johnson City’s version of OBE labelled
the Outcomes Driven Developmental Model {(ODDM). Johnson City, New York, USA,
report Evans & King (1994:14) 1s a depressed low — middle-class — community with few

professional citizens and the second highest poverty rate of 10 urban districts in its county.
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Notwithstanding this disadvantage, total restructuring based on OBE philosophy occurred
and excellent results of its leamers vindicated the decision. [t seems, therefore, that Mtunzini
1s not beyond a successful impiementation of OBE. It depends on the will of the people and a

total restructuring policy based on constructivist principies.
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Chapter 5 : A total svstemic approach 1o restructuring

P

5.1 Introduction

A fundamental revelation of my case study research was that two competing philosophies
cannot co-exist in the same classroom, school or education department. To support the
nhilosophy of soctal constructivism which dovetails with the basic tenets of OBE, there must
be a complementary systemic organization in the school to allow for such a policy. For
example, 1t is senseless imposing finite time limits on every child in the schooi and then
expect il learners to succeed. It is folly to isolate a single teacher in a classroom comprising
40 leamners and demand that a svilabus be completed in such a way that all learning styles

will be accommodated.

Teachers, learners and administrators must realise that they are all part of a system. Deming,
quoted in Rhodes (1990a:34), provides one with the insight that this situation prevails
because organizations are systems where “functions or activities work together for the aims
of the organization”. Consequently, the transition from a traditional system to one supporting
OBE is problematic. Brandt (1991:55) quotes Cohen who argues that all aspects of a
curriculum are interrelated. It 1s impossible to make assessment changes without considering
accountability which is not divorced from curriculum. It 1s therefore my contention that
major structural changes in schools need to be eftected to support OBE. The purpose of this
chapter is to provide the reader with some practical advice on how to accomplish this
Herculean task, given that most institutions in South Africa are cemented in the cloisters of

their medieval thinking.

Fitzpatrick (1994:22-23) suggests that implementing OBE requires that four challenges be

surmounted.

5.2.  The four challenges to surmount to implement OBE

5.2.1. Building a shared vision

Fitzpatrick (ibid) recommends that if any change process 1s to be successful then it requires
the input from the entire community. Members of the community extend beyond the
teachers, administrators, learners and their parents to church and civic leaders and
representatives of business and higher education communities. Once a forum is established

then members are to develop a vision of the well educated learner.
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The first point of departure to note here in comparison with the traditional svstem is South
African schools are isolated islands in the community. Generally, parents, let alone the
broader community, have had little to no say in the affairs of the school. These concerns
have exclusively become the province of the expert teachers. If Fitzpatrick’s advice is of
substance then South African schools will need to open their doors to allow for wider

contributions.

To expand upon Fitzpatrick’s notion of the shared vision, Herman (1990:14) states that to
achieve such a goal, it is imperative to formulate a strategic plan. To be successtul in this

regard, stakeholders” groups will need to engage in the following:

[ 2

reach consensus on the beliefs that provide the underpinnings for the culture of the

school,

+ collect important internal scanning data such as learner average test results and school
climate measures, for example, the commitment of the learners,

+ collect important external scanning data such as those related to demographic, political,
economic and attitudinal data, and

+ identify those few critical success factors, for example, resources and realistic teacher to

pupil ratio, that are necessary to achieve a productive and caring school.

This research provides the “what is” and complements the “what-should-be” vision. The
principal and his team of representatives then compile a mission statement which is a short
disclosure describing the basic purpose of the school. Once achieved, Fitzpatrick (ibid)

suggests employing organized abandonment.

3.2.2. Emploving organized abandonment

The principal and representative teams then need to decide upon the exit course outcomes
which relate strongly to the specific, learning area and critical cross-field outcomes. The
course outcomes, performance criteria, rubrics and range statements need to be clearly
refined and defined. It is of necessity to abandon tradition and such habits as covering the
syllabus. This is a major obstacle in my opinion because changing tradition is tantamount to

changing people’s entrenched mind-sets.
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Rhodes (1990b:26) speaks of the ditficulties expenienced by teachers making changes. He
claims that a major stumbling block is teachers and administrators are so consumed in their
work that they lose confidence n any suggestion of modifyving their organizations
systemically. Rhodes (ibid) elaborates that traditional models of schooling are so much part
of teachers’ instinctive thoughts that they are unable to identfy the problems with the
system’s procedures. This is bound to create prdblems as Towers (1992:300) warns and may
result in resistance by teachers who have poor understanding of OBE. It is my feeling that
teachers feel they are doing their best and nothing extra can be done so why bother to make a
ransition?  Teachers struggle to grasp O’Neil’s (1993:8) concept that systemic change is
necessarv since it is mandatory that all learmers should succeed and current systems are

failing dismally.

Fitzpatrick (ibid) then includes “capacity building” as a requisite to advance systemic

changes.

3.2.3. Capacity building

In order to mollify the concern of Towers (ibid) that teachers limited knowledge of OBE,
Fitzpatrick (ibid) expresses the need for in-service training for all teachers and administrators
who are in the forefront of education. The reason is it 1s they Who must develqb the technical
skills to implement OBE. These programmes need to assist teachers to de\?elop integrated
curricula and performance based assessment. May I add th‘_{t idg@pisﬁators will need to

devise means of accommodating these curricula and forms of assessment within tlexible time

schedules.

Certainly if my case study research is of any credibility, the educators 1 interviewed believe
that the department is falling short in the area of in-service training. The reader will recall
from the St Sebastian’s case study that teachers had not even mastered the rudimentary
terminology of OBE. The situation was not that much improved at Mtunzini. Apparently
one or two representatives from the school attended a course on OBE, and then had the
responsibility of informing their colleagues. Unfortunately, the basic principles had not

permeated through the system to the extent of influencing the teachers’ classroom practice.

Fitzpatrick (1bid) then refers to organization capacity buiiding, and stresses the importance of

translating organizational development skills which are required to support systemic change
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into standard operating procedures for the school district. My interpretation of this is that in
anv school district composed of several or many schools, there needs to be a common
operating procedure throughout. ThlS implies that schools who may have been separate
entities before will need to communicate far more effectively. 1 should imagine that this is
crucial, particularly if learners are to receive a comparable education if transferred from one

school to another.

Finally, Fitzpatrick (ibid) advises the need for a commitment to a svstems perspective.

L

~

4. Commitment to a systems perspective

Bv this stage the outcomes have been defined as the basis of the curriculum development
efforts of the principal and his team. The circumstances have now matured enough to
develop suitable instructional strategies and performance assessment measures, focusing
upon what is valued rather than what is easily tested, but unrelated to the scope or rigour of

the essential learning outcomes.

[n summary, an outcomes-based system requires that the tested, taught and learned curricula
be aligned with intended learning outcomes. Furthermore, the responsibility for de‘s}eloping
the curriculum, designing instruction and learning experiences and adrninistering',{he design
and development of assessments of student learning and fulfilled withima,caffi{t/)orative effort

based on a shared vision of the well-educated learner.
Very briefly, it is my intention to enumerate a few of the realities of restructuning as cited in
the literature. This | consider important since educators must not be under any illusions when

putting their hands to the plough.

5.3.  The realities of restructuring

Westerberg & Brickley (1991:23) remind the would-be curriculum developer that it is “easier
to talk than put things into practise”.

Westerberg’s & Brickley’s (1991:23-25) list of realiues, inter alia, include sacrifice, money,

time to talk, outside perspectives, coping with fear and rumour, and being able to facilitate a

political compromise. [ will visit each reality in turn.
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35,0 Sacnfice

Diligent work and sacrifice from all members of the school and staff is of paramount
necessity. The example described by Westerberg & Brickley /ibid) 1s that of Littleton High
School. The members of the steering committee convened each week for two and one-haif
hours. The principal dedicated a third to a half of his time to the project. Secretarial and
clerical statf had added duties to keep pace with all the changes and meetings. Therefore,

enormous amounts of energy had to be expended to make the project viable.

Since teachers and administrators will be sacrificing their time in developing outcomes and
aligning curricula and assessment, 1 cannot help but contemplate the possible resistance from
certain sectors. For example, a sports coach may be serving on a committee and need to
sacrifice an afternoon or two each week of coaching; I would prefer not to think how such a
suggestion would be received by St Sebastian’s, where some of their grade 8s were

participating in 24-hours of sport per week!

3.3.2. Money

Moneyv is always of necessity. Money is needed to provide teachers and personnel with
stipends for their release time to attend in-service training and curriculum development
activities. In addition, money is required for the purchase of resources since OBE stresses

that learners be able to “do” and not merely learn.

3.3, Talk

L

All the participant role players associated with a school need time for discussions and
communication. Once again time needs to be made available; not easily orchestrated in some
schools. The reader will recall that teachers at St Sebastian’s are required to spend 80 hours
per week attending to their basic commitments. OBE will now require more sacrifice or

more realisticallv, some school traditions and activities will need to be sacrificed.

5.3.4. Qutside perspectives

It is important that administrators realise that their schools are no longer bastions of
independence. They need to invoke the services of education and business consultants who
may assist in such areas as assessment strategies where the experience of teachers is

particularly rarefied.
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One aspect which impressed me about the Mtunzini administration was their recognition that
expert input was required on the part of Rhodes University. Other schools need to follow

Mtunzini’s example and not try to isolate themselves.

3.3.5. Coping with fear and rumour

Westerberg & Brickley (ibid) comment on how quickly tear and rumours spread. To cope
erfectively, it 1s my opinion that open forums need to be staged so that wild accusations may

be quashed.

3.3.6. Facilitating noiitical compromise

It must be realised that different departments in a school are at different stages in the change
process. Take Mtunzini, for example. The English and Science departments liaised closely
with respect to the sharing of comprehension passages. However, other departments shared
little in the way of resources or expertise. This may be attributed to the fact that each subject
is treated as having its own unique structure. The reader will recollect in the St Sebastian’s

case study that I referred to this perspective on education as the “structure of the disciplines’.

If OBE is to succeed with its emphasis upon holism then such obstinate attitudes need to be

tempered to achieve political compromise.

In this final chapter I have described what is required to guide the complex system of a
school towards one embracing the three fundamental premises of OBE. It will not be easily

achieved. We can take it for granted that the roots will be bitter, but will the fruits be sweet?

I will now conclude my dissertation with a vision provided by Keefe er a/ (1992:23-24) of
what actually takes place in a restructured school. In other words, what is the ideal which we

should be striving towards?

5.4, The vision

The Keefe et al (ibid) account speaks of a large school which is divided into smaller schools
where groups of 80 to 100 youngsters are served by four to five faculty members who have
substantial autonomy. These units are akin to a federation making up the whole high school.
The teachers and learners work together for three or four years and know each other well;

teachers are able to personalize teaching and learning for each of their charges.
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The schools’ programmes have a clear focus for all students, without exception. They are of
sweeping breadth and substantial depth. These programmes compel learners to be commuitted
and emphasize knowledge and resourcefulness. The programmes focus on Mathematics and
Science, on History and Philosophy, on Literature and other arts (often in combination), and
on forms of expression, not only in English but also in a foreign language. The programmes

nsist that voungsters explain concepts in writing, orally, and through other media.

One quickly learns that a simplified and focused programme does not imply some kind of
standardized approach. Quite to the contrary, when the formal curriculum 1s simplified and
focused, the responsibilities of teachers become interconnected and focused, thus ultimateiy
allowing a sharp reduction in the number of students assigned to each teacher. As the “loads”
decline, greater attention to individual learning styles and interests can be attended to. The
end result is a rich variety of means, tailored to individual students or zroups of students,

toward common ends.

The schools are noisier, seemingly less controlled. The timing of breaks in the classes is set
by each separate school; there are no school-wide bells and thus fewer stampedes down the
hallways at predictable times. As the faculty requires the learners to constantly display their
work, the voices of learners are more likely to be heard than the voices of teachers. As a
substantial portion of the work required is collaborative, conversations among students are
frequent and of significance. One finds the school library both larger and busier than one

traditionaily expects.

The learners in the schools progress on the basis of their performance, on exhibitions. Thus,
one finds only rough age-grading in classes. Further, one finds the objectives in courses
more clearly defined: both students and teachers are clear on the scope and standard of the
expected exhibitions before they start their work in the course. One listens to students and
hears from them a much clearer sense of what they are doing and why they are doing it and

where they are going in comparison with a typical high school.

An air of respect pervades each school, respect for individuals — even the youngest and most
angular learner — respect for property, respect for the professional needs and individuality of
the adult staff. While one sees the differences among voungsters carefully attended to, one

notices the absence of rigid streaming based on sets of one-off tests. The school is less about
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sorting and more about education. The culture of the school encourages all learners to rise to
their full potentials while reducing such seif-fulfilling prophecies as “I am a girl and will
never take Science”. Respect also plays out in the school’s collective attitude toward
voungsters’ tamilies and the neighbourhoods from which they come. The facuity and
students and parents engage continually and intently to address the racial, ethnic, cultural, and

economic differences that young people bring with them into the common school.

in the staff room, one hears as much or more talk about leamers and ideas and teaching as
about the personal affairs of individual teachers’ families or local sports teams. One will hear
complaints — the work is difficuit, many of the learners are distracted, the support of the

community uneven — but one senses less cynicism and defeatism than in traditional schools.

The faculty teams for each school have authority there, and the school itself has substantial
autonomy within the district. With the delegation of authority comes the frightening realitv
or responsibility and also the surge of energy released by having substantial control over
one’s teaching than 1s found in most schools. There is more collegiality, more optimism,
more articulated stress, and the differences and strains within the school’s adult community
and their concerns about their learners emerge in the faculty room and are dealt with there. In
sum, as one listens to the teachers’ voices, one senses the school as a whole, most particularly
both the attitude of respect for all involved and a commitment that the youngsters must be
provoked and coached and supported and pushed to get into the habit of thinking on their

QWIL

A highly blurred line between teachers and administrators is quickly apparent. The principal
of the entire operation is the principal teacher, and the team leaders of each separate school,
in fact, are principals of small institutions. One senses a collective vision and an understood
division of labour. At the heart of this vision is an agreement that it is in constant motion,
subject to collective discussion, and once again one hears the hard but constructive edges of
debate over what the school should stand for, what it should teach, and most of all what kind
of youngsters it should claim as its graduates.

5.5  Conclusion

1 began my thesis with the poignant words of G.B. Shaw who likened a traditional school to a

prison and, in some cases, to conditions even more cruel than a prison. The vision of the
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:ssential schools which 1 have quoted and portrayed in the iast section provides learners and
their teachers with a more humane milieu to grow and develop. Indeed, South African
schools will be making the transitioh from authoritarian systems to ones based upon more
democratic principles. where the learners are no longer recipients of knowledge but more

active processors of knowledge.

There are wider forces at work causing such changes, such as economic realities, and hence
the transition 1s inevitable. OBE is a means of coping with such giobal circumstances, and [
agree with Victor Hugo, as quoted in Boyd (1992:305), who asserted: ~“Greater than the read

of mighty armies is an idea whose time has come.”
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APPENDIX A

1) St Sebastian’s Questionnaires
(1) For Personnel

(1) For Learners

2) Mtunzini Questionnaires
(1) For Personnel

(i1) For Learners




The purpese of the questionuaire

'n recent days [ have interviewed you and accumulated quite a corpus of data in the process.
[ would now like to administer a questionnaire to confirm what has already been verbalised.
appreciate the ume and effort which you are about to mvest. Thank vou.

\1). Evaluate each of the following conditions ¢ St Sebastian’sas they tmpact upcn your current

reaching, according to a 9 point scale:

;). Resources and equipment

Very poor and

Searce resources 12,54l 5060.700 809 Excellent resources
o). Time for lessons

Very limited time  1....2...5..... 4..5...6....7...8...9 A large amount of ime
c). Support from colleagues in Science Department

Very uncooperative

Colleagues L2 3456788 Very suppoitive culleagues
(d). Support from colleagues in ather departments

No support 12 53...4...5..6..7...8..9 Excellent support
(e). Cooperation from pupils

No cooperation 1.2 ‘3 ..... 4...5....6....7....8....9 Excellent cooperation

(). Physical environment of classroom, e.g. space availability and fixed work benches

Poor arrangement  1....2....3. 45 6...7.....8.....9 Most satistactory
(g). Support from management
No support V23 4.5...6....7....8....9 Exceilem support

(2). How important are the following factors when judging the success of St Sebastian’s

as a school?

ia).  The good matric pass rate of its pupils
Unimporiant L2 3456 B 9 Very umportant
by, The success of the 1st XV rugby team

Unimportant L2 3 45678 9 Very important

N\~




(¢). A culturaily oriented pupil-body, i.e. pupils participate widely in concerts, choir an.

drama productions ]
Unimportant  1...2...3....4...5..6...7....8..9 Very mmportant
(. The school’s ability to produce pupils who cooperate with their peers in a

Science class

Unimportant 123 ..... 4..5..6...7..8..9 Very important
(e). The school’s ability to produce pupils who communicate effectively with peers
In a Science class
Unimportant  1....2...3...4...5....6..7..8..9 Very unportant
(. The school’s ability to foster a democratic learning environment
Unimportant  1...2...3...4...5..6..7..8..9 Very unportant
2). The school’s ability to produce critical and creative thinkers
Unimportant  1...2...5..4..5..6...7...8...9 Very important

{3).  Rank the following in order of mportance by parents who may be deciding to send their
boys to St Sebastian’sList the number only m the space provided below, e.g. (1i1).

(). The school’s emphasis on sport
(ii). A wide variety of cultural activities
{ii). A good matric pass rate of former pupils

(iv). A strong church-based supportive environment.

Most important

Least important

(4). Your Teaching

How do you emphasise the following in your teaching?
{(a). The textbook

No emphasis  1...2...3...4...5..6...7...8...9  Alotof emphasis
(b). Worksheets and photocopied notes

No emphasis  1....2...3....4...5...6..7..8..9 Alot of emphasis




().

(d).

(e).

“th
il

(a).

(b).

Research in the library
Noemphasis  1..2..3..4.05.06...7...8...9  Alot of emphasis

Open discussions in class about topical issues, 2.g. ozone depletion, deforestation,
greenhouse effect etc...

No emphasis  1...2.. 3ot 3060n T 80D A lot of emphasis
learly formulated experiments on worksheets

Noempbasis  1..2...3..4..5..6...7..8...9 A lot of emghasis

Experiments where process skills, e.g., hypothesizing, predicting, inferring etc. are
emphasized.

Noemphasis 1....2...3.4005006...7.0.8.....9 A lot of emphasis

Teacher controiled discussions and explanations

Noemphasis  L..2...3 4050060789 A lot of emphasis

Your expert wark with chi in Grade 8
Consider the experiments wiich the Grade Ss are doing this year. How many are:

Group work experiments l \
Teacher demonsirations D

Individually performed experiments by pupils D

If you were to mark a group work expermment, how mportant

are the following to vou?

(D

(ID.

(TV).

).

Accurate resudts

Not important  1....2...3....4...5.....6....7.....8.....9  Very important
The practical write-up
Not mportant  1....2...3...4...5...6...7..8...9 Verv important

Ability of child to work effectively in a group

Not important  1.....2...3....4...5....6....7....8.....9  Very important
Ability of child to gather information about experiment beforehand

Not important  1....2...3...4....53....6....7....8....9  Very unportant
Ability of child to use process skills in designing his/her own experiment

Notimportant  1....2....3....4...5...6...7...8...9  Very imporant

NN



{(6). The pupil-population

Knowing the pupils as well as vou do, rank what vou think 1s most important to them
choosing from the following options:

1. Winning a cricket match against Kingswood

[ 3P

Winning a chessmatch against Kingswood

(7]

Being a good Christian/Jew
4. Reading an interesting magazine article about Pathfinder} mission on Mars
5. Having a good academic conversation in class about why ice floats on waier
6. Scoring 10(;% for a Science test.

Rank bv number only

Most mmportant

Answer each of the following questions as bnefly as possible:

{(a). Is St Sebastian’s product- or process-oriented learning environment

Product D Process D

(b). What do vou see as the advantages of such a svsiem?

{c). How accurate are St Sebastian’szam/test resulis for measuring a person’s ability?

{d).  What are the purposes of formative assessment?




(el

(8).

c

(d.

(el

.

What are the purposes of porttolio assessment?

N

On the following continuum where would you pesition vour colleagues’s attitudes

in the Science department towards implementing a fuily transformational OBE
system at St Sebastian’s

Noswpport 1...2..3 4. _.5..6..7..8..9 Total support

Where would you position your ewn attitude towards implementing a fuily
transformationai CBE svstem at St Sebastian’s

Nosupport 1...2...3...4..5...6..7..8..9 Total Support
How much of this perception has been influenced by zosd teaching sense? Txplain,
i S oA - by

How much of this perception has been influenced by media coverage? Expiain.

Take a guess (n deciding how supportive the parents are towards implementing
a fuily transformationai form of OBE at St Sebastian’s

Strongly resistant  1....2...3....4...5....6.....7...8....9  Strongly supportive

List the most prominent sbstructions opposing the introduction of fully
Transformational OBE at St Sebastian’s




(2).

List the ways in which St Sebastian’ss well suited to introducing OBE:

WO




Girade 3% Cuessionnaire

Tnesrionnaire; Suitability_of Ouicomes -Based _Tducadoo for the currene svsiem at St
Andrew’s, Girahamstow

(zeneral Comment

This questionnaire has been set up io assist me fowards understanding the suitability of
umpiementing my Science course at St Sebastian’s

I need to know how much time vou have to study, what vour interests are and what you found most
successful or unsuccessful in my Science lessons.

3o ihrough the questionmaire and do what the instructions require of you. Your honesty will heip
me and :may !ead to an improved course in the {uture.

{1). *Which two sports did you play in Easter Term betore the rugby/hockey season began?
Clicose irom the list below by marking the correct box with a X as follows:

Tennis X

Rowing D Triathlon D
Cricket ] Swimming D
Temis Spush
Waterpolo |__|

(2). What was your major spori?

(3). How many days of the week did you play your major sport under teacher coniroi?

Mark the right box as follows: 2

- U :

L 5
s 6

(4). How many hours was each major- SPort practice session?

1 hour D 2 hours i 3 hours D Other

(o]

E{i

(5). How many matches did you play each week?

(6). How long was each match?

(7).  Were there matches on the weekend?

(8). What was your Miner sport?

AT



{9). How many days of the week did you play your minor sport under teacher control?
O .0 4
(10). How many hours was each minor sport practice session?
ﬁhour D 2 hours D 3 hours D
1 hour D Iﬁ bours D

{11). How many matches did you play each week?

{12). How long was each match?

(13). Were there matches on the weekend?

{141, What is vour sport in winter season?

Rugby D Hockey D
{131, How many afiernoons of the week are there scheduled practice sessions?
U U
, [ s
;U
(16). How long is each practice session?
}1, hour D 2 hours [j
1 hour D o3, hours D
1% hours D 3 hours D

(17). Would you do sport if your teacher never told you to?

Explain:

. . :
.

(1). How many times a week, on average, did you visit the library with your class teacher?

1[] 2D3.U 4U SD

\\\;1/




2).  When in the library, what do your class teachers insist that vou do?

(3). Do vou have a special library period run by a librarian?

What do they teach you or expect from you?

(4). How many times have you been to the library on your own?

(5). How many books have you read this term?
.0,
D D D Other D

(6). Cive the names of three books:

(7). What stops you from reading more books?

(8).  How many hours a week do you spend reading books either because your teachers want you
to or by vour own choice?

«Z%hom' [ : 1% hours Ezihours D
1 hour E 2 hours 3 hours D

(®). Do you ever use CD-ROM in the library?

YEsE NO D

If YES Fill Out Parts 10 & {1

(10). Do you use CD-ROM more than books and magazines?

ves ] o L]

Nw




= (11). What ig the usual purpose for using CD-ROM?

homework i
Interest i

A\

Section I1I: Schoolwork
Science

The following questions are designed to find out what your attitudes and opinions are concerning
my Science course.

The method for choosing an option from the selection provided in a table 1s as follows:

strongly disagree + + 1 didn’t mind a strongly agree
disagree them

This means you agree with the statement.

(1). The readmgs at the start of the term (e.g. Tribal Warfare & Taxes and Triangles) helped me
to better understand Science:

strongly disagree I didn’t mind agree - strongly agree
disagree them

(2). Mr Wilkinson’s explanations of the work, for example mass, volume and density were all
generally

poor fair airight good very good

Explain referring to specific examples:




{3). The homework which Mr Wilkinson set was:

t0o easy and boring | just right difficuit, but impossible
| possible

Expiain referring io specific examples:

(4). The experiment demonstrations of Mr Wilkinson, for exampie, “bail-and-ring” and “ice on

water” were:
terrible poor and fair, but didn't  { good and exceilent and
confused me heip me much | improved heiped me a lot
understanding
(5). The number of experiments which we got to do:
were not enough could have been more were sufficient

(6). The expeniments which we got to do:

made undemmdmg difficuit | neither heiped nor confused | improved understanding
me

Explain with referencs to the experiment: “Density and the processes of Science”

(7). The readings at the end of the term (e.g. “water and density in nature’) helped me to better
understand the topic of “density”.

disagree 1didn’t mind them | agree strongly agree

N




" (8). The test on density which Mr Wilkinson set was:

ioo difficult

just right too easy

Explam:

(9. Mr Wilkinson’s Science lessons were:

ipoor ifair

alngnt good

| very good

Explain:

(1). Which cultural activities were vou invoived in?

Debating
Shooting
School Choir

Astronomers
Society

Musical Band
Film Society

Wildlife Society

(2). Write down your first cultural activity:

D School play
D Cornish Society
[j Alchemists

]

D Agricultural Society

Chess Club

Philharmonic Society

D House Play

J
O
-

L
O
.
L

(3). How many times did you meet each week?

L e

0 s U

AL



Ny

/4, How long was sach practice or meeting?

2 hour D /f_l hours D <73, hours ‘ l,
o
| hour D 2 hours D 3 hours ‘ ’

(5). Write down vour second cultural activity:

6).  idow many times did you meet each week?

1D 2D3D

Zow ong "vas eaca practice or session?

%, hour D /4, hours D 2% hours D
1 hour D 2 hours D 3 hours D

:’-\

Section V

Rank (write down from most important to least important) what you think is most important to vou
m the {ollowing list:

1. Winning a cricket match againsi Grabam,

2

Winning a chessmatch against Graham.

(V)

Being a good Christian/Jew.
4. Reading an interesting magazine article about big game hunting in sub-Saharan Africa.
5. Having a good academic conversation in class about why ice floats on water.

6. Scoring 100% for a Science test.

Rank by number only:

Most important

Least important




Qestionnaire for Management & Science Department Personnel
The purpose of the questionnaire
In recent days [ have interviewed you and accumulated quite a corpus of data in the process. I

would now like to administer a questionnaire to confirm what has already been verbalised. |
appreciate the time and etfort you are about to invest. Thank you.

(1%,  Evaluate each of the foH’owing conditions at Mtunzini as they impact upon vour current
teaching, according to a 9 point scale:

{A). Resources and equipment

Verv poor and
scarce resources  1...0.....

L)

..... 4...5.....6....7....8.....9  Excellent resources

(B). Time for lessons

n
>
o

Very limited time 1.....2....3....4..... A large amount oI time
(C).  Support from colleagues in Science Department

Very uncooperative
colleagues l...2...30040..5....6....7....8.....9  Very supportive colleagues

(D).  Support from colleagues in other departments

No support lo..2...3.0040.5....6....7....8.....9  Excellent support
(E).  Cooperation from pupils

No cooperation L2330 406007089 £xceilent cooperation
(F). Physical environment of classroom, e.g space availability

Poor arrangement  1.....2....3...4...5.....6...7....8.....9  Most satisfactory
(G). Support from management

No support 1....2....3.04.0.5..06....7....8.....9  Excellent support




(D,

(5.

| )

How important are the foilowing factors when judging the success of * Mtunzini as
a schooi?

The good matric pass rate of its learners
Unimportant L2003 40500607089 Very important

The success of the sports teams

n

Unimportant l...2... SondlS 6...7....3.....9  Verv important

A culturaily oriented pupil-body, i.e. pupils participate widely in concerts, choir and
drama productions

Lnimportant Le2un2 45000070089 Verv important

The schooi’s ability to produce pupiis who cooperate with their peers in a Science
class

Unimportant Lo 2en 405006070089 Very important
The school’s ability to foster a democratic learning environment
Unimportant L20u34.5.0060.0.700.8....9  Very important

The school’s ability to produce pupils who communicate effectively with peersina
Science class

Unimportant l2un3nd5.60..7.0..8.....9  Very important
The schooi’s ability to produce critical and creative thinkers

Unimportant Lo2o.34050..600.7...8.....9  Very important




(P

(3).  Rank the following in order of importance by parents who may be deciding to send their
children to Mtunzim1 . List the number only in the space provided below, e.g. (iii).

(). The school’s emphasis on sport
(). A wide variety of cultural activities
). A good matric pass rate of former leamers

i1v}). A church-based supportive environment

Most important

|

i

|

Y

Lzast :mportant

(4).  Your teaching

How do you emphasise the following in your teaching?
(A). The textbook
No emphasis  1...2....3...4....3.....6....7....8.....9 A lot of emphasis

(3). Worksheets and photocopied notes

,_.
3
23
:_[...
o)
-1
L0
o

No emphasis  1....200 5004600 TS A lot of emphasis

(C). Research in the library

n

No emphasis 1....2...3.....4...5.. 6....7....8....9  Alot of emphasis

(D).  Open discussions in class about topical issues, e.g. India’s recent nuclear testing
programme and its political and environmental consequences.

No emphasis  1....2...3....4..5...6...7....8....9 A lot of emphasis




(.

(11D,

(IV).

(V).

Clearly formulated experiments on worksheets

No emphasis  1....2...3....4..5....6....7....8....9 A lot of emphasis

Experiments where process skills. e.g., hypothesizing, predicting, inferring etc. are
emphasized.

No emphasis  1....2..3.0400.5.0060...7...8...9  Alot of emphasis

Your experimental work with chiidren in Grade 8

Consider the experiments which you have done with the Grade 3s etther “his vear or in
past years. How many are:

Group work experiments

Teacher demonstrations ’

Individually performed experiments by learners D

If you were to mark a group work experiment, how important are the following to you?
Accurate results

Not important  1....2...3....4...5...6....7...8..9 Very important

The practical write-up

Notimportant  1...2...3... 45007089 Very important

Ability of learner to work effectively in a group

~1

Not important  1...2....3....4...5...6..7... 8.....9 Very important
Ability of learner to gather information about experiment beforehand
Not mmportant  1....2...3....4.....5.....6....7...8.....9  Very important

Ability of learner to use process skills in designing his/her own experiment

Not important  1...2....3....4....5..6...7..8...9 Very important




n

(6).  The learner-nopulation

Knowing the leamers as well as you do, rank what you think is most important to them
choosing rom the following options:

1. Winning a football match against a rival school

V]

Winning a chessmatch against a rival school

(9]

3eing a good Christian/ Moslem

4. Reading an interesting magazine article about Pathfinder’s mission on Mars

()

Having a good academic conversation in ciass about why a globe shines in a
eiectrical circuit

6. Scoring 100% for a Science test.
Rank by number oniy

Most important

¥

Least important

(7). Examinations
Answer gach of the following questions as briefly as possibie:

(A).  Is Mtunzini a product- or process-oriented leaming environment

Product D Process D

(B). What do you see as the advantages of such a system?




().

Vil

(B).

(@3

How accurate are  Mtunzini’s examy/test results for measuring a person’s academic
aptlity?

“¥hat are the purposes of formartive assessment?

*Vhat are the purposes of portfoiio assessment?

Fuily transformational Qutcomes-based Education (OBE)

On the following continuum where would you position your coileagues’s attitudes
in the Science department towards implementing a fuily transformational OBE
system at  Mtunzini ?

Nosupport  l...2.0...4.05000...7008...9  Total support

Where would you position your own attitude towards implementing a fully
transformational OBE system at Mtunzini ?

Nosupport  1..2..3...4..5..6...7..8..9 Total support




-
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(C).  How much of this perception has been influenced by good teaching sense? Explain.

(D). How much of this perception has been influenced by media coverage? Explain.

(E).  Take a guess in deciding how supportive the parents are towards impiementing a
fully transformational form of OBE at Mtunzim | |

Strongly resistant  1....2..5....4....5....6.....7...3....9  Strongiy supporuve

(F).  List the most prominent obstructions opposing the introduction of fuily
transformational OBE at Mtunzinj :




(G).  List the ways in which Mtunzini s well suited to introducing OBE:

Thank vou for vour cooperation.




Grade 8g Questionnaire

Questionnaire: Suaitabilitv_of Outcomes-Based Education for the current svstem at
Nombuielo Secondary School, Grahamstown

General Comment

This questionnaire has been set up to assist me towards understanding the suitability of
‘mpiementing my Science course at Mmunzint

[ nead to know what vour home-living circumstances are, what interests vou and what vou ound
most successrul or unsuccessful in my Science lessons.

Go through the questionnaire and do what the instructions require ot vou. Your honesty will heip
me and may lead to an improved course in the future.

Section I: Your home-living conditions

(1. When vou come to school, have you had breakfast?
Choose from the possibilities below by marking the correct box with a X as follows:

For example: ~ YES !X [

YESD NO [ |

|

{2).  When at school do vou have lunch at breaktime?

YES U NO D

(3).  How far do vou live from school?

| { ! !
"ka - 1km ! i 1km -2km | | 2km-3km . ‘

i

) t |
3km—4kml 41qn-5kmq 5km - 10km
Other D

(4).  Whar transport do vou use in getting to school and then going home each day?

Walk L_J Bicycle L__J Parents’ car C Taxi D

L

10km-15kmE 15km - 20km




I

(3). Do you have your own room to study in? YES D NO D

If NO, answer the next question:

(6).  Who else lives in your room?

. Do vou have ¢lectric lighting in your room to studv bv?

rvem—

—
ves |_J No
If NO, answer the next question:

(3).  What sort or lighting do vou have?

|
|

B

Candle light __J Pararfin lamp ~——  Torch light ‘—

Other t | \

Section 1I: Schoolwork
(A). General
(1).  When in class, what things do you do most? Give each statement a mark out of 10 where:

10 =done a lot 0 = not done at all

work from textbooks
work in a group to solve a hard problem

copy down notes from blackboard or screen

Ciaeicd

listen to the teacher

visit the library to find out more about a section of the work

(2).  How important is your teacher in your education?

Not important {j Needed D Very important l:]




(V3
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(3).  How important is doing extra reading (i.¢. reading not to be found in textbooks) when
studying for class tests.

Not important D Done sometimes D Done most of the time D

(4). Do the teachers at Miunzini have a good attitude to their work and give you a lot of
neip? Mark the best description beiow

~ c—— a—

emer—— e [y ;
‘ |
Poor L_J Fair \__ Good l.__J Very Good {__J* Excellent L_J

(5).  How many periods a week, on average, do you NOT have lessons because the teacher
s NOT at school.

] L. L |
S U I U R N B s LJ s
(6).  When a teacher is absent, what do you do for that period?

Play cricket, football or rounders D

Sit and talk with friends about ' l
things outside of school

catch up with homework or ] k
project work

leave the school and go home } ;
for a while —

(7). How important is doing well at school to vour parents?

Not important l ] Of some interest L_J Very important L_J




(B).  Science

The following questions are designed to find out what your attitudes and opinions are

concerning my Science course.

The method for choosing an option from the table below is:

strongly
disagree

I didn’t mind
them

agree

strongly agree

{1).  The readings at the end of the term (e.g. Man bites Shark!) helped me 1o better understand

Science:
strongly disagree [ didn’t mind agree strongly
dlsagree them agree

{2). Mr Wilkinson’s explanations of the work, for example, why a globe shines, were ail

generally
Poor Fair Alright Good Very Good
Explain referring to specific examples:
(3).  The homework which Mr Wilkinson set was:
too easy and boring | just right difficult, but impossible

possible




Explain referring to specific examples:

wn

(4).  The experimental demonstrations of Mr Wilkinson, for example. “magnetic effect of an

electric current” were:

termible poor and
confused me

fair, but didn’t | good and excellent and
help me much improved helped me a lot
understanding

(5).  The number of experiments which we got to do:

were not enough

could have been more

were sufficient

(6).  The experiments which we got to do:

made understanding
difficult

neither helped nor confused
me

improved understanding

Explain with reference to the circuit board experiments vou did.




(7). The test on electricity which Mr Wilkinson set was:
too difficult just right 100 easy

Explain:

(8).  Mr Wilkinson’s Science lessons were:

Lr)oor fair airight go0d | very zood 1
CExplain:

(C).  Science Experiments
Explain briefly about the questions below:

(1).  Does everyone in your group do something with the appararus in setting up the electric
experiment.

(2).  Iseveryone’s opinion (i.e. what you have to say) heard and talked about among people

in your group before carrying on with the experiment?




-
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(3).  Are you happy with the space in the classroom in which you have to move around in
while doing your experiments?

4). In setting up your “telegraph sets”or working on your oral presentations which things did

vyou find the hardest to do?

(D. Find the apparatus or visual aid material needed
(II). Work in a group to fimsh the job
(III).  Give your oral presentation

Rank (write down from hardest to easiest) by number only.

Hardest

Easiest




(D). Final Summary
Rank what you think 1s most irﬂponant in the following list from most to least important.
(1).  Winning a cricket match against a rival school
(2).  Winning a chessmatch against a rival school
(3). Being a good Christian/Moslem
(4).  Reading an interesting magazine article about water shortages

(5). Having a good academic conversation in class about why a globe shines when
connected in a circuit.

(6).  Scoring 100% for a Science Test.

Rank by number only:

Most important

Y

Least important

Thank vou for your cooperation
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APPENDIX C

(Grade 87 Course Notes for St Sebastian’s




Assienment: Science & Scientists

General Comment

The purpose of this assignment is to allow you as Grade 8 leamers to critically think about
Science and about those people who engage in Science as an activity. The reference which [
consulted for this assignment was
Reiss, M.J. (1993). Science education for a pluralist societv. Open University Press.
Philadelphia.

Instructions
1) Complete each question before reading or continuing with the next question.
2) Do not discard yvour answer sheets when the session is complete. You will need it for the

class discussion which is to follow and I need it for my thesis!

Assignment |

Make a free-hand drawing of a scientist at work. You must include as much detail as

possible; illustrating where the scientist is working and what the scientist is doing.

Assignment 2
Describe in no more than a page what you understand the subject “Science” to involve.

Assignment 3
Read an extract from the Reiss article provided before attempting to answer its corresponding
question:

RSN
2 (1 ) Who are scientists?

Some months ago, | happened to sce a new set of
juntage stamps produced in the UK, titled *Scien-
ulic achievements’ {issued 5 March 1991). It's
worth spending a few moments imagining what
you might expect (or hope!) 10 sec on -these
stamps. Well, whatever you 1hought. the Royal
Mail produced four stamps under the hecading
“Svientific achievements’ with the captions 'Fara-
day - Electricity’, ‘Babbage - Computer’, ‘Radar -
Watson-Watt® and ‘Jet Engine —~ Whiltle’ {

Reiss 1993:17)




Fig. 2.1

P ; B X
rescntation pack of UK postage stamps issued on $ March 1991 under the title ‘Scientific achievements’

Reiss (1993:18)

Reiss (1993:17) describes the stamps provided by the Royal mail. Where does the popular

perception lie with the general public, ie who, in their opinion “does science™ Do

bovs agree with their standpoint that Science is exclusively for males (ie men) oniy?

vour case.

3(11)

When Jane Goodall first arrived to study

{h€ chimpanzees nn the banks of Lake Tanga-
nyika. the game warden who took her round made
1 mental note that she wouldn't last more than six
weeks. She has staved for over thirty vears,

Read the extract concerning Jane Goodall.

producing the definitive accounts of chimpanzee
social organization and behaviour in her fascinut-
ing and moving books In the Shadow of Man {van
Lawick-Goodall, 1971) and The Chimpanzees of
Gombe: Patterns of Behavior (Goodall. 1936).

An important point about Jane Goodall is that
she had no formal training in ethology (the science
of animal behaviour). having trained as a secretary
after leaving school. As she herseif wrote “Twas. of
course, completely unqualified 1o undertake 2
scientific study of animal behaviour’ (van Lawick-
Goodail, 1971: 20). However. she spent some time
with the celebrated palaeontologist Louis Leakey
and his wife, Mary, on one of their annuai
expeditions to Olduvai Gorge on the Serengeti
plains. Louis Leakey became convinced that
Goodall was the person he had been looking for
for twenty years — someone who was so fascinated
by animals and their behaviour that they wouid be
happy to spend at least two vears studying chim-
panzees in the wild. Leakey was particularly
interested in the chimpanzees on the shore of Lake
Tanganyika as the remains of prehistoric people
had often been found on lake shores, and he
thought it possible that an understanding of chim-
panzee behaviour today might shed light on the
behaviour of our Stone Age ancestors.

Goodall couldn’t believe that Leakey was giving
her the chance 1o do what she most wanted to do—
waich chimpanzees in their natural habitat. She
felt that her lack of training would disqualify her.
But. as she later wrote:

Louis. however, knew exactly what he was doing.

Not only did he feel that a university training was

unnecessary. but even that in some ways it might

have been disadvantageous. He wanicd someone

with a mind unclutiered and unbiased by theory

who would make the study for no other reason

than a real desire for knowledge: and. in addition,

someone with a sympathetic understanding of

animal behaviour.

(van Lawick-Goodatl. 1971: 20)

Now the point, of course. is not that Jane Goodalt
could approach chimpanzees with a mind ‘unctut-
tered and unbiased by theory” but that the ciutter
and theory in her mind was crucially distinct from
that in someone who emerged from a university

course in ethology. In the 1960s one of the grea
heresies of academic cthology was to be anthropoe
morphic — to treat non-humans as il they had
human attributes and feelings, That is precisely
what June Goodall did. und it allowed funda
mentally new insights into chimpanzee behaviour.
A flavour of Jane Goodall's approach can be
obtained by reading the following quote:

One day. when Flo was fishing for termites. it
became obvious that Figan and Fifi. who had been
cating termites at the same heap. were getung
resticss and wanted to go. But old Flo. who had
alrcady fished for two hours. and who was herseil
only getting about two termites every five minutes.,
showed no signs of stopping. Being an old female.
it was possible that she might continug for another
hour at least. Several times Figan had set off
resolutcly along the track Icading to the stream.
but on each occasion. after repeatedly looking
back at Flo. he had given up and rcturned to wait
for his mother.

Flint. oo voung to mind where he was. pottered
about on the heap. occasionally dabbling at a
termite. Suddenly Figan got up again and this time
approached Flint. Adopting the posture of
mother who signals her infant to cfimb on to her
back. Figan bent one leg and reached back his
hand to Flint. uttcring a soft pleading whimper.
Flint tottered up to him at once, and Figan. still
whimpering. put his hand under Flint and gently
pushed him on his back, Once Flint was safely
aboard. Figan. with another quick glance at Flo.
set off rapidly along the track. A moment later Flo
discarded her tool and followed.

(van Lawick-Goodall. 1971: 114-5)

Other writers at the time did not give names i
their animals; nor did they use language lik
‘getting restiess’, "wanted to go’. *set off resolutel
and ‘pottered about " nor did they impute to thex
subjects the ability consciously to manipulate on¢
another.

Apart from her lack of formal training. there .
another factor about Jane Goodall that may wel
be significant. She is a woman. The three longest
running studies on animal behaviour have all beer
carnied out by women: Jane Goodall on chim-
panzees (1960 to present): Dian Fossey on gorill
(1966 to 1985 when she was murdered. probabl!

oanse af her dedication to the gorillas (Mowat.
"<=31: and Fiona Guinness on red deer (1972 to
it (see Clutton-Brock et al.. 1982)),

you as

Argue




Would vou say that Jane Goodall is a scientist bearing in mind that she is 2 woman and a

former secretary? What can you conclude about vourselves? Are you scientists? Support

your argument with some reasoning.

3(i11) When [ was studying Science at school my teacher said that Physics is a precise

science. Years later [ thought about this statement and [ interpreted it to mean that it

accurately describes reality as it is. Now read Reiss (1993:20-21):

Scienusts approach their topics of study with
preconceptions. There is no such thing as an
impartial observation. In the classroom this is seen
10 be the case every ime a group of pupils is asked.
for the first time, to draw some cells or sulphur
crystals under the microscope. It isn't possibie
until vou know what to draw. Unless you know
that a ieaf of pondweed consists of numerous smail
brick-like structures, all you can see is a mass of
zreen with lines and occasional air bubbles. In the
same way, the first time the German artist Direr
saw a rhinoceros, he drew what, by his normal
standards, could be described as a fat armour-
plated horse {Fig. 2.4). To expect pupils to draw
reguiar epidermal ceils the first time they see them
is to expect more of them than Diirer could
manage. 0

AHINOCIRON o b
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ig. 2.4 Albrecht Diirer's rhinoceros. Pen and Ink, 1515.

From the article, do you think my science teacher was telling the truth? Does Physics truly

reflect external circumstances? ie is what we see really the way things are?

This may be deeply philosophical, but to help vou decide on a response consider a classic

story of the courtship of Sticklebacks recorded by Tinbergen (1937) and Tor Pelkwijk (1951).




Tinbergen & Tor Pelkwijk’s account

Inspring. male sticklebacks acquire territories male-male interactions. [hew results contrast with

1irom which they chase away intruders of vither - the popular notion that female sticklebacks are
~wt During this period males acquire red bellies. refatively passive participants in reproduction

This redness makes mades paruculardy likely to Female sticklehacks averaged S per eent :nare
chase away other maies. Tinbergen tound that a aggressive enconnters per hour in the all-lemale
realisticatly shaped but non-red model privaked group than the males did i 1the all-male groups.
Itle interest. whereas extremety crude models The lesser aggression of the males was not due 14

pamted red on their lower surfaces provoked
sirong aggression from the territonal male. The
male finishe» building a nest and now becomes
interested in females swollen with cggs. When o
tenmrale appeirs he swims towards her in a cunions
ng-zag fashion {the zig-7ag dance). When <he sees

any abnormid behaviour on their part: the density
of males used was that recommended by previous
tesciarchers and males <et up and defended iern-
torics, as usual, in the cepenments. tnothe all-
female proups. {fvmates were kept at the samne

him the female responds by swimming towirds him density as males had been. Some femaies defended
with her head and tail turned upwards. thereby territories, others did not. On three oceasions
displaving her swollen abdomen. The male then females actinally lost therr regs, This was abserved

leads the iemale and shows her his nest entrance twice. On each occasion 2 more donnant fenaie

by poking it with his snout, She enters his nest and
the maie gives her rump several prods with a
trembiing motion, ana this simulates her o lay
cggs. When she has discharged her cags. she leaves
the nest and the male enters it. ¢jaculates over the
cggs and fertilises them. He then chases the female

poked or squiashed a more subordinate female.
and repeated pressure led to the two subordinate
females prematurely shedding therr cags

Li and Owings also siudied eroups consisting of
«ix females and six males. Femule-female inter-

away. Altogether he may mate with as many as five actions were also important in this situation. (n
diffcrent females. Having fertilised a certain three occasions a subordinate female accepted a
number of clutches. the maie lnses his readiness to courting male before the dominant. Each time the
court females. Instead he begins reguiar venti- dominant disrupted courtship. On the two oc-
tation of the eggs by fanning them. Fanning serves casions that a subordinate female antempted to
to provide the eggs with oxvgen and continues disrupt courtship by a dominant femaie, the ar-
until they hatch, tempts failed.

This clegant story is backed by a fifteen-minute
film made by Oxford Scientific Films. Notice how
the male stickleback is at the centre of the stage.
with a crowd of passive females waiting around to°
he directed and prodded. Recent studies. how-
ever, have significantly changed the story (Li and
Owings, 1978: Ridley and Rechten. [981: Row-
tand, 19R2: Ress. {984).

For our purposes the work done hyv Li and
Owings is most significant. The crucial factor in Li
and Owings” work was that. unlike previous re-
searchers. they spent as much time watching female
as male sticklebacks. Furthermore, before individ-
uals of either sex were introduced 10 individuals of
the other sex. the sexes were sexuallv segregated in
groups of six. This enabled Li and Owings to

determine female~femate interactions as well as ReiSS (199373)

Are the two sets of authors interpreting the observed happenings in the same way? In two

sentences describe the bias inherent in Tinbergen’s and Tor Pelkwijk’s observations.

Retss concludes with the following:

4 sewnust's percepions of the natufs
world. as well as her interpretations. come througt
her senses, herself as 2 person and her cuiture
What is of significance for soience education is Lhis
there can he no single, universal. acultural scienct,
Rather, every sort of science is an ethnoscience

My own conclusion and understanding of Science. (You need not necessarily accept what 1

am saying:

A person (or any cultural background) may perceive the natural world through his/her senses.
For example, taste, smell, sight etc., but once the so-called “facts™ are to hand. interpretation

follows. It is in the process of interpretation that people of different culture, ages or gender




will differ. This should become clear with the stickleback example or the Direr painting of a
rhino as quoted carlier. The conciusion here 1s that there can be no single, untversai, acultural

science (a science separate trom culture).
Science must therefore be seen as a collection of ethnosciences.
In the course which follows, vou will have the opportunity to study how Science &

Technology has been utilised in other cultures. These foreign cultures are also worthy of

respect, since they represent a unique and different way to interpret the natural world.




Reading of Articles

Is science good or bad for society?

Specific Qutcome for assignment concerning the article: Tribal Warfare:
After reading an article, learners must be able to state the ways in which European
culture, with its superior technology, influenced the indigenous Indian cuiture of the

Americas — socially and politically.

Assessment Criterion: (During feedback vou will be expected to meet certain criteria

in the work vou deliver).

Learners must illustrate how Science and Technoiogy influences culture.

Specific Qutcome for assignment concerning the article: Tribui Wartare:

After reading an article, leammers must explain in written form what European
presence, with their mghly developed scientific culture, meant for the socio-economic

development of the Indian.

Assessment Criteria

1) Ewidence is provided of how Science & Technology are used 1n society.

2) The way in which scientific and technological developments have changed the
lives of people is analysed.

3) Roles and consequences of Science in Society are communicated.

Preamble

We are all very familiar with some, of what seems to us, fairly universal symbols of our

western lifestyle and culture such as: expensive motor vehicles, consumer goods, designer

clothing, computers, etc.

However, western influence, with 1ts superior technology, is perceived by many social

anthropologists to have been detrimental to the indigenous communities of The New World

in colomal times.




In the first article, I have selected a tew extracts from a Scientific American article enntled
e L
Tribal Wurfare, by R.B. Ferguson. These extracts reveal the negative impact which Science

& Technology have had on primitive societies.

In the second article, entitled Tuxes & Triangles 1 have presented you with an entire reading
concerning ways in which the Egyptians in ancient times used Mathematics to build their

pyramids. This article explains how a different society uses the Mathematical Science to

promote their culture.

When reading these extracts mark important points in the margins as these wiil help vou to
understand the article a little better. After vour reading, there are a few questions to see if
you can demonstrate the outcomes indicated earlier. Enjov the articles for thev have been

selected for vour reading pleasure.

Artcle | . TRIBAL WARFARE bv R.B. Ferguson

Christopher Columbus began

his voyage back from the New
World, lcaving 38 of his crew on the is-
land of Hispaniola, Their setiiement,
Villa de la Navidad, was near the village
of the Taino chief, Guacanagari, who
Columbus said "was proud to call me,
and 1o treat me as, a brother.” Colum-
sus was convinced of the peaceful
character of the Jocal Indians.

But when he rerumed iess than a year
\ater, the men of Villa de la Navidad
were dead. The settlement and block-
house had been destroyed. Guacana:
gari blamed the destruction on more
powerful chicfs who lived infand, and
Columbus soon witnessed their contin-
wing attacks on the villages of Gua-
canagari. But his crew also found the
possessions of the dead Spaniards, in-
cluding a ship’s anchor, which Colum-
bus believed would not have been bar-
tered, concealed in the houses of Gua-
canagari's people. Columbus never dis-
covered what actuaily happened.

The explorers and conquerors who
followed Columbus often dwelt on lurid
stories of unbridled native violence.
When the philosopher Thomas Hobbes
wrote tn 1651 of the primeval war of
*every man against every man,” he ob:
served that “the savage people in many
places of America...live at this day in
that brutish manner.” Accepted wisdom
even now holds that "primitive” cultures
are typically at war and that the primary
military effect of contact with the West

Extra(,‘[ ] O n the sixth day of January 1493,

is the suppression of ongotng combat.
Ini fact, the initial effect of European
colonialism has generally been guite the
opposite, Contact has invariably wans-
formed war patterns, very freguently
intensified_war and not uncormumonly
;feneraxed war among, groups who pravi-
ously had lived in peace. Many, per-
haps most, recorded wars mohing mb-
al peoples can be directly attributed to
the ctreumstantcs of Western contact.




Ouestion !

When Luropeuns arrived amongst the local native inhabitants, what did they cause?

Extract 2

‘Aftfropologists have identified three
major causes of social change that can
destabilize the tribal zone: diseases in-
troduced by sertlers, trans{prmaton of
acpsiciems by alien antmals and plants,
ana cnanges_in the way of life made

possible by new goods and technolo-
gies. There is much debate aboyt the
extent of Native American deaths from
new diseases belore face-to-face’ con-
tacl with Furopeans, but there is no
question that massive losses dollowed

than are stone implements. The acqui-
sition of axes and machetes cnabled
many Amazoman groups to expand
their forest gardens and to begin pro-*
duction of manioc [or trade with Bra-
zilian woodsmen.

quickly on the esiablishment; of mis-
sions, forts and trading nosts. Fre-
quently these first epidemics were in-
terpreted as a result of witcheraft by
jocal enemies, and aggressive retalia-
lion against presumed culpsits ensued.
More generaily, for groups %hose 50ci-
ety, economy and politics al rest on a
hase of Xinship, the suddery loss of a
ird or halt ol a popuianon 14 cma-
strophic- perhaps even more dastahiliz-
ing than was the Rlack Death in Europe.

Ecological transformation often pre-
ceded the European advance as plants
and amimals introduced by colonists
hepan 1o spread by themseives. In some
cases, ihese changes were so wide-
spread that is difficult 1o assess what
the natutral environment was like in
places such as New England before
1500. As the narural world changed, so
did the interaction between native peo-
ples and that world. This change often
revolutionized both the organization of
work and social arrangements built on
that organization.

Trade in manufacrured goods has
dominated the interaction of states
and their nonstate neighbors since the
time of Mesopotamia, but industrial
production puls European expansion
in a class by itselfl. Steel tools, for ex-
ample, are several times more efficient

Question 2:
Name three causes of social change brought about by Western involvement which upset the

peaceful existence of the Indians. Consider the map of the tribal zone when developing vour
thinking.

[ ]
M EUROPEANS -
(8] euRoPEANFORTS
+  wssioN
ACTIVE EPIDEMICS

. T TRADE ROUTES

>——= NATIVE RAIDS

= EUROPEAN RAIDS )
yo—w=  EUROPEAN RAIDS WITH NATIVE AUXILARIES

i i both of direct conflicts betwean senlers
region extending outward from state zone is the scene of

mﬁ;ﬁ)iizw’:ic; ll:eg life of tribal proups is disrupted. It is and np:lvcs and of hosdlmesf between x"\axllrv;ed grmtx]]:lsp Eegmg
often marked by war, epidemic and ecological change, This  state influence or competing for access (0 ar




i'rl-\'f/'(,l(,’f 5 This 1ype of reacnon wis by ho
means aﬁmmmic: generally Europeans
were well received, until their predatos
ry beha ior became imoicrable. Nor was
tﬁlnnnﬂ victory in battie pssured, espe
crally in the varly cemurics. l'llmmlc‘l\.
howeser, the ability of stales (o rein-
force their troops [romm overseas, <k|l!-
tul usc of a _@lwm;sa\rawm.
readiness 1o violate focal com emtions
of war, and technology and mibitary or-
ganization led 10 the defeat of indige-
nous forces.

QJuestion 3:

What key factors were involved in bringing down native people by the Europeans?

Parapirase:

The article goes on to explain the various types of warfare which were waged against the
Indian. The one was western troops against the Indian. The second was Indian against Indian
where one tribe received support from the Europeans. The third was Indian versus Indian;
but brought about by competition over European goods or by certain tribes fleeing from

Europeans and attacking other tribes beyond the tribal zone.

These events took place in South America. The situation was not that different in North

America.

Extract 4:

. T orih America saw similar reori-
J- entations of warfare. Probably
the best-known c¢ase is that of,

the Great Platns tribes. The introduc-
tion of horses and guns transformed
their entire way of tife, and the subse-
quent intertribal conflicts were closely
linked to this continuing upheaval. En-
croaching settlements and the growth
of trade in buffalo peits stmulated com-
petition [or buffalo rangeland. Raiding
for horses coniributed 10 a consiant
state of war, and peoples such as the
Blackfoot and Cheyenne relied on force
(o preserve their monopolistic actess 0
\Western raders. e —m— ==

(Juestion +4:
Name two factors introduced to North America by the Europeans which changed the way of

life for the Great Plains Indians.

These two commodities may be seen as a major step forward in the advancement of the
technological and scientific development of the local Indians. They were highly sought after

and just like 1n South America, upheavals were to follow.




FExrrace 5:

. n the Pacific Northwest, groups su

as the Kwakiutl, Haida andgr'? si?nshj;:
;had established a centuries-old pattern
in which residents of locatities with few
resources raided those who controlled

major salmon Tivers dnd other prime-

. fishing grounds. These hostilities sub-
" sided after European contact, as epi-

demnics killed a third or more of the na-
tive popuiation. The intensity of war,
however, increased as the development
of a fur trade incited battles to control
the ctiade. I addition, the growing
wealth of some successful tribes stimu-
lated a local demand for siaves, Slave
raiding intensified as some local groups
found siaves to be the oniy commodity
they couid barter for the firearms they

Question 5:

In a tew words describe what European presence meant for the socio-economic development

of the Indians in the Pacific Northwest.

Paraphrase:

The author goes on to explain the influences of Europeans on the Yanomami tribe in

Brazilian highlands near Venezuela. Read extract 6.

- By examiriing all avaniable reports of
naror peace among all Yanomami lrom
the variv FROO% 10 the 19805, | have
tound That i the m rmwelmmg manen.
ool caves, insances of war fojloned
abrupthy on some sienilcant thange in
the Western presence < ppher o new

penetration, a withdrawal or a change
i location. Constaney in the presence
or absence o Westerners is usually ac-
cotpamed by peace.

Mthough mam factors are im olved
0 this assocanon, access 1o Western
manuiactured goods, especially uee]

tools, has proned cntical 1o
caplaming the actual panterns
sbcomibat, The Yanomarm lind
steel tools ronghly 10 times
as eilicient as stone axes T

Question 6:

Summarise how Science has influenced the culture of these Natives economically, socially

and politically.

ramidh beenme necessities Tor
au basic subsisience 1asks,
-uch ak dearme gardgens and
aathermg Lirev ond.

The Yanomami place ex-
tranrdinary value on these
toals and on other Wesiern
manufactured gocds used for
uniitanan and ormamental pur-
poses. These items are scarce
and unequally available. The
Yanomami have made haz-
ardous treks and repeatediy
relocated villages in their ef-
fort 10 abtain befter access to
suppliers of Western goods.

\though the Yanomami
sometimes raided Western set-
tlements or other villages 1o
obrain goods, plundering is a
nsky. short-term sclution. it is

needed for seil-defense. -

{ar better 10 cstablish a posi-
non that allows access 10 a
regular source of goads aither
by moving the village along a
trade roule or, even better, by
".l‘llllﬂn neNt 10 a mission or
some other Western outpost, \
ponerfel gronp h such a ioca-
1ion can obtain a refative abun-
dance of new Western trade
goods. Furthermore, a group
can derive mreat benefits by
acting as monapotistic middie-
men in trade to more remote
villages -

Such a group eften trades
Western goods after they hane
been worn down by use. In re-
wrm. they receive a wide van-
oty of valuable locat products,
such as spun cotton, womven
hammaocks, bows, quivers. cu-
rare-tipped arrows, dogs and
food. They also gain an ad-
vantage in the intermarriage
henveen villages. Remote vil:




Final Assignment:
Form a group with three or four of your co-leamers and collectively compile a paragraph
summarising how Science & Technology intervened in the interaction between European

culture and Native American Indian culture in colonial times.

Should vou wish to read the unedited article (which 1 strongly advise) then consult the
foilowing:

Ferguson, R.B. (1992). Tribal Warfare. Scientific American, 266 (1): 90-95.




Artcle 2 TAXES AND TRIANGLES bv L. Hogben

In the article “taxes and triangles” you must demonstrate the attainment of two outcomes:

Specific Qutcome:

1) The learner must be able to extract information from an article and apply this information
to solve particular mathematical problems.

2) The learner must be able to describe in his own words particular scientitfic methods used

by the Egyptians.

Assessment Criteriu:;

Leamers show work in which:

(1) problems are identified,

{i1)  relevant information is gathered,

(111)  relevant scientific knowledge is selected,
(1v)  relevant scientific skills are selected,

(V) the problem is re-evaluated,

(vl)  innovative options are generated,

(vil) decisions are made and

(viil) a possible plan of action is communicated.

Specific Outcome
The learner must gather information from literary-resource books to answer questions about

Egyptian culture and use of Science in their culture.

Assessment Criterion

Learner to illustrate how Science influences cultural factors.

Read the article “Taxes and Triangles” and then attempt the assignments which follow. The
idea here is to locate the relevant passage in the text before working and applying innovative
solutions to problems. Remember, [ stress that you must use your own words when supplying
answers, for this demonstrates understanding. There 1S no sense in merely copying

paragraphs mindlessly from the text.




Taxes and 'I‘riﬂ“gl(\s

TV e ppirere of rely Teopn Doemee the mnet praerinl menin

the fand, 1 vas they whe fard the many holy ovs Aaye
when the feasts of the foft mpnon or af the midonmmer cun
were 1o be hrld, days when animale eacred 1o certain rtar s Insrers
were ta he sacrificed days hen affrrings were 10 be made 1o the pods
of the river. It was thee, ron, whn ardersd the buitding ~f prent

Alsn e an ohesrvatories, ant of the nigh

templeg, vhich they
which srreed as rhe yeeles for their rolors, the Tharo
o Yildines, the architects of Ypvpe had e

pvnmirk.
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howe oy Tes ot the edoes

et Tione 1
cot them fritly and equo-ely
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The Girer pronnd plans, topernpers of our awn Ble oy
prtobly drawn on “lay, riept Ajaprams 10 shaw the chaps of the
fimict o hnilding. Thaee Sty peade them had ndeedt oo Sl
e things -9 1irr\l\ing and a Enilliog - may toa af quite diFerent
eize bt of evactly the care Shope So whar it tras sheo sl chape
of ene i oalon rine abput the By of the othre,

When the grennd plinoens o mydere, men with hee oo et et
for che masnne tn hepin work Three wess aeyet

ctrete b of Tand ready
neprhrer whesled erhiclen nar g o rrads, Carpeene of Yoropy Lilling

cpone Blosbe weighine e aat 1

aresiate poaneiries muiaty ol
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Fach block of stnpe had to be ot to <hape Fiet
the roph edpes were knecked off with lueps of
fline. Nest the smfaces were levelled with metat
chiscke and belt shaped wonden pallete Tast of
211 the whele block was smonthed by ruhhieg swith
a rough stone teol. Bvery corner had 10 he tested
with 2 Masen’s square, 0fF sC1-sqUAre, 1o k- sare
it was a 1rrue rir,h!—nnr_'lc.

Then an cnormous layer of Wacks vos faid 10
form the hase of the pytamid. On this a seconed
Inyer was built, stightly smaller and exartly in the
riddle of the first. Layer after layer was added in
the same way so that all finse sides of the Gniched
pyramid would taper equally and meet peatly 2t
the top. To check that jt was upright, the cdge of
cach had 1o he tested with a weipht happing from
a string. Larth was piled np the step-like cdees o

make a sloping road over which the blocks were
havled on sledges with raflers bracath them.

M
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Fach Mack was shoped and corner tested with maton’s square.

Heovy blorksy were heavled up eand rampy on ledges, over reflere

Perhiops the hardest problem vas to mate the
hase of the pyr:-miz! really squate, The emafle=t
crror in fizing the angle at any corner wonbl e
thrown the whoeles trilding ottt of shape Althonph
the huilders Icft no reearde, we mny griecs hoss
they would do this.

Ihey might mark et a lapg straiehe Tiae, Ty
stretehing a cord between two prgs ctack in the
ground. Then to each prp they would tie an eqeal

ares fro Ay fwa <pottooa o steaipht dine om0 T ihe o

Oug fatar nngle at boce wanld ruin the chaps Riphe coples com e mede by drawing squal
te wheen the aree cens

[T N
Luds e
Flumb-line ¢hacked that the Macks were set peactly npcight.

length of string, niore than half as bang o< the Fine
they had drawn. By keeping these strings stertrhed
tight and moving the ends araund, they conld
Araw parts of two perfert circles Three part-
circles we call arcs will cross each nther at two
points. When the huilder draws 2 straight lire
fetiveen these two prints, he wilt find it bicects
the nriginal fine, that is it crosses it at a right-angle,
cutting it into twe equal parts.

Scale plans were drawn on clay tablets before building began.

-
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The buitdars of ancient Fpapt checked that th

Iy hrilder ot he alide 1o mark et ripht-neles
on the far grennd 1o get his foundations suare,
To teet whether his walls are dead uprioht, he olen
needs tn mabe r?ghl»ﬂngl'_‘: in the air. For thie
pmipose, the Freptian buitders weedd the plambe
line, o daviee we still ner today 1 the plumt line
is susprnded frem the top of a wall -n thar the
weipht is free to swing, it traces an arc of a ritele
and cnmes to rest at right-angles to the gromnd,
I tevel with ir, the wall is vertieal.

Of ol waysof drrwing a ripht anple the aimpleny
i 1o vea a ser cquare, The T?m-pninn: did en Pt
firet they had tn soke rne, andd v b this thee B d

firat tn mabe A right aurled trinnots

Whe firer modn this discovery we may neoty
Yopre Pacajblv it u_w;'lwpmﬁ-v--m'ﬂ rape brotteore

whoes job jt was 1o rie rqu’rlly»r,r-\rrd Fnote in the

long repes need for measnring Srmpehewy they
formd that papging ot cortain Jenpile af yope
in the form of a timngle preduces a riphe.
anple apposite the loneest side, Taking a Trnpth

A otrbangte vith €' 34 45 teaprhe bove oorip

ie wally were bt o1 right enples to the geoand by miecoe of o pheet Hoe
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" '?"‘rllf""‘ Fimm
11t swingire, It
grozesthegscand
at sight avgples,

~tthe epore Bt rep oo beare e romlinmion

that pivee this teertt in 3 Trnpthe g |.-n_|v_yl\x and
e Venprhe Anather i- g rr ot py T entring
pieres of red Af mnch tenprhe ond By jeining

shem encl to end,

sy contd gnate a orr <qoare,
e ways el mmeaniing pond eponely frar theiy

wrtn pet pond cpongh for theze
The

forefathers,
Twilders of gient tremples anel pyv'--nir".
ey met ot 1o hoitd A sane or wenden

Yo cpnd 1 oenys My fr owif]

fremer

bt with hie men hooe
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Pert of on Fgyption meowire, with marks for frertonm

Fgyptian fracsinng wers alunys ane partof semethieg The

vign far “one part of " wns € Froctions shewn Bl

are 1110 (<) 1/ (€ TR DY end 17 (<>
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le" teacnree serte hered an tha posr vtinpg ~f 0 proa’s "“”7»

be civ poces Tong ond foor poes witts, the reof
will e a hand cpan hiph-e than the crown of myv
fead Fhe temple arehite oot not pive building
inctpmeticope in paces aned spant Every wnrkman
wneder fin mipht heve a difforont pace and epan.

Vor Trge.arale Vooid-bing thee hvE thog o be
meacite s that were 2t aey the e na nunter who
Aid the messutivg In the lvr-;w’-||yiyv(: they were
cmomenh based o the proponions of cne man's
oty prasibly a Fine's FThese epanetapl mensures
werr fised by rilers of woad o mctal.

In Fpypt the main wandard of fenprth was
the cutsit, ofien mentioned in the Bible Juwas the
lenpth of a mar’s {oreapm fram the ctbow 1o the
tip of the eutstretched midifls frecr There were
aten emaller measures: the palm, enc soventh of 3
cobit, and the Jdigit, ene guacter of a pebi,

S h emallir unite wore veer fmpartant o the
Feyptings hoernsne they e d fractiong hord e
of frartiane soch ae

hanedtle Wr o thin® o

thien fifthe, pr pine oebe Fooa foacgion 1o an

Vevpeian was ol ave oo gt od e thine 11 veas
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Muvon Frives, Toorm

not by any meone diffientt ta talk of three patms

These early measnres seem strange at first, bt
cqnatiy strange ones are still in wee, A Triton er
an American <ill measures his awn height in frer,
He sill says ‘scven inches’ 1o aveid wveing the
fraction ‘seven-tu clfths of a frar”,

At harvest time each year the priests of Foyrt
Yevied payment for their services by crlleing
taxes from the farmicre who poid in ponds. Te fic
the payment due, there bad v be standapd fors
for measnring ont prain, swine ar oif, and startqed

weiphts for weighing othes presleee,
14 r
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Tr seemie that the amonnt of 1ax depended nn the
<iz2 of the farm: the bigper the farm, the hipger
the tax. Todevy raxes, the priests therefore necded
come way of measaring area.

Perhiaps their fict clse to srea-measorement
came when r‘n\'imz the flanr ofatemple with cquare
tites. A <trip of finor six tifes long and «ix wide
needs thitty-<ix tiles (6 % 6) to caver it Annther

A rquare folds inte two
tricagles. Fach is kalf
the nren of the square,

i

:,L _«"__l e I-_I ‘A}?
Palbelisliele] o ey

T oea € Reight 1 Aeen 1€

B ad { AW . « W R " :
Refore gotheriog taxer the prietts mecsured the area of each field. Ndthaped fields were firat marked off ints triangles

r [ - Zoeltarg eyteinte tar trireptes,
) : B Froh is Palf she nren of ot ang,

strip, ton tiles lonp and frar wide npeeds forty
(153 4) Tn find the area of a sqnare or ehlong,
yor mecely mualtiply fts Jenpth by fre wideh,

Rur nat ol fetde were saquare or nblone The tax.
Fitherrr world come npen fislde that cermed all
eides and eorners. There was no wav of dividing
them inte equares, but he covld eacilv divide
them intn reiangles. 17 he knew how tn find 1he

Ve an < of ey right cngled trincel
e e af e eqene e

S reme e e

arca of a2 triangde he conld thus meacnre o fisld]
providing its sifes were all steripdy

Happily it ic only a chort seep o learn bow 1o
findd the area of 2 riangle once von b how 1o
find the arca of a squuie or an elbbong. A e
picce of linen will fold inte twe equal trisngles,
each hatf the size of the sqrare. An oblonp picee
will cut into two coqual triangles, eaclt half the <ire
of the oblong, Tocibly such simple clues gave the
priests a poide to the yole they nerded. They emwv
that we find the area of a wrianglr v muliplying
its hase (or Jenpth) by fte heipht o widehd and
dividing the answer by two.

The job of measnring the ficld- frpt the priests
Fusier than we mipht think The frmbnd of
Feypt lics in a narrow stiip nem he great River
Nile. On cither side of this fertile strip, ol s
desert. At midsummer ecach yrar the river over-
flaws its banks, watcring the nearhy land and
leaving bebind a thin layer of rich. mody soil
when the floods go down agnin. This vearly
Anoding helped the carly farmers of Epypt to

By meosuring every iriangular strp we ron find the tatnf area,

grow fine crops, but jt alse washed mway the

Sn the

koandary marks hetween their firhds
priests had to measure cach plot of 1and again and
again, year in and year out. They were pet meerely
calendar-makers and architects. Thry awere alen
the world™ first professional surveyoss

Ever since the davs of th~ Fpyprinpa, the main
wotking methad vsed by strveyors of Al ages hae
bern what they call teiapputiion When o think
ateng how muoch the catly pricet cneer yors et
bavelrarned abovt thr ahapec amd crea- o ypianptes,
we hepin tn ccr fione prnch the mmathe i ivoe of
Trrr times pained from their procric ) baos Trdpe

'

Tojr, vee cove the very word prometey me ' onp

from two Greek words, one meaning carth or Tind

and the other measurement.

Of coutse, the snrveyor meets problemes that he
cannot solve by the simple tule for findiep the
arca of the rrianple. fle cannot mark out a Grele
in strips which are cxactly triangnlar,

The early Egyptiansalmost certainly drew cinddes
by pulling a tightdy stretched cord around a fived
peg. They kiew they gnust use a long (ot 10
draw 2 large circle and a short cord to doaw 2
small ane. They knew, in fact, that the area of 2
citcle depends on the distance from its middle-
point ta its edge, or on what we now call jts ractins,

About 3,500 years ago, when the great pyramids
were already very old, an Fgyprian seribe named
Ahmrs, the Moonborn, put a rule abont this in
writing. The area of a circle is very neatly theee
and one-seventh times as great as the arca of 2
square drawn on it radivs. ‘That is, if the radius
i« 3 inches, the area of the circle is roughlv 33 %9
eqare inches. Hdw the priests made this discovery
we mav never know. In the Regtich AMusenm in
Fonden hanpe  the carefolly framed papyrus
remneenipt written by Abenee himeclf Vel

nately it pives us ne cxplanation

7
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Finding Horth and Sanh

1

i Symbnt far patiace
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Finding T2t and West

LI AP

P Cod of the Sun,
b the serpties of

GEAIZIILL B EEH 1o so i Sttt aaipety £ 4 4

Macth of the Torpic of Coner, the com’s peon ehadow Feinfs ol -

R el

nacth

A Iive deawn ae right anglay 1n the proon chadey poinfe dne smst art weer

soxd o wagt,
l‘// ey
e gagde @t Faep b e Re Tae g ey thar e
Soan pelsenmer s by oo Booee P ih
endimnnt woant fomn the sor op oL e

Zodd

At drven thic Egyprien cundiol wns et with ite erogsbar [
At rrud.dry, whren the shadow way thotsst, the del wat

Seatrered in museums arousd the orkd there are
nther early manuscripts which give us a plimpse
intn the nmthematics of Frupt, but most of aur
Enowledge comes from cxamining the ancient
buildings which still stand near the Nile.

We can tell how acenrately the pricstly architeets
conld fix direction frofn the fact that the foner
faces of certain pyramids Inck precisely toward
north, south, east and west The archirects
probably found north and enuth from the neon
chadow of some 1l cofumn Ry deveing 2 line ot
right anples to curh a shadme, they contd place
east and west as well,

There i alsn another wayv of fngding cant which
the Fgyptians mn<t have niderstood Day by dav,
the sun's rising pmilir‘n pradually changee, In
winter it rizes to the sonth of carr, in summer to
the north of cast. If you can hater the anple he-
tween its midwinter and midaimmer rising
ymﬁi'ir\nﬁ von will Frinwr what ic dne east.

By counting the days brtueen o poeasinne
when the sun reached dts mast northerly ricing

position, the Fgyptians conld meaeure the lenpehof

Af
o

% Ry

¢ towards the east. The Tongest shodow marked the sirth hnur befrre noon,
(eined yound, Stowly the shodow tengthened and marked the aftesnons hoors,

the year. At Karmak they built a temple with o fine
of calumns pointing to where the san o<z on myidh-
summer's day. Only once in 165 days did the
rising sun shine straight aleng that line.

In finding dircction and meawiring time, the
Fpyptian had only the same clnes as the huntrrs
and food-gatherers of a bygone age: the rising and
sctting  positions of sun, moon snd stars, the
shadow of the sun by day and the rotatinn of star-
Ansters aronnd the Pole Stae at night. Years of
careful reenrding, however, enabled the Fpyptian
1o make far better use of theen clues The carly
hunter looking at the Jong shadow cast hy 2 tire
coutd say at best: Tt is still early morning. The
Fgvptian, with a sun clnck which measnred the
length of a shudow falling on 2 marked strip of
wond, could ek at the chadow and say- The
<ccond hour of marning is at hand.

Here we have real science: kot many ~f the
priestly drawings of ancient Frypt show the pols
busy controlling the points of the rampass or the
hours of day and night. Alenp with real sricnce
they trailed a heavy Joad of snperstitinn,

The twelve gods of tha eipht-boure drw
the Sun Cord ¢ miet 1ma dpth s doran,




“Tuxes « [riangles” Assignment (Work in groups of 3 or 4).
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The Egyptians, in building their pvramids, needed to construct a perfect rectangular base.
With a piece of string, some thumb tacks and an A4 pad, can vou use the Egyptian

method to construct a perfect rectangie?

The tax-gatherers of ancient Egypt needed a way to fund the area of a farmer’s land in
order to collect the correct taxes for the field. We know that the area of a square is length
x breadth. Yet, what happened when a part of a farmer’s property was a (riangie?
Describe how the tax-gatherer derived the area formula for a triangle using a square to

begin with.

How could priestly architects be so accurate when determining the north, south, cast and

west directions of a pyramid’s faces?

Describe in your own words an astronomical method (astronomy implies, “with the aid of

sun, moon and stars”) for determining due east.

Hence, explain how the Egyptians determined the length of a vear and what the
agricultural significance of this actuallv was. Thus, how important was Science to the

Egyptian? (You may have to do some outside reading here.)

Special Assignment:

In all these geometric constructions and calculations, the Science of Mathematics is being

used to assist the Egyptians towards preserving their cuiture.

In groups of 4, visit the library in the afternoon and read up about ways in which Mathematics

preserves your own culture. Describe examples and even build models to illustrate the point

that Science 1s intertwined in the tapestry ot our culture.

lutlpiece:

Should vou have a special interest in Egyptology then research further and focus particularly

upon the circumstances surrounding the interpretation of hieroglyphics revealed via the




ROSETTA stone. Note that the person responsible for describing the characters was Jean

Frangois Champollion in 1828.




UNIT 5 THE SCIENTIFIC METHOD : A STUDY OF THE PROCESSES OF
SCIENCE

General Comment

Today, we will learn about the processes of Science by doing an experiment.
Qutcome
The learner must be able to use process skills to determine which factor(s) are responsible for

the time of swing of a penduium.

Assessment Criteria. (This is what vou will be judged upon.)

Learners are to conduct a focused investigation in which they can:

[——

identify contributing factors from the literature.

S

tormulate hypotheses (ie educated guesses of factors which may be involved)

G

make predictions

4. implement plans of action
5. collect and record evidence
6. analyse evidence

7. interpret conclusions

8. communicate conciusions.

The Experimental Approach

Most investigations begin with a research question. The one [ have selected for you is:

WHAT FACTOR(S) WILL INFLUENCE THE TIME OF SWING OF A
PENDULUM?




In groups of three, brainstorm what vou think is the possible sequence of procedures and list

them below:

- PROCEDURE COMMENT IF NECESSARY 1

Sequence of Procedures

Step 1 Reading possible sources of information

Very often what is required of vou in a practical investigation is neatly recorded in reference
books, for example, encvclopaedias, Science textbooks, Science magazines, books of general

scientific interest etc ...

To assist vou for the moment, I have selected an apprpriate reading which provides valuable

clues as to what these “factors” might be. It is vour task to read through the article and

extract possible factors responsible for the time of swing of a pendulum. Note that in future

vou may be called upon to locate your own reference articles. For the moment, however, read

the article: Graphs & Gravity by Lancelot Hogben (1955).

Reference: Hogben, L. (1955) MAN MUST MEASURE: THE WONDERFUL WORLD OF
MATHEMATICS. London: Rathbone Books.
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Graphs and Gravity

' oLUMBUS and Drake, Vespucci and Mageilan, and all the other
great sea-caprains whose ships opened up new easr-west

e Sed-anes across the Adantic, were taced with one problem that

sometimes proved a matter of life or death - the problem of fnding
‘ongitude. Long atter the Juys of these pioneers, one caprtain, vhen
aimost within reach of the island for which he was bound, imagined
that he had sailed too far west and passed his obiecrive. He then sailed
2ast for three hundred miles berore reaiising ais mistake and uraing
westward once more. During the wvasted vovage of six tundred miies
many of ais crew died of hunger or scurvy.

3erore there were new and casier metheds of dnding longitude, the
explorer-mariner had no means of locating the positions oI ports
accurately on his map. To fix vour longitude, vou need 1o know the
rime where you are and to compare it with the rime at some other fixed
nomnt. Bv comparing the times when eclipses of the moon were visible
at different places, the geographer Ptolemy of Alexandria was able to
qx, roughly, the longitude of some half-dozen places. Mosiem
astronomers and geograpners knew the longitude of perhaps a score of
towns. This was a great gain; bur the caprain of an ocean-going ship
needs a way of fixing the longitude of any place at any time, and for
this he must have dependable and accurate tume-keeping instruments.
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TioLartv ume-<eecers, ne Ajacle Ages auged only crude ciocks.

5o Ame ot isepvert,

ath chins coessing ee
Lrid. o Ten chereror: newaad ToOMeasiure iUy

A scconds aceurately. Vor this purpese crude
vavhr-driven clocks such s churches and monas-
cries had instailed during the four orevious

onturies vers of 10 more use than Lhe candle-

Smeothe upe nd che wur

cuen cne osnceat wvorld  denended.

i o time vas osiscovorod
vhen 1 oune Datlan medical

vitched 1 lamp swinging co snd oo Pig
~othedral Vimung ts moton by the Teat of s
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cangth determines the time of swing.
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A iwinging aftar-amb Jave i ciye 1o the ‘aw of the erdulurt.

puise, Galileo found that ail swings, whether wide
OF NArrow, tOOK iiic same ume.

Later on, when Galilco gave up the study of
miedicine to oke up mathematics and phvsics. e
used a4 home-made wvater-clock to check the
accuracy of this vbservation. "While o nenduium was
swinging, he allowed water 1o How from a hole at
rhe bottom ot 4 farze vessel and fall into 1 smail
ane beiow it If the weight of water *hat ~ccaped
JUCING TWO SCRArate LVINGS Was e same, a0 <new

that Soth had uiken an cgual fime.

s cnperiments <oved that fae N
depends ondy on e fengdy of the peauuium. To

double the ume of ,wing vou must mgke vour
penduium four times as long; o treble the time of
SWING wou must make rour fendulum nine umes
as long. The length of the penduium vartes in the
same ratio as the square of the time of swing. We
now know that this rule, while correct for narrow
swings, s not quite accurate when the penduluin
swings through a very wide arc. [n 1657 the Dutch
screnust, Fuvgens, made use of Galiico's discovery
(0 produce accurate pendulum-cegualated clogxs,
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Zne second

Two seconds

Dropping wetghts jrom a heignt. Talileo
broved that heavy things und jight ones
fail at the same speed. The fartner any
weignt ‘alls the more speed it sathers.
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Threa seconds

-
=
.

ad

is g call coileg jown o siape, Gulileo .negsured is Jccetaration witn 3 ~ater-device.

Serore Galileo’s dme, peopie delleved -hat the
aeavier in opject was, .ne Jaster it wouid fail.

Gailleo’s denduium :xperiments, however, dis-
aroved thus. For e found that the weighrt of the
20D at the botzom of the pencuium has no effect on
the time of swing. To sertle the marter beyond
dispute, he dropped two different weights simul-
taneousiv from the Leaning Tower of Pisa. Both
the neavy one and the light one hit the ground at
the same instant.

Galileo recognised that both weights increased
their speed, or accelerated, as they feil. In his day
there were no stop-warches for spiit-second
dming. So he found it impossible to measure the
accelergdon directlv. He reaiised, however, that
gravity acts on a ball roiling down a slope just as it
acts on a failing weight; Hut :ae siope itseif then
siows down the speed of the bail, He therefore

Cixteenth-century effort to apply mathematics ‘o -ange-finaing,
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LITOan ampretely chve iyt alised warrira, Jace- Ealtet gl HF T

2iled 1 tail down a sioming soara and iimed itas
ne- aaa amed e swing of e penduium.

JJe sund mat aowo econds the Bail roils Your
SIS IS 3 IS 0 oone secrnd: inoives seconds it
70ils NIne UINCS 48 (ar as inone second. The distance
it rolls varies in the same ratio as the square of the
time it rolls.

This discovery makes it possible to work out the
wad of gath a cannon-nall foilows as it hurdes
through the air. At the tnstant it leaves the mouth
of the cannon, it would move in a straight line
pointing in the same direction as the zun-barrel, if
there "vere no force of zravity to puil it downwards
at a uniformiy increasing rate. 3ut because of the
»ull of ravity, it travels along the kind of curve
which ve zzil a parabota.

erore the tume of Gailieo, mathematicians had
tried, without mucn success, 0 advise the artiilery-
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thot “iling faster and faster from course, travels m g curve.

e n D piiteps, maage tasy Cirgets for the new weapon.

nan ioout 2ow o decide the correct clevation for
e zgnon vipen ke inew e listance of the
-arzet. “Vhen it vas oossible to understand how
rravity affects the dight of tne cannon-bail, it was
2150 Dossible to work out tatics of cievauon, Sased
on the distance of the target. This distance,
together with the speed of the ball, decides how
long the bail wiil be in 8ight and hence how long
the torce of graviry will be acting on 1t.

In the seventeenth century, miiitary cngineers
rrained in mathematics designed new fortifications
to withstand attack Oy cannon. Low-ouilt forts
orotected by carthworks repiaced hillside fortresses
wiich enaoled :he defenders of zariier times to fire
down on their attackers. The new ones contronted
the attackers with a more difficuir targer, whiie the
desenders, ‘¥ith cannons Diaced low. could answer
hetr dre as erfecavery as Jrom a height,

<anwiedoe of cancon-outl’s satp e wed system of ,’ortl,"icq!t"/n.




Step 2 Making hvpotheses (ie guesses as to what factors may be involved)

Now although vou may have found factors recorded by other researchers in the literature, it

very otten differs slightly from your investigative demands.

Thus, vou are forced to take what you have read and guess what mav be responsible for the

time of swing. Try and formulate these so-called educated guesses or “hypotheses”.

RECORD THE POSSIBLE VARIABLES BELOW:

(D :

¢ What do you
Y .~ understand by a
‘ variable?
(3) 5
STEP 3 - Making predictions

You must now think practically and predict (say in advance) what will happen when vou try
various experimental procedures. For example, what do vou think will happen when vou

varv the mass of the bobs?

IN THE SPACE BELOW. RECORD YOUR PREDICTIONS IN WORDS




Step 4 : Decide on an experimental desien and implement

Design an expeniment that would be suitable to determine the factors intluencing the time of

swing of a pendulum. Do 1t in the following way:

LIST OF APPARATUS TO BE USED

DIAGRAM OF ARRANGEMENT OF APPARATUS

SUMMARY OF KEY POINTS TO BE FOLLOWED WHEN DOING THE
EXPERIMENT




Once you have done this, select another independent variable other than length of the
pendulum. This variable may now be tested. Tabulate your resulits in the table below.

VARIABLES j
INDEPENDENT DEPENDENT REMAINING ‘
VARIABLE 11 VARIABLE I CONSTANT
THROUGHOCUT l
1.
TRIAL I = |
| 3. :
1.
2,
TRIALIT | R
i D,
! i |
L |
! L
TRIAL I P j
| 3. (
VARIABLES
INDEPENDENT DEPENDENT REMAINING
VARIABLE III VARJABLE I CONSTANT
THRQUGHOUT
1.
2 i
TRIAL T s |
| 3. ;
!
| 2.
TRIAL 11 3
1.
o)
TRIAL III =
3.




NOTE: Remember that vou are only allowed to change one variable at a time while
keeping the other variables constant. (This is a vital part of the experiement.
Should vou not understant what 1s being said, discuss the issue with vour mates and
trv and figure it out together.)

Sten 3: Collection and recording of evidence

To concisely record measurements, we make use of tables (ie we tabulate the results).

Sltampte!
. INDEPENDENT . DEPENDENT VARIABLES
| VARIABLE I VARIABLE | REMAINING
 Lenth of pendulum in | Time of swing in | CONSTANT ‘
| metres ' seconds THROUGHOUT !
: L » !
|
12 i :
TRIALI ’ ; - ; |
3 1
1.
2.
TRIAL I1 .
2.
1.
2
TRIAL III -
3.

What do vou understand by dependent and independent variables?

INDEPENDENT VARIABLE: 1s one in which, for each set ot tnal runs, the length of
the pendulum will not change.

DEPENDENT VARIABLE: 1s one in which, for each set of trial runs, the time of
swing will depend on some other factor, namely, the
length of the pendulum.

QUESTION
You will notice that in each trial you have to repeat the experiment at least taree times. Why
do you think this is necessary?

ANSWER:




Steps 6. 7 & §: Analvse Data, conclude and comment

When all of vour experiments are complete then look at your data and decide with vour
friends what the data is revealing (1e saying to you). Look carefully for the trends (patterns)

and then decide upon a comclusion which must answer the question:

WHAT FACTOR(S) WILL INFLUENCE THE TIME OF SWING OF AW"

PENDULUM? l

CONCLUSION

Additional comment: In a couple of sentences communicate the resuits of your experiments
to another scientist explaining a few of the difficulties which vou
experienced.




ASSESSMENT SHEET

EXPERIMENT: FACTORS INFLUENCING THE TIME OF SWING OF A
PENDULUM
LEARNER ASSESSED:

PERSON(S) RESPONSIBLE FOR ASSESSMENT:

USING THE SCALE:

E 0 ; 1 ! 2 3 4 3 |
- Non- . Poor  Fair - Good | Very | Excellent
|_existent g | . Good | |

Assign a rating figure and decide on how you think you, your peer or your learner measured

up to the various criteria listed in the table.

| Criterion being assessed | Scale Criterion being assessed | Scale
| Rating | Rating
- 1. Learner’s ability to 4. Learner’s ability to
. identify possible impiement plan of |
i factor influencing time action.
. of swing of pendulum
. after reading aruicle 5. Learner’s abiiity to |
| collect and record |
| evidence. ]
4. Learner’s ability to 6. Learner’s ability to |
formulate hypothesis. analyse data
7. Learner’s ability to
interpret conclusions.
3. Leamner’s ability to - | 8. Learner’s ability to
make predictions. | | communicate
| | | conclusions.




THE SKILL WHEEL :

SELF-ASSESSMENT

When you feel confident that you have in fact mastered a skiil, colour it in on the Skill

Wheel. Do not cheat since you are only fooling yourself and will be exposed later on when
tested.
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Module : Measurement — Equations — Rauo & Proportion

General Comment

This module is to be broken down into three units: Measurement — Equations — Ratio &

Proportion.
Combining these skills, vou will be expected to determine the height of rugby goal posts
which is an example of how Mathematics may be used to better understand the environment

in which we live.

Module outcome

The learner must be able to applv the skills of measurement, use of equations and the

techmique of ratio and proportion to determine the height of rugby goal posts.

Assessment criteria

Learners are to show work in which:

1) problems are identified;

2) the skills of equations, ratio and proportion and measurement are to be selected;
3) the problem is to be evaluated and innovative ideas are to be generated,;

4) decisions are to be made;

3) possible plans of action are to be communicated.




Unit:  Measurement and units of length

General comment

A person who has a skill is very good at doing something. The athlete in the cartoon has a

skiil. She can jump higher than most people.

Ll i

Lo Lo bodeslo o lonslso b dun

-

In Science, many skills are needed. Like a high jumper, you will have to practise these skills

until you can cope with them. In this section you will learn the skills of measurement and use

of appropriate units.

The judge in the cartoon has to measure accurately for medals may depend on it. In Science

it is important to be able to read scales accurately. Solving a problem usually relies upon it.

Qutcomes

1) The learner must be able to read off certain prescribed lengths when presented with

diagrams of ruler(???) and metre rules.

2) The learner must be able to measure certain lengths using a ruler to the nearest millimetre.




Assignment
Try the following in your working groups. Use the metre ruler and rulers you have at vour

disposal.

Questions
A What part of a metre is one centimetre?

HINT: HOW MANY RUNS ARE THERE IN A CENTURY?

2 What part of a metre is one decimetre?
HINT: DECA IN LATIN MEANS TEN.
3) What part of a metre is one millimetre?
HINT: A MILLIPEDE IS SAID TO HAVE A THOUSAND LEGS.
4) Consider the figure
5)
}4 DECIMETRE g

H 1 DECIMETRE = 10 CENTIMETRES
CENTIMETRE

In tigure A rank the units millimetre, centimetre and decimentre in order of size (ie

largest to smallest).

5) Consider figure B

A AA X Y

os}
O
m
¢!




(1) What 1s the distance from X to Y in centimetres?

(11)  What 1s the distance from A to B in centimetres?

(i11)  What is the distance in centimetres between A and C?
(tv)  What is the distance from A to D?

6) Find the distance between each of the following sets of points:

(1 Aand E
(11) Aand F
(i1)  Aand G.

-~

7y Consider the tigure below:

Find the distance in centimetres between each of the following sets of points:

Aand H
AandJ




Assionment: Measurement using Rulers

Measure each of the following lines accurately to the nearest millimetre.

(2)

(3)

(4)

(D)

(3)




UNIT ON ALGEBRAIC EQUATIONS

General Comment

This unit on algebraic equations will serve as a tool which vou will surely need to study

Science effectively, as physicists, for example, are always using formulae.

[ have not included any outcome here, but have expressed objectives. Read these carefuily as
thev will tell vou exactly what you must be able to do at the end of the umt. Should vou not

be able to do the unit then speak up.

Objectives

1) After viewing a drawing of a balance, the learner must be able to solve pictorial equations
by moving bags of unknowns and discs from the LHS to the RHS of the balance or vice

versa.

2) The leamer must be able to convert a pictorial equation to a proper algebraic expression

of the equation and then solve algebraically.

3) The learner must be able to solve a simple equation by inspection, ie without

manipulation.

4) The learner must be abie to solve for unknown ‘¥’ using the additive inverse.

5) The learner must be able to solve for unknown ‘y” using the multiplicative inverse.

6) The learner must be able to change the subject of a formula.

NOTE: The arttainment of these objectives can be assessed when learners provide

written evidence of their activities.

Reference used
Howat, R.D., Muilan, E.C H., Nisbet, K. er a/ (1986). Mathematics in action. London:

Blackie and Son Limited.




Pictorial Equations & Their Aleebraic Equations

(hH Pictorial Equations Algebraic Expression of Equations
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Algebraic Expression of Equations
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Pictorial Equations
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SOLVING WITHOUT THE AID OF THE PICTURES

Do vou remember your primary school work with equations. Do the following examples by

writing down your answer.

[UP]

100

30
A
12+D

12 + D ; Boxes to be equal.

Now instead of the blocks D and triangles A to represent the unknowns, we use letters

of the alphabet. Anvone may be used, but traditionally 7 1s the most popular.

Solving for 7 by using the additive inverse
Check

11

x5




i) dy = 20 Check

2) by +6=y-22 Check

EXERCISE 1. (ADDITIVE INVERSE)

Solve for y in each case supporting your answer with a check:

1) x+5=3 5) 4y + 6 = 3y -6

2) S¢=4x-6 6) 2y 3 =y -1

3) xX=3=-5 7 X=X 2+ 3y =3(-3)(3)




4) Sy=d=2y-3 3) 6y =Ty = 6(7)

EXERCISE II: MULTIPLICATIVE INVERSE

Solve for x using the multiplicative inverse

1) =7 3)
2

2 3y =12 6)
4

3) 3=9
b4

4) 3¢ -2 =37+ 6

CHANGING THE SUBJECT OF THE FORMULA

Express -~ in terms of 7:

a) X =3y b)
c) A= 3-7 d)
c) X = 3 -y d)

N
It

~2 U2




EXERCISE

In each case, make the letter between brackets the subject of the formuia:

c)

d)

€)

f)

A =1 bh..
2
C=2nr
A =1xb
A=lh(a+b)
2
R=V.
I

.. th)

(1)

.. (b)

.. (h)

(D

.. (h)




3

4)

A

6)

7

Enrichment Fxercise
The formula for converting temperatures measured on °C to °F is

°C=5(F-32
9

a) Make F the subject of the formula
b) Convert a temperature of 5°C to F,

Manipulate each of the following formulae to make D the subject of the formula:

h

a) L=3D+X b) D =3L <) A=aD"
4 R

4

V =1 7 r"his the formula used to calculate the volume of a cone. Manipulate the
3

=

the formula to make:

a) r the subject of the formula;
b) h the subject of the formula.

The acceleration of a motor car can be calculated by using the formula Q = V-u

1
Manipulate the formula to make t (time) the subject of the formula.

Write down an algebraic equation for the breadth (B) of a rectangle if the length (L) is
5 times greater than the breadth.
The kinetic energy of an object is a measure of the work an object can do by virtue of

its motion. The formula is: EK = 1 mv*. Manipulate the formula to make:
2

a) m (mass) the subject of the formula
b) v (velocity) the subject of the formula.

The formula for mechanical work done 1s W = Fxd.
Manipulate the formula to make F (force) the subject.




3)

10)

The total resistance of resistors connected in parallel in a circuit is given by:

Loy

1 1 1
RT R i R, R 3

Make R, the subject of the formula.

The equation for the conservation of energy in a transformer is: VI, = V.
Manipulate the formula to make:
a) V, (voltage in primary) the subject;

b) I; (current in secondary) the subject.

The following relationship exists for a transformer which does not lose energy in the
form of heat or any other kind of energy:

<<
™~
1

N is the number of times in the secondary coil. Manipuliate the formula to make N, the
subject.




SCIENCE TEST: CLASS 8Z FEBRUARY 1998

Write an account of no more than a page on the ways in which Science has influenced your

culture.

You may use all resource books, (eg encvclopedias, journals, reference books), vourseif or
opinions of members of your community as references. Remember to mention the source in

brackets after the name of the author, if applicable.

The test is a criterion-references test. This means that vour performance will be based upon

the following critenia:
1) Ability to have identified new ideas.
2) Ability to have consulted reference books.

5) Abulity to have used correct grammar and spelling.

Your performance will be expressed as a percentage depending on how well vou have met my

criteria.

The test should be about 20 minutes and will be written without the aid of notes.




Unit : Ratio and Proportion

Genperal Comment

Ratio and Proportion is a crucial technique in Science for it helps the Scientist in manv ways.
[or example, 1n the conversion of Physics units such as a velocity in Kin to m; it assists in

n S

scaling of axes when drawing straight line graphs and in the drawing of bar graphs and pie

charts as you will discover in the next module. Ratio and Proportion is truly a big aily.

Obiectives

1) The learner must be able to express the lengths of lines in terms of a ratio in its simplest

form.

2) The learner must be able to divide a certain quantity (eg mass, calories, length, time) into

a ratio.

3) The learner must be able to determine by calculation the unknown quantities when using

the method of direct proportion.




Assignment

A ; B ; C (A ratio)

Fill vour answers in the blocks provided. Are the figures (1e the ratio) in their simplest form?

If not, then what can vou do to reduce the ratio to its simplest form? Work in the space

below.




Challenge:  Try the following using your own methods.

Calculations involving ratios -

The kilogram, as we will see later, is the unit of mass. For a particular experiment vou mayv

wish to divide 20kg of mercury in the ratio of 3:2. What will be the respective masses

involved?

Diaggram to assist vou

3 PARTS 2PARTS

20 Kg OF MERCURY IN TOTAL

Working




When vou have figured out a way to divide the 20 kg of mercury, trv out vour method in the

tollowing examples:

(1) Divide 16m in the ratio 3:1
(1)  Divide 34s in the ration 3:]
titi)  Divide 60kg in the ratio 3:1

Do these examples on a separate sheet of paper.

Now, irv a more challenging example:

1 kilogram of alloy is made up of copper. tin and nickel in the ratio 2:5.3. How many grams

of 2ach metal are there in the alloy?

Working




In a sciennfic experiment, Suzy wishes to measure the height of a poplar tree after 2 years of
growth. She measures the trees as shown, but the poplar tree exceeds the length of her 10m

long tape.

Suzy therefore ussumed that the poplar tree grew in proportion to the birch tree. Using this

assumption can vou further help Suzy to find the height of the poplar?

Thus, design a method and explain how vou would overcome the problem showing how you

arrived at vour answer.




Direct Proportion

Consider the following experiment conducted by Suzy.
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A more standardized method

Do the examples with vour teacher

(hH A leamer produces about 65 calonies of heat per hour while sleeping. How many

calories does the learner produce if he sleeps from 22h00 to 06h00?

(2)  Try this example on your own
An office clerk produces about 170 calories of heat per hour while sitting at her desk.

How many calories does she produce during an 8-hour working day?




Direct Proportion Exercise

Trv these examples for size

(

J—

1)

Under normal conditions, your heart beats about 72 times every minute. About how

many times does vour heart beat during:

a) 60 seconds?
b) a 24-hour day?
¢) a363>-dayv vear?

d) an 80-vear lifetime?

The mass of an adult is about 30 E  Eimes the mass of his brain. If the mass of a

man’s brain i1s 2,3kg, what is the mass of his body?

The bodv of a 160kg man consists of about 105kg oxvgen, 29kg carbon, 16kg

hydrogen, while the remainder consists ot various other elements.

a) how many kilograms of other elements does the man’s body contain?

b) express, in its simpiest form, the ratio between the man’s hydrogen content and his

total mass.

c) express, in its simplest form, the ratio between the man’s carbon content and his

total mass.

d) express, in its simplest form, the ratio between the man’s oxygen content and his

total mass.




Module Assignment

For this assignment : measurement, equations and ratio and proportion are all skills which

vou will find useful.

The challenge is to determine the height of rugby goal posts without actually climbing up the

posts and physically measuring them.

The only clue which [ will give you is this small extract from: P. Mav’s book: lecaching

Children through the Environment (page 214).

The height of a tall building or a tree can sometimes be
measured on a sunny day by using the principle of ratio. A stick
is planted in the ground and the shadow it casts is measured.
Suppose the stick protrudes one metre above the ground and its
shadow 1s two metres long. This gives a ratio of 1 to 2, and it
will be the same for lamp-posts, tower-blocks or oak trees,
provided that their measurements are taken at the same time of
day as those of the stick. Their heights, too, can then be
calculated.

Instructions:

(1) Form your working groups.
(2) Go to the rugby field with note pads, calculators and metre rules in hand and

determine the height of the rugby goal posts.

Reterence consulted for module:

(1 Bateman, R., & Lidstone, P. (1984). Steps in Science (Book 1). Lockhampton:
Stanley Thornes.

(2) Burkman, E., Darrow, S.P, Redfield, D.D., & Snyder, W.R. (nd). The natural world
modules: Resource book. New Jersey: Silver Burdett Company.

(3)  Mays, P. (1985). Teaching children through the environment. London: Hodder &
Stoughton.
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From vour previous work:

Take a look at the diagram above and explain: What is mass and what are its units”

......................................................................................................................................................
......................................................................................................................................................

Consider the beam:

......................................................................................................................................................

......................................................................................................................................................




“What will happen to the see-saw below?

......................................................................................................................................................
.......................................................................................................................................................

......................................................................................................................................................

““olume and its uniis

(Consider the giant white cube at the front of the class. The walls or the cube enciose a certain
space. What do we call thiS SPACE7....cii ittt e e

How can we find the s1ze of this SPace?.... .ottt e

......................................................................................................................................................




DENSITY

Introduction

In the previous section on mass and volume vou noticed that 1kg of feathers on one side of the
see-saw will be balanced by 1kg of lead on the other side. The difference, however, is that a lkg

bar of lead would be about the size of a bar of chocolate whereas 1kg of feathers would fill a
huge pillow.

The lead packs its 1kg mass into a much smaller volume than the feathers. We say that lead is
more dense than the feathers.

LEAD

......................................................................................................................................................
......................................................................................................................................................

......................................................................................................................................................

.....................................................................................................................

This means in equation form:

Units of density

The SI (System International) unit of mass is the kilogram while the SI unit of volume is the
cubic metre (......... ) . The SI unit of density is a combination of the two, namely,

. . 3 .
For convenience, we tend to use the gram as the unit of mass and the cm as a unit of volume.




Thus, if density 1s mass per unit volume, it follows then that density speaks of what mass of
substance (how much matter) is there in a certain volume. For example, 1f mercury has a density
of 13 g/cn% then explain what this means?

......................................................................................................................................................

...........................................................................................................................................................




During the course of this lesson and the next we will have an opportunity to engage in science

experiments explonng the concept density. In addition, we will learn how to go about doing an
experiment and a method to record results.

The teacher will show you a number of objects at the front of the classroom. These objects wiil

be placed in water. Some will sink while others wiil float. Try to decide why these objects are
bebaving the way they do.

EXPE 1?2

Divide yourseives into groups of three. Go to a work station and determine the densities of the
objects which vou are provided with. Name these objects and find experimental information which
will assist you towards determining the densities of the objects. Establish in the process
whether or not the objects will sink or float.

A particular challenge which you may find interesting is to find the density of water as well.
The other objects you have been dealing with are all solids. Water is a liquid. Can you think of a
way 10 {ind its density? (It is no good trying to displace water with water).

During your experiment you will have to decide on a method to record your information so that

it is concise and easily interpreted for the purposes of calculation This is the process skill of
recording which scientists use extensively.




aAgs
%

MATERIAL | MASS/s | YOLUME/ | DENSITY/ | SINKOR
cm?® 3 FLOAT?

1.

2

4

5

5.

3,

9,

10.

1.

[NTERPRETATION OF DATA (What does it all o~

Now plet a graph of MASS vs VOLUME and next to each point:

write an S if the object sinks in water
write an F if the object floats in water

write W if the object is water.

When you have done this discuss with your group what the results are possibly showing. From
these results can you explain why some objects will sink while others will float in water?

4-4-11-1-




Water and densitv in nature

The following article is adapted from Flexing hyarogen bonds help water bend the rules.
It was reported by Jeff Hecht in New Scienrist of 2nd March 1996. The article explains how

density and water combine in a very unique way making life in aquatic environments in northerly
climates possible.

Water 1s the most familiar liquid on Earth, but also one of the most mysterious in that ice

(the solid form of water) floats on water which is a liquid. Most solids are more dense than
their liquid forms.

This property of ice floating on water say researchers at Texas Tech University in
Lubbock, may be attributed to the fact that water expands as the temperature drops from

4:C to freezing (at 0°C). What do you think this does to the density of water from £C 1o
0C?

Most liquids expand as they become warmer. Above 4°C, water behaves in the same way.
et the strange reversal of this behaviour that occurs near the freezing point of water 1s
very important to plant and animal life in water. If cold water was not more dense than ice.
ponds and lakes would freeze solid from the bottom, rather than evidence a floating layer

of surface ice. Hence, life forms in ponds, rivers and lakes in winter-time in colder climates
would not be possible.

Water has several other peculiarities. It remains liquid at much higher temperatures than

comparable substances and unlike other liquids, it is not as thick (viscous) at high
pressures.

ASSIGNMENT
Explain in your own words:
(1).  Why does ice float on water?

(2).  Why is this extemely important for animal/plant life which live in a river in a cold
country like Canada m nmud-winter?

Your answers for (1) and (2) combined must not exceed a page of average hand writing.

The total for this assignment wiil be 25. The criteria can be negotiated with your teacher.

.....................................................................................................................................................




Densitv and Caicuiations Concerning Densitv

Generai Comment

In the last two periods we have been discussing the concept of density. An experiment has been
serformed and you have had the opportunity to do the write- up.

The important idea is that:

if 2 body is of smail mass and large volume then the density is ...ccccceeveusee

If a body is of large mass and small volume then the density is .cceeeenene

Scientists tend to relate mass, volume and density in terms of an equation or formula. This heips

them summarise the concept of density very concisely.

The density formula is therefore given by:

Density = Mass
Volume

Example illustrating the use of this formula:

2
Calculate the density of glass if the mass of a glass cube is 67,5g and has 2 volume of 27cm.




The approach we have just used is pertectly well and good until we know the density and
volume, say, but are asked to find the mass. This means that you must make m the subject of the
formula. To assist you, T have developed a little device which we will call a memory triangle.

“urther exampies:
. : ‘ > .
(1).  The density of sea-water is 1,026 g/cm‘? . Calculate the mass of a 1000cm of sea-water.

(2).  The mass of a piece of wood 1s 27g and its density is c>,54g/cm3 . Calculate the volume of
the piece of wood.

Exercise:

(1).  Calculate the density of suiphur if 12crr% of it has a mass of 24g.
2

(2).  Caiculate the mass of 40cii of copper if its density is 8.9g/cm3.

(3). A rectangular silver block is 30mm in length, 20mm in breadth and 10mm high. Its mass
is 63g. Calculate the density of silver.

(4).  The mass of an empty glass beaker is 51.3g. With 30ml of paraffin in the beaker, the mass
is now 93,9¢g. Calculate the mass of the paraffin and then its density. Hint:Iml = lcnt.

CHALLENGE

Explain in no more than a couple of paragraphs why ice floats on water.




Grade 8 Test: Density

Instructions

Attempt all the questions including the bonus question at the end.
Question 1

Consider the table of densities of materials:

Matenal Density
empty space 0g/cm3
polystyrene 0.1g/ cm’
cork 0.2g/cm’
wood 0.6g/cm®
water lg/ cm®
stone -3 g/cm;
iron 7g/cm3
lead 11g/ent
gold 19g/cm®
osmium 23 g/cm3

(i).  How dense are you? Make a guess, remembering that you just float in water. (1)

(ii).  Write down which of the following you would expect to float in water: gold, cork, iron,

wood, orange peel. Explain why. 8)
(iif),. ~Mercury is-a shiny, runny metal with a density of 13g/cm3. Explain in your own words

what 13g/ent actually means. @)
Question 2

During an experiment a friend of yours shouts out: *“ A dense thing is where a small mass is
crammed into a /arge volume.”

In a couple of short sentences mention what you will say to your friend in response to his
statement. ()




Question 3
Do the following calculations. You will need your calculators.
().  Calculate the mass of 4Ocm3 of copper if its density is 8.9gcm5. (5)

(1).  The mass of an empty glass beaker is 51.3g. With 50ml of paraffin in the
beaker, the mass is now 93,9g. Calculate the mass of the paraffin and then its density.

(7
Question 4: Bonus Question

Read the following story and then answer the question which follows:

Once upon a time there was a Greek scientist who liked to think in the bath. His name was

Archimedes (say “Arkymeedeez”). He lived in Syracuse, and because he didn’t have a bath
o1 his own he used to go along to the public baths in town.

One morning he sat there worrying. The king had come to him the night before with a
problem. “Arky, you’re a bit of a genius. You keep inventing pumps and things. How can I
find out if my new crown is pure gold? I gave the royal crownmaker a block of pure gold,
but I think he may have pinched part of the gold and mixed in some of the other metal to
make up the mass. How can I find out? Better still, how can you find out?

He wasn’t as dense as he looked...

Archimedes scrubbed the back of his neck, deep in thought and soapy water. He could
measure the mass of the crown. He could borrow from the king a block of pure gold of the
same mass. Now if the crown were pure goid it would have the same volume as the biock.

He could easily measure the volume of the block. But how could he possibly measure the
volume of the fancy and elegant crown? And then he did something skullbendingly

brlliant...

...He dropped the soap.

uesti

D How did dropping the soap help Archimedes solve the problem of finding the volume of
the crown? 3)

(2).  Describe an experiment (using modern laboratory equipment) to determine the density
of the crown. (4)

Total: 30 marks ~




APPENDIX D

Sample of learner assignments from “Science & Scientists” lesson unit.
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APPENDIX E

Errors in equations and poor presentatton.
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Science Test [ Contributions
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APPENDIX G

Letter




26 February 1998

Dear Parents of Grade 8Z Science pupils

We are aiways looking at umproved approaches to teaching. Last year we decided to implement a pilot
scheme in the teaching of Science to Grade 8Z (Standard 6Z) by Mr Warren Wiikinson, a Masters
student ‘n Education, who is teaching in conjunction -vith our own{r Robinson.. Mr Wilkinson is
=ving o 2ive Hupils 2 better understanding of what Science s and how scienusts 20 about their work
and :he impact which Sclence has on society, as weil as cnabling pupils 0 conduct their own
investigations and developing the appropriate skills.

We are aware that a couple ot problems have arisen due to the ambitious expectations of Mr Wilkinson,
and these are in the process of being addressed. We are monitoring the situation closelv and can assure
vou chat the normal Grade 8 svilabus wiil be covered by the Grade SZ class (albeit from a different
nerspective), so that these pupils may move forward to Grade 9 in the usual way. The marks ot Grade
8Z will aiso be comparapie or detter in the first ierm than the other mixed-aoiiity Grade 3 ciasses.

M rROBINSONIs involved with Mr Wilkinson in the ciassroom and will give us continual ‘feedback on
tne progress of this pilot scheme which will remain under constant review.

Yours sincerely

HEADMASTER HEAD OF SCIENC

ti1




APPENDIX H

The Grade 8 Course Notes of Mtunzini§ Parts of an electric Circuit




Tie parts of an eleciric cirenit: Their aames. and svmpois

Se

r

f vou can name the following narts and give thetr symbols

| plcture of etectrical apparar

|
|
|

N
B symbol of siectricai apparatus
.VJ
Z
R
£ 4 |
P |

L

Qo




e

by

Apparatus

Electrical

Oof

2icture

\\._\, ==t




Electricity - Magic at vour finger tips

Just think how vou used electricity today. Were You awakened by an eleciric alarm clock? Dig

your ather shave with an electric razor? Did your mother make toast with ap electric roaster?

D1d vou watch television before going to school? Did vou aver

S10p 10 "vonder what makas vour
doorseil and telepnone work?

Think of ail the things in the world that clectricity makes "VorK, and vou wiil ses why anvone
might use *he word “magic” for it.

318 ave a theorv about the aature of slectricity. Betere we <40 dnderstand electricity,
-UWaVer, Ve must !irst discuss the make-up of materiais such s eleciric wires. These wires are
Tace up of atoms which are {urther made up of smailer »articles cailed eiectrons, protons,
neurons, and many others.

Ty sempy
Lol

Sclentists believe that electricity is made up of electrons that are part of ail material. When we
3et these eiectrons to move, we have an efectric current - electrigity.

So what makes these electrons move?

The answer ‘s 3 POWer source such as generators or simple torch cells. The electricity - or moving
=lectrons - is pushed through wires and makes bulbs glow, for 2xampie.

(1).  Name 5 pieces of equipment which use electricity.

(2).  Explainin your own words why a buib glows when connected in an electric circuit,

W




\E:

wonnect up the oilowing circuits and answer the questions which foilow

Cireuit 1:

i
|
1
a @
1 ]
Yt harn

~acoens o the zlobe?

Clreudt T

Compare to circuit | and expiain what happens to the globe?

Cirenit 3:

&)

Compare to circuit 2 and explain what happens to the globe?

Conciusion:

Alatrsr avelninm wwhnt malrao tha alnhe chines in aarh raas?




Circuits in series and narailed

Task:

Connect up the following circuits and answer the questions which ‘ollow:

Cirenit 1

r~

Trouit o

Questions
What do we cail circuit | and curcuit 27
In which circuit are the lamps brighter?

Expiain “vhy vou think this should be 507

W
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See if vou can name the following narts

The narts of an alectric circuit: Their names and svmbols

cleure of electricai apparai|

— s

< m

.

MR M

and give their symbois

A\

b
‘, symbol of siectricai apparatus

|
|
|

e ¢

L
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Flectricitv - Magic at vour finger tips

Just think how vou used ziectricity today. Were you awakened bv an electric alarm clock? Did
your father shave with an electric razor? Did vour mother make toast with an 2ieciric toaster?
21d you waitch television betore going to school? Did you 2ver stop to wonder what makes vour
doorbell and telephone work?

Think of all the things in the world that electricity makes work, and vou will zes hy anyone
mignt use the word “magic” for it.

scientsts ave a theory 1bout the nature of electricity. Setore we can understand :lectricity,
nowever, 've must first discuss the make-up of materials such as electric wires. These wires are
made up of atoms which are further made up of smaller narticies called ziecirons, prctons.
neutrons, and many others.

Dlagram of an atom

)
an

Scientists beiieve that electricity is made up of electrons that are part of all matertal. When we
get these eiectrons to move, we have an electric current - electricity.

So what makes these electrons move?

The answer is a power source such as generators or simple torch ceils. The electricity - or moving

electrons - is pushed through wires and makes bulbs glow, for =xampie.

Task -
(1).  Name 5 pieces of equipment which use electricity.

(2).  Explain in your own words why a bulb glows when connected in an electric circuit.

Ww




Tasik:

Comnect up the following circuits and answer the questions which fcllow

Circuit 1:

i i
| |
| |
| @) |

‘+’hat happens o the globe?

Clyowat 2

@ -
e e e

Compare to circuit | and expiain what happens to the zlobe?

Circuit 2:

&

Compare to circuit 2 and explain what happens to the giobe?

Conclusion;

Nlrrtr avnlinin wwhnt maalras tha rlaha chine in sach ~aca?

'k




Circuits in series and narailel

Task:

Connect up the foilowing circuits and answer the questions which follow:

Cireuit i:

e

 —

B
|

Corewit 2

® B

Questions

(1 ‘N¥hat do we call circuit 1 and curcuit 27
(2}, in which circuit are the lamps brighter?

(3y.  Expiain why you think this should be so0?

‘U



Comprehension Test

Read the following passage and then-answer the questions which follow:

WHO DISCOVERED EI ECTRICITY?

“he curious thing about electricity is that it has been studied for thousands of years - and
we stll don't kmow 2xactly what it is! Today, all matter is thought to consist of tiny
charged particles. Electricity, according to this theory, is simply a moving stream or

2iectrons in metais.

The word “electricity” comes from the Greek word eiecrron. And do vou know -what this
vord meant? {t was the Greek word for “amber™ You see. as far back as 500 B.C. the

Greeks knew that when amber was rubbed, it became capable of attracting 1o it light bits of |
cork or paper. ‘ |

Not much progress was made in the study of electricity unul 1672. In that vear, a man |
cailed Omo von Guericke produced a more powerful charge of electricitv by holding his
and against a ball of spinning suiphur. [n 1729, Stephen Gray found that some substances,
such as metals, carried eiectricity from one location 10 another. These came to be called
:onductors”. He found that others, such as glass, suiphur, amber, and wax, did not carrv |
eiectricity. Theses were called “insulators”. |

The next important step took place.in 1733 when a Frenchman called du Fay discovered
positive and negative charges of electricity, although he thought those were two different
kinds of electricity.

But it was Benjamin Franklin who tried to give an explanation of what electricity was. His
idea was that all substances in nature contain “electrical fluid”. Friction between certain
substances removed some of this *“{luid” from one and placed an exira amount in the other.
Today, we would say that this “fluid” is composed of electrons which are negatively
charged.

Probably the most important developments in the science of eleciricity started with the
invention of the first battery in 1800 by Alessandro Voita. This battery gave the worid its
first continuous, reliable source ot electric current, and led to ail the important discoveries
of the use of electricity.




Questions

(2).

‘L)

What is electricity considered to be according to the latest theory?

Elecrron is a Greek word. What does it mean in English?

Who producsd a more powertul charge of electricity by hoiding his hand against a bail
of spinning sulphur?

What did Stephen Gray discover in 17297

Who discovered the sxistence of positive and negative charges of eleciricity and in what
vear’

Benjamin Frankiin tried to explain electricity in terms of “fluid” which was transferred
from one substance to another when they were rubbed together. According 1o this passage
what 1s this “fluid™?

Who discovered the bartery?

Give the meaning of each of the following words which appear in the extract:

stream, bits, conductors, different, substance, composed, invention.

Total [15].




Conductors and Insuiators

In vour group, decide what is meant by a “conductor” of electricity and an “insulator” of
eiectricity.

Now do the following experiment. Connect up the circuit shown below:

1 |

|

Does the light shine?
‘What does this tell you?

. Now do the experiment again; but use épiece of wood, coﬁper, plastic straw and lead, for
example and record your results. What does “record”” mean and how are you going to do it?
Decide among yourselves........ Don’t start by asking the teacher.




- Resistapce

Consider the following sketches:

Situation 1

ogoelarocnd aeonpda
N ¢ § 0 0

Which forest should Tombi run through to have the casiest trip home? Discuss why in vour

. groups.

Thus, what do we call this opposition to movement?




Resistance

Task

Connect up the following circuit:

Arter a minute put your finger on the nichrome wire. What do you notice?

Do vou think nichrome has a high resistance or a low resistance?

Explain:

Do electrical appliances, for example, toasters, kettles and irons, have a high resistance or a low
resistance?

Explain:




The fuse - “The policeman of electric circuits™

With a thin sheet of tin foil connect un the following circuit:

After a short time, what do you notice?

Can you explain it?




The chemical effect of an electric current

s
Sct up the following apparatus: /0N
S/ /4: /;\,x)
y N
/ , ‘Mé".{' b
P N
x ' e
ﬂ.\.\‘ ’ .‘/4\,[;;\
e \\f..:\ { S
L N, - [ K
N TG -
~ o o
N 1 \__/«Ql_. ‘ "fé_f—r ;
N A

Add some copper chloride to a beaker of distilled water and stiv unul all o the copper chioride
is dissolved. The place the carbon electrodes into the clectroivie tthe soiution o conper chiorides
wnd connect up the circult as shown.

Say what happens at the ¢lectrodes and deseribe what happens to ihe vlone

Discuss the results amongst your group and then try and come up with an cxplanation 1o account
for your observations. To add to your explanation you may wish to read the following exiract
taken trom a grade 10 textbook on electrolysis.

Discussion

When the current is switched on, small gas bub-
iles can be seen at the graphite rod which s copper mcetal and chiorine
connected to the positive pole of the battery. When an cledie coren « saaeed o
{We cail this graphite rod the positive clectrode.) copper chloride solution, e oo k
From the smell we can tell that the pas is place. This is anown as the oeminal o
chiorine. (The smell of chlorine is oiten observed

at swimming pools and in drinking water where
it is used for purification of the water)

After a few minutes a raddish-browon solid s
formed on the graphite rod which is connected
to the negative pole of the battery. (We call this
graphite rod the negative clectrode.) The reddish
brown solid is copper metal in powder form. Of-
ten the copper turns black as a result of a second
reaction wiich takes place.

By passing an electric current through a solu-
tion ot copper chioride. the copper chloride is

broken up ‘decomposeds mite as e Moty

RS
EEEVAN

'I?V«‘\Q ol an
clectric current Dunmgy thie Drocess oo
CHEPRY i braoistored ko e i RN
When a chennical reaciion Lines place e g e
sult oF an cicetrie current
L'/l'('[l'()/_l/}l&

e raocess i alled




Thne magnetic effect of an electric current

Experiment

CConsider the diagram below:

When the switch is pressed what do you think will happen to the compass?

DO the experiment to see if your prediction was correct.




Generation of Electricity

We have seen that a wire carrying an electric current has a magnetic field around 1t. Alas, it 1s
aiso irue that 2 moving magnetic fleld can produce an electric current. Can you design an
experiment to prove this.

When vou do your write-up it must come in the following way:

Heading for experiment

Aim of experiment or investigation

* List of apparatus used

Diagram of apparatus used

Method of how you did the experiment

Results and observations

Conclusion (which usualily answers the question presented in the aim part).

Maybe vou will not know where to begin. Scientists are often in your position. They then 20
down to the library and find cut.... This is where vou will 2o to become better informed.




N

RS

= gswer ail cuesitions in the spaces provided.
Juesten

“rite the svmaels for 2ach elecirical parm shown

; |
NAME | skzreH | STMBCL |
. ] . !
LUICa Jeld i
{

Connector

i Swiich open | S

Swieh closed

:
| ' i
. ! !
pursEeat : ;
P i @) ; f
T |

-
h
——d

“hoose, bv marking the correct word(s) from those given in brackets.
“or exampie: The main function of an electric cell is 10 zive theat; an eleciric current; sound).
‘1), Which of the following would won not nermaily find ‘n an electric eircuit?

{Call; connecting wires; power lines; bar magnet).




s Whieh of the following will conduct an slectric surrent?

CVood: ziass: coppert.

T yvganrtTey 2
Jwrien o

“Viueh of :he folowing cIrcuULs aTe series cuculis’

N f . )
Co— b — .
i i | ; : !

2
i | ! [ |
i : ' ‘:'/‘:f’)\\ |
I3 g Y TN ‘c) al
: ; (".\5:? L ~ L
()
e

—
[y
emend

Question 4

n which one of these circuits will the bulb alow the brightest?

i 7_”'—'—‘ ..—-.}—4}—--—— ‘ ———'HH}_‘l {
i : |

¢ H | | |
L - | .
i cl | .

gy L oeh) *ich
i = — i | — i
L m A my

................ P!
o which of these circuits will the resistance be greatest?
n N - 1 i
I———vH = | tal i
(@ | 1 i i
’ ‘ r
[
e e |
' —r
|
I c) e
i for) fef




NTauer B ‘s
« ,,:_!'_‘L:_Aﬁ‘_xl_ =3

' -vieil of the foilowing eirculls ars the dgnt duibs connecied @ parailet!

L
[£¢

i

|
|

3)

}é

oA
— A R

l

(9 T

-

oy
Jueston |
"What do “ve call a material =vhich will carrv an electnie current.
T ki
Lo

Compiete the sentences by writing down words in the empty spaces:

12).  I[n household appiiances like electric stoves and kettles
ransiormed into

cHergy is
energy. i

1=

DY, A

IS DUL inlo a circuit 10 prevent damaye in the case of a short eireuit.
r
4

tc).  When an electric current is passed through a solution a reaction takes place and

energy 1 ransiormed into

energv. 2}

Jurrent o8 passed irough a copper chicride sciution the supstances
e Ry
wingll ire rormed are mnd 2

o=
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Ronus nesdon

<ead the foHowing passage and answer the questions wiich fotlow:

Tembpa asks the QUﬂbUOﬂ “TWouid eiectrons move “voen a magrel passes '.ilI'"UL’_'_I acod o
wire?

s puzzied a scienust several hundred vears ago, and he decided [0 expeniment. His
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APPENDIX J

Comprehension test and learner contributions




Comprehension Test

Read the following passage and then answer the questions which follow:

WHO DISCOVERED ELECTRICITY?

The curious thing about electricity is that it has been studied for thousands of vears - and
ve still don’t know exactly what it is! Today, all matter is thought to consist of tiny

charged particles. Electricity, according to this theory, is simply a moving stream of
2lectrons in metals.

The word “electricity” comes from the Greek word elecrron. And do you know what this
word meant? It was the Greek word for “amber’”! You see, as far back as 600 B.C. the

Greeks knew that when amber was rubbed, it became capable of attracting to it light bits of
cork or paper.

Not much progress was made in the study of electricity until 1672. In that vear, a man
called Otto von Guericke produced a more powertul charge of electricity by holding his
a1and against a ball of spinning sulphur. In 1729, Stephen Gray found that some substances,
such as metals, carried electricity from one location to another. These came to be cailed
“conductors”. He found that others, such as glass, sulphur, amber, and wax, did not carry
electricity. Theses were called “insulators”™.

The next important step took place in 1733 when a Frenchman called du Fay discovered

positive and negative charges of electricity, although he thought those were two different
kinds of electricity.

But it was Benjamin Franklin who tried to give an explanation of what electricity was. His
idea was that all substances in nature contain “electrical fluid”. Friction between certain
substances removed some of this “fluid” from one and placed an extra amount in the other.

Today, we would say that this “fluid” is composed of electrons which are negatively
charged.

Probably the most important developments in the science of electricity started with the
invention of the first battery in 1800 by Alessandro Volta. This battery gave the world its
first continuous, reliable source of electric current, and led to ail the important discoveries
of the use of electricity.




Questions

(1)

(2).

(P

(

-

(SY.

).

What is electricity considered to be according to the latest theory?

Electron is a Greek word. What does it mean in English?

Who produced a more powerful charge of electricity by holding his hand against a bail
of spinning sulphur?

What did Stephen Gray discover in 17297

Who discovered the existence of positive and negative charges ot zlectricity and in what
year?

Benjamin Franklin tried to explain electricity in terms of “fluid” which was transferred
from one substance to another when they were rubbed together. According to this passage
what 1s this “fluid”?

‘Who discovered the battery?

Give the meaning of each of the following words which appear in the extract:

stream, bits, conductors, different, substance, composed, invention.

Total [15].
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APPENDIX K

Learner Contributions to Worksheet Assignments
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Electricity -IMagic at your finger tips

Just think how you used electricity today. Were you awakened by an electric alarm clock? Did
your father shave with an electric razor? Did your mother make toast with an electric toaster?

Did you watch television before going to school? Did you ever stop to wonder what makes your
doorbell and telephone work?

- Think of all the things in the world that electricity makes work, and you will see why anyone
might use the word “magic” for it.

Scientists have a theory about the nature of electricity. Before we can understand electricity,
however, we must first discuss the make-up of materials such as electric wires. These wires are

~made up of atoms which are further made up of smaller particles called electrons, protons,
neutrons, and many others. '

Diagram of an atnm

Scientists believe that electricity is made up of electrons that are part of all material. When we
get these electrons to move, we have an electric current - electrici

So what makes these electrons move?

The answer is a power source such as generators or simple torch cells. The electricity - or moving
clectrons - is pushed through wires and makes bulbs glow, for example.

Task -
(.
(2) rds why a bulb glows when connected in an electric circuit
(T, [k et
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Electricity - Magic at vour finger tips

Just think how you used electricity tocﬁy. Were you awakened by an electric alarm clock? Did
your father shave with an electric razor? Did your mother make toast with an electric toaster?

Did you watch television before going to school? Did you ever stop to wonder what makes your
doorbell and telephone work?

- Think of all the things in the world that electricity makes work, and you will see why anyone
might use the word “magic” for it.

Scientists have a theory about the nature of electricity. Before we can understand electricity,
aowever, we must first discuss the make-up of materials such as electric wires. These wires are
~made up of atoms which are further made up of smaller particles called electrons, protons,
neutrons, and many others.

Diagram of an atnm

Scientists believe that electricity is made up of electrons that are part of all material. When we
get these electrons to move, we have an glectric current - electricity.

So what makes these electrons move?

The answer is a power source such as generators or simple torch cells. The electricity - or moving
electrons - is pushed through wires and makes bulbs glow, for example.

\j 3 Q‘afak.o o . Ha‘ardt‘jﬂ

Task -

El). Name 5 pieces of equipment which use electricity. .1

(2).  Explain in your own words why a bulb glows when connected in an electric circuit.
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Task:

Connect up the following circuits and answer the questions which follow

Circuit 1;

2

What happens to the globe?

Circuit 2: @/\/Mj L,O_,q )

2\

Compare to circuit 1 and explain what happens to the globe?

._....__.\[ t i»-————-‘
™

Compare to circuit 2 and explain what happens to the globe?

- 7 b,uuw
= L e aeans
Nl avnlain what vmabrae tha nlaha chinea in aarh raea? %Jﬁ,@

iR
d

Conclusion:
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Circuits in series and parallel
Task: -

Connect up the following circuits and answer the questions which follow:

Circuijt 1:

Mlil

R

Circuit 2:

Questions
Y

AT
(1).  What do we call circul1 and curcuit 2? & HES
SC Qteg & Reni |

(2).  In which circuit are the lamps brighter? AR 2

sl o€
(3).  Explain why you think this should be so? §€.C-A*> (et
be @ue orF TR e cellf

—

. b 8 Qadall ded  Tle
%Zﬁ@m§ e e
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e fuse - *The soficeman of slectric 2ircuiis”

With 1 thin sheet of tin foil connect up the following circuit:

e

Afier ¢ sport iime, what do you nctice?

bad—

T ekt i, FleTRich . Gl

Can vou explain 1t?

._w’r
© e atpt——
—
L S e————
———




ne fase - “The puiiceman of siecrric circuits”

‘V1ia 1 thin sheet of tin o1l connect up the following circuir:

-
[
\

ATar i inor

T ime. vhat So vou tctice?

3 aesise

|

ot et o
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Task:
Connect up the following circuits and answer the questions which follow

g q
Circuit 1:

|

l | |

| 3 o

L_,/@————J e

.//
i e ‘Q PRl sk, " & S /
Vhat happens (o the globe? (s WGV AU
v
Circuit 2:
|
®
Ve
e Ag\c\\w

Compare ‘o circuit 1 and explain what happens to the globe? o xgb-u?{v\uu Tf’ Cx o

=

‘4\\@:; c:f,\\%

Circuit 3:

Compare to circuit 2 and explain what happens to the globe?
!

Conclusion:




Circuits in series and parallel

Task:

Connect up the rollowing circuits and answer the questions which follow:

Circuit 1:

Circuit 2:

Questions

(1).  What do we call circuit 1 and curcuit 2? Sy G’

. f . . r ‘ C»{ '—)l-/{;-
(2).  In which circuir are the lamps brighter? Lo T

7.
V\J‘\—Z\ﬁ‘\f‘@\—ﬂw .
(3).  Explain why you think this should be so?
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APPENDIX L

Adapted Journal Articles and Accompanying Assignment




Assignment: Class presentations

You have been given Time magazine articles and in your groups you wiil be expected to do the
following:

(1).  Read the articie and decide what it is talking about.

(2).  Decide what 1s the central idea being talked about in the article.

(3).  Prepare a 3 minute presentation where you will, as a group, team teach the concept to
the rest of the class. In your lesson you must explain how the idea spoken of in the articie

etfects the everyday-lives of peopie.

(+).  In vour presentation you must make use of visual- aid material such as cardboard charts,
overhead transparencies, reference books or even modeis which vou may have made.

Let me warn vou... This 1s not a play exercise for it needs careful planning and hard work :o
OTZanNise vour presentations.

You will be marked as follows:

Task Marked  Mark

Ability to see central concept of article 10

Use of dispiays, charts, models 10

Presentation itself 10

Abilitv to show breakdown of work done by 10

each member of the group

Class mark given to group for their 10

presentation

Total: [{30]
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to orvit outside the main asteroid beit, which
i harween the orbits of Mars and

les
‘upiter. The TMOST TAMOUS JUpller-crosser

's Hidaigo. whicn was discovered in 1920
didaigo travels rom the asteroid beit out

1s {ar 1s the 2rhut of the pianet Satum.

Garetn Willlams of the Harvara-Smun-
:ontan Center ‘or Astrophvsics in Cam-
ondge. Massacausetts, anaiysed ne ew
asteroid’s observed posSIuons. and compuied
its path. He found that 1990 UL, foilows zn
:longated orbit. When it is closest 10 rhe
Sun. it is Derween the orbits of Mars and
Jupiter, but when it is at its {arthest, ne
body travels between the orbits of Jupiter
and Saturn. The asteroid is small, with a
diameter of only a few kilometres.

Williams has calculated that 1990 UL,
orbits the Sun every 9-3 vears. During this
time, its distance from the Sun varies from
1-8to 7-0 astronomical units: 1 astronomicai
unit {an) 1s the average distance between the
Sun and the Earth. For companson, Mars is
1-3 au from the Sun, Jupiter 5:2 au. and
Saturn 9-5 au.

Astronomers aave cataiogued more than
100 asteroids that lie in Jupiter's orpit—ine
so-cailed Trojan asteroids—out thev have

of Jupiter?

‘ound very “sw :nat actuaily cross Jupne
orpit. Secause the Troian asteroids cicie
sun 0{° rhead o VT "emnd Jupiter, ey
LIWAVS [af Tem Jupiler.
Jupuer-crossing sicroids are
“Jeczuse nev mayv oyne aay coilide
fumter or its moons. indesd. astronofe
believe that some of the craters on jupiel- -
moons were created when Jupiter-crosss’
asteroids  or  Jupiter-crossing
smashed into the satellites.
. But Jupiter—crossing asteroids are inte
ing for another reason. Jupiter’s gravity i
strong that the planet may actuaiy

interests
N

capies
passing asteroids and make moons of mﬁ‘g ‘

In fact. Jupiter’s four outermost moons &
srobably capwured asteroids or co
These moons urdit Jupiter :n the oppe

\.omrx-‘_ :

I -E B o Y PR Co L3 ™ o oex

P

e
direction to the other 12 moons. Wi T

the other Jovian uatellites. Some uav ?
reroid 1990 UL, mav seif become a4 me
Of Jupiter. Ken Croswell, oo™

strongiv suggests that they did not form \““‘::-f S




“Vori’s rice crop viuinerapie -o changine atmosniaer

Vew Sclentist, D January [99]
3w Christopher Jovee

RUNCE '.he worid’s most important ‘ood Srop, will surfer because of man-made changes ‘o0 the
nmospnere, aceording to 1 biologist ‘n America. Although most plants "vill srow Setter as wva

a¢d moere carbon dicxide to the air, there will be increased aitravioler radiaticn Jrom the Sun 0
:ezirov he weak sice crops.

Auan Teramura at Marviand Universitv has done experiments ‘vheru rice :nams Were grown in

==

STIZAOUESS vith ©ne zame carcon iicxide and uitraviolet lght levais

TImMEnis e lacne SI'CL-A“L JURECDT CRIC fe el i

“rmal amount of carbon gioxide in e - Jresnnouse. e ien raised e intensity of the suniigar
“rd noted their etfects on the rice piants.

fframura Jound that "vnen carbon Jloxice igveis increased. the vield or s iesd and Diant mass

A . 6/ ~ el ., . - . . T - H N -1 -
corzesed tv 0%, 3ur-vhen ae ralsed the Liravicier .evels s veil os the carten llcice leve

.
177

e oseed : sroducten and <30 ;«"gei- vere 3I1LI'31V 'V'L:DCG. Sut.

T:e o1g problem with Teramura’s stuav s that hait ot the world’s peoole zet "0% ot their znergy
simoice and hat o 0 vears dime With 3uch Uast amounis of carsen Jloxicde i aur .ind
niense uitravicie! radiation there -viil not se enough ood for zil.

Teramura carries on with the idea that nlants are very sensitive because of their geographical
.ocation. Ultravioiet rays are verv intense around the earth’s equator and so piants in that area
aave nad (0 deai with severe suniight. Rice, however, is more sensitive Decause it IS a piant
which has been grown for thousands of vears in the cooler, more northerty parts of the world.
Thus. with a sudden increase in ultraviolet light and carbon dioxide expected in the middle of the

~

Zlatcentury it speils disasier

Trther researchers save found that by the middle of the Z1st century the carcon dioxide leveis in
ke air ‘vould have '1‘101‘6 than doubled and as a resuit or ziobal -varming ~vould nave raised the
amperature by 3 2. 2nougn 1o -ieswov the rice crop. T.is is sad news ot the vorid’s seovie who
san 2¥oect serious “cod shortages.
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Lo South Alrica, butd aid pilla i3 sull the mwst pupular
meihod of uaderground wiining and most coal is still wai by
underground methods. Upencast iy, .fmm being virual-
iy unused in the carly nigcieen sercnlles was, ‘by 1988,
responsible for about 354% of the cual produced. The use of

opencast micthods is teading 1o liacas

Coal yualities .
The coul yualities produced in South Africa are shown in
Table 3 (see Pact 1). The (uble shows that apart from the
coal used i theaual power stations and for oil-from-coal
processing, the qualities used differ widely from the quali-
Lies availuble in the reserves defined as Tuble 2 (see Pact 1),
using culurific value as the quality criterion. Pour quality
cun-of-mine coal is upgraded 16 mcet consumer standards in
coal-preparation plants, in which the coal is, quite literally,
wished.

Coal, as inined, cannot be used by the consumer in most
instances. It must be graded into size runges suitable for the
consumer and may have w bave some ol the mineral matter

remioved from it

Sizing and crushing

Coal from the mine (*run-of-mine’) passes over SCreens.
These are large moving sieves, which sort the ceal into dif-
ferent sizes. Coul o large fur tcalment (say over 100 mun)
is crushed ur broken dowa, € g by passing beiween crushing
colls. These are cylindeis, bearing tough wetal teeth, which
rotate and draw the coal between them, breaking the lumps
as they pass through.

To remove unwanied mineral matter, coal is washed. In
the washing process, coul particles with litde mineral matter
(high grade) are sepurated fiom the particles with an unac-
ceptable level of minesal mader, a3 well as from purc stone.
Sometimes the rua-of-mine coal 1s separuted into three dif-
ferent categorics, a high-calorific value product (say of 29-
30 MJ kgP) a medium-aloritic value fraction (say of 27—
28 MJ kg *) and a low-grade fraction, generally, or less than
15 M) kg L The last giade is usually rejected. South African
coul is of such a composition that in order 10 make high-
caloriiic value coals suitable for expont, quite a lot of low-
grade but stilt combustible discard mwst be produced. How-
ever, pending the developments of markets for such a grade
of coat, (¢ g power genoration at the mine), the discards are
preferably stored so that they will not catch fire sponta-
neously, and so we conserved for future usage.

Coal washers are of several differeut kinds. The simplest
fely upon subjecting ihe coal abicruate upward and dowa-
ward curcents of water (jigs). The action causcs the purticles
10 becuiie sosted ingo zones, with the highest-calorific value
particles at the top, Whe lowest at the buttom. The zones may
then be separated. i South Alfiica the dense-medivm
process s more commonly employed. Ia this process a sus-
pension of finely ground iron oxide (magnetite) and water is
used. The proportion of iron oxide may be conuolied 5o that
the density of the suspensivn will just pennit the desired
grade ol coal to Moat on the surface, from which it is
rgmuoved. By following a first stage with a sccond stage,
operating at a different deasity, the coal may be split into
seveiul different qualitics.

SPECYRUM 33,

Coal preparalion |

All South Alican coal goe aough sotie suit ol prepa-
ration. I good-quality scatus aie being mined, pls‘pd[dliuu»
“may simply entail screcuing the coal ino differcul sies. It
coals are 1eyuired with i carclully controlled calmitic value
o1 ash content, they wust be washied. About 40% of South
Alsicai coal is washed. ESKOM, the biggest single user of
coal, gencrally burus suwashed coal aficr it has been
crushied (o pass through a 20 mai screen. The niassive boil-
ers miay be designed L buia Jow-caloritic value coals, so
ihat washing the coal for such uses is, in the majority gf
Cases, uniecessi Y.
Coal is a complex hydrocarbun substance, which readily
ceacts with onygen in an exothermic reaction. The main use
of coul is us a fuck In thermal power stations (the biggest

| single usage of coub on a worldwide basis), coal is burued to

o give thermal ciergy which is used 10 boil water to give
; c

i 1 steamn which in wrn mukes wibines rotate Lo generate elee-

i

Viricity. Coal is also used on 2 relatively smali industriul
! Geale, mainly in automatically stoked botlers, to generale
steam. In several countiies, quantities of coal are still sup-
plicd as a dumestic fuel 16 be burncd on hearths and in
stoves of varying kinds. Some coul is stll used w fire sicam
locomutives; although, in most parts of the world, locomo-
tives are powered by diesel fuel or electricity.

The carbon in coal, may also have a chemical use. It imnay
act as a reductant in the metaliu gical indusuy, in which car-
bon, reacking with mciallic ores, liberates the metal isell. In
the steel industry, coul is usually converted into coke, which
is the reductant employed in blasé furnaces. However, the
~direct-reduction process’ is also used. fn this process, the
ore is mixed with coal, the thermal encrgy frow the burning
volatile natter from the coal providing the heal that enables
ihe seduction process to take place.

Coad nray also be converted into gas. When coal is beat-
ed to make coke, gas and fars are evolved. The method,
known as ‘carbonization’, was the first by which gas was
made fiom coal. The prefesred tuethod of manufacturing gas
from coal {as uscd on the large scale at, for examnple, the
SASOL. plants) is 1o puss a mixture of steam and oxygen
through the coul. Tlhere are fany proprictary processes in
which this opeiation way be carried out. Typical of these is
the Lurgi process, in which the coul is in lump form; the
Winkler process, in which coal less than about 3 aun io size
is gasificd in a Nuidized bed (a bed of fine particles, kept in
molivn by the passage of gas through the bed and which
behave very much like a liquid); and ihe Koppers Totzck
process in which coal, powdered 1o less than L nm in size is
blown or carried alung in a strean of 1eacling gases.

The gas from coal is used for various putposes, cithier
combining the different gases ('synthesis’) Lo give liquid
fuels, as carricd out at SASOL.: as a heating gas for doestic
and industrial use; and as feedstocks to make chemicals, ¢ g
methyl alcohol. The process of converting coal into gas and
thea into liquid fucls is knowa as “indirect ligquelaction”. Iuis
curicatly the ouly process for making liguid fuels from coul
that is employced conunercially and un a large scale. Coal

nay alsv be convened dicectly into liquid fuels. The wujor
ifference between coab and liquid fuels is the amount of
‘ ﬁydmgcn combined with the carbon. Processes have been
Jevised, and have been used comimercially, in which hydro-
"den is cunsed W combine with coal, the product being lig-
Laids thal may be refined o give petrofeun substitutes. These
i
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Proatsacs ale vusily, u L he picsenl stuge Hikis dte 0w
comnictial by drogeaation installatious. Cual ds abso used as
4 chenival feedsiock; for example it can b reacied with
Jinestune o give calcimn carbide, The addsion ul wated o

Caluiuny carlade gouaiates avely lene.

Poilution cuniiul
‘Lhe cotbustion of coal can give 11se 10 sevaral hinds of pol-
lution, visible and invisible. Swoke cunssiuon which iy
caused by dncompleie combusiion is contruiled by legisla-
tion. Tadusiial applisnces, in gencral, now allow complote
combustiun W take place. Particles of ash ay abso bo enit-
ted fromn a cual buraing device, ¢ g fluin a power-stution
boiler. The cuiission of dust may be prevented by the use of
filters ot eheciostativ precipitators, the lata being devices
which cause the particles 10 become chargad and hcnce be
precipitaicd fou thic gus sucum in which they e being car-
ricd alung. The invisible pullutants, giving rise w the so-
called acid-ratn phenomenon ute cuusing cowcenn. They are
of two ingin hinds:
« Oxides of ninogeu caused by the combinanon of nitrogen
in the coal with uaygen
« Oxides of sulphur, caused by the combusuon ol sulphur-
bearing constitucats of coul, such as iron pyiies.

The two pollutants aie knowa populardy as "NOX and
SOX'. The wchmology to conuol both Kinds of puilution is
availuble, but costly. The current prefereace v reduce their
formation is o use coals fow in both sulpbur sad sirogen
constituents, Keduced "NOX® production results tron lower-
ing combustion temperatures, and the develupment ol tlui-
dizgd-bed cumbustion systems may result in lower ciissivi
rates. "SOX' cutission can be controlled, in wany mstances,
by washing lhe cual, as the iron pyrite is of high density and
can be retnuved casily by washing. In olher couls, however,
she sulphur is difforenty “bound” in the coud and is relatively
wiabfecicd by washing. In such instances, the gas foned
during combustion (*fluc gases') may be scrubbed. Tn the
USA, fur ernatiple, power stalions ure teuding to be
equipped with flue- gas desulphurization equipicit.

From the time that intense industiial development con-
wenced in the norilicrn hemisplieve, say ftow the early cigh-
wenth ceantury, coal was pre-cininently the eacrgy source
cmployed. The uses ot coal eauincrated abuve were ull Tully
developed by thie first purt of the twenncth ceatury. For
example. duting World War 1, most of the Tiquid luel used
i Gennany was nude from coal. Howeve, from the wid-
nineteen hifties, as the vil industrics developed, panicululy
hwse based on Middle Euast sources, the usage of coal went
inlo a shanp decline. Since the ‘uil ciisis™ which staried in
1973, the use of coal has shown a tendency o tacrease, in
applications where it hud beea fargely supplaiied by wil.
This teend may contimie, thuugh the fluctuativas s eucigy
domand and cocrgy prives miahes the prediction of wends in
Ay Ol cldlgy souce sotiwwhial linpiccise.

Coal usage in Soulh Aliica

South Atrica, pussessing only one indigenrous fussil fuel,
Coul, 10 fainly sbundant supply, is abmost aoiguely depen-
dent upon cual us a souce of energy. i wattiniated that
73% of the nativn’s cielgy necds are provided Ly eoal. The
balance is largely bupuited vit, with saue by dio and naclear
puwer imuhing up the total

GUTOBEK 1905 4

Coual 1 used e the Wolluswiig secturs.

Elecliicily generation

Thia is the agjur cosl-consumpiion scetor. 3774 of all coad
subd i 1Y80 was used fui powar generatoin. About Y1% ol
all power genciated comes fiom staiivns vpeiated by
ESKOM, the batance being frou mivmicipaliies and o few
privately upctaicd gencrating fuailiics. ESRUOUBM puwur sla
tions seut out 127 billloa AWh in 1980, aud buraed 67 m
i of cual W produce it The average thcnal cllicicncy of
power statious in 1986 was 32,9%, a liguie which hias been
steadily ncteasing as more and more clecuicity is produced
in barge, cificicnt units. 93% of ESKOM power was geicrat-
ed in puwer stutins located at the pit (cutnpaicd with 80%
in 19775, as this location vitually climinates tanspott costs.
The cual used in power generation tends 6 be ol incdiuin
quality; vne power station in the Free State is dusigned 0
buin very bow-quality coal (about 16 MJ kg ' at New Vaal
Cullicry, supplying Lethubo Stativn).

Virtuably all the coal used in electncity generation is
unwashed. New Vaal Collicry has a washing plant designed
1o semove lurge picces of stone. Prior to 1970 all coul tur
ESKOM was cual from underground mines. Opencast ain-
ing is increasingly used and by 1986, sbout 35% of
ESKOM s coul came from open pits.

The growth in electricity production wus stcady at about
B-1U% pec apnum prior to 1981, However in 1982 and
1983, the giowih was only 253%. If 4 5% prowth is muin-
tained to the year 2000, conswuption of coal could reach
about 130 million tons pee anaun by that date

Metallurgical coal

The metallurgical industry consumed souic 8,3 million tuns
per anuun in 1986, Most coal was used by 1SCOR.
ISCOR’s main use of coal is 10 convert i iuto cuke and then
use that inaicrial in the blast furnace. Abuut hall of ISCOR’s
coul comes From their owa sources, the reiainder is pui-
chased from mining companics.

The cual used in the metallurgical fudustry must be
washed 1o maintain high and consistent qualivy. South
Aftica bus unly linited ceserves of coking coal; ciuploylng
provesses that do ot require coking coul (such as the direct-
eduction process) diminishes the need 1 cxtend mines in
envitonuentally sensitive arcas, such as the Kiuger National
Pusk.

The wajor ISCOR wine in the Watciberg (Grootegelub)
cmploys opencas inethods 1o produce sbout 1,8 aillion tuns
per annuny; the remainder of the metalluggical coal comes
frow underground mines.

Oil trom coal
South Atvica, waguely in thie world, produces cotsiderable
quantitics of liguid fuels from coul The fiust SASOL plant,
built ut Sasulburg in the Free State, staited ia the 195Us.
SASOL I, the vriginal oil-from-coal plant, bas over the past
few yeurs been converted from a malaly fucl producing
plant tu one which is dedicuted to the pruduction of a wide
rauge ol chemical feedstocks, SASOL 1 and SASOL 1t
cach process about 10 willion ons of coal per wanni (o give
1,7 willivu tons per annum of liguid products.

The processes are based on ihe Fisdhier-Tiopseh systhe-
sis reaction, in which a miatuie of catbon wonuxide und
hydiogen (nade by pussing steun and oxygen thiough te
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Jutraged residents force a cutback in plans for a
Juge mine 2xcavation in Germany's Rhineland

”v mru,sgl 3. SERRILL Wdages. some of them daung back 1000
- cears. The lceals—atizast these who do not
SArTDEr aving TOm TUNINZ—.vant o
SarT of n wnd . auncned @ omasspre
ITASS-TOOIS TIOVEmENnt 1 STOTest,
weeks ago, one IToup
ifloat. hoarding the ship Godesia to broad-
cast their arguments 1p ind down e
3hine. Their hattle crv: “Garzweuer i1 s
2conomicaily sensetess, ecologicaily disas-
‘Tous 2nd soctaily irresconsible.”
“This is expuision in e middle of Eu-
-ove n the vear 1993." cries Giseta Iranyg,

Sy

nada. e Three
nesi =xcavarors ol

-earing out ot che

Tune-

MWL D IUsR,
gouna 240.200 ons or Lignite coat a dav,
g L3000 tamp tmeks. The coal
ire 4o me mants of IWE, Ser-
CITeT il ooaeer ,ielcc~' cal 20V
wen ne Rhnzana’s
.o LDTne miinuny and coai-
N34S0 GG eROrMOUs 2nii-
~amental 2arm— iling the ur wich car-
soen, awerng che
{2 1nd apreotng  rhou-
Py TRElr OTES.
30 wnen x{nemoraun AG, AWE's min-
ing subsidiary, tormally propesed eight |
wears 4¢0 that a new miune, ‘o be cailed
sarzweller (1. e sarted up nearby, the
seject qwiekiv Became the mest contro-
sersial in pOSTWAr Lermany. Last week op- |
ponents of the new mine ciaimed partial
wctorv. vien North 3hine~‘Vestphaiia's
“ipciai Democranc ' $.P.D.J government. ai-
-ady “vounded v “he Garzweiler issue in
ifay miecnions, agreed to curtad and delay
“the nroject. The compromise ailows the
“17c o ormoa ccatition rovernment with
T 1 Ureen Parry. ‘vhicn neiped deny |
e _.-.D. an aDsoiute maiority in the state
Ry T Te Ciret me in L3 rears av o
wote ;nare Tom 3% o 0%.
AATCHn g Te 1o Trelude o on
-Jreen comiinaton 'n nagenal elec-
soms. ue n 198, . sq xm of apocaivpse. This is a viclation of
+  The defeat >f Sarzwvetler (I—if that is ' human rights.” Provincial authorities re-
ithe dnai resuit—owes as much to an un- | ceived 19,000 letters in opposition to
, stececented ommunity uprising us it | Garzweiler I All six Cathoiic parishes in
! does to the Greens. At its largest. the origi- ' the path of the excavators passed a resolu-
nal Garzveiler stp mine, about 20 am | Hon refusing to move, contronting Rhein-
§southwest of Diisseidorr, wasa hugescarin : braun with the embarrassing exercise of
' the sarth covering 70 sq km, half the area . having to seize their land.
of Bonn; about 30% of it has now been ' Backers of the project say opponents
fled ‘n. Though ‘larzwetler has been | are unrealisdc—especially since 40.000

Hesl D EH

swatlowed up by the mune. “It wiil be 48

GIANT excavators at
Garzweiler dig 240,000
tons of coal a day

TN
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JOUDU"IE
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_iun'm'd “Turope’s mggest noie” bv the | jobs in the Rhineland depend Zirecdv or
] Cerman mecia, ~hat distinetion actuaily ¢ indirectly on the coai inaustry. Moreover,
;uelon“: 0 heinpraun’s 85-sq-km pit ' there is a moratorium on new nuciear-

power piants. “An ‘ndustrial nadon like
Germany cannot snut off auclear energ

mine ot Hamoach. ) km awav.) Since lig-
Jte mimng Uegan n e rewon in 1849, it
has displaced 20.000 neopie.

The iooming addition of Garzweiler (1,
under the original plan. would have cov-
ered <8 sq km and literallv cut the ground
" Tom under 5.00 more pecpie and a dozen

Rudolf Scharping, national s.p.0. chair-
man. “This is romante, but surely not a
‘easible, economicaily supportable and
=celogicaily responsibie woliey.”

ook their oiaint

3. ‘hose village orf Hoizweiler wouid be

and give up coal at the same dme.” warns ;

Environmentalists respond that Rhein-
braun, which digs 120 million tons of coal
a vear. could still produce S0 million tons
witnout Garmweder fi—and that amount,
with the ongeing snift from indusmat o
service jODS pius <nergy conservation and
deveiopment of alternatve fuels. might
De enough.

The compromise reached last week
would eek !o reduce the size of ‘he
Garzweiler [I site oy two-chirds, at ieast
v, 0 hat 2.000 rather than 3.000

would e nisroored. Ang the Bian
“ail aot e ‘mpiemented :ntl 1 ccurt
iecides whether he state narliament
aeeds to approve it, which couid take
‘hree vears. The first resettlement of
viilagers in the path of the mine is un-
ikeiv undl arter the vear 2000, giving
the Greens five vears. in the words or
spokesperson Gerd Mai. o prove the
mine Jroject is suvertluous.”

Ahempraun registered its “disappoint-
ment and indignation” with the deal, say-
ing the delay will resuit in a “drastie, unac-

seguie

R

union staged a brief work stoppage and
threatened to march on the state parlia-
ment at Diisseidort. In the anti-Garzweiler
camp, some are unhappy that the new
mine was not canceled outright. But “we
can live with the compromise,” says resi-
dent Gisela [rving. “Our chances are con-
siderably nigher with the Greens in the
sovernment than outside it. The mood
here is full of hope.” Which is better than a
widespread sinking feeling.  Reported by
Rhea Schoenthai/Bonn

TIME, JULY 0. 1955

ceptable limitation of mxtpuf.” Themmers’




CDA]L: The minerai ‘or 2il seasons

Zpectrum, Ccroper 1993

Zv .. Cerrans & D. Horsrall

-oal s a compiex chemical material which reacts violently -vith oxvgen 0 11ve off heat 2nerz.

12 maein use of ccal is as a Tuel. In thermal power staticns scal i3 used "o Botl ‘va*er 0 oIve
Tcam viieh in tum makes turbines rotate 10 generate 2leciricitv, 1ge =2)

Not'n »ur Haekvara

Durraged residents rorce a curback "n plans “or 1 gz
mine excavaricn in Germany 5 Jinelcna

ZvoMichaet 3. Sernil

-1 the Carzwetler coal mine in (Germanv’s northern Rhune regien the heavy machines wvorg ail
Jay, mining 240,000 tons of coal every 12 hours. Tae coal Joes to ire up the piants of Rhine
West Electricity (RWE), Germany’s biggest producer of electrical power. which keeps the
Rhineland’s factories running. But the coal-burning does enormous harm to the environment -

ailing the air with carbon dioxide pollution and uprooting many people fTom their homes.

Rheinbraun - a local mining company - nroposed to start up a new mine nearby cailed Garzweiler
iI. The project soon became a big probiem for many Germans. Those fdghting against the mine
won a victory last week because the Social Democratic (S.P.D) who ruled the area agreed last
week 0 stop the project.

he Jlereat of <yarzwetler i owes much ro he r‘ommuniv_/ resistance to “he project. e Irst
Cuarzwelier mine, doout 2Ckm sothwest o Zusseidor:, was verv ugly and covered 70 square

v

iemetres. Werse than this. since coal mining began in 1949, 20.CC0 »=cple have desn oreed
10 .eave their homes.

Carzweiler I, if allowed, would have covered 48 square kilometres and forced another 8,000
peopie 1o move Tom their homes. [t would have destroyed a dozen viilages. some a thousand
vaars old. The locals - at least those who do not eam money Tom the mine - have resisied
strongiy and showed massive grass-roots protest. One Zroup even went on a hoat on the Rhine
and oroadcast their dissatifaction.

A resident of the area, Cisela Irving said it was “forced removai” and ais entire viilage of
Hoizweiler would have been swallowed up by the mine. He said that thus -vas against his human
- zzts and had to e stopped. Locai authorities received 19.0C0 letters complaining about
Garzweller [I. All six Catholic churches in the path of the mine refused o move rorcing the
authorities to take their land bv force.




2ecple who support the project say those who oppose the project are not sensible - mainly
because 40,000 jobs in the Rhineland depend on the coal industry. The problem is made worse
since Germany has stopped ailowing for nuclear power stations to exist as another form of energy
oroduction. Rudolf Scharping, a spokesperson for S.P.D. says, “an industrial nation like
Germany cannot shut off nuclear energy and give up coal at the same time.” He also said that
it is also not economically possible or environmentaily responsible.

Environmentalists respond that their region could produce 80 miilion tons of coai a vear without
Garzweller II and this together with alternative energy sources such as solar power and wind
power should be enough.

The decision last week will reduce the size of the Garzweiler II mine by two-thirds so that 3,000
instead of 3.000 people would be forced 10 move. What may delay this development is a court
has still to approve the forced removal which could take up to three years.

The S.P.D. were very upset with last week’s deal saying that it reduced the mine’s output to a
large extent. The miners’, whose jobs were at stake, marched on the Dusseldort state pariiament
Ting to get local government to reopen the mine. The environmentalists such as Gisela Irving
said that although he was not entirely happy he felt that the negotiauons meant their homes were
sare for the moment.
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By PETER HAWTHORNE DURBAN

ZOPLE ARE MORE OF A THREAT TO
sharks than vice versa. Shark at-
cacks average onily ~0-100 =ach
vear, and the number of humans
actuaily killed is much iower. Many

‘ewer, in ail probabiiitv. than the numpero
sharks who give their all to supply soup fo
a medium-sized Chinese restaurant each
-veek. 3ut the signt of a dorsal fin slicing
through the water can stil clear a holiday
heach faster than you can say “Jaws.” ang
‘n some waters the danger 0 surrers anc
divers is very reai.

The vood news for “hose ut r1sk is tha
there's now a new way o keen the sharks a
vav. it's cuiled :he »0D—short for Protec
tive Oceamic Device—and it has been d
vejoped by South Afriea’s Durban-basex
Natai Sharks Board. one of the vorld’s fore
most shark research institutes. Tk
portable POD protects swimmers or dive
by surrounding them with an eiectron
deld that even the most dangerous shar;
appear unwiiling ‘o enter.

Scientists have barttled for vears to fin
an effective shark repetlent. During Wori
War I the quest took on a particular w
zency 10 protect downed aviators or sailo
forced o abandon ship. Various chemic
repeilents and detergents -vere tried, b
they quickly dispersed in the water.

Physical barriers appeared to be
only etfective measure and since the 195
attack-prone beach resorts around
world have orotected swimmers by erec
ing elaborate anti-shark nets. Another a
proach pursued in South Africa and el
where invoived experiments with electric
force fields. 3ut cumbersome, heavy-d
cable barriers encircling the beaches we
found to be impractical and unable to wi
stand heavy seas. There was aiso a dan
that the electrical charge required to
sharks might do the same to humans.

Enter the poD system. discovered :
most by chance by Granam Charter. it
executive otficer of the Natal Sharks Boa
During expenments on sharks that b
been snagzed in the barrter nets, Chan
found that their responses to reianive
small electrical impuises were surprisi
The shark’s unique sensory system in
snout, Charter found, could respond to ¢
tremely low electrical voltage signals
large distances.

That insight led to the design of ¢
POD, to be used initially for the protect®
of scuba-drivers. It comprises a
portable power pack and. separated D

1.5-m cable, a probe attached to one of
TERROR OF THE DEEP: Any shark as long %

a man is dangerous, but most fearsome is
the great white, lett, which canreach 11 %




ind Valerie Tavior. the Austraiian
husband and wife team whose doc-
umentarv on the much ‘eared .

The “Protective Oceanic De-
1 PO D, generates a low-valtage electrical
f t is harmiess to humans hut well beyand

tire- pain tolerance level of sensitive shark snouts

Jreat white—3lue Waters., White
Death—has become a nature ilm |
classic. [n 1994 thev took the de- |
vice to Milne Bay, in Papua New :
Guinea. where orfal 'vas thrown |
into the sea to send a1 group of
sharks into 4 feeding frenzy. Thev
*hen equipped themseives with a
POD uplece. switched on and swam
into the middle of the metee—a
normally foolhardy actviry with-
out the protecdon of a shark cage.
“The sharks instantly furned and
lett the food and the area.” savs -
Ivan Slabbert, South African man- !
aging director tor :he POD.

Last March the Taviors used :

il UOS AN CHENT L GVEIONIEY INJanV |

ver s

-9 7 = iround “he swimmer. The deid.
.nich 20D can maintan for T3 minutes be-
sre e Dower 2dek must be recharged. is
.51 streng enough to cause discomfort o
wumans but is far greater than the toler-
.nce level of sharks.

Berore puthing ®0D on the market, the

~atal Board turned it over for ‘esting to Ron !

tiooers, Vhen switched on, the sys-
am enerates .n etliptical electrical fieid

|
I

the »0D during the rhooting of

their fatest documentary on great whites otf
Neptune [siand, South Australia. After their
arst 2ncounters with the activated unig,
claims Slabbert, the sharks maintained a re- |
" specttul distance. Even when the device |
was switched off the Taylors were able to

film the great whites in open water without i
the restrictions of a cage. Unconditionally !
endorsing the protective system, the Tay- |
lors say it is a “huge step forward for adl !

those who vork and piay where conrronta-
tdon with a shark is vossible.”

Nevertheiess Ceorze d. Burgess, di-
rector of the international Shark Attack
File at the University or Florida’s Museum
>t Natural Historv, cautons that the pop
has limited usage. “It's a great first step but
it isn't the savior we are looking for.” he
savs. South African Sharks Board orficiuis
deiieve. nowever, “hat the 70D couid soon
e artached o surthoards and moedified !
swimmers. Deputy director Norman
*Vinne says the board is already receiving
inquiries from life racket and life rart sup-
piiers and rom abaione divers. An adapta-
don of the POD system might also replace
shark nets in some coastal areas.

For serious surfers and scuba divers
the ntroduction ot the POD means that ar-
:as that have previously been considered
-00 r1skv may “e opened up for recreation.
3ruce Eldridge, who ‘was attacked by a
great white and seriousiv ‘njured in 1985
e surfing it Umbogintwini, south of
Durpan, is one of those excited about the
POD's possibiities. Stll surting at 30, his
right leg carrying the scars of his mauling,
Eldridge is eveing a nearby river mouth
area where the surf is superb but sharks are
known to prowi. —With reporting by Mairf Ben.
Brafrim London )

ONTRAKY TO THEIR HOLLYWOOD IMAGE, SHARKS SEL-
dom attack swimmers-—-no more than 100 such attacks
reported annually, resulting in fewer than 15

ths. Although reports suggest that shark-human en-
Spunters are rising, experts attribute the increase to larger
aumbers of swimmers and better reporting from remote
Third "Vorid areas. Stil. shark experts otfer a rew tips for min-

( ’dea

imizmng the chances of imadver-
tently becoming 2 shark snack:

» Swim in groups. Sharks.are:
~more likely to attack a lone swiin-. -

reflect hght in. a 'way that resern-?
- hies ﬁx&s&l&sgfa’_ﬁsﬁ—&us ats

U'emelywell.

» Refrain from- vxgorws rspiashmg. .. '
‘pret as a fish in distress... -

» Avoid areas of steep dmpaﬁs,wm
gregation poxnts for sharh. ;

TIME, FEBRUARY 3, 1997




Man bites shark!
Time, February 3, 1997.
A new power pack keeps scuba divers safe from shark attack
inside a protected electrical field

Reported by Peter Hawthome, Durban.

People are more of a danger to sharks than the other way around. There are only 70-100 shark
attacks each year, and the number of people killed is very small. In fact, more sharks end up in

Chinese restaurants each week. But peopie are still afraid of sharks and in some waters the
danger to surfers and divers is very real.

The good news for those at risk is there’s now 2 new way to keep the divers from bheing attacked
ov sharks. It’s cailed the POD - short for Protective Cceanic Device - and it has been developed
bv South Africa’s Natal Sharks Board. The portable POD protects swimmers by surrounding
them with with an electric fieid that even the most dangerous sharks do not wish to enter.

Scientists have struggled for vears to make such a svstem. During World War II there was a real
need o protect airmen in the Pacific who crash landed in shark infested waters. Many chemicals
and detergents were tested, but the sharks did not seem to mind.

Shark nets instailed since the 1950s around South Africa’s beaches seem to be the only way to
protect bathers effectively. In recent years, South African scientists have done experiments
involving electrifying the safety nets. The problem was that these nets were too heavy and were

easily damaged in rough seas. There was also the danger that the high electrical fields needed
to stun sharks may even do the same to people.

The POD system was discovered by Graham Charter, a chief researcher with the Natal Sharks
Board. Charter found that sharks quickly swam away when they came near to an area of small

electrical impulse. The shark’s nose has a very sensitive sensory system that responds to very
low electrical voitage signals over large distances.

This led to the making of the POD and was first used to protect scuba-divers. The POD is a 90-
volt portable power pack with a cable attached to a box on one of the diver’s flippers. When
switched on, the POD generates an electromagnetic field up to 7 metres around the diver. The
field, which POD generates lasts up to 75 minutes before the power pack must be recharged. It
is not strong enough to harm people, but sharks are quickly scared away.

Before selling POD the Natal Sharks Board let Ron and Valerie Taylor, the Australian shark
experts, test the new system. In 1994 they took POD to Milne Bay, in Papua New Guinea, where
blood and meat was thrown into the sea to make the sharks go crazy. Ron and Valerie then
attached POD to their wetsuits and swam in the middle of the sharks. Afterwards the divers
noted that, “the sharks left both the food and the area.”

The Taylors used the POD in recent months when filming their latest television show near
Neptune Island, South Australia. They say the sharks were too scared to come near them even
when the system was switched off.




Although the results of Taylor’s tests are good news for swimmers, another scientist, George
Burgess of the Unuversity of Flonda says that it does have its weaknesses and should not be fuily
trusted. South African Shark’s Board officials, however, are very satisfied with POD and that
many questions about it have been asked by abalone divers and life jacket manufacturers.

For serious surfers and swimmers POD may mean that areas thought to be too dangerous could
now be opened up for peoples’ leisure activities. Bruce Eldridge, who was attacked by a great
white shark in 1985 while surfing near Umbogintwini, south of Durban, is one of those who are
happy about the POD. Still surfing after his attack experience, he is looking at surfing in a
nearby river mouth area where the waves are great, but so are the numbers of sharks.
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Irnionged exposure to h

voitage power lines like these has been associated with increased risk of severai types of human cancer

; Mystery—and Maybe Danger—in the Air

A government review heightens concem about hazards of the electronic age

3v PHILIP SLMER-DEWITT

an electricity cause cancer? In a soci-

2tv that literallv -uns on electric |

cow=r, The verv ‘e seems prepos-
terous. But ;or more than a decade. 4 gTOw-
me ~and of scienusts and iournalists nas
~OUTIOL Th TUARS CRA see™ D iRK oXpo-
sure ‘o efectromagnetic feids with in-
creaxed mek T leukemia and other malig-
fancies. e mptications are unsetiling, 1o
av “he .2ast. Jince evervone Comes INto con-
:act with such felds. wiich are generated by
avervthing clectrical. from power lines and
intennas to personal computers and micro-
wave ovens. Because evidence on the sub-
;2¢7 s mconciusive and otften contradictory.
it has been hard to decide whether concern

wreut ine health etfects of elecrricity is le- |

gitimate —or the worst kind of paranoia.
Now the alarmists have gained some
sunified support from the ULS. Environ-
mental Protection Agency. In the execu-
-ive summary of a new scientific review, re-
‘eased in draft form late last week. the EPa
Tad Ut corward what amounts (o the most
serinus sovernment warming to date. The

agency tentauvely concludes that scientific

evidence “suggests a causal link” between
Jxrremeiv Jow-freguency cleciromagnet:c
fleids —those having verv jong wave-
lengths—and leukema. lvmphoma and
Sran cancer. WVhiie the recort fuils snort of
classifving £ELF Helds as orobabie carcino-
zens, o1 does idenritv the common n0)-herrz
magnenc feid 38 U2 pUSsidie. put not orov-
en. cuuse of cancer in humans.”

The report s o reason to Danic—or
2ven 1o inse sleep. If there s a cancer risk,
s a smail one. The evidence s sull so
controversiai that the drart surred a great
deal of debate within the Bush Administra-
tion., and the Epa released it over strong
objections from the Pentagon and the
White House. But now no one can deny
that the issue must be taken sertously and
that much more research is needed.

At the heart of the debate is a simple
and well-understond physical phenome-
non: when an clectric current passes
through 4 wire. it generates an eleciromag-
netic feld that exerts forces on surround-
ing objects. For manv vears. scientists dis-
missed any suggestion that such force

aetic eld generated by a video terminal
measures oniy a few miiligauss. or about
one-iundredth the strengin of the earn'’s

. own magnetic feld. The electric feids sur-

rounding a power iine can ze as nign as :0
kiiovolts per merter, but the corresponding
neid induced in human ceils will e aniy
ipout I mulivoit per meter. TS 1S Iar €58
than the electric tieids that the ceils them-
seives generate.

How could such minuscule forces pose
a1 health danger? The consensus used to €

that thev could not, and for decades scien-

might be harmful. primarily because thev !

are «0 extraordinarily weak. The zLF mag-

tists concentrated on more powertul kinds
of radiation, like X rays. that pack sutficient
wallop to knock etectrons out of the mole-
cules that make up the human body. Such
“ionizing” radiations have been cleariy
!inked to increased cancer risks. and there
are regulations to control emissions. :
Doubts about weak. so-called nonion-
izing radiation began o grow mn 1979
when a study of cancer rates among Colo-
rado schoolchildren found that those who
'ived near power 'ines had wo to three
simes as great a chance ot deveioping cai-
cer. The link seemed so unlikely that when
power companies paid to have the origindt
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Sye Taapnns o ce megarive, nolact the sud-
wwpported the onginal dnd-
4fee Teen Murressed DY
ng .acreased Jancer rates |
aivorkers.
» Tany experts sill express skept- |
Alele ads ccen a deninite shuft of arti- |
’ :ific ;ommunity about the |
aeaith erfects of ziectromagnetic |
eries 1 Scremce maga- |
-aar. ~Tn the 1970°s fthe link] !
5o o arn e armcies conciuded.
- male oTen Guesiion.”
cwweal Stuaies. snuch dnd
3Ll SsClalons Pefvesn sels Ol cata, |
Je ot crove cause and erdfect. Though there
is sy of loporatory work showing that ex-
~osure to SLT ieddS can nave diojogical ef- |
“issues, 1 mechanism By

toasneeeny
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FeoLs. S L omgunt
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1
‘ose srectscould l22d to cancerous
ST TTa A0y et 2T T2en und.

Janmacen s ar ‘rom persuaded.
1 1 ustenng (3-nage cnoque of
ine :.Z-’-\ r2DOTL. AIl FOICE CIENUSES
tg _uimors with daving “hiased the
re ioc J'P"" sgward “roving 2 ink.
Lur ot ewers Ure Cenvinced inat there s
no suggestion tnat {eiectromagnenc tieids]
presen in the environment induce or pro- |
mote cancer.” the Air Force concludes. It .
is sicmisning Caat the =2A would iend s ¢
‘mormarr on Chis report.” The Penta-
¢on’s concem i understandable. There is
narclv 1 unit of the modern military that
Joes not “enend on the heavy use of some
Yind of eiectronic equipment. from huge

yraung-cased radar rowers (o the defense

sveiems built into every warship and piane,
Several Administration oificiais are also |
swe ©Pa's conciusions, Last

~rical ub

Out

¥ gurart language ciassifving ELF fieids as

2 "~ropaote Sdrcinogen’ vas celeted ‘Tom
il ereicn Of the Z2A CSDOrT LIter it
was revieweq by the vthe House. At the
ne Fra lanied that (tovas oressured

oocmo rre otfen aing words.
Tais ame s clear that

A

e

intod

the ‘White
" House is 1oping or a more dalanced pre-
| sentation of the evidence. The dratt’s re-

: ‘zase was reportedly deiaved at the request ¢

adviser, wino asked that it be reviewed by

© of Allan Bromiey, President Bush’s science -

another scientific panei and prefaced with
a statement that qualifies the conclusions. :

In an interview with TIME, Bromiey made |

i

it px..un shat he Delieves the =pa’s findings |

3T 4 Taositive association” berween elec-

| romagnetic ‘ewds and chiidhood cancer

R o

4Ie 7 Sulleé ‘ncorrect.

ATOmiey.
<ar:iv ‘rigntening mullions or parents.”

, There’s no scientif-
i 'c hasis for that statement at ail.” says |
“Vhart ve re Joing S unneces-

1

The staxes are high. This week a study |
in the .4imencan journai of Industriai Medi-

cine ~2pOTIS 3 steep Tise in brain-cancer

;ates over the sast Jdozen VEArs. i the in- |

. creased incidence of such cancers could be

‘s there danger in the glowing screens?

MNVE 39'!\! AHL—3NGY SOY 1D AUYD

‘inked to electromagnetism in the home or
workpiace, liabiiity suits couid ciog the

sourts. Property values néar nower lines

and etectric substatons ire piummernng. if -
"he uudities 1ave 0 tury or reroute those
systems. the cost of Joing business couid .

take a sharp jump.

How serious is the risk {rom electro-
magnetic delds? Compared with some of
the other dangers people take for granted —
driving a car on New Year's Eve. for exam-
ple—the odds of being afflicted with some
of the cancers associated with eiectromag-
netsm are rather smail. Brain cancer is a
rare disease. Oniy 3.1 cases per {00.000

because Of ELF tields. 3vcontrast. the risk of

lung cancer for achain smoker s 20 times as
great as1t is ror che puoiic at large.,

Sut thers s 1 difference netween 2
SMOKer wno ignores the Surgeon General's
warnng and someone wiho deveiops can-
CCr passtvelv ;ust Dy Deing sorn o he
ciectronic age. People 'ive near sower

lines and work wnh their noses in comput- ‘
v er display screens because those things are

nart and parcel of the times, Zvervone de-
serves at the very ieast a rougi sense of
what 2anger suctl eXposure HTings.
Mlore stuay s essental. The 2ulk of the
£aren "eing conducred on the
of 2iectromagnetic

acp henith o

eaitdl O

‘ects -adiation— it 1

i cost of some 310 miilion a year—1s paid for

by the U.S. Department of Energy and the
Electric Power Research [nstitute, aesther

| of which is a disinterested party. The spa

used :0 conduct its own studies. Hul fund-
ing for 'ts research was cut off w the Reu-
Jan Adminmstranon. Perhaps the Dest can-
Jidate for Jew funcing wvowd e he
Nauonal [nsurutes for Heaith., The =
search shouid examine not onty the erfect
ot zuF §
radiation naving snorter vaveiengris, such
As ragio and ¥ waves.

Meanwaiie. ordinary citizens can exer- |

cise what is called prudent avoidance —do-

ing reiatively easy things to minimize a pos-

sible risk, This (s not the :ime to seil. tear

apart or rebuild a nome. But it might make

sense to shift a chiid’s dea away rom the

.+ clectric line that brings power to the house.

Americans were reported in 1986. In the .
mostworrisome studies. the risk of develop- ¢
ingsuch a cancer appears to double or tripie |

Or to move the telephone answering ma-
chine awayv irom the nhead of the sed. it

isn't hard to take 2 step back from the TV

or computer screen, and it couid make a

big difference in the long run. — Reported by

Dick Thompson/Washington

Propaoly no individual has collected more information about extremely iow-irequency
fieids—or done more to sound the aiarm about the dangers they may pese-—than Louis
Siesin, eaitor of a newsietter cailed Microwave News. Here is nis ranxing of the worst

Razards—and some advice:

Boese 1. High-ension electric transmission iines. Strung aiong hign towers, these lines
s carry large amounts of electricity over long distances. Homes, schoois and plavgrounds
NA should not be buttt anywhere near them.

2. Electric distribution lines. The kind that carry current down local streets, they

generate fields less powerful than those from trancmuission iines. But distribution wires

are much closer to most homes. Utilities can sometimes bury or relocate the lines.

get a quiit instead.
.a B5-
2

o time.

3. Electric blankets. They fie nght on top of the body for hours at a time. It's a good
idea to warm the bed and then unpiug the bianket before going to sieep—ar, better still,

4. Yideo-display terminals. Peopie spend wnoie workdays close to computer
" screens. They shouid stay 75 ¢m (30 in.) from the front and 30 cm (3 f.) fromthe sides
and back. The same ruies appiy for TVs.

Bedside aopiiances. Zlectiic ;1ocks ana fans usually run continuousiy. They snouid
oe kegt atieast /5 cm (30 1n.} from the head. _

6. Other appiiances. Shavers, hair oryers, can openers and microwave ovens ail
zenerate powerful ‘ieids. and peopie shoutd he careful to use them for onty short perioas

IME Chart

elds hut ilso those f less-stuaied
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Mystery - and mavbe danger - in the air

Bv Philip Elmer-Dewitt

Can electricity cause cancer? In a society that uses a lot of electrical power, the idea seems
stupid. But some scientists believe that the fields around current-carrving conductors may
increase a person’s risk of having cancer. The thought of developing cancer is frightening, since

everyone comes near such fields. which are made by everything from powerlines to microwave
ovens.

The Environmental Protection Agency (EPA) of the United States (America) released a report
‘ast week which wamns the public of the dangers of coming within verv low-irequency
aiectromagnetic fields. Although the EPA does not say for certain that there is a detinite link
between cancer and the electromagnetic fields.

The report, however, is no reason to lose sleep over since the possibility ot developing cancer
is very small. There 1s much disagreement among scientists and government officials as to
whether such a risk does exist, but there is a need to conduct further research on the matter.

At the heart of the debate is a simple and weil-understood physical principle: when an electric
current passes through a wire, it generates an electromagnetic field that exerts forces on nearby
objects. Scientists in the past have not thought of these forces as being harmrul because they are
so weak. The question is now asked: “How could such small forces be such a health danger?”

In past years scientists have concentrated their work on X rays because these powerful forms of
radiation are known to be very harmful and cancer causing. For this reason, regulations are in
place to prevent people from being harmed.

Concern about weak radiation such as low-frequency electromagnetic fields began to grow in
1979, when Colorado schoolchildren who lived near powerlines were found to develop cancer
two to three times faster than children elsewhere. Power companies accused of causing harm
asked scientists to repeat the studies and the same outcome resulted. In fact, the power companies
were more worried that they would now have to accept the results because more and more cases
of cancer were being reported among electrical workers.

From the early 1980s many scientists started to say that these smail electromagnetic fieids were
guilty of causing cancer. Reports were even to be found in the magazine Science which writes
that such reports in the past were silly, but: “Now it’s an open question.” With this being said,
however, nobody is saying for sure that the electromagnetic low-frequency fields are guilty of
causing cancer. There seems to be a lot of evidence for both sides of the argument.

The Pentagon (America’s army command), for one, are saying that the EPA report is nonsense!
They have recently written a 33-page report saying that the EPA only present a one-sided
arzument. They finish their report with these words: “Our scientists say there is no link between
electromagnetic fields and cancer in people.” The standpoint of the army is understandable since

all their military equipment such as electronic apparatus and radar towers depend upon
electricity.




The government nonetheless want o see a fair presentation of the evidence. Right now there are
results of experiments from the two groups of scientists. The question is who should be
believed? To help the government in making the right conclusions about the “possible dangers”
the science adviser to the president, Allan Bromley, has asked for more time so that a third
opinion ffom a respected group of scientists may be obtained. At the moment, Bromley told
Time that he thinks the link between cancer and low - frequency electromagnetic radiation was
incorrect and that the EPA report was only, “frightening millions of parents.”

[f it is proved that such radiation causes cancer then cancer-sutfers may ciaim enormous sums
of money 1n the law courts irom power companies, computer companies and their places of work.
Furthermore. home prices near power lines are also going down and power companies may be
‘orced to install these lines beiow zround which is very expensive and people of the community
viil now have 1o pay more for their electricity.

Speaking about the dangers of electromagnetic fields, it is said by one group of scientists that
hardly any risk exists. Brain cancer, for example, does not often occur. Only 3.1 cases per
100,000 Americans were reported in 1986. Another group of scientists disagree: They say that
the risk of developing such a cancer doubles because of the electromagnetic low Tequency fields.

Yet, we all live in an electronic age and there is no escaping powerlines or computers. The best
then for each of us, no matter what the scientists say, is to know what risks we are taking. More
study is necessary and $10 million are paid out each year for research by the U.S5. Department
of Energy.

Ordinary people who are waiting for the outcome of the debate are well advised to take several
steps to protect themselves and their families. For example, parents might shiit their child’s bed
away from the electric line bringing power to the house. Or move the telephone answering
machine away from the top-end of the bed. It isn’t hard to take a step back from the TV or
computer screen, and could make a big difference in the future.
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