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ABSTRACT

This study aims at providing some evaluation of the impact of the

Transvaal Senior Certificate, Higher Grade, Biology Examination on

Biology teaching in the Transvaal, It also looks. at the

effectiveness of this exarnlnatlon as an assessment/evatuattcn

instrument.

A questlonnalre is used to secure the views qf practising Biology

teachers, and .teacher trainers, about the stated objectives 'of

Biology teaching at senior high school I~vel, in terms ofc-

- their relative merit and importance.

- their attainment through current teachinq practices.

- their evaluation by the examination Board,

The views of 63 teachers and 9 teacher trainers are analysed and
..'

the views of Transvaal and Natal teachers are compared to those

of Teacher Trainers.

Much consensus is found in the responses of all three groups of

educators. They are well aware of modern trends and

methodologies in the field of Biology Education but are pessimistic

about the current achievement of many of the objectives they

identify as being Importantfor effective Biology Teaching. They

see the examination as one which focuses mainly on the

assessment of Recall of Knowledge,

The implications of these findings are discussed and several

recommendations are made.
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CHAPTER 1 ~NTRODUCT;ON

1.1 BACKGROUND

The use of external matriculation examinations has contlnuallv been one

of the most debated and hlqhlv controversial issues hi the fields of

assessment and selection. Many researchers support the matrlculatlon
\_\ .. ~,

examinations asthe single most efficient predictor of success at tertiary
institutions (Behr, 1985; Biggs, 1978; and Wllsoll, 198~). Others

(Choppl», 1972; Jackson, 1986; Powell, 1973 and Sanders, 1986)

questlon his ctalm and consider other crlterla such as psychological and

social factors, oognitive skills and attitudes learnt at school as being of

greater importance. It appears, however, that many countries continue

to use matriculation examinations as thstr major selection criterlcn- even

those who rejected them (e.g. some states in America)' are now

reinstituting them as a means of upgrading and maintaining standards

(Tamir, 1988).

.Tamlr (1988:43) lists seventeen potential drawbacks of such

examinations, but goes on to show how the Israeli 'Baqrut' has

overcome most of these problems in Biology. Whereas that country has

made the best of its matriculation examination, here in Soui::hAfrica, the

situation is far from being ideal. The Biology Higher Grade exarnlnatlcns,

used currently by most examination boards, are known to act as the

driving force behind the curriculum (Mooney, 1985; Rossow, 1985), but

unfortunately they seem to be driving Biology Education in the wrong

direction.

-1-
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The tremendous pressures of having to produce good matric results - to

meet expectations of pupils, parents and, more recently, the

management of the so-called 'ModeJ_C' Schools - are forcing teachers to

ignore those objectives which are not evaluated in the examination. In

most schools, and in most subjects, the Standard Ten matrlculatlcn

examination has definitely "become the tail that wags the dog It

- (Rossouw, 1985:60}.
')-

i.-

This situation has attracted much crlticisrn from Biology educators,

academics and especially from school teachers (Jackson, ..1PB3 and
:1,\

1986; Mooney, 1985; Rossouw, 1985; Opie, 19751 1985 and 1986

and Watson, 1990), The situation has been described by all as Qeing

unheaithy,(-f-"'1trating and ln need of urgent reform. Yet, to date not

much haS!\'fr~nged~ According to the HSRC report (1981);. on the

'Teaching of the Natural Sciences and Mathematics', it seems that pupilS:

themselves recognise (and exploit) the problems of the Biology

examinations. The vast majority choose to take Biology in Standard Ten,

not because of genuine interest in the dlsclpline, but mainly as a reaction

to Mathernat'cs and Physical Science, which are perceived as being more

difficult ancless llkelv t6 result in high mat ric symbols. :?-C,

The dllernrnaot the Matric Teacherls well described by Mooney (1985

: 52), when he states:

"On the one hand the universities have a firm say in curriculum

content to the extent of dominating it; yet on the other, in telling

teechershow badly they do the preparation of entrants, they have
little idea of the reality of' the teaching situation It,



The majority of our teachers have', indeed I had very little say in

curriculum objectives, contents, and their reforms. The Joint

Matriculation Board seldom consults teachers on such matters (Mooney t

1985:47). More recently, Fraser (1992 : 62-64), has polnted out that
, ,

very few teachers had the opportunity to contribute to the ::--e\lv National

Core Biolcgy Curriculum, which is soon to be implemented in our

schools.

Even more frustrating for teachers, perhaps, is the valid claim made by

many researchers about the lack of correlation between Matric and

Tertiary Biology course results. Forexample, Dassonville and Myburg (in

Fraser, 1992 : 63) state that many students perform well in Biology at

university, although they never took it as a school subject. In two

related studies (1983 and 1986), Jackson has show,n that there is a very

low degree Of correlation between examination results at the end of the

first year General Biology course at the University of the Witwatersrand,

and, either of the Matriculation Ratings (based on the overall

matriculation result of a candidate) or the Biology H.G. matriculation

symbol.

This is supported by Mitchell et al (1$87) who showed that the

combined Mathematics. and Physical Science symbols act as a better

predictor of success for first year medical students than the matriculation

ratings .currentlv being used by most South African universities.

Similarly, a study by Sanders (1986) indicated a no correlation result

between Zoology I examination and matriculation results of 'high risk',

dlsadvantaged students who are selected for academic support

programmes in the Science Faculty at the University of the

Witwatersrand.

-3-



Another contentious issue raised by Mitchell's study (1987 ; 41SJ is that

the Transvaal Senior Certificate, as compared to other 'white'

matriculation examinations, is a poorer predictor of subsequent

performance for medical students.

If one of the aims of the rnatrlc examination is to select students for

tertiary educatton, there should be some correspondence between what

it measures and what is required for success at that level, Jackson

(1983) regards knowledge that is conceptually orientated, .'lith basic

learning skills and at least the initial exp osure to opportunttlestcr rnal<ing

value judgements and decisions based on critical reasoning, as the

intanqihle and essential factors for success at university. This view is

supported by Beard (1972) in her scheme of teaching objectives (in

Billing, 1973 : 6) and by many of the lecturers in the Science Faculty at

the University of the Witwatersrand (Stanton, 1990). Stanton's survey

reveals that, in general, the lecturers are not optimistic about achieving

these objectives in non-graduate courses. This could be due to the fact

that higher cognitive skills are introduced too late to students, only at

universities and technlkons and not at schools. The many sixth form

classes, academic support and bridging programmes being established in

a variety of institutions to remedy this situation, lend support to this

tentative hypothesis.

Uttle research seems to have been done to assess the teaching

objectives valued by South African, High School, Biology teachers. For

example, teachers' intentions versus achievements' in the classroom

situation or the match between these and the goals of tertiary educators,

have been ignored. An exception is a study of the impact of the Biology

matriculation examination on teaching methods used in Indian schools by

Isaac (1990). The main finding of this research was that objectives

attempted in teaching were, in the main, the same as those tested in the

-4~



examination, as a result of pressures to produce results (Isaac, 1990:

4), A similar study carried out by Carrick in England (1983 : 2()5 - .2.14)

revealed that }~~Ievel Biology teachers also perceived teaching go~~s

which are likely to lead to students' success in the examination as more

desirable than other goals; generally the latter were those. concerned with

higher order skills.

T.? STATeMENT OF tHE PROal-EM
I
,; i
II

The' Biology Higher Grade examinations currently being used by the

various examination boards in South Africa - in particular the Transvaal

Senior Certificate - seem to suffer from the following major drawbacl<s:

{1} They restrict the implementation of many objectives held' by

Biology te:achers and are seen either as being essential. Inimparting

values and life skills to pupils, or, as being vital for future success

at tertian' level. They tend to encourage the teaching and rote

iearning 'of a large body of factual content at the expense of

higher cognitive skills. They discourage and inhibit innovative and

process-based teaching methods,

(2) Their results are a poor predictor of success in Biology and other

related bourses at tertiary level. Yet, universities and other tertiary

Instltutlorts use matriculation results, or the ratings derived from

them, as major criteria for selectlcnofstuderrts, In so doing., they

reinforce the emphasis on examination results as the primary

teaching objective. Moreover, the diverse matriculation

examinations used in South Africa are given equal status for this

purpose of student selection.

-5-



\"
As a direct result of the above, important life skills ctnd attitudes are not

being taught in our Biology classrooms and Biology teachers are faiHng

to prepare high school pupils for future tertiary education.

1.3 THE PURPOSE Of THIS STUDY

The putp~~e of this study is to secure the views of practising teachers

and teacher educators about the stated obJect:·'es of B.io!ogy teaching at

senior high school level in terms of:

1. their relative merit and importance

2. their attainment through current teaching practices

3, their evaluation In the Transvaal Senior Certificate Hlqher Grade

Biology E~~Jtljnation (TSC).

By analysing teachers' views and responses, an attempt will be made at

evaluating the impact of the TSC on Biology teaching in the Transvaal,

bottvln terms of practices and outcomes. The reality and seriousness of

the problems outlined above will 'be established and possible solutions

will be explored.

1.4 IMPORTANCE OF THIS STUDY

A matriculation examination, acting both as a school leaving certificate

and as a selection tool for tertiary education, is probably one of the

simplest and cheapest method of evaluation of. schooling available

presently. This is possibly the only method which South Africa can

currently afford and which would be appropriate to a non-raclal society

which is trying to offer equal opportunities to ail its citizens.

-6-
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Major changes are anticipated in all spheres of SOJJ'tf(Africaneducatlon

in the very near future. Separate, unequal matriculation examlnatlons

have been a major political issue for many vear~ and new examination

boards and systems are likely to be given a top priority in brincing about
-:::.,.,

change. This could lndssd provide an excellent point of departure

towards a better education system, but for suchan examination system

to be successful, it will have to be seen by all as being;

1. Valid - in that it will test the objectives set

2. Reliable - in that the results obtained would be independent of the

race, gender and location of the candidate

3. Fair - in that it would test what a pupil has been taught and can

do.

At the same time, it will have to select the more able from the less able

pupils. It should identify clearly those Who would benefit from further

studies and, in so doing, reduce the alarming drop out rate which

currently exists at tertiary level, The key question, which so far remains

unanswered, is whether a single examination system can achieve all this.

This 'should not, however, stop us from making improvements to the

present systems.

In Biology, with the introduction of the new core syllabus (at national

level) in Standard 8 in 1994, the time is ripe for bringing in.concurrent

changes in assessment procedures. Teachers will be teaching new

content and skllis and. some sort of ln-servlce training will have to be

provided. Why not include new assessment techniques, which would

prepare pupils for a better matriculation examination in 1996, in the

teachers' training programmes? To quote Tarnlr and Jungwirth (1972 :

33):

-1-



_,"In the last analysis it will be the teacher who wi'llhave to
\\

implement them. (the" teaching objectives) accordin!/'to his own

predilections and idiosyncrasies",

It is thus imperative to involve teachers in any new curriculum designs,

especlallv in the sensitive field of assessment and evaluation. StudIes

sampling teachers' views about current examinations could act as a point

of departure towards a more relevant, valid and useful matriculation

examination - one which could drive the new Biology curriculum in the

rjght dlrectlon, whilst also achlevlnqall the other goals which such an

examination should achieve.

1.5 RESEARCH QUESTIONS

More speclflcallv J" this study attempts to answer the following q'l~ .15:

1• WhiCh goals/objectives do our current high school Biology

teachers value as being Important for effective Biology education?

How do their opinions compare wlththe findings of the literature

review?

2. How successful .do teachers believe they are in achieving the

various objectives through thetr current teaching?

i'l

3. Which objectives are seen by teachers as being assessed by the

Transvaal Senior Certlflcate and to what extent do they believe

that such objectives are assesseo?

-8-
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4. How'competent are teachers in their analysis of questions and in

their identification of objectives being essessedz Is there a

difference in the vlews of the different subqroups of the teachers'

sample who took part in 1.Jl~Sstudy?
, ,

1.G METHOD Of ~NVEST!GATiON

In order to obtain information about teachers' views and beHafs, a

surveY/corrA~atjonal approach was used and a two-part questionnaire

was designed as a re~c~!:Irchinstrument.
('

'PART I
'J

Taking into account the nature of Biology as a.science, the views of the

South African Association of Teachers of Biplogy, the South African core
I ._,

syllabus and its teaching objectives for High School Biology, as well as

the research literature on the topic, a list of 35 commonly stated

teaching ./ob,i,ectives was compiled. The selection criteria used-are

discussed furtherln Chapter Four of this dissertation, In Hne with recent

research findings {Wood, (1991 ~ 4), no hierarchy was implied irrthe
\,

classlficatlon of objectives, but ttl" ~"were listed under t~ree main

categories in order to facilitate analysis, namely" objectives about

/{NDWlEDGE, SKIllS and ATTITUDES. Respondents were asked t""'{ste
.'" \ /

each objective on a five point scale, according to two criteria: the

importance he/she attaches to it and, t1e' extent to which he/she is

currently achIeving this objective in the classroom. The rating scale was \..:

in descending order of favourabllltv from VERY IMPORTANT (5), to NOT

IMPORTAN1" (11rand from AI. WA YSACHIEVED (5) toiVEVERA eH/EVED

(1).

-9-



PART II

Respondents were asked to analyse the 1991 H.G. Transvaal Senior

Certificate Biology examination paper in terms of the objectives they

thought it was assessing. Marks allocated Tor each question by the

examiners, had to be distributed under the following four headings: q}

RECAL1.1(2) UNDERSTAND/NGAND SIMPlE APPILICA nON, f.J} HIGHER

ORDER COGNlflVIE SKilLS and (4) OTHER SKlIll.S.

Simplified definitions ~f the above terms, based on Bloom's original

definitions (1956)' were included in the questionnaire in order to avoid

confusion, {See Appendix 1}. ",

-:.,'.

'.'
ASSUMPTIONS AND UMiTATIONS OF THE STUDY

1";

One major assumption underlying this study is that the respondlnq
"

teachers had sufficient knowledge of assessment techniques and
I'.

terminology t in order to understand the questlonnalre and that they were

able to perform a valid and reliable analysis of the vafrOcU:~examination

questions. lt has also been assumed that the TEO, 1991 Higher Grade

Biology Examination paper is a. fair representation of the papers used

over the last few years in terms of questiontypes and standards. It was
\\

selected for this study p!ilrely because it was the most recent p~per

available when the Questionnaire was designed. Because of the length

of the examination .. a three ..hour paper - It was not possible to ask

respondents to analyse mom than a single paper. Tfi!e fact that all

matriculation examination papers in South Africa are centrally moderated

by the Joint Matriculation Board minimises the risk of this assumption

being incorrect.
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The major limitation of this study is that it does not necessarily represent

the views of all South African Biology teachers. As exp,i1t.inedfurther in

Chapter Four, it had to be limited to teachers working in the so-called

'white'schools. Furthermore, due to the length of the questionnaire and

to the difficulty of getting teachers to respo'1,dto it, no sample selection

was attempted; questionnaire were answered on a purely voluntarv

basis. This study is thus, of an exploratory nature and no claim will be

made that its findings can be generalised to the entire teaoaers
population. Nevertheless, it represents the views of a fairly large sample

of interested .teachers/educators from two different provinces and as

such should provide valuable information when new exarnlnatson systems

are designed in the near future.

1.8 DlEfU\IITIONS OF TERMS USED IN THIS STUDY

1.8.1 Assessment/Evaluation/Measurement

In Education, these three terms tend to be defined in a varletvof

ways and are often used interchangeably, It is thus important to

clarify the meaning that will be given to them in this stG~V.

"Measurement is simply observetion which has been

quantified and made precise, with the aid of specially

designed instruments andprocesses." (Ebel, 1975 : 6).

"Evaluation is a process that complements measurement,

that is dependent uponmeasurement. I, (Ibid)

Assessment on the other hand will be defined as

"the range of procedures or methods used fat educational

measurement and evaluation. II (Isaac, 1990 : 102).



1.8.2 Matriculation

The term matriculation is also given different meanings by
different writers. For the purpose of this study, rnatricutatlon will

refer to. the exemption a candidate receives to attend or be
admitted to a unlversltv for tertiary education (Oxford Dictionary

; 751)

At the start of this research, using evidence from the research literature,

our tentative conclusion is that teacher's attitude as well as curriculum

an~ type of matriculation examination; could all account for the poor

standard of Biology in schools, as well as for the difficulties; Biology"
'J

students experience later in adapting to the demands, of tertiary

education.

This study aims at providing some evaluation of the impact of the lSC
on Biology teaching. in the Tran~vaal and its effectiveness/\' an .

, . \ j -
assessment/evaluation instrument by analysing the views and responses

of a group of interested teachers/educators.
'.! \
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CHAPTER 2. THE GOALS AND OBJIECT~VES Of H~G.H

SCHOOL B~OlOGY IEDUCAT~ON

2.1 INTRODUCTION

According to Billing (1973 : 26) I some difficult decisions must be made

when selecting the goals and objectives for 3. specific teaching course,

as "no generally accepted criteria for selection exist";

A brier survey of the history of science ~dL!o'''~ion reveals periods of

major change';which, according to Bybee (19;' ~5}f pan be attributed
"

to the tremendous pressures of ~oclety ;>al . ! given time on the

structure of science education. He slJccessfuilyshoV\1S how a change in

emphasis ot, what he calls, the three; CYlfijoralms of science education

'Empirical knowled,1e', 'eclentltic methods' and 'Person»! development
of the student' wa:' "'rought about bvmajor societal events. The Biolpgy

curriculum including goals, objectives, methods of instruction and

assessment, certainly reflects such perir,.l(J,,_;changes, but recurrent goals

can be traced back, at least partly, ~O the nature of Biology itself ~

Biology as an autonomous discipline of science. this view is supported

by Bloom (197 4 : 26) I who sees the nature of the subject matter (as put

forward by specialists in the field), as a prime source of objectives for a

teaching course.

In this chapter, after a brief summary of modern views about the

importance and classification of teaching objectives, an attempt will be

made at analysing the nature of science and of Biology as a science in

order to determine those {Joals of Biology education which can be derived

from the very basic characteristics of the discipline.



However, one has to agree with Bybee, that to be relevant, these goals

must also meet the needs of the pupils and those of contemporary

society. The major issue of education 'in 01' about Biology" • a science ~

will thus be also discussed and the current status and aims of Biology

education, in a few selected countries, will be surveyed. Finally, the

literature on aims and objectives of tertiary science/Biology education will

be reviewed bri~fly.

The above will lead to a critical analvsls of the current goals and

objectives of Biology teaching in this country, as outlined by the South

African National Core syllabus, for the senior school years and will allow

for appropriate selection of objectives for. inclusion in Part I of the

research questionnaire.

2.2 IMPORTANCE OF SPECIFY!NG TEACHING GOb(1.LSAND

OBJECTIVES

Although opinions vst'Y greatly about the way in which educational goals

and/or objectives should be specified, there is consensus about the
(j

necessity of stating them clearly prior to curriculum construction,

implementation or evaluation.

The simplified systematic model of curriculum development, summarised

in FiQ1, shows clearly how the 'broad aims' and 'detailed objectives' link

up the various components of a curriculum design.
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Specify: II]
Broad Aims .JJ... Design:
Detailed Objectives Learning Materials
Type of Students and Situations.~

_ .....
I'" -

i,i ~iI"
i( ,

I !I'

Evaluation of Students
.'

and Course . Students learn

t from materials
.", and situations

FigUi'.1B 1: A Curriculum Development Model (taken from Billing, 1973: 2)
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Many modern courses in Biology have been designed according to the

above approach. The objectives are first specified; then the course

content and teaching methods are selected; the design of the learning

situations and the construction of materials follows. After the teaching,

the same objectives or criteria derived from them, are used to test the

students. The tests assess the students' abilities, but they also provide

feedback which can be used to improve the course design. Thus, as

Frith at al (1984: 12) put it, "objectlves are an important link in the chain

between statements of purpose and the realisation of that same

purpose".

Isaac (1990: 323) provides the following comprehensive list of

advantages of having a statement of educational oblectlvesr-

(1) It helps determine whether pupils have the necessary pre-

requisites for a particular course or unit of study;

(2) It influences the choice of teaching methods and materials;

(3) It guides the selection of assessment procedures;

(4) It helps the teacher to clarify his/her goals;

(5) It helps pupils organise their own learning;

(6) It :lelps communication between teachers.on the one hand, and

pupils, parents, school administrators, on the other.

In spite of the above obvious advantages, statements of teaching

objectives have been subjected to much criticism. Much of this negative

response, however, seems directed at the rigid, behavioral approach

proposed by Skinner (1968) and Mager (19€~2). As Tarnir (1972 : 31)

puts' it clearly, few educators would take exception to a broader

approach as summarised in Ausubel's statement: "... no educational

outcome is good or bad in and of itself. It's worth can be considered

only in terms of how far it accomplishes the ends we are striving to

~16-



achieve through education".

,[""
:....:::::::!/

2.3 MODlEIFU\!V~EWS ABOUT ClASSIIFI.CAT~ONOF TEACHiNG

OBJECTIVES

One of the earliest sets of objectives to have a "profound effect" on

curriculum designs and assessment was the taxonomy of educational

objectives produced by Bloom et al (1956). According to VVood (1991

,: 1), many of the more redi~nt classification systems used today can be

recognised as the progeny of Bloom's taxonomy, This taxonomy

contains six broad classes of objectives:

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

which are arranged according to a rigid hierarchy in that objectives in one

class are supposed to make use and build on the objectives in the

preceding class. Much empirical research done to validate this hierarchy

has, however, talled'to do so and the accepted conclusion today is that

the hierarchy as such does not exist (Wood, 1991:2~4).

Another important feature of Bloor. 's taxonomy is that it is intended to

be content-free in order to allow its application to any discipline or

subject. Moreover, the classes of objectives have been defined in fajrly

broad terms in an attempt to avoid the danger of the subject

disintegrating into a large number of separate activities. This broad,

content-free nature of the taxonomy could be one of the main reasons

for its poor reliability. According to Fairbrother (1988:5):



UToclassify a question, using the taxonomy, entails mak.ing a

judgement about the way students' work and about what they

already know when they answer the auestion.,.. What is

comprehension for a student can easily be application for another

" ..

Wood (1991 : 2) agrees whole-heartedly with this statement and regards

this as one of the most serious shortcomings in using objectives as

specification for examination questions.

Despite these difficulties, however, in many countries the taxonomy has

played a big part in moving the emphasis in education, and its

assessment, away from recall of knowledge to a variety of cognitive and

other skills. Moreover, as long as no hierarchy is lrnplied, Bloom's

classes of objectives still provide the terminology and diversity of

concepts required to act as an excellent categorisation or specification

system for stating and assessing educational objectives, Although

attempts at produclnq different classification systems have been made -

e.g. Gagne's (1970) system which is based on learning types - most of

the currently used schemes are mere adaptations of Bloom's taxonomy.

Wood (1991 : 2) acknowledges this point when he states:

"Twenty years on (after Bloom's publication), the educational

objectives movement has not been rep/aced by some new

orthodoxy, even if it is unteshtonebte to acknowledge the teet".

In most modern systems of classification, objectives are made more

subject specific and are defined neither in too broad nor in too specific

terms. This approach described as 'middle ground' by Frith (1984 : 16)

will thus be the one adopted throughout this study.
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2.4 DETERMiNANTS OfFOBJECTIVES fOR EffECTIVE BIOLOGY

"I~\~CI·UNG

lFigu&'92 below provides a clear picture of the various factors that should

be taken into account when selecting goals and objectives for a

particular course or study programme. Some of these factors are very

obvious and require no further elaborations, but others need to be

analysed.

Figure 2: Venn Djagram Showing Interaction of Determinants of
Gcals of Biology eChJc::ltion .
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2.4.1 The Nature of Science

The following concise definition of science by GG Simpson (in

Yager, 1985 : 2) is one that it is widely accepted by scientists and

sclence educators:

"Science is an exploration of the material universe in order

to seek orderly explanations (generalisable knowledge) of

the objects and events encountered, but these explanations

must be testable ",

Three basic features of science can be extracted from this

definition (although each one needs further clarification);

Firstly, science involves exploration, observation of objects. and

events in the physical and biological world around us. Hut~himt::Jn

(1983 : 2) warns us, however, that observations could contain

errors:

"The scientific method involves the act of faith that in the

long run such errors will be eliminated because they are

found to be incompatible with new observations",

He then justifies the 'faith' on the success science has achieved

in understanding the world.

Secondly, science entails explanations nJ which has been

observed, but such explanations must produce generalisable OU'

scientific knowledge. Hill (1986 ; 112) reminds us that ..scientific

facts or knowledge are only meaningful when they are "related to

laws, concepts, hypotheses and theories", Hutchinson (1983 :

62), on the other hand, believes that scientific facts can never be
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dLctnatic statements of the truth. He believes that: "Our current

understanding of the world may not be the truth, or even a good

approximation of the truth, but It is the best available and is far

more useful than unscientific approaches to understanding and

controlling the world". There is much consensus today about this

tentative and dynamic nature of scientific knowledge.

lastly, the definition emphasises that explanations OS' hypothesis

must be tested in order to prove them true all'to falsify them, This

argument, first proposed b'V Popper, is well-known amongst

science philosophers. Much debate has centred around Popper's

contention that "scientific hypothesis must be capable of

falsification by the performance of experiments" (Matthews, 1975

: 157). Indeed, in some sciences such as botany, zoology and

geology, observation and studious classification are often used in

place of experiments to verify hypotheses.

Matthews (1975 : 157) criticises Popper's definition as being an

oversimplification of a complex process. He believes that

important 'human dimensions' such as those emphasised by Kuhn

(1970), in his analysis of 'paradigm cases', are being ignored.

Bavetz (1971) shares Kuhn's philosophy about the effe.i:ts of

sociological factors on scientific progress. Scientists, he argues,

are not unbiased when they test their hypotheses, but w' , 'be

influenced by the values, beliefs and attltudesthev hold, as well

as the 'personal commitment' they bring to their work. He claims

that, on the one hand, hypotheses are often modified to fit

unexpected results and, on the other hand, the scientific

community (who provides the accepted criteria of relevance for

scientific knowledge) may reject or suppress highly original or

controversial ideas which do not match 'their conservative

paradigms' (Matthews 1975 : 158).
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Finally, Woodburn and Obourn (1965 : 12) add another dimension

when they describe me pursuit of science as being a way of life:

"Science is one of the things men do. It is an

understanding marked by initiative, energy, boldness,

dynamism and intrepid drive. Thepursuit of science refers

not merely to the data acquired by the scientist, but also to
the means of Its acquisition. Themen and women of each

gelieration who devote their lives to the pursuit of science

become a part of the sctenttttc endeavour. To these

people, science becomes a way of life, and their way of life
becomes an aspect of the pursuit of science - an aspect

that must be included in an attempt to comprehend the

total spirit, structure and function af science".

From the above discussion, one must agree with lseac (1990 :

53)' when he describes science as having three main components:

(,1) CONTENT or PRODUCT ~ emplrtoa], tentative, dynamic

explanatlons of objects and phenomena observed in tQe

physical Of biological world around us, forming an inter-

related body of qenerallsable facts, concepts, hypotheses,

theories and laws;

(2) METHOD or PROCESS- the ways in which the explanations

were arrived at by the scientists. Different (scientific)

methods could be used, but usually experimentation or

careful observations are involved. There does not seem to

be ONE scientific method;
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(3) THE WAY OIF lifE Of THiE SCllEi~T~ST~ the dedlcatlcn,

attitudes a'ld personal commitments of those who chose

the pursuit of science as their main goal in lifer i.e. the

history of science.

It thus seems appropriate to include all three components in any

science curriculum which aims at conveying a true picture of the

discipline to scholars, l.e, empirical knowledge, processes and

methodology, as well as history of science should all feature.

Although many science educators and teachers share the above

views (Donelly, 1979; Selley, 1981; Hodson, 1982; Hutchinson,

1983; Hill, 19BB)' others believe that school science should not

be related to 'real science'. Jennings (1980 : 225), for example,

argues that school science should emphasise 'facts' instead of the

'scientific method' in order to provide scholars with 'a corpus of

kllowledge( I a basic grammar and that other higheraims should be

left for the universit~l'eswhere sciences should betauqht 'de novo'.
His main contention, which was severely criticised by West

(1981), is that such a ' grammar approac..' would be of value in all

subjects, as well as in every day life. He also believes that history

and philosophy of science would not interest most scholars, and

that teachers know very little about how science is carried outl

Jennings' views about experimentation and practical work, which

according to him, are to be used to learn facts, improve attitudes

or gain manual dexterity, and for no other purpose, have also been

criticised by many. For example, Van Praagh (1983 : 640) states:

~23-



"If schoot science is merely the learning of facts and the
performing of certain practical exercises, one wonders
whether its inclusion in the school currtculumIs worth the

trouble and expense involved".

Biology is one of the sciences which is commcntv criticised as

being predominantly descriptive. For example, Maynard Smith has

been quoted as saying: "The difficulty with Biology always has

been there are too many goddam facts" (from Hill, 1986 : 116).

This view would be shared by many of our students who fail to

see in the teaching of Biology any pattern or process and by many

Biology educators, who believe that this over-emphasis of facts is

not onlv unnecessary, but is in fact undesirable. As HIli (198.6 :

115) argues: "A 'Olearrecognition of the theoreticel basis of

Biology would more accurately represent its structure and have

the merit of reducing the dead weight of factual information that

has so often alienated students;'.

Many share Hill's views that an integration of theory, laboratory

work and carefully chosen examples of research presented within

a historical/philosophical framework, should form the basis of the

Biology curriculum at high school level. Such an approach would

justify currently accepted theory and create a real awareness of

what Biology is all about; minimise reduction of BiologV to recall

of facts and teach relevant problem solving skills.

2.4.2. Biology as a Science

BiologV seems to share most of the criteria of a scientific discipline

as described above, yet some fundamental differences do exist

between it and the other sciences. Hill (1986 ! 112 - 1Hi), for

example, contends that both the structure (content/product) and



methodology (processes) of Biology give it 'autonomy' from such

other sciences. He certainly has a point when he states that,

because Biology deals with Hving organisms, it Is more difficult to

generalise facts into laws or to use the 'reductlonlst' approach of

the physical sciences.

A living organism is more than the sum of its parts and when the

natural world is studied at a variety of levels within a hierarchy,

there are' emergent properties' at a certain level of organisation

that 'cannot be predicted from a knowledge of lower level

properties'.

As pointed out by Mavr (1982)1 the reductionist approach only

answers the question 'how', and is adequate for functional

Biology, but is not sufflclent for a complete understanding of

biological processes. The evolutionary approach, with its ultimate,

historically-based questions of 'why' or 'what for', then becomes

essential. Such questions are not required in the physical

sciences.

Smart (1963) and Mayr (1982) both support the view that laws

are less important in Biology than in the physical sciences and

suggest that blolcqlsts should organise their generalisations into

a framework of concepts rather than attempt to make iaws. Hill
(1986 : 113) concludes that this would reflect "the concern of

BIology With living organisms that can be seen as individual case

studies highly restricted in space anq, time rather then universe!

entities subject to unlverset taws ~'.He.adds that "a concept thus

moves b.\~yond the empirical content of laws ~nd) represents a

complex oitdees within the domain of thought";



To summarise the above, it seems that the structures and

methodologies used in Biology are somewhat dlfferent to those

used in other sciences: (1) Laws should seldom be used and

should be replaced by conceptual frameworks, and (2) there

should be a greater emphasis on observations as experimentations

can prove difficult.

Hill \1986 : 115) uses the example of how social insects have

been studied through observation, careful comparisons and

analysis in order to test SOCiobiologicaltheories and concmdes that

the conclusions are lias reliable as those ebteined by experiment '1.

The skill of 'observation" should thus be given special attention in

any study of Biology and pupils should be encouraqad to ask

questions and make generalisations in a specific way, autorromous

to Biology.

2.4.3 The Needs of the Child and the Needs of Society
SciGnee (and thus Biology education) during the last two decedes

has been described as being fin crisis': lrrelevent, boring,

academically too demanding and not attractive te most scholars

(saltman, M (1974); Gallagher, J & Yager, R (1980). The main

reasons offered to explain the crisis has been that science

education did not evolve to meet the changes and demands of our

technological society. Barrentine (1986 : 499) explains that

science education was essentially an 'education of science',

reserved for the academlcallv gifted who wanted to make a.caresr
,

in sclence, and the,ie were decr6,Jsing steadllv, k-U G'Q,oLl(19a5

: 140)' this is still. the only way to teach science as I·~.ebelieves

that science education is "the quest for knowledge, as well as the
knowledge generated by that quest ". However; in many

countries, including America and the United Kirigdom, the late

80's and early 90's saw a major shift in emphasis towards
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'education through science' and in the United Kingdom 'science

for all' LIPto the age of 16 years, became a major cry in science

education.

The main argument is that all members of a society must be

provided with appropriate experience of science so that they can

demonstrate 'acceptable social and scientific qualities of

behaviour' and can thus make informed decisions in the

technological society within which they live (Barrentine 1986 :

498). Matthews (1975 : 162) worries about this shift in goals

and warns that it could lead to such 'trlvlallsatlon' or

'vulqarlsatlon' of science that it would no longer be science

education and he predicts that the supply of competent scientists

could be disturbed. He emphasises the needfor further research

to find out "whether it is inherent in the nature of science, or in
the way it is taught, that we are bound to restrict a major human
acti,lity to a mlnorlty.pursutt",

Yager (1984 : 12), who defines science education as "the
discipline concerned with the study of the interaction of science
and society as well as the impact of society upon science ",
refutes the above argument by calling his own definition a much

broader one as it involves looking at "what scientists do; what
they knew, how they interact (with each other and the rest of

society), what the limits are concerning their knowledqe and
actions, and how science has progressed through the ages",
Moreover, Yager, Tamir and Huang's (1992 : 349 - 355) recent

research on the effE:ctivenRss of a SCience, Technology SOciety

(5TS) approach to Human Biology shows that science content,

processes and creative skiHs learnt LInder the srs approach, as

well as the learners' attitudes, were significantly better than when

standard currlculer practices were used.



it thus seems that the context of Science/Biology teaching must

be chosen with great care if set goals are to be achieved, 'These

goals are broader than they were twenty years ago. What Daniels

(1985 : 56) describes as the "social responsibility of the science

teacher" is being translated into a number ofS1S-based curricular

overseas. Many (e.g. Spargo, 1986) beii~"~ that such an"_ -- - - - - - . . _- I:' - ~

approach locally would result in greater enthu$~asm for science

subjects at school and could reverse the present exodus of more

pupils from tertiary science faculties.
,t'

I(
i/,

il
II

, Watson (1990 : 49), on the otherhand makes a strong call f~,r a
l'

less academic, more relevant, Biology education for an South
':i

African scholars.. Supporting his argument by the data reproduced

in Figure 3, he maintains that "we are missing the opporUJnity to

teach our young people the type of Biology which counts". He

maintains that as South Africa's major problems are biological in

0ature, We -should aim-at creating a biol~gically literate and

biologically_ functional society. <._~•.
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Scientific and technical degrees
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Universitles

Non-scientific
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.'

FIGURE~. Numbers in Educationa! categories indicating a
mismatch between our academic teaching and the
needs of our people 01' country. (From Watson,
'1990 : 50)
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Whereas Watson requests a change in the content of Biology

syllabi, and does describe more appropriate topics, he offers no
suggestions about teaching processes, or about skills to be learnt.

Another important plea for change in South African school science

education comes from Lloyd (1986 : 81-86i, who calls for

industry to playa greater role in the development of the right type

of school science curriculum. He begs the education authorities

to allow industry to make contributions to education such as input

to curriculum development, career guidance, teachers training and

financlal support. He sees the present fragmentation of the

education system into its many departments as a malor stumbling

block to greater cooperation between industry and the education

authorities. He describes how industry has to 'make do with

considerably less than excellence' when recruiting the products of

our ed," "Jation systems, whether it is at top managerial level,

technical or skilled craftsmanship level. He reckons that better

school science with greater emphasis on the skills needed by

industry would be beneficial to all.

2.5 STATUS, GOALS AND OBJECTIVES OF fUGH SCHOOL BIOLOGY

IN A fEW SELECTED COUNTRIES

Two countries known as leaders/innovators in the field of Biology

education will be discussed:

2.5,1 England. Wales and Northern Ireland

School Biology: ras undergone intensive renewal over the last five

years in England, Wal~s and Northern Ireland. Amongst much

outcry and criticism (mainly directed at the speed to which change

had to occur), a new school curriculum package was introduced

in September 1988 (Baker and Hardie, 1989 : 69).
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The Education Reform BHIt published in 19871 identified the

proposed national curriculum which aimed at producing a broader,

more balanced education for the compulsory school years 5 to 16.

In order to achieve this, a number of core subjects, Including

Biology, became compulsory for all. Both the content and skills

to be taught in core subjects were to b~/ A, .ndardlsed and national

criteria Would be produced for each one in order to clarify required

approaches.

Finally, assessment procedures would change from the current

norm ..centred ":',Jproachto the more positive criterion referencing

method (disiAissed further in Chapter 3). Although teachers

would become more involved in aspects of assessment, a terminal
\\

examination would remain at age 16. The dual examination

system introduced in 1963 to cater for pupils of different ability

ranqe, l.e, the General Certificate of Education (GeE) and the

Certificate of Secondary Education (eSE), would be replaced, by a

single examination system, the General Certificate of Second

Education or GICSE, but different level of attainments based on

dr;ferent objectives would be assessed.

The current A-level curriculum would remain as opttonal and

geared tothose 17 -18 years old who require more specialised

education in order to attend universities, but its content and

approach would be modified to match the earlier training of the

GCSE courses (DES, 1985).
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· According to our previous definition, the A-level examinations thus

are the actual matriculation, but as pupils must achieve specific

grades in the GCSE to qualify for A-level courses. it is appropriate

to include the objectives of the former examination In our

discussion. Science, including BiOlogy, is thus taught to t.Hschool

pupils aged 5 - 16 and to those 17 years old who elect to study

it further. The approach up to age 14 is very much a broad,

balanced or co-ordinated science course which occupies

approximately 20% of curriculum time. The Biology content and

the general science skills to be achieved are outlined in the form

of 'four .levels of attainment target' described in National
if

Curriculur\l. Emphasis is expected to be on processes and

relevance to everyday life. These criteria still apply to the age

group 14 to 16t but pupils may then select different science

courses or subjects which will lead to their final G'CSE

examinations (DES, 1985 : 4).

The various Biology svllabl and courses ,offered by GCSE for the

various examination boards (discussed further in Chapter 3) must

cover the tour-themes and three broad objectives laid down by the

National Curriculum. These, together with specifications about

their assessment, are summarised in Tables 1 and 2 (DES 1985 :

4).
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Table) 1: The Four National Themes and Their Ralativb-
Importance In The Overall GCSlEAssessment Sche,mg,

'_ ...... ,,_ ...

Relationships between -organisms
and with the environment

Between 25% and 40~

Organisation and maintenance of
the individual

Between 25% and 410%

Dev~!olPment of organisms and the
continuity of life

Table 2~

Between 15% and 25%

The Three Broad Assessment Objectives and Theil'
Relative Importance in the Overall Assessment
Scheme

Skills and processes (including
experlmsrual and obsentational
skills)

Not less than 40% (at least 20%
to experimental and observational
skills)

Personal, social, economic and
technological applications of
Biology in modern socle

-33~

Not less than 15%
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An lrnportan, sature of the above scheme is the strong emphasis

placed on practical work and its assessment. When the National

Criteria for GCSE examinations were first published in May 1985,

they made it very clear that:

''All schemes of assessment must allocate not less than

20% of the total marks to experimental and other practical

skltts. At least half of these marks must be awarded on the

basis of experltrentel and observation wort: i~i)'1~e

laboratory or its equivalence" (DES, 1985 : 4).

This inclusion did much to change the character of Biology

teaching and its assessment in England and Wales. Peat, 1988

summarises the impact of this criterion extremely well:

"School Biology came of age in 1988 with the introduction

of compulsory assessment of practical work to all GCSE

syllabuses bearing the Biology label. No longer can one

gain a natlonall,! recognised qualification in science cJt this

level by resorting to books alone. This state of at fairs must

surely be good for the status of Biology as a demanding

scientific discipline ... ".

The scheme of more oetalled objectives proposed by Nuffield for

the double-award science course (Table 3), shows thatfndeed

examination boards are now giving much importance to practical

work as well as to a variety of other skills.
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Table 3: Objectives for GCSE Double AWBlrd Science IPL~pilS'
Should Acquire (from Fairbrother, 1988:1 M8)

3~1. 1 sc'sntlflc phenomena, facts, patterns, iawS:~;definitions,
conce ts, theories and models;

".3. 1.~ sclerrtlflc vocabulary I terminate .'and conventions:

..,!~.1.·;$sclenttflc instruments and apparatus, including tachnlquas of
o sratlon and cts of

3.1.4 scientific quantities and their determination;
"

3.1.5 everyday and technological applications of science,,\n}Jth,their
arsenal, social, economic and environmental implications.

, .,.... .: ...,.,..... ~.,."",--

3.2.2 devise orocecc
for checking
hypotheses an

,~/ .~apparatus and materials suitable
\~..C'~~clu.siOns,generalisations,

3.2.3 follow Instructions accuS-b\... "j the safe conduct of
experiments;

3.2.4 communicate scientific observations, ideas and arguments
logically; . ..

~-l.2.7 observe, measure and record accurately arid ~ystematica

tlons:3.2.8
3.2.9 rSl.;ogni:;e and explain variability and unreliability in experimental

measurements:

3.;~. 10 evaluate critically the design of experiments,
experimental observations and other data anJ draw conclusions;
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3.3.1 extract from information presented in diSl91U'ammatic,symbolic,
graphical, numerical or verbal form, data relevant to a partlcular
context:

3.3.2 use datal, recognise patterns i,,\ such eJata, formulate hypotheses
and draw conclusions; -

3.3.3 translate !nformation from one form. to another;

3.3.4 e~lP~ah1 familiar facts, observations and phenomena in terms of
scientific laws, theories and models;

3.3.15 suggest scientific explanatlons of unfamiliar facts, observations
and ncmena:

3.2: explain everyday and technological applications of science and
evaluate associated personal, social, economical and
environmental implications:

3.3.7 appl,f scientific ideas and formulate methods to solve qualitative
.,and quantitative problernsj

3.3.8 make decisions based on the examlnatlon of evidence and
an msnts:

3.3.9 recognise that the pursuit of science is subject to practical
constraints and theoretical uncertainties;

This set of educational objectives also show clearly that the

emphasis is on an education 'through' science, Its content as well

as its processes and is a move away from pure recall of

knowledge, Twenty of the twentv-tlve objectives listed are

concerned with skills, Some of these skills are dedicated to the

scientific method; others can be called 'life skills' as they are

readily transferable to other situations. One has to agree with

Peat (1988:254) when he says that:
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"The skills ot observation, meesurinq, assessing problems,

appreciating others. and the environment, and interpreting

information are useful in all walks of life and Justifv Siology

FOA ALI~to the age of 16",

(i

The ,above list also reflects that the determinants of

ghaIS/Qbjectht$t~, (as dis6~')'~sedin Section 2.4 above)' have been
1 ...... ( _"': •, ) \

used to sele(L','}bjectives tht:t would satisfy the needs ora future
aclentlst, as well as the needs of pupils who will not pursue a

~.\

scientific career, The nature of sclence, the needs.of the pupilt as

well as the needs of sccletv have all been taken into account.

Another interesting point tenote ai60utthis scheme of objectives

i~that, although it refers to ~,loom's terminology and concepts at
()

times, )In line with modern research discussed above, no hlerarchy

was implied and elthouqh defined fairly broadly, each objective is

specific t6!~clence and is criteria based. These objectives are thus

{),'luch easier to use than Bloom's taxonomy {CIS described above

ill Sections 2, 3). u

2.5.2 $:11:huael
Scm~ollng In Israel, as in Britain, consists of 10 years at.
compulsory schoollng followed by an elective 2 years which lead

to a matrlculatlon or 'Bagrut' terminal exarnlnation. 'Teaching in

the junior high school follows a broad, general approach, but
becomes very specialised In the last Z·years of senior high school

(Tamir. 1988 : 43), Biology education is known by world

standards to be .artloularlv e'(,fective (Jungwirth at al 1990 : 42).



The high school 8iolog.·y curriculum is based on the once wortd»
famous American Biological Science', Curriculum Studies (BSeS),"

but it has been adapted to the needs of the country and developed

further, since Its implementation by schools an a voluntary basis

in tee5. Today, the Israeli Biological Sciences Curriculum study

programme ((SSP) has become 'the dominant curriculum' in senior

BiologV classrooms (Tamir, 1983: 65). .Ths main reasons for the
c

success of this course and for its hi'gh world status can probably

be attributed to the efforts of the Israeli Teachers' Centre, who

\) have been able to create a perfect match between the relevant
vv

curriculum aims and objectives and the matriculation examination.

As Tarnir (1988 : 43-44) puts it: tiff} Israel the curriculum reform

in the sciences has been accompanied by substantial adaptations

and modifications in the mstrtcutetton examinations" and because

of this "It bas made a substantial contribution to the
Institutionalisation of the inquiry orientation In the classrooms",

Practical work, investi,~ation of original scientific problems, and

genuine teaching of critical thinking and problem so. 'ling are focal

points of Biology education. Whereas most countries pay lip

service to these aspects of teaching, they can be seen to happen

in Israeli classrooms (Ibid).

Whereas the Impact and characteristics of the examination will be

discussed further in Chapter 3, the simplified list of teaching

objectives for laSp, summarised In Table 4 gives us a clear idea of

what Blol()~'1 teachers try to achieve in Israeli high school

classrooms.



Table 4: Some Objectives of ISSP Biology Curriculum (from
Tamil', 1972:31)

Accumulation and retention of principles and enerallsatlonsr
. ''-

SId!! in recognition and formulation of biological problems;

4.7 Understanding research processes and procedures in Biolo

4.8 Understanding the 'Nature and Aims of Science';

of science;4.9

4.10 Understanding the place of science in everyday life and its role in
human relations;

4.11 Developing favourable attitudes to science in enersl and in rdclllar;

4.12 Developing favourable attitudes to science to local flora and fauna,
thereby strengthening the emotional ties with the homeland;

4.13

(.
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2.6 GOALS ANi) OBJECTIVES Of TERTIARY EDUCAr~ON

Beard's scheme of objectives for tertiary education (Billing, 1973) is

widely accepted amongst local academics as being a goodJ general

statement- of the goals of tertiary teaching (Stanton, 1990 : 9~,).
.'--~

A brief analysis of these objectives (Table 5) shows that they tend to

reflect the nature of science and the needs of the Indlvrdual within the

context of contemporary society. As suggested in Chapter 1, a closer

comparison between objectives of high school and' those of ':tertiary

education in Biology could prove useful if.\solving some Of the problems

students experience at tertlarvlevel and thls will be attempted in Section

2.9.
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Table 5: ThG:!Beard Teaching Objectives for Tei'tiary level

of his subject;

Know the rlnclples (basic laws and concepts) of his subject;

Understand some of the uses to which

Be acquainted with principles and;,i\applications of related

81 To write coherently:

S2 To be verbally articulate;

S3 To make hi$ Own lndene ......gan,'i'\l

84 To obt~in information efficiently;

aments;

,
55 To think creatively, imaginatively and in abstract terms;

56 To cooperate with colleagues and other professionals in
future careers:

S7 To develop adaptability, i.e. to cope with changing patterns
of knawlGdge (both general technological advance and new
ideas in own subjects)'

A2 c Scholarly concern

A3 Awareness of moral, social, economic, polltlc=! and sclentlflc
problems of society;

~41-

",



~"7 THE VIEWS Of THE SOUTH AfRICAN ASSOC~AT!ON Of
I'

TEACHERS Of BiOLOGY ABOUT GOALS/OBJECTIVES Of' HiGH
SCHOOL B!OlOGY IN THIS COUNTRY

figure 4 summarises the views of those members. llf the association

which attended workshops held in May 1989 and September 1990 to

discuss the orientation and focus thJY would like to see in the new eare

syllabus \l)hich was then being designed, The proposed objectives of the

senior high school 131 ')gy course were listed in fairly broad terms as

'desirable attributes' that the course should develop in the pupils over

the three year tl:.'I' 'ng period.

These objectives are very much in llrie with those of tr{e countries

discussed above and reflect a good grasp of the nature of Biology as a

science.



AWAREII1.ESS .. So¢i~l
.. t~'lfircm~e1'1 t.o.l
"OX' the t..:nt.Cl.tivG'
nCl.ture of seiene~

tJNDltRSl'ANDXNG Oli'
l1'tJNDAMENTAt.
INFORMATIOl.\1

.Pi"'o.eUee<l
Mo.:nipulQ.Uve.
S<>ei(\l

"
ABILITY TO THINl<:
..AnQ.lytioa.l1y
-CrlHoo.Uy
"'Crea.lh,ely
"IX'.Ider~ndo.ntly
-Across disciplines

A SCIENTIFIC
APP~OA'CH

Figure 4: Diagrammatic summary of the views of the South
,African Association of .Biology Teachers about desirable
,goals/objectives of High School Biology



In a circular summarising the discussions, the association acknowledges

the fact that their recommended approach would be more time

consuming than the usual ones, but saw them as essential changes if

'pupil learning' was to take place.

2.8 THE GOALS/OBJECTiVES Of THE TED B!OlO~V SVU..ABUS

2.8.1 Goals and Objectives of Senior High School Biology in

South Africa as Outlined in the National Core SyUabus

In South African High Schools, present teaching, in terms of

content, goals and objectives, is controlled (in each subject) by

criteria laid down in a national core syllabus produced by the Joint

Matriculation Board. Although each of the ten existing

examination boards produce examinations which use different

assessment procedures, they are in fact based on very similar

syllabi, and are all moderated by the JMB.

The Transvaal Education Department svl'abus for Senior Biology

Standard 8 to 10, currently in use (TED 'new' syllabus: 1986),

follows the National criteria very closely.

1. It first states the general aims. of the three-year course as

summarised in Table 6.
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Table 6: Aims of Core Biology Syllabus For Standards 8 to 10

6,1 An understanding (\f fundamental biological ~!inciples based on a
stu of nv-ing organisms;

6.2 An aW~:lU'enessof biological relationships with reference to the
following wnifving themes, viz .

.rslatlonsh between structure and function

adaptation to the environment

diversity, yet unit in structure

progressive structural development Ifrorn the most primitive to
the most advanced

genetic inheritance and continuity of characteristics as well as
determination of behaviour----------------------------------~I
regulation and homeostasis

6.3 An appreciation of the fact that Imowledge is incomplete, tentative
and might 'change;~--~------------~---------------------------~I

6.4 An abilitt to make critical. accurate observations of biological material,
and to make meanln records of such observations,

6.5 An ability to analyse and evaluate blological information and
expressing ideas;

II-----;....-.

6.6 An aLmty to communicate clearly when reporting information and
expressing ideas;

6.7 A desire to know more about natural phenomena;

6.8 An appreciation and understanding of the contrlbutlcns which
sclentlsts have made to the su ct:I~---------·~ ------~----------·--__-------- ~I

6.9 A love and appreciation for the South African fauna and flora and a
recognition of the urgent need for nature conservation;

6.10 A respect for all living things created by God and an urgent awareness
of man's responsibilities in the preservation of life, particularly in the
SA context."
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2. This is followed by the recommendations set out in Table

7.

Table 1: Recommendations about Teaching Procedures and
Techniques

1.4 A constant emphasis should be placed upon facts being understood.
in rsted and lied rather than being memorised;

7.1 Pupils should make their own observations of specimens and
experiments;

7.2 Pupils should learn how to handle and set up apparatus correctly:

7.3 Organisms should be observed in their natural envlronments:

7.5 Pupils should be confronted with problems from their personal fields of
experience and the prescribed subject matter suggested as an
explaaatlon of the problem. Ii

2..8.2 Classification of the above aims

An attempt to classifYthe broad aims of the syllabus (as outlined

in section 2.8 above), according to Bloom's taxonomy, show that

cognitive, psychomotor as well as affective aims are equally

rspresentcc , as summarised below:

Cognitive Aims:

Psychomotor Aims:

Affective Aims:

6.1,6.2,6.5,7.4 and 7.5

6.4,6.5,6.6,7.1,7.2 and 7.3

6.3, 6.7, 6.8, 6.9 and 6.10.



Billing (1973 : 21) reckons that a slightly- different grouping of

Bloom's domains, as used by Beard, might be more advantageous

when objectives have to be categorised and analysed. The

advantage of grouping objectives as 'Knowledge', 'Skills' and

;Attitudes' is that 'Skills' can span both the cognitive and

psychomotor domains, thus avoiding problems of maldng a choice

when the two categories overlap.

The classification of the core syllabus under this new scheme is

as follows:

Knowledge

Skills

Attitudes

6.1 and 6.2, 7.4 and 1.5
6.4,6.5,6.6,7.1,7.2 and 7.:3

6.3~ 6.7, 6,8, 6.9 and 6.1 C.\)

This new scheme prevents an overlap in cla$sifying Objective 6.5

and would probably be even more useful if aims were defined in

more specific terms.

2.8.3 How Does the TED Objectives Reflect the Nature of Biology

as a Sciellce?

Previous discussions (Section 2.4.1 of this chapter) showed that

if a science course, is to reveal the true nature of science, It should

cover the three vital components of th~ discipline: Empirical

knowledge: processes and methodotoqv of science, and,

philosophy and history of science. All three aspects are clearly

covered in the stated alms of the core syllabus.

~47-



Bllt whereas the knowledge aspect is comprehensively covered,

only certain aspects of the recommended processes and

methodology os Science are reflected in the syllabus - 'for

example, Alms 6.1· and 6.2 emphasise the understanding of

fundamental Biological Principles, conceptual fl arneworks, patterns

and relationships as beillg essential components of Biological 'I
Knowledge. Aim 6.3, on the other hand, stresses that pupils must

become aware that this knowledge is, at times, incomplete and

tentative. I
I
I

In agreement with Hill's views (1986), Aim 6.4 stresses theT
I

i~portance of develo:,ng p~op~robservation skills ~hile SIU.dY':9;/1
Biology, However, investigations based on expertmentatton I~

another important selentlflc method used b\( [~:plogists to sOlvel

. problems; none Of. the liste.d aims su.•gge5t that pupils undertak~1
such experiments u.ernselves. In contrast, we have seen tha:

I
both GCSE and IBSP attach m ?h importance to experimenta
investigations and this Is clearly reflected{;i~I'the general aims am

speolfie-objectlves 01: these courses (as discussed in section 2,~\

above), The SOUt!l Atrtcan Association of Biology Teachers aiso]"
, I

regards experimental investigative skills ;:IS an important att,;tibute\

10 be developed in high school pupils {Figure 3). The histofj~al\

dimension of science is covered by Aim 6.S, wl.lcf oUI.!ires\ttiat\

'an appreciation and understanding of the contributions which \

scientists have made to the subject. should be one of the \

outcomes of the course .•
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2.8.4 How Does the TED Objectives Refi.~ctthe Needs of Pupils

and of Society

Recommendation 7.5 which states that 'pupils [should be

confronted with problems from their personal fields of experience'

suggests that the. designers of the core Biology curriculum had

some awareness of the pupils' needs. The statement is, however,

very vague and could be interpreted in many different ways.

There is no guidance about which problems should be chosen or

on how to link such problems to the other components of the

course. Aims 6.9 and 6.10 are somewhat related to societal

.iesds in that they have to do with the environment and its

conservation, but in general, there is little reference in the TED

syllabus to pupils' needs or to the needs of soc'etv.

The statement of SAATB about the desirability of developing

'social and environmental awareness' 1(: pupils also lacks

specificity and Direction. Some of the objectives put forward by

Nuffield GCSE, OJJ the other hand, give excellent guidance on how

to use Biology education to meet the needs of both pupils and

society. For example, Statement 3.1.5 suggests that biological

knowledge should be used to provide an "understanding of

evervdey and technological applications of science with their

personal; economic and environmental implications II and
Statement 3.2.6 suggests that these applications are evaluated -

in other words, it is suggested that topical issues relevant to the

child or to society should be discussed in classrooms.

S!milarly, Objective 4,11 of IBSP suggests that Biology teachers

should teach their pupils how to understand t1J~ place of science

in everyday life and its role in human relations.



',! 2.8.5 How Does the TED Objectives Reflect the Objectives of

Tertiary Education

The 'Knowledge objectives' of Beard's scheme are vervslrnllar to

those of the National Core Syllabus except for the last objective

which states that university students should be 'acquainted with

principles and applications of related subjects'. This objective is

seen as a desirable attribute to.be developed in school i'ea\,ers by

the SAATB (Figure 4), but not mentioned in the core syllabus.

Many of the 'Skills objectives', namely S3 to 58, stated by Beard,

do not feature at all in the school core syllabus. Thinking skills

which, as discussed in Chapter 1/ were described as vital for

success at \~ertiary level are rnlnirnlsed in the school syllabus.

Learning to work independently and cooperatively, information

seeking and retrieval, and ability to make one's own Judgements

are other important skills hot mentioned as teaching aims of

schoolBlolcpv in the core syllabus. These aims feature widely

both in Nuffield GCSE and Israeli ISSPsyllabi objectives (as shown

in Tables 3 and 4), They are also well represented in the SAATB

recornmendations (Figure 4).

The 'Attitude objectives' of the unlversltv scheme are also not

well represented in the local core school syllabus. Although four

of the ten broad aims of the core syllabus are concerned with

attitudes, different attitudes than those expected at university,

seem to be emphasised. Such attitudes as a 'scholarly concern

for accuracy', 'a questioning and inquiring approach to knowledge'

and 'awareness of moral, social, economic, political and scientific

problems of society', which are listed in Beard's scheme, do not

feature at all amongst the school's objectives.



Once more SAATB recognise all three of those objectives as

important ones for high school Biology and they are clearly defined

in the GCSE and IBSP svllabl objectives.

2.9 CONCLUDINGRIEMAIFU(S

Having examined the overall purpose of goals and objectives irl
education. it was pointed out in this chapcer that it is desirable to select

and state such goals with care when designing a school curriculum for

any subject. Three major factors were identified as important

detorrnlnants of the goai~/objectives of a high school Biology curriculum:

The nature of Biology as j) 'general' and as a specific science; the needs

of the .~'Ipils both in terms of relevance of the course and future career

plans, and the needs ot society. An overview of the status and goals of

l-liology education in Britain and Israel - two leading countries in the field

of Biology education, ann a brief review of the goals of local tertiary

science educators - served as a framework for analysing the goals/

objectives of our current TED syllabus for Standards 8 to 10.

This analysis revealed that, although many objectives of the TED syllabus

were congruent with the other schemes, others were either absent or

defined so broadly that they were difficult to interpret. An identification

of desirable attributes, which a study of Biology should develop in school

leavers, put forward by SAATB, was shown to be closer both to the two

overseas and to the tertiary educators' schemes of objectives. On the

above grounds, it was thus decided to use SAATB vie ws as well as

objectives of the British GCSE and of the Israeli IBSP~to supplement-

and/or improve the TED's scheme while designing the questionnaire

used in this studv (Appendix 1)..
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ASSlESSn~G ','~CHREVEMIENT Of

IEDUCAT~ONAl Gd~f\lSAfJD OBJECTIVES

3. .. INTRODUCnON

The importance·· of clarifying teaching goals and objectives was

established clearly in Chapter 2, where a simple model of curriculum

design (Fig. 1) was used to show the link between stated

goals/objectives, teaching methods, assessment, evaluation and

feedback. The main aims of this chapter will be to focus on the role7or-=
objectives in.the evaluation process in general, the purpose otevatuatlcn

and on the various procedures presently available to assess achievement

of stated goals/objectives during orafter teaching. Various problems

associated with attainment tests and examinations, and research findings

on the topic will also be discussed.

Whereas the first part of the chapter will deal with these issues in

general, the latter part will concentrate on their application to High

School Biology and more specifically to assessment of Biology in the

Transvaal, including the Transvaal Matriculation Examination.

3.2 PURPOSEOF SCHOOL ASSESSMENT

Macintosh and Hale (1976) describe the following six purposes to school

assessment:

3.2.1 Diagnosis

To monltor progress and to find out how the pupil is assimilating

what is beil)g taught. Specific action may be instituted as a result

of diagnostic assessment.
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3.2.2 !Evaluation

To evaluate the effectiveness of the teaching which again can lead

to sP~Pifi:~;-~.~~t.iOr1.

3.2;3 Guidance

To assist pupils in maJdng decisions about the future, whether it
.. -

concerns choice of a subject or a course, or whether ll:~Sto hi11p

in choosing a suitable career.

3.2.4 Prediction

To discover potential abilities and gpt;ludes and to predict

probable future-successes whether in school or outside ..
.:.! . . " 1:1

3.2.5 Selection
,\. Y'

To determine which are the most suitable candidl)t8sfora course,
'/

//ua class or university.

3.2.6 GradiIJ9

To assign pupils tc a particular group, to discriminate between the

individuals in a group.

Frith at al (1984 : 6) divides the above into pupil-centred (3,2.1

to 3.2.3) and teacher-centred (3.2.4 to 3.2.6) purposes and

remind us that some overlap between these functions always

occurs in practice.

Kempa>{1986 : 1) uses a different classification, calling purposes

3.2.1 to 3.2.4 the educational purposes of assessment as

opposed to those purposes with a societal rote, Amongst the

latter group he includes 3.2.5 and 3.2.6, but adds a third purpose:
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'The use of examinations as a means of defining the content and

orientation of the curriculum' and of 'Maintaining educational

standards'. He has an important polrrt here (as already mentioned

in Chapter 1) assessment driven curricula are more the rule than

the exception in teaching.

Finally! Gray (1974: 23) regards purposes 3,2 ..4 to 3.2.6 as being

uppermost in peoples' minds and recommends that teachers make
I:

a deliberate effort to shift the emphasis to the more pupil-centred

purposes. He argues that most teachers undervalue/undaruse

their tests as a source of feedback and thusare notrhelplngthelr

pupils to help themselves'.

3.3 WHAT IS TO BE ASSESSED

Assessment was described in Chapter 1 as being essentially a

'measurement process' and as Ward (1980 : 3j points out, it could

include both 'attainment testing' (l.e: a measure of what a pupilknows

or can do) and ~predictive testing' (l.e, an assessment of what the

student might learn, or learn to do successfully, given suitable tuition).

School assessment, however, is, in general, more concerned with the

first type of testing. Thus, what is to be assessed is usually derived

from the syllabus of a particular course which, according to Ward (1980

: 17) I should always be 'the starting point' to designing any scheme of

assessment.

Most syllabi describe not onlv the content of the course, but also the

skills or abilities and attitudes to be learnt by pupils and, as pointed out

in Chapter 2, the modern trend is to state these (3S goals and/or

objectives, prefaced by a phrasesuch as: 'By the end or the course the
pupil should be able to ... '
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Figure 5 provides a summary of the v~rious aspects of a course which

a teac!f1er/aS$essor should cor,~ider in order to clarify what should be

measured.

,( ,

3.3:1 Defining P~ims/ClaD'ifyingObjectives

Ifaims are defineditttoo general terms for effective measurement,

thevshould be redefined in more.speciflcterrns (Steps 1 and 2 in

above scheme). Gronlund (1977) supports the view of many

assessment specialists when he .states that some taxO'Ilomy of.
Educational Objectives, such as the one designed by Bloom

(dVscussed in Chapter 2) could offer useful guidance in sp~cjfying

'l\he learning outcomes to be:(measured. In reviewing the rel~earch

literature about 'specificatl\ons for achievem~nt tests", t~ood
'{

,.(1991 : 6) acknowledges the effect of Bloom's fd'~ohOm'll but

says that any similar bfueprintwculd have had the same effect.

"\

Fairbrother'l1988 : 48L on the other hand, warns aboq~ problems

connected to a direct use of Bloom's taxomony in classlfvinq i>

assessment questions. He recommends that objectives listed in

the subject syllabus be used instead; being stated in..more

concrete terms, they ~/:nproduce more reliable specifications.

I I

Kempa (1986 : 1) distinguishes between assessment objectives

and non-assessed objectives and see the latter as often being

characteristic of affective objectives because of the- difficulty of

formulating them with sufficient precision in order to measure

them.
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I AIMS OR GENERAL I
PURPOSE OF COURSE

V~~~;ZBiL~T~]
,- 'Oij~1 r" [O~ECrES]

~A:-::::S::S=ES~SMF.NTI-:-4IASSESSM.ENTI+- THEMES
TECHNIQUES ~ L PLAN " AND TOPICS

t t r I
i l METHODS OF I
f" " TEACHING AND !
I I

LEARNING I
t I

CONTENT
OF 'COORSE

figura 5. Steps ln designing an assessment plan. (Adapted from
Schools Council Examinations, Bulletin 23~ 1973)
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3.3.2 Teaching Cr tsnt and MetJlods

In his criticism of the GCSE€'.ducationalobjectives, Kempa (1~86
\

: 13) emphasises the importance of taking. the Course Content

(steps 3 and 4) and Teaching Methodology (step 5) into account,

when designing an assessment plan. He reckons that

achievement cannot be tested without the framework of a body

of knowledge. Accbrding to him ('j986 : 14):

..... 'Science' cannot merely be seen in terms of the
processes with which we assume it to be asso ci,ated.
Science, in its totality and throu9~bits constituent branches,

\>

is concerned with a wide rangeof\:~nowledge items' {facts"
theories, rules, concepts, etc. that ls noless. important a
part of science than are science processes. "

In order to achieve balance and fairness in assessment, it gs

recommended that the assessor takes Into account the themes of
\.

the subject, as wellas the time/depth spent on each one. Ideally,

guidance about these two criteria should be included in the

syllabus Tor a particular examination.

Only after careful consideration of the above criteria that the

decision on 'how to assess?' can be taken and an assessment

plan (Frith et ai, 1984) or scheme (Ward, 198(1) should then be

designed.
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3.4 HOW TO ASSESS?

This question can be answered in two wavs, i.e. by looking at the

various modes of assessment (Rowntree, 1977)" or, by describing
,

existing assessment techniques (Ward, '1980). A brief description of

~-rr' approaches will provide the necessary background for the
,Ii

evaluation O'T the TED Biology Matriculation examination.

3.4.1 Assessment M~(ies
"'~'C-:::..". "'''~i'";'

Rowntree {Frith fit al, 1984 : 17) identifies the foHowing eight

"conflicting mod~''$n of assessment:

*
Forl11?i,.}J.efsusinformal

//

Fo~inative versus summative

Continuous versus terminal

Coursework versus examinations

Process versus product

Internal versus external

Convergent versus d;vergent

Idiographic versus nomothetic.

*
'*

'*
*

Although one has to agree with Frith (Ibid) when he points out

that some of these modes overlap and that the distinctions made

between them are, et times, very subtle, a brief overview of each

one will be undertaken as all these modes need to be clarified

before analysing assessment techniques themselves. 'Formal'

could be defined as planned assessment as opposed to assessing

'by accident' or 'informally'. Fairbrother (1988: 2) acknowledges

that it is very difficult to avoid the latter, but reminds us that we

should not use this form of assessment if we intend "to pass
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judgementit or "take some action which might affect what

happens to another person ", as we could easily be wrong. Frith

(198.¢ ; 17), on the other hanc, sees informal assessment as
J," _' ',,"

having value as an unobtrusive way of gaihh1g insight into the

learning progress of a pupil during teaching. He would Classify

oral questionlng occurring spontaneously during a lesson, as well

as silent observations in this assessment mode.

In -erder to distingui~h between formative and surnrnatlve, , ' ,
assessments, Frith (1984 : 17l uses the purpose for which the

teacher is assessing as main criterion: A formative assessment,

occurs when the teacher "sees himself as getting to know the

students inprder to teach them better", l.e. when m is getting
• \; f',:,;

feedback about the pupil, the course, or his teaching, whereas

assessing in order "to help others to feel better informed" (about

pupils) is sumrnattve assessment. Others (Kempa, 1986 : 19 and

Tanner, 1972 : 5) add .that formative assessment occurs w!\,an

instruction is still in progress as an integral part of the learning

experience, whereas summative occurs at the end .of a topic,

module, or course. Frith ti(bidl disagrees with such an

identification of summative with terminal assessment and points

out that continuous assessment results, initially used formatively,

could subsequently contribute to summative assessment. Frith

(1984 : 17) goes even further by pointing out that terminal

assessment (e.g. if,) the form of examinations) could be dispensed

of, if a teacher compiles a satisfactory summative assessment

from continuous assessment based on coursework:
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"The use of exeminetions cannot be justified meretyon the

grounds that summetive assessment is necessary. A

student can be assessed at the end of a course ~~fthe light

at what has been done during the course and if some

'- terminal task was required" it could be something very

different from what is traditionally considered as an

examination ",

"t[

in other words, the terms 'surnmatlve assessment' and 'terminal

examlrratlon' should not (as is done so often) be equated with

.each other or with examinations.

" Differentiating between 'product; and 'process' is recognised by
,',

Kempa (1986 : 53) as being particularly relevant in science

education and as requiring very different assessment techniques.

Although many teachers/examiners assess process through oral
\

questioning or, worst, thro,~)ghwritten tests; Frith (1984 : 17)

reminds u,s that 'recalling' is not the same as 'demonstrating' r as

the latter "helps to determine not only what students do endwtiet

students know, but also what they are".

The last two 'conflicting modes' are closely related and will thus

be discussed together. They are also the two modes which seem

to be most neglected by teachers and examiners in their

assessment of pupils. Convergent assessment, which according

to Frith (1984 : 18) is more reliable and structured, is often used

in preference of divergent assessment. Although the latter is

somewhat open-ended and somewhat subjective, it allows for

assessment of creativity and other 'ldlosvncratlc' qualities.
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Frith sees both idiosyncratic assessment (which aims at the

unique characteristics of individuals) and nomothetic assessment
(which collects data for the sake of comparison with other'5l~iFi$~~.

'<::~,,::;:"~>'':'

being important componerrts of both formative and surnrnatlve

assessment.

In concluslon. it seems that the aim of the assessor.or assessment

will determine the choice of mode and that in order to obtain an

overall assessment of a pupil, or course of study for the purpose

of evaluatlon, a variety of modes should be incorporated in the

designof the assessment plan. Other important factors such as
:.1

"

reliability and validitY will have. to be taken Into account' when '.'

( choosing assessment modes and these wHLQ# dis~ussed further

at a later stage.

3.4.2 Assessment 'techniques Available and Their Timing

Ward (1980 : 31) offers an excellent summary of the various

assessment method~;' s\tailable to assess attainment and Shl{l. -.- ",
,,- (~,t' _

suggests the best timinq.:tb be used for each form. in oider to

ensure maxlmurn reliabiHty and validity:
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Table 8: Assessment 1\I1\>'~hodsAvailable

II Affective domam

Theory Written
examinations

In-course written
'Q'pd,s. Projects
and assignments.

Course work
assessment
or theory

Psychomotor Practical
examinations

r?hasedlpractical
tests. Practical
projects and
assignments.

Practlcal
course work
assessment

Oral examsOral! Communication Oral work

In course tests.
Project work.

Oral course
work
assessment

Course work
assessment

All, or most, of the above techniques are used in the evaluation of

a pupil's performance ;:lnd prc~ress during a year of study.

However, as this research '5 primarily concerned with

matriculation, only those methods of assessment used, or suitable,

for this purpose will be discussed further.

3.4.2.1 End Of Course 01'Terminal Assessment

In most countries, im::h~dingSouth Africa, matriculation is based

on written and in some subjects, practical terminal examinations.

These can be done internally or externally. Oral terminal

examinations are seldom used, except B,f'::'>~ps for visually

handicapped people, but oral questions ar~',bften usr.; in practical
'<, ~! \\,

exarnlnatlons (Ward, 1980 : 46).
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Ward (1980 : 30) lists the following as being some of the main

characteristics of a terminal written examinatlorn-

(a) It takes place at the end of the course, on a fixed day, at a

. fixed time, and Is the same for .7111candidates. It is, as a

result, a 'once-for-all affair' so that a student's course

results may be unduly influenced by his being 'off-colour'

on the day of the examination;

(b) It has a fixed, and often tight time allowance, and is strictly

supervised. Usually no talking is allowed and only in certain

cases that candidates may use certain specific reference

material.

(0) Usually it consists of a series of questions which ranges

over the whole of the syllabus for the course" unit or

module. Often strdents are offered a choice of questions.

(d) Usually the tasks which the students has to do is well-

defined although the degree of precision varies with the
tvpe.ot questions.

The main disadvantages of this method of assessment are perhaps

a little harshly, but well sumrnarlsed, by means of the following

quotation from Rowntree (1979 : 135):-

"The traditional three-hour exam tests the student's ability

to write at abnormal speed, under unusual stress, on

someone else's topic, without reference to his customerv

sources of information, and with a premium on question-

spotting, lucky memorisation, and often on readiness to
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attempt a cockshv at problems that would. confound the

subject's experts ..• "

If the terminal examination is an external one it will have,

according to the School's Examination Council (Bulletin 27 f 1973
: 28) the following additional disadvaf1tages:~

ta) Assessment will be restricted to those attainments which

can be displayed in writing; many important process skills

are thus excluded. Although in the past practical, terminal

examinations were carried out in some subjects, they have

been discontinued in most countries due to the problems

encountered. This will be discussed further when the

assessment of Biology is described.

(b) The freedom of teachers and pupils to follow their own

interests and objectives will also be restricted.

The main argument in favour of external terminal examinations as

a method of assessment, aCGordingto the School's Examination.

Council (Bulletin 27 t 1968 : 27) is that it is the only method whicrn

offers the fol.!owing set of important advantaqes.-

(a) It is easily administered to a large group of· pupils and is

probably the most economical method available for such a

purpose.
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Ib) It could ensure rapid dissemination, on a large scale, of

what is best and generally accepted in curriculum

development.

(c), It allows the concentration of resources for setting,

marking, and reporting on examinations.

(d) It torces comparison of achievement of similar students on

a national or at least a regional level since all students are

assessed by common criteria. This prey~ws complacency

amongst teachers and thus, helps to maintain standards

and brings about uniformity of practice.

(e) Results of externally assessed examinations tend to be

viewed as more acceptable and less biased when used bV

employers or educators for selection and other purposes.

3.4.2.2 lntermlttent, In-CourseAssessment

This method, according to Ward (1980 : 35), usually involves

periodic assessment by short tests conducted internally by the

teacher. If used for surnmatlve evaluatlon, the results from such

tests are aggregated in order to provide the overall assessment,

Althouph this reduces the. emphasis on performance on a single

occastoru allows. better coverage of what has been taught; and,

could be less stressful on students, the method does not solve the

major problems of terminal assessment. Isaac (1990 : 117)

regards this method as a poor substitute for terminal, external

written e~:ahlinations.
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3.4.2.3 Continuous Ass~ssment

Continuous assessment takes place throughout the course and is
\ '\'::\ L)

generally based upon samples of the various class-work,

homework, assignments or project work, practicals and anv other

teaching activity. Rigid time limits and other restrictions imposed

under examination conditions are often absent. There is usually

free access to reference materials and teachers' help. As Ward

(1980 : 49) points out, although recall cannot be assessed by this

method, more important skills such j as the appficatlon of

knowlsdqe and the pupil's problem solving ability as well as his

attitudes can be assessed within a more realistic Situation.

According to Rowntree (1979 : 124) this should provide a more

valid and reliable evaluation of a pupil's capabilities as compared

to the single, terminal examination technique.

Vvard (1980 : 49) has a valid point, however, whan she warns

that bias could be easily introduced in course work assessment

and that it is often difficult to ensure that the work assessed is

done entlrelv by the pupil. Further advantages and disadvantages

of continuous assessment shared with other forms of internal

assessment will be discussed in the next section.

3.4.2.4 Internal Or School-based Assessment

The Schools Examinations Counolt (Bulletin 27, 1973 : 28),

identifies the following as being the main advantages of internal

assessment»

(a) Teachers and their students have greater freedom in the

choice of teaching objectives, content and aC::"ities.
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(b) The intermittent assessment '(asks reduce the dangers of

chance failure or success.

(c) It encourages teachers to assess their students' progress

rigorously and frequently. This not only results in

immediate teed-back but also encourages students to work

continuously throughout the term.

(d) Finally, teachers are encouraged to clarify their objectives

and they are provided with an opportunity to essess and
'ii

adjust their own teaching at regular intervals.

0!llv one of the above (namely b), is directly related to the

ai" ~\srnent procedure itself ~ the other suggested advantages

reduced the negative impact which external assessment is knoyvn

to produce on the teaching procedure.

Perhaps a better justification Tor echool-based assessment is

provided by the 1984 Australian Education Rqport (McGaw et al,

1984) which s~f\N the main strengths of internal assessment to be

that they:

FI... can be used on a substantial sample of student

performance, over time and over the full range of the

syllabus requirements; ... can assess aspects of a course

not accessible to external examination. f7

The same report, however, recognises that school-based

assessment can also have some serious deficiencies in that they:
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" •.. can be biased for or against students by the relationship

between teacher and student; .•• can, in some cases, take

undue account of early performance in a course and,

relatively, too little of the level o.ta student finlJ,Vyreaches;

- ... can change the reletionshlpbetween teecnet antistudent
by casting the teacherin the role of jUdge instead of tbet of
supporterinthe preperstlon torextemet essessment: ,'0 can

be undertaken with variable criteria from school to school. "

In analysing the latest research about this topic, Wood (1990 :

72) identifies the first deficiency as "the one which worries most

observers and a/ways will. It He quotes research results by Wood

and Napthali {l975L Pedulla, Alraslan and Madaus (1980), and

Kellaqhan, Madaus and Airasian (1982) to show that teachers'

assessment could be influenced by such considerations as tastes,

preferences, prejudices. knowledge bfpupils'I.Q, and observation

of pupil's behaviour.

When the above advantages and dlsadvantaqesare evaluated, it

seems that choosing between external or internal assessment

techniques would not be the v)isest of decisions - especially in the

case of matriculation assessment where so much weight j~ placed

for selection purposes both by tertiary educators and employers.

A compromise is therefore called for and resides, it is argued, in

mixing both approaches. This compromise would be in line with

Frith et al's (1984 : 19) recommendation. The latter, amongst

many others, strongly recommend the use of a varletv; of
11

assessment components in order to measure, as accurarelvl as

possible, the various objectives of a course.
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The School Exarninatlons Council (Bulletin 27, 1973 : 30)
~~ ·.,e'·i

recommends that internal assessment by teachers be used in the

following cases.-

(a) Where the objectives are such that no externally

administered test can assess them.

(b) in areas which are chosen by students and teachers rather

than externally prescribed.

(c) When frequent samplfl\g of student performance is

important.

(d) When the essential student activity is not capable of

reproductlon'under examination conditions.

Internal assessment used for summative purposes, especially if it

is a component of an assessment plan which will lead to

certification, must however follow some standardisation

procedures if they are to gain national credibility. Here again the

School Examination Council (Bulletin 27, 1973 : 31) offers the

following sound advlce.-

(d) The assessment must have a common basis of aims and

activities couched in broad terms.

{b} It must at least be standardised so that the marks have a

common mean.
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(c) Moderating procedures must be applied if standards

between schools are thought to be significantly differ'ent.

These procedures must be capable of rapid application .8nd

be economical of resources.

3.5 !EVAUJAT~ONOf THE ASSESSMlEruTH\JSTRUMIENT

The following statement issued by the Sct',?ol Examination Council
',\

(~'~lIetin .27, 1973 :,m applies to all assessment techniques, whether

irhernal or external.-

"No assessment can be better than the examining Instiuments

allow. If the instruments are faulty, the assessment will be

faulty. "

Although some might call this a truism, too otten examination results are

taken at theJr face value without any consideration for.the quality of the

instrument used to make the assessment. This is especially the case in

this country for matriculation examinations. As is generally known,

whenever examination papers are evaluated, very tittle feedback of this

evaluation reaches the schools or those who use the examination results

for selection purposes. Wood (1990 : 7).adopts a similar stance about

the British Examination Boards when he says:-

"There is no evidence that what is claimed to be measured is

measured and no idea how retiebl» what is being measured is

measured. "
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He then adds the following pertinent observation: "It is no longer
possible to suppress the quest/on, 'Why are the bosrds allowed to get

away with producing no technical data?' He goes on to sugge.st that

exarninatlcn boards should publish some indication of those procenures

they use to ensure the reliability and validity of their examlnatlons or

other assessment tools ..

The two main criteria which determine th~ quality of an assessment

instrument, are indeed its reliability and validity ~ as will now be

discussed in some detail.

3.S.1 Reliability

Wood (1991 : 132) defines retlabltitv as being concerrted with the

consistency of the examinee's performance, and the qualification

of that conslstencv (or inconsistency).

Deale (in Frith et al. 1988 : 21) explains 'consistency' as meaning

how well the test/assessment procedure would give the same

results if it could be done again by the same pupils under the

same conditions. He points out that this is however, a theoretical

definition since such conditions would be imposslble to impose

and thus that it is impossible to produce a perfectly reliable test.

Elaborate statistical procedures have been produced for the

purpose of reliability analysis. Wood (1991 : Ch 12) provides an

excellent evaluation of the various techniques: parallel form

approaches, test-retest method, split half procedures, mark-remark

estimates and the more modern approach of generalisability

analysis which he believes, holds much promise for checking

school assessment.



'Inconsistencies' in examinee's performance on the other hand,

can be caused by variability in (1) marking, either between or

within markers (2) gradi:1g procedures (3) the candidates'

performances (4) teachers=teachtnq methods. According to Wood

(1991 ~132), ths. reliability of the marking of examination is the

source which concerns examination boards the most and is also

the one which has attracted the most research. He believes that

inconsistencies in marking can be improved by better assessment

techniques but will never be eliminated.

This is a view further reinforced by the University of Cambridge

Examinations Syndicate (1976 : 9) who argues that

"IS the number of candidates grows it becomes

progressively more difficult to ensure that all examiners are

marking to the same standard, and coordination techniques

become more sophisticated. A great deal of research into

different types of test, method of marking, co-ordination of

examiner's standards and statistical analysis of results has

been undertaken in recent vesrs.: It will be sufficient here

to point out that all boards which at present offer

certificates based upon external examinations have to take

this problem very seriously if they are to maintain any

credibility, and that it is probably true to say that none of

them will ever comptetely solve it. "

3.5.2 Validity

As discussed below, items choice, format of questions, mode of

assessment and various precautions to eliminate bias could ensure

either easier marking or less within-candidates variability, but care

must be taken that the assessment tool remains as valid as
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possible.

Deale (1975) defines validity as: "The quality which a test should
heve.It it is to achieve the outcome/s that Is/ere intended." It is

thus' the extent to which a test measures what it is supposed or

ought to measure or its appropriateness.

Whereas 30 years ago, CronbachandMeehl (1954) identified four

categories of validity (content, concurrent, construct and

predictive), two of these, namely concurrent and predictive, were

later combined into criterion-related validity. Many researchers

support the view of Messick (1989) who stresses that validity,

although multidimensional, is a unitary concept and that; it is
-/f

always difficult i~~_measureone dimension without ov.eria/&rro.rn
the others.

\,

VVood (1991 : 148) is of the opinion however, that most

examining boards still view validity in terms of content and

predictive validity. Content validity is generally regarded as the

degree to which t~;e examiners/assessors translate what the

syllabus says into an operational examination. If the content is

not selected according to syllabus speclflcatlons, then score

interpretation is likely to be distorted.

Validity is indeed a complex topic about which much has been

published. It therefor,e comes as no surprise that there seems to

be much confusion about how it is best measured. For the

purpose of this study llOWf1Ver, the simpler approach of

concentrating on content/criterion validity in terms of specification



derived 'from the syllabus will be,followed. Thus an examination

which samples the course objectives thoroughly will be described

as having high validity whereas one that does not contain a

representative sample will be purported to have low validity.
<' '~')

3.5.3 Analysis Of Assessment Tschnlquesiln Terms Of

Reliability &. Validity

Fairbrother (1988 : 3) strongly recommends that variety is used

ir; 'jhe assessment of a subject. He believes that as "all subje2ts'

are complex, understanding a subject and being ~ble to USe it
-::;-::."=:'~' -. ._.

means doing many things." This in assessing a student's ability,

he suggests that the assessor uses the widest possible range of

content, processes and situations associated with the subject. He

summarises the situation as follows:-

"We must try to avoid contrive, false questions which do

not eccurstety reflect the nature of the subject. Qufistions

are sometimes chosen simply because they are easy to

write or easy to mark, but they may test only a limited

aspect of a students: "Pi/ity in the subject." (1988': 4)

Table 9 summarises Ward's views about the various ,(9thods
\. I

which are available to assess ten broad groups of abilities. the

degree of reliability of each method is also given. (Ward 1980 :
77).
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Reliability Of Assessment Methods Suitabi® for
Different Abilities

r--
.AMity . Reliabillty

Poor Acceptable Average Good Excellem
recall sbon-answer objective
comprehension or structured questions in

questions in exams or
9)(BO'lS or tests
tests ,)

application orolects asSTgnments short-answer .objective
v course-work problem- or str~ctur.edl!que$tions in

assessment solving questions In, exams or
questions in exams or tests
exams test

synthesis projects aS$ignment~
course-work problem- '

. assessment solving
questions in
exams

writing and selt- essay quest-
expression ions course-

work assess-
ment

comprehension short-answer objective
of drawings or structured questions
sketches, graphs questions
production of projects assignments structured
drawings, course-work questions
sketches. graphs ,', assessment
calculations assignments s('1ort-answer - I

I 01' structured
.questidl'lS

practical skills course-work phased tests
assessment practical

assignments
\':.,1 skills course-work

assessment
.

[1f.CliVO course-work "main assessment
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3.6 ASSESSMENT OF HiGH SCHOOL-BiOLOGY

From Table 9, it is clear that a vi~~fletyof assessment modes, techniques

as well as question type, will have to be used in order to produce a falr,

valid and reliable assessment of High School Biology. But a~ Fairbrother

pointed out the selection will have to be done carefully if rsllabllltv and

validity itself are to be maintained to an acceptable level,

Content and criterion validity will be attained only if the assessment

procedures are concerned with determining the extent to which the

objectives of the course have been attained (RowQ;tree, 1979 : .921.

Objectives which would ensure effective Biology teaching were

discussed in Chapter 2, where it was established that it would be best

(for the purpose of this study) to group the specific objectives under

Beard's three categories, namely Objectives about knowledge, Objectives

about skills and Objectives about ettitudes.

3.6.1 Procedures For 'Knowlsdqe Skills'

Of the twelve 'Knowledge skills' identified in i ~hapter 2 for

inclusion into the questlonnalre, (see Appendix 1), nine reflet

modern ideas about Bloloqv education (l.e K1, K4, 1(.5and K7 to

K121• Accordinp to Ward's classification (Table 9 above), all nine

could be most reliably assessed through some form of written

assessment (tests or exams) consisting of either objective/coded-

answer lterns or short-structured questions.

(1) Multiple-choice questions are according to Wood (1990 : 4)

and to Fairbrother (1988 : 51) are particularly suitable to test

recall of knowledge as well as simple understanding. Wood (1991

: 32) points out that in spite of the harsh criticisms that this form
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of assessment has received, it can be vary valuable as a

component of a wider assessment tool. Fairbrother (1988 : 27)

however, believes that "questions which just ask for strlJight recall

are unsatisfactory, and should be evoided", He adds that

"knowledge should not be separated from understendtnq" and he

seems to imply that by assessing the latter the former will of

necessity be. assessed too.

Fairbrother also warns about how easy it is when using multiple-

choice questions to "esk for straight recall without any context",

He sees this as being one of the most common mistakes of

current GCSE: science/Biology examinations in Britain. He

however, gives numerous examples (1988 : Ch4) of how this

sltuatlon can be avoided and how even higher skills such as

problem solving can be assessed through multiple-choice or other

coded questions.

The advantages of coded answers in general are/.veIH<nown:
! •

they are quick and easy to mark and produce reliable \i"<~sults.Item

analysis can be accurately performed on them and pupils with

poor writing skills but who can read and think can score highly on

such questions. As Wood (1991 : 50) concludes:

"Hvstertce! outbursts that multlpl« choice tests are no more

than gambling mechtnes are quit,; unjustified. All the

evidence is that if tests are properly constructed, presented

and timed, candidates will take them seriously."



Since answers are coded (l.e they have to be selected .frorn

predetermined, prewrttten answers) this procedure cannot be used

"to test student's communication/self-expressive skllls or their

abilitv to formulate answers andresponses." (Kempa, 1986 : 22)

The time taken and expertise required to set good multiple-choice

questions are probably their own main shortcomings.

(2) Short answers or structured questions can, according to

Fairbrother (1988 : 67)1 be used to assess the entire range",~f

'knowledge objectives', He de'PO (',{s such questions as those

which can be read and answan : ~nyti~ing from about one to

ten minutes. Each question i~(;6\,< .uoted .o deal with a 'single
theme' or idea in this space of tlm'e"and'because each question

can concentrate on a speclrlc process or item of content ~cany

ohjecllves can lJe assessed wlthm a relative;y short time.

Another important distinction made by Fairbrother (Ibid) is

between "completion" anc1J composition II questions. He regards

the latter as possibly bemg rr.ore suitable for higher levels of

understand i119.

Kempa (1986 : 22) however disagrees with Fairbrother and

regards Short-structured questions as having the same limitations

as coded answers when assessing higher order skills,
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3.6.2 Procedures for "Skills Objectives"

Ten of the fifteen objectives listed in the questionnaire about the

skills that Biology pupils should acquire can be tested through

written tests or examinations. Some can be tested through

coded-answer questions, while others will need the structured

questions. Again, Fairbrother (1988 : 67 to 85) provides a large

number of examples of how this can be done and offer advice on

how to avoid wrong questions.

Most of these skill-based objectives can also be tested during the

course of practical or laboratory work (S3 to S12) and four sklll-

based objectives (84 to S6 and 815) can only be tested in a

laboratory I~r field situation (Burkley and Kempa, 1972i Colussl,

1976; Kellv at al, 1969; Naik, 1986; Sands, 1984; Wood; 1991).

Other skill-based objectives, some not listed in the questionnaire,

are probably better assessed through comprehension passages or

through essay questions in the longer written tests or examlnatlon

situation (Fairbrother, 1.988; Kempa, 1986; Ward, 1980 WOC1ld,

19911.

(1) Comprehension Passages

Although Comprehension passages are now part of many Biclo{~y

examination, little has been wrftten about them and many still see

such questions as the domain of the language exams. Fairbrother

(19d8) seems to be one of the few to have written on the topic.

He points out (1988 : 86) that:
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"A distinctive feature of comprehension passages is that

they offer an extended and coherent context in which the

students can show their understanding of the subject.

They are particular suited to tasks which require the

students to use information. "

The coherent and realistic context seems to. be the main

advantage of comprehension-based questions as compared to.

short, structured ones which could be used to. assess the same

objective.

Falrbrother (Ibid) lists the following three aims of comprehension

questionst-

(i) To assess a student's ability to read and understand a

passage of a mainly scientific or technical nature. Stvdents

could for example be asked to explain specific words or

sentences from the passage Dr they could be asked to

summarise parts of or extract informatian from the passage.

(ii) To set questions in a broad context and then ask for

answers which interrelate different bits of content.

Students could be asked to translate information fram one

farm to another:- information given in words, numbers,

diagrams, graphs, pictures etc, could be changed to any

other form. Perhaps more importantly, students could be

asked to relate the various bits of information and explain

any existing patterns.



(Ui) To provide the context in which students can share ideas

and express opinions and to encourage the critical rea~;ng

of scientific literature. Students can be asked to make

inferences, deductions or to form hypothesis from givttn

information or they could be asked to extend/apply the

information to explain similar situations, give similar

examples, or suggest methods of checking Quoted results.

The students could also be asked to criticise statements

and conclusions from the passage, to propose alternatives

or to evaluate specific situations.

Fairbrother (1986 : 86) acknowledges that the more open-

ended questions based 9n the comprehension passage

might be difficult to mark reliably butt as others before him

have done, he emphasises that such questions might be

necessary if all stated objectives are to be evaluated and if

the assessment is to be valid.

An example of such a Biology Comprehension Text with

Questions of various types is the one entitled 'Cape Town's

Unwanted Tourists' this is an adaptation of a question from

the School Certificate Reference Test of the Boards of

Study of New South Wales, 1991. (See Appendix 2),

(2) long Answer or !EssayQuestions

Any answer which involves extended writing and/or time falls

under this category which is well known for its reliability problems

(Ward, 1980 : 77).
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Kempa (1986 : 25) comments that such questions "mev suffer

from a degree of subiecttvitv.tn marking, due often to the variety
of responses to whiob a particular question gives rise. II He

-~,_~:!c,,\\

suggests well-structured marking schedules as an answer to the

problem.

Wood (1991 : 67) sees the problem as being far more complex

and points out that three aspects of essay marking should be

considered ~vhen trying to improve reliability, namely: "The

existence of different types of writing, constructing questions and

marking answers." He then makes some excellent

recommendations about how to treat each of these aspects in

order to improve the reliability of this approach. He proposes that

those responsible for setting the questlon/s have a clear and

elaborate model of which kind of writing thsv want to assess. In

other words, he sees specification of the type!s of writing
{( .

required, and their weighing in terms of writing mechanics, as part

of instructions to teachers and candidates in the examination

syllabus .. Essay writing in Biology should, for example, be marked

according to certain specific criteria which could be different to

what an examiner would mark in English or History.

When wording questions, Wood suggests that more care is taken

in cuing candidates about what the examiner wants. Using broad

terms like 'discuss' and 'compared and contrast' might not be

sufficient.



Lastly, Wood recommends the use of double marking (1991 : 68)

or, alternatively, the calibration of markers using a "statistical tool

embedded in the operational marking arrangements" in order to

produce more reliable scores.

The fact that essay questions measure certain skills not measured

by other question types is perceived here as sufficient proof to

warrant their inclusion.

(3) Practical, laboratory and/or Held Tasks"

The need for different assessment procedures to assess practical

skills and the reliability and validity of such assessment has been

questioned by many science educators, such as Hodson (1990 :

33) and Woolnough (1990 ; 128).

Woolnough (1990 : 130) is very critical of what he calls the

'atomistic' approach to assessment of practical skills. He

recommends an holistic approach to the assessment of practical

tasks and sees little merit practical tests designed to assess

individual manipulative or other skills.

Yet, practical worlds seen as playing an important role in Biology

teaching and many educators recommend special procedures for

its assessment. For example, Tamir {1972 : 175} argues that:

"Practical work is more than menlpulstlve tikills and does

not lend itself to assessment by the usual paper and pencil
tests. It is a mode of its own and must be treated as
such. n
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Research overseas (Buckley and Kempa, 1971 : 24; Kelly and

lister, 1969 :112; Sandsetal., 1982: 13l) and locally (Colussi:

1976; Moodley: 1980; Naik: 19S6) have shown that the method

of Icontinuous assessment' of students' practical abilities is by

far, -the most effective and favoured mode of assessment in

Biology and/or Physical Science. Following Kerr's famous report

about 'Practical Work in School Science' (1963) and his

recommendation that "teachers be gIVen more responsibility for

the assessment of practical work", many examination boards

cancelled all form of external assessment of practlcel skills

through the traditional practical examination method and r o date,

internal course work assessment is still in use in many countries,

The use of criterion refe.rencing and check-llsts of expected

objectives have been put forward by examination Boards (e.g

OCEA, APU) to facilitate this assessment.

In Israel on the other hand, Practical Tests are still being used to

assess practical work even at matriculation level. According to

Tamir (1982 : 42) this is "e new kind of test which aims at a

comprehensive assessment of the statts associated with inquiry-

orientated laboratory work". He goes on to explain how, when

students have to solve a novel problem, they have to go through

the entire sequence of events which characterise the so-called

'scientific method'.

Israeli students also have to perform some ecological or field

projects prior to their matriculation and are rated through oral

discussions about their work. Some students are also offered

alternative practical investigatory projects which they perform

with help from their university professor (Tarnlr, 1988 : 43), The

Israeli assessment of practical investigation is very similar to the

model put forward by APU (Kempa, 1986 : 72) and summarised

in Figure 6.

~84~



Solution of
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k1l-----------i 7. Appraisal . ~ result-
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. Figure S. Schematic Problem Solving Model fa I' Practtcal
Investigation.

; Based on :APU Mode!:. '1984q in Kempa 1986 :
72)
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3.6.3 Assessment of 'Attitude' Objectives

These have already been described as extremely difficult to

measure objectively. Kempa (1986 : S6) describes a few

subjective methods and sltuatk-n when such objectives can be

evaluated, It seems that the method of direct observation of

specific responses might be of some value. Some of the attitudes

listed in the research questionnaire (see Appendix 1), could

possible be best evaluated during practical and or project work,

The use of self-assessment inventories (Kempa,. 1986 : 100) could

also prove useful.

3.1. THE TRANSVAAL HIGHER GRADE BIOl,OGY EXAMINATiON

The assessment of Biology on the Higher Grade by the Transvaal

Educati,;:mDepartment is based on a terminal, external, three-hour written

examlnatlon, as well as an internal course assessment mark provided by

the student's teacher. The teacher's assessment, based on Std 9 and

10 work, is usually sent to the Transvaal Education Department by the

school about a month prior to the written examination.

The assessment mark is moderated through correlatlon with the external

examination results and is said to count for a third of the pupils final

marks. The written examination is set by an external examiner and

moderated by another. It is also moderated by a representative of the

JMB.

The paper consists of three main sections: Section A which includes 30

multiple choice questions and another 3 or 4 coded answer or structured

questions. This section is worth one hundred marks. Section B consists

of four short structured questions, each worth 75 marks. Finally, in
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Section C, the pupil has to answer one of two essay questions, worth 75

marks. The essay question is usually highly structured in order to

facilitate marking.

The scripts labelled with assigned examination centres numbers and

candidates numbers are marked collectively at a number of marking

centres. A chief marker co-ordinates and supervise marl<ing which is

done by volunteer teachers. Although attempts are made to standardlse

the marking through the use of a common memorandum, marking

problems often crop up. A marker's report written after the 1990

marking session at JCE is tncludeu (seeAppendix 3) in order to illustrate

some of the problems. Although the examiner reports back to teachers

after marking, usually only some teachers are informed about it and

many teachers never receive any feedback on their pupils' performance

in the examination.

Practical work is not assessed directly but questions on experimental

procedures and apparatus could be set in any section of the theory

paper. Candidates marks are then standardised according to fixed

criteria in order to fit a normal curve olstrtoutton and standards of

previous years.

3.8 CONCLUDING REMARKS

This chapter has looked at the purpose of assessment as well a~ at the

various assessment procedures available for the evaluation of High

School Biology. The characteristics of good assessment tests were

discussed before describing the procedures used by the TED to assess

Higher Grade Matric Bioiogy. Against the theoretical backdrop of

research in the field and examples of good assessment procedures

-87-



provided, the TED examination seems to suffer from certain basic flaws,

such as ignoringthe assessment of certain important practical objectives

and poor marking procedures. On the other hand, many of the

techniques described as sound assessment procedures are being used in

the theory paper-and internal assessment by teachers contributes to the

pupils exarnloation result. On the ground that no assessment tool can

be set to produce totally rellable and valid results, the TED paper would

still be providing reasonable assessment if it was measuring most of the

oblectlves set in its syllabus and known to be conducive to effective

Biology Teaching. As outltned In Chapter 1, the aim of this study is to

determine this through an analvsls of teachers' opinion about objectives

and the examination. The next three chapters will therefore concentrate

on the research itself in terms of procedures, findings and implications.



Choosing a survey approach, to collect the data needed to resolve this

researcn, can be justified by the fact that the research problem, as

discussed in Chapter 1, is 'present oriented', and whereassuch datado

not exist the "settinas in which they could be generated do exist" (Fox,

1969 : 423). The main focus of this study is to sample teachers'

opinions and beliefs and, according to Kerlinger (1969: 406), a survey

research is best adapted to ubtaining this type of data. A mail

questionnaire (also described In Chapter 1) was thus used In this study.

In spite of the problems which accompany this type of approach, it was

chosen as the most appropriate method available in terms of time and

cost effectiveness.

4.1 SAMPLESEUECTION

Ideally, random sampling techniques should have been used and the

sample should have been selected in such a way that it would represent

the entire population of High School Biology Teachers in South Africa.

Unfortunately this was not possible, not only because of the obvious

labour and cost it would Involve, but mainly because of the reality of the

current education system ~its divisions and inequalities. The evaluative

.iature of thls survey demands skilled, well-trained Biology teachers, with

some knowledge of assessment techniques, as respondents. It was thus

decided to restrict sample selsctlon to those teachers currently teaching

in the so-called 'white schools'. as much disparity is known to exist in

training and qualifications of teachers from the other racial groups. This

will limit the generalisations and findings of this research, and might

unfortunately Include some racial biases, but on the other hand" will

probably lncrease its reliability and validity •
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It was also decided to restrict sample selection to two provinces only,

namely the Transvaal and Natal, as it was believed that this would

provide a fair representation of teachers' views. The inclusion of

teachers from Natal - another province - was seen as important in order

to allow evaluation of any effect of analysing one's own examination as

opposed to one set by a different examination board.

Lastly, to facilitate distribution of, and to increase responses to
questionnaires, SAATB members who met the above two criteria (i.e

teachers in white schools from either Natal or the Transvaal) were used

as a sample. The rationale behind using SAA'Ta members is due to the

nature of this research, a fairly long questionnaire had to be designed and

in order to avoid superficial responses, respondents had to be not only

knowledgeable, but motivated to the task. Teact ers who belong to

SAATB are generally known to be the more interested one who often

attend workshops run by the association.

4.2 RESEARCH PROCEDURES

4.2.1 Designing The Research Questionnaire

Part 1. To obtain teachers' views about importance and

perceived achievements of teaching objectives.

As outlined in Chapter 1, Beard's broad classification of objectives

as 'KNOWLEDGE' I 'SKILLS' ard IATTITUDES1 was chosen to

facilitate analYl;'Iisof responses abo.ut objectives. The reasons foX
not using 0;'1 classification hlerarchv pvas discussed fully in Chapter

2.



Selection of the ii'ldividual objectives for each category was done

carefully by combining and modifying a number of already stated

schemes of objectives; namely the objectives of the TED syllabus;

recommendations of SAATB; Beard's scheme for tertiary

education; objectives of Nuffield GCSEand of the Israeli IBSP. An

attempt was made to use objectives from all these sources, but

overlaps were avoided and an effort was made to clarify obscure

opjectives. The rational underlying this approach was explained

fully in Chapter 2. An original list of 38 objectives were selected.

For the KNOWLEDGE category, objectives representing all

different trends, conflicting ones, was used in order to find out

about the teachers' views without b as or prejudice. It was felt

that this approach was unnecessary for the other two categories

as negative views about skills and/or attitudes would, as 13 matter
of fact, be rejected.

Part 2. To analyse TIED1991 examination nf!per.

A copy of the actual examlnatlon paper \!'IBS ll~P.rl and respondents

were requested to distribute the allocated marks into four columns

according to four broad categories of objectives: Two of these

relate to KNOWLEDGE and two to SI(ILL~)' ATTITUDE oblectlves

were not included because of the well-known diffic,J!ty of

measuring such objectives through a one-shot terminal

examination (as discussed il1 Chapter 3).

4.2.2 Validity and W~eliobmtyo~Questionnaire

To ensure valle-tv and reliability of the resesl"ch instrument, a

small pilot study was carried out: Questionnaires were submitted

to a small group of educators well-known for their expertise in

questlonnalro design or in Biology educatio-n. Their suggestions



were used to improve the original design and the questionnaire

was only finalised after complete agreement with the pilot group.

On the basis of recommendations rece'ved from this group, two

SKILLS' objectives were modified slightly and three other

objectives were discarded to avoid overlaps.

The final list of 35 objectives to be rated by the respondents were

set up as shown in Appendix 1.

4.2.3 Distributionof Questionnaires

Questionnaires were mailed to two specific groups of SAATB

members:

1. Transvaal Educators/Teachers (150 questionnaires).

2. Natal Educators/Teachers (50 questionnaires).

Sixty-eight percent of Natal teachers replied spontaneously to the

mailed questionnaires, whereas thirteen percent of Transvaal

teachers chose to do so. Due to this very low. initial response

from the Transvaal teachers, questionnaires were also issued to
teachers, dlrectlv Of via headmasters, at various conferences and

workshops.

4.3 COMPOSITION OF HESPONDENT SAMPLE

seventy-three usable completed questionnaires were received: 39 from

the Transvaal (an initial 19 and a further 20) end 34 from Natal. 15%
of the respondents were female '1. an accurate reflection of th~ gender

ratio of Biology teachers. As shown in Figure 7, the majority of

respondents were experienced, mature teachers.



r-----------.------ ....---------r,' ,,~--------___,
5 to 10 ,y:'sars
(21,9%)

5 to 10 years
(20.S")

< 5years
(17,3%)

.( 5
yefJ_rs
(9.6%)

d

1. GEN:EP.AL :>. 10 years h:2~.-:::'M'::"'o.-:-t.~ri:-c-;B~io-:-l-O~-}~---:::;----->- 10 years
1'eo.ehin, Experienee (69.9%) 'I'eo.Ghing Experience (60 ..3%)

T~rliary (12.3%)
Inslilut.ions p 4

rival.e
hoofs
(24,7%)

State Schoo s
(63.0%)

i. Mo.trioulaf.ion
3. Employers Exo.mino.t.ion Boo.rd

Fig. 7 Pie graphs showing composition of respondent sample
, : . .

..93-



The poor responses from younger teachers WOVJld be a cause for concern

if they reflected either a lack of interest in this type of research or a poor

membership of the younger generation to SAATB. On the other hand,

they could perhaps be explained by the pressures encountered in coping

with the heavy workload and extensive preparation required as a
inexperienced rnatrlc teacher.

The respondents' employers and the examinations for which they prepare

their rnatrlc pupils, two factors which could affect responses, are shown

in Figure 7.

The 12,3% response from tertiary institutions (Fig. 7) were from ex-

teachers now involved in teacher training at universities or colleges of

education. Although they did not fall in the initial sample parameters, it

was decided to Include their responses in the final analysis as it was felt

that a comparison of their views and those of teachers could reveal

interesting facts.

4.4 ANAlYS"S OFTHE DATA

The statistical analyses were done on the mainframe computer (IBM

3830) itt the University of the Witwatersrand, using the Statistical

Analysis System (SAS) 82.5, Version 6,7 (SAS 1992),

Due to the fact that part one of the questionnaire was analysed by using

of a 5 point rating scale, simple, non-parametric tests were selected to

analyse the data whenever this was possible. Although the results

cannot be generalised to the entire Biology teachers' population as

random sampling procedures were not used, the statistical tests would

be sutflclentlv strong to answer the first two research questions stated

in Chapter 1.
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II

The available sample of 73 mature teachers would provide a good

indication of the views of our more experienced teachers about desirable

goals/objectives for effective Biology teaching and about which of these

are being achieved currently in the more privileged 'white' schools. They

would also be in a position to identify the problems and qualities of the

current TED examination.

The two parts of the questionnaire were analysed separately.

Part 1. Rating of Teaching Objectives in Terms of Their importance

and Perceived Achievement

Means and Pearson Product Moment Correlation Coefficients were

computed in order to compare the various categories of responses

globally. Frequency ratings by teachers were then used to rank

individual objectives in the various categories in terms of either

importance attributed to them or their perceived achievement through

current teaching. The frequency of responses under each possible rating

of the 5-point scale was calcuiated for each objective, assessing the

objective as being important or often achieved. The middle rating of 3

was interpreted as showing an indifferent assessment whereas ratings

of 2 or 1 were interpreted as a negative assessment, l.e. not important

or never achieved. Thus, to rank objectives in order of either importance

or aohlovernent, .fraquencv of 5 and 4 ratings were added together and

this combined frequency was used to rank the objectives in descending

order of importance and/or achievement.

Finally, in order to ascertain the significant relationships between the two

ratings p+,,.ihuted to each objective, i.e. importance and actual

achievement, Fisher Exact Test was computed. This test was used

instead of the more usual chi-square because of the small size of the

sample.
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Part 2. Analvsis of 199'1 HG TSC Biology E]{amination in Terms of

Assessed Objectives

Two simple parametric tests were used. to establish teachers' views

about the objectives assessed in the examination paper: Simple

computations of the mean and standard deviation of the marks allocated

by the teacher's sample to each objective category for each section or

question was carried out. Whereas the means would allow comparisons

of marks allocated to each objective type, the standard deviation will

provide some idea of agreement/disagreement amongst the different

teachers. Bar graphs were then drawn to show the perceived

distribution of rr'",'ks for each section, according to objectives. These

simple. data would be sufficient to answer the third research question.

Finally, in order to compare responses of sub-groups of the sample and

in order to establish influence of various extrinsic variables, such as type

of employer or examination, various one-way analysis of variances were

computed. This data would allow the last research question to be

answered.

4.5 CONCLUDINGREMA~KS

The research strategy, measuring instruments and statistical

methodology have now been set out in some detail. It is felt that

sufficlent background has been laid for the consideration of the actual

findings. These will be. outlined in the next chapter and interpreted in

Chapter 6.

J
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RESULTS AND DiSCUSS~ON

This chapter will attempt to outline and discuss the main findings of the

study in order to answer the research questions 1 to 4 which were

formulated- in Chapter 1. The result, will be interpreted fu.ther in the

next chapter and recommendations arising from these findings will. then

be offered.

The ratings given by the entire sample to teaching objectives (Part One

of the questionnaire) will first be summarised and analysed in order to

answer the research questions 1 and 2. The research literature

undertaken. in Chapter 2 will be especially used in this preliminary

analysis.

Data produced by the teachers' analysis of the 1991 TSC HG Biology

examination paper (Part Two of the questionnaire) will then be discussed

in order to answer the third research question. Chapter 3 will provide
the necessary theoretical framework for this part ofthe discussion.

Finally, differences in the responses of the various sub-groups of the

sample; as described in Chapter 4, will be outlined and used in answertnq

the last research question.

5.1 RATING THE CATIEGORIESOF TEACHING OBJECTIVES

The immediate impression gained, even from a cursory examination of

the responses, was that for all three categories of objectives, namely

'KNOWLEDGE', 'SKILLS' and IATIITUDES', the perceived achievement

did not match up to the importance attributed. This was confirmed by
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the very low correlation coefficients obtained when Pearson Procuct

Moment Correlation Coefficient (r) was computed from the ratinge:d~5eEl

Table 10).

Table 10.· Correlations between Importance and Achievement of
Ob.iectives' Categories (1\1 =73)

Knowledge 80J9 7..96 66,8 7,98 .0,2874*

Skills 88,8 5,24 62,1 11.17 ~O,0398

Attitudes 92,6 8,25 69,1 11,52 0,2401 "*

It is to be rioter'. that theta was no significant correlation between the

importance and achievement of skills. It seems that teachers may realise

the importance of skills, but cannot teach them successfully. Out of the

three groups of objectives, it appears that this is the: one teachers ai'S

less confident about achieving in the classroom.

The .slightly lower percentage mean rating (80,9%) for 'KNOWLEDGE'

objectives does not imply that they are viewed as less important than

'SKILLS'. However, as it was pointed out in Chapter 4, some of the

l<nowledge objectives Included in the questionnaires were selected as the

opposite choices to the current trend of kieas1 fmd should obtain low

ratings, whereas 'SKILLS' objectives should elicit high ratings if modern

erflucationf.ll trends as discussed in Chapter 2 (e.g. Fairbrother, 1988)

'were reflected.
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The highest p -lentage mean ratings scored by the' ATTITUDINAL'

objectives imply that teachers are aware of the importance of

propagating the values which underpin the teaching of Biology - the fact

that some teachers do not achieve there goals is however, a little

worrying as Biology is one of the few school subjects which t..ould impart

some positive values and attitudes about living organisms, conservation

and the environment (Opie, 1986). The lower percentage mean rating

about the achievement of these objectives is however quite worrying.

Poor attitudes towards Biology as a science and about adequate study

practices could, according to Tamir and Amir (1987)F have a significant

influence on pupils' achievements either il. .rnedlatelv or later at tertiary

level. It was pointed out.jn Chapter 2 that good, independent study

practices is an important determinant of success at university.

5.2 RATINGOf SPECIFiCOBJECTIVESIN EACH CATEGORY

In order to ascertain the importance teachers attach to the individual

objectives and their perceived achievement of such objectives, the

percentage frequency ofrespondents giving high ratings (5 or 4) was

compiled for each objective (as described in Chapter 4). These data

were then used to rank the objectives in each category (Tables 11 to

13).
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5.2.1 Knowledge Objectives

Table 11 The Knowledge Objectives ranked accordlnq to frequency
of high ratings (5 or 4) attributed by respondents in terms
of importance and perceived achievement.

K7 b~'able to link the components of 99% (1} 47% (6)
th.: course into a coherent body of
knowledge

K10 97% (2) 47% (7)

1<4 know fundamental biological 96% (3) 75% (2) *
principles

K8 become aware of pC1\t+r- I 96% (4) 56% (4)
relationships wlthlr, ·t; L 'l"" ... ; ~"'"

K5 have become familiar wn \3% (5) 58% (3) *
understanding of the natt
processes

K1 know the basic terminology used In .. 10 (6) 86% (1) '*
the biola ical sciences

K6 have acquired some knowledge of a 82% (7) 48% (5)
wide range of living things

K1:1 be acquainted with some of the 60% (8) 16% (10)
principles of related disciplines

K12 understand some of the applications 49% (9} 10% (12)
of related dis lines

K3 have acquired a thorough 36% (10) 37% (9)
knowledge c f the physiology of a
few organisms

K2 have acquired detailed knowledge 34% (11 ) 44% (8)
of the structure of a few living
orqanlsrns

K9 understand co.rtrlbutlons scientists 21% (12) 10% (11 )
nave made to the ct
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The data surnmnrlsed under "IMPORTANCE" in Table 2 shows

clearlv that the sample of teachers used in this study perceives
general principles, concepts and patterns (1<7,K4 .end K8) as being

far more important teaching objectives than knowledge of factual

details and terminology (1<2 a~d J<3}.i! In fact, at least 70

respondents (96% of the sample) gave high ratings to each of the

objectives 1<7,K4 and KS whereas only 35% at the respondents

gave such high ratings to either of the oblectlves r<2 or 1<3. It

seems that following the modern trend in Biology educatlon, as

discussed In Chapter 2, Hili's 'generalist approaoh' (1986) is
f~v()ured to Jenning's 'basic grammar' approach (1980).
'] .

if

On the other hand, the majority of respondents (82 %1 dlttor from

world oplnlon about the lrnpcrtance of Objective K6. Many

respondents seem to think that pupils should studv a wide range
of living things. Educators from many other countries, as shown

by the GCSE and IBSP objectives listed In Chapter, 2, favour the

study of a few examples of each group together with a basic

understanding of the classlflcatlcn systems. Such an approach

would have the definite advantage of reducing the factual content.

Application and relevance of Biological Knowledge to modern

society (K10 and K5 reapectlvelv) were also rated highly in terms

of importance by the maj'&rlty of teachers (K10 by 97% and 1<5by
93% of the sample). Again this is In agreement with the findings

of Chapter 2, where the idea of an education 'tbrouqh science'
within the context of relevant, current technological, personal and

societal events and issues was outlined as one being favoured by

modern educators.
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o

As compared to some of the objectives discussed previously I

understanding principles and applications of other related

disciplines (Objectives 1<11and 1(12) have been given high ratings

bV fewer respondents (60 and 49% respectively). Perhaps

Biologvteachers need to be reminded that:
:)

"No intellect~al discipline Is an is/and, entire of itself,' every

(...: ";Vplina is a piece of the Continent, a pertat tne main"

(Adapted from John Donne'S, Meditations XX11).

II
Ii

It Is welt-known that numerous biological concepts cannot be

understood without some knpwledge of Physics, Chemistry and

Mathematics, Overseas, many integrated science courses are

being offered to counteract the tendency or comcartmentallslng

knowledge.

Objective K9 was rated as being important by an even lower

:' " percentage of respondents: a mere 21% of the sample. Yet, ~s
dlssussed in Chapter 2, many .sclence educators regard the

teaching of history and philosophy of science as essential

components of a balanced curriculum. Woodburn and Obourn

(1965), argue that the variety of scientific methods and

procedures and the tentative nature of sclentlflc knowledge cannot

be otherwise understood.

This low ranking of objective 1<9are somewhat surprising In that,

as opposed to I<1'I and I<12, this objective (as discussed in

Chapter ?), is clearly outlined In the national core syllabus (Aim

6.a in Table 6).
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The data in the' ACHIEVEMENT' column of Table 11/!on the other
" . 1!

hand, Shows that when the objectives are ranked according to

'perceived achievement' a very different pattern, to the one

discussed above, emerges,

c)
Objectives 1<1, (Knowledge of Terminology) and K4, (Knowledg~)

of Fundarnsntal Principles) are the only two objectives which a

majority-of respondents (86% and 15% respectively) believe they

are currently achieVing in their class rooms •. As shown in Table

11, these objectives were also ranked highly in term~ of

importance by many respondents (90 and 96% respectively).

Only about half of the responding sample think .that they are

currently achieving Objectives 1<5,K6, K7, K8 and 1<10. Yet, all

of these objectives were given high ratings in terms of importance

by most respondents fbetween 82 and 99%). Out of all the

Knowledge objectives listed, 1<9was given the lowest n'umbl.3(of

positive ratings both in terms of importance arid achievement.

I<11 and K12 were also rated by very few as being achieved

Knowledge objectives.

The low relationship which exists between perceived importance

and achievement of individual 'KNOWLEDGE' objectives was

confirmed further by the results of the Fisher's Exact Test: A

significant relationship exists for only 3 of the 12 Knowledge

objectives, namely 1<1,K4 and 1<5,(P<O,01).
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TABLE 12 THE SK!U.S OBJIEC1'IVES: ranked according to
frequency of high (atlngs attributed /by respom:lents
111terms of importance and pereraivet:! #iJciuiravement.

S1 use biological information to analyse
unfamiliar sltuatlons

99% (1)

99 (2)

96% (3)

95% (4)

95% (5)

44% (6)

52% (2.)

15% (13) .:~

53% (1)

33% (8)

S1 construct hypothesis about observed
biola feat material accurately

S6 produce meaningful records of
observations

59 make inference from evidence 95% (6)

92% (7)

90% (8)

810 communicate information by a variety of 90% (9)

512 analyze qu

84 use manipulative skllls useful for
leal investigations

means

25% (12)

33% (9) **
47% (4)

44% (5) -II'

52 dsvelo ideas creatively

53 carry out instruction

86% (10)

84% (11)

58 d~s 1experiments t(l test hypotheses

513 obtain information efflclerrtl from texts

82% (12)

82% (13)

29% (10)

S14 be better equipped to gain a livelihood as 62 % (15)
a result of havln . studied Biology

S15 undartabe an independent investigative
study to solve a biolo leal roblem

** Significant Fisher Exact Test (P<O,05)
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(2)

(15) **
34% (7)

15% (14}

29% (11)

=



5.2.2 importance and Auhievement of Sldlis Objectoves

All 15 objectives listed in this category were rated highly in importance

by a very large majority of respondents, but few gave them high ratings

for achievements (Tabte 12).

There is not much difference between ratings given to Cognitive (S1,

57 v 59 and S11) and Psychomotor skills (S5 & S6), Both have been

rated as equally important but seldom achieved. Only two of the

objectives listed (S14 and S15) were given ratings of less than 60 in

terms of their importance. S14 was given an even lower rating in a

parallel study carried out in England by Carrick (1986). The lower

rating of 515 could possibly be attributed to time pressure encountered

with the current syllabus and e; arnlnatlon system. An independent

investigative study is indeed time consuming.

It is interesting to note that those 'higher cognitive skllls", discussed in

Chapter 2 as important for success at tertiary level (S2, 57, S8, 59,

S'! 1. andS13), were all ranked very highly in Importance, but not in

achievement, by the teacher'S sample.

As already discussed, none of these objectives are SP' 'fled in the TED

syllabus, but we.re described a~rVery important for !l aessful Biology

Education by SAATB. They also feature in the GCSE and IBPS
\>

schemes.

Also ranked highly in importance, but poorly in terms of achievement,

are those objectives concerned with transferable 'life skills', as outlined

in Chapter 2 (i.e Objectives S2, S3, S6, S10 and S13)\'" it seems that
" 'J

none of these important skills objectives are being acquired in our

classrooms in spite of the value teachers attach to them.
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Although the Fisher exact values indicate that a relationship exists

between perceived importance and achievement of 4 of the 15

'SKILLS' objectives (Table f2),.this relationship is a negative one. The

percentage frequency ratings show that Tor all 4 oblectlvcs, a high

rating in terms of importance is coupled with a low rating for

achievement.

'.j

-106-



5.2.3 Attitudinal Objectives

THE 'ATTITUDE' OBJECinVIE$: Ranked according to
fr~quency of high fatings att.fihuted by respondents
in terms of tmportence and pt~ii'(Mlvedachievement.

Table 13

OBJlECT~VES
(An important aim of Biology
te{;'!;hing in the senior class is to
foster in the pl!pil:)----------~----+-----------~------------~I
A5 a concern for conservation of

the environment11------'" ·-----~---_i_-----__+-........----~--u

AC~.sEV!EMfEi\lT
% ffequency
& ranking

~MPOIRl'1rANCE
% frequency
& ranking

100% (S} 76% (1) '*
,

97% (2) 42% (6)

97% (3) .: 75% (2) *
95% (4) 65% (3) '*
95% (5) 44% (5) *

"A4 a concern for living things

A3 an ,i ,iring mind----------~~-r----------~~---
A 1 enthusiasm for laaming

A 7 an awareness of the
implications of biological
knowledge for human society11-----

A2 ~'scr,,. concern for accuracy 85% (6)

AS an awareness of the 85% (7)
jn~omplete nature of our
understanding of biological i'

phenomena

37% (7)

45% (4) *

AS a desire to take responsibility
for cna's own learning

85% (8) 37% (8)

'* Significant fisher Exact Test (P<O,05)
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Table is shows that all eight attitudinal objectives were given

high ratings by most respondents in terms of perceived importance

(percentage frequencies of high ratings range from 100% to

85%). Out of the three categories of objectives it seems that this

category scored the highest in terms of consensus of opinion. Yet

only 0 Jjectives A5 and A4 ('concen; for conservation! and r living

things respectively) are clearly outlined in the South African core

syllabus.

The data for perceived achievement of the eight attitudlnal

objectives again reflect a different trend to those of the perceived

importance. Frequency ratings are very much lower for each one.

Those objectives scoring the highest frequency of high ratings (AS

and A4) are the two outlined in the core syllabus and were ranked

18t and 2nd in importance.

The three objectives which scored the lowest frequency of high

ratings (AS, A2 and A8) are all concerned with study practices

whloh have been described in Chapter 2 as being important for

successful tertiary education in the sciences. 'Taking

responsibility for one's own learning', a J Questioning attitude' and

'Some concern for eccurecy' are not only important for tertiary

education but are essential life skills which should be developed

in the classroerns.

Only half of the sample of respondents think that they are

achi~JVingthe remaining three (bjectives. This indicates that a

high proportion of pupils may not be developing any awareness of

either the 'Implications of biological knv''Yledge for society' or
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of the 'Incomplete nature of our understanding of biological

phenomene' and that many have little 'enthustesm for learning'.

These objectives were described ~nChapter 2 as being especially

important if puplts are to become selentlftcallv literate citizens who

will be able to make appropriate choices/decisions in a

technological society.

Although the Fisher's Exact Test values indicate that a relationship

exists between importance and achievement of 5 of the 8

attitudinal objectives, the degree of this relationship varies greatly,

as the above discussion indicates.

5.3 TEACHERS' ANALYSIS OF THE 1991 TED BIOLOGY

!EXAMINATION PAPIER

Table 14 summarises the means and standard deviations of the

examination marks (out of a possible maximum of 400) as allocated, by

the teachers' sample, to each of the groups of objectives. These

statistics were computed for each of the three main sections of the

examination paper separately, as well as for the overall paper.

This was done in an attempt to identify any possible relationship

between objectives and question types.

Mean percentages were also calculated, for each category of objectives,

from the data and are shown ln the form of bar graphs 1 to 4 (figure 8).

5.3.1 Knowledge objectives

Examination of the means and mean percentages reveals clearly

that respondents perceivethe 'Knowledge Objectives' as being, by

far, the most assessed category of objectives in the 1991
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examination paper. The graphs (Figure 8; p 112) show that in all

three sub-sections of the paper most marks were allocated to

assessment of knowledge; the percentage means for this

category being: 87% overall, 89% in section A, 88% in section B

and 80% in section C.

When the. "narks allocated to Knowledge Objectives are viewed

under the two sub-categories of 'Recall' and 'Understanding'

another interesting observation can be made; Respondents have

allocated many more marks to the first sub-cateqorv, If the

teachers' analysis can be shown to be reliable and valid, the

overall validity of the 1991 Examlnation Paper could, in turn, be

questioned. As discussed in Chapter 3, experts in the field of

science assessment, such as Fairbrother (1986). I'eject the use of

pure recall questions on the grounds that they do not measure

much 0.',1 their own. Their advise is to measure recall of knowledge
I

only !',f an indirect manner, through questions which would also

measure other objectives such as understanding and application

of knowledge. It was also shown in Chapter 3 that a Wide variety

of question styles, assessing a variety of the syllabus objectives,

was essential in order to obtain an examination paper which can

act as a valid assessment tool. The respondents identification of

recall of knowledge as the nlominant objective being assessed in

the 1991 examination support the hypothesis about this paper

hating low validity.
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TABLE 14 MEANS AND STANDARD PEVIAT~ONS Of MARKS
AllOCATED TO !EACH GROUP OF OruECT!VES BV THE
RIESPOND~NG SAMPLE

SEC110N B SECTION C
Structured .Ellsay
Questions

SECTION A
Short

ObjectIve
Q~~estlons.

HOO) (75)

x SO X X SO X SD

124,8 28 219,7 69,5

24 127,6 46,4



i !,'

Categories of Objectives Categode.s of Objecti've.s

3. Analysis of Section B 4. Ana.1ysia of Section C

2%

Categor-ie? of Objectives Categorie.s of Objectives

~Knowledge {lI~~~~:stonding ~

fjSki1l1s Hjgh~ ~O[d, e,r, cogn, it, lve" ,S"""" ',' Other'Skl11s ,

FIGURE8 Graphs showing the mean percentages of marIes allocated
by respondents to the Four main categories of objectives
sampled in the 1991 H.G. TED Biology EXaminatiClOpaper.
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The high standard deviations (shown in Table 14)' indicate I
however, that some respondents' analysis of the paper and their '/

I
mark allocations differ greatly from the computed moans and I
mean percentages. It is thus difficult to reach definite conClusions!

at this stage, from these data alone. I
I

5.3.2 Skills Objectives I
The marks allocated by the respondents' to the assessment 0'1/

;; I

Skills Objectives, (as shown in Table 14 and in Figure 8)1 provide]
. I

further evidence that some of the oblectlves stated in the cors:
I

syllabus are not seen by the teachers/educators as bein~)
!

assessed by the 1991 examination paper. The percentage meall

of 13 computed from respondents' allocation of marks to thii(

category of objective within the paper as a whole (bar graph 1) ir
very much lower than the matriculation syllabus stated intentio n

!
I

about such me' .s' allocation. As mentioned in Chapter 3, tl-'18

core syllabus examination s" sclflcatlons stat.e that approxirnat"~
4.,,,,, percent of the marks '{.lo....ld be ut~erjto asses,s IHlgher Orcf,~r

CoonJ'tN'e Skilts', " \,
i

\
Wilen the percentage means of marks, allocated by respondent]

to this cJtegcry 0; objectives in the 0ifferent subsections ofth ~

examination, is examined (graphs 2 to 4; Flqure 8} trro f'l..J:bwit I!l
observation can be made. Section C, l.e the essay question, wall

given a much higher mark allocation for Skills Objectives, (a mear\

of 20%) as compared to the oths tWO subsections, (10,5 % ana!
I

12% fat' sections A and B respectlvelv), 1\1i$ observation seems\

to support the hypothesis made in Chapter 3 about the need to]
I

include essay questions in an exsmlnatlon insplte of the known '\
i

marking and reliability problems associated wlth such open-ended \

questions.
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The It:~w percentage mean computed for section B of the

exarrm.ation is somewhat worrying. If the respondents; analysis

is valid, a possible conclusion would be that some of the

recommendations of assessment experts, as outlined in Chapter

3, were not followed by the examiners. Some of the suggestions.

made by Wood (1991) and Fairbrother (1986), who both regard

structured questions as the ones most geared to the assessment

of cognitive skills, have already been discussed in Chapter 3. A

closer analysis of section B in terms of questions' style, coupled

wit;, a more detailed analysis of respondents' allocatlon of marks,

might give better insight about this observation. This will be

discussed further in Section 5.3.3.

The data computed for each subcategory of Skills Objectives

show that most of the marks were allocated to 'Higher Cognitive

Skills', as opposed to 'Other Skills'. As discussed in Chapter 3,
practical or psychomotor skills cannot really be assessed through

written examinations and as discussed in Chapter 2, mathematical

skHls I which was the most commonly identified 'Other skills,' are

not outlined as objectives of the core syllabus.

Table 14 shows the standard deviations for this category as being

lower than those computed for the 'Knowledqe Category', This.

supports the observations made in Chapter 2 about dlfflcultles

encountered in the classification of the knowledge objectives. The

identification of questions measuring Higher Cognitive Skills might

be an easier task for the experienced teachers who responded to

this survey.
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5.3.3.1

Analysis of Marks Allocation in Terms of Question

Types

Marks allocated to Section A

5.3.3

Section A of the TED Examination Paper was described in Chapter

3 as consisting of either objective/coded answer items or of very

short structured questions. Such questions were descrlbed by

Wood (,1991) and Fairbrother (1986} as being partlcuiarlv suitable

to measure the range of Knowledge Objectives used in this study

but could also be used according to Ward (Table 9 Chapter 3, p

75) to measure a number of skill-based objectives.

Question lA consists of 30' multiple choice questions, with a

worth of 2 marks per questlorn- "

When the teachers' analysis of individual questions, in tmms of

the four subcategories of objectives, is studied, the following can

be seen:

Only 4 of the questions Were seen as assessing higher cognitive

skills by a minimum of 10 respondents; these questions seem to

warrant further analvsls.-

Q27 ( classified by 28 respondents/ 38% of sample as measuring

higher skills):-
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Both carbon dioxide and water, which is released during

respiration...contain oxygen. In which case is the o.RIGINof the

"oxygen in csrbon dioxide and in water indicated correctly?

C

D

Gtucos« in plants

Glucose in plants

Oxygen in water
oriqinetes from:

cerbon dloxkie in.air

Glucose in plants

Oxygen in air

Carbon dioxide in air

Oxygen in carbon dioxide
originates from:

A Oxygen in air

B Oxygen in air

Only 3 teacher \trainers/educators were amongst the 28
\\

respondents mentioned above. Moreover, some respondents

commented about the obscurity and grammatical' error included

in this question. It is thus possible that this question could have

been wrongly classlfled, as Doe measuring higher skills, slrnplv as

a result of its POOl' design.

Q16 (classified by 14 respondents/19 % of sample, as measuring
_-:::o-:-:,~ <

higher sklllsli-

A patient's urine reacts positively during theBiuret test/test v 'th

Millon'5 reagent. Which condition,is probably respunslble for this

reaction?

A Too little insulin is secreted into the blood.

B Too much glucagon is formed in the blood.

C Proteins are present in the urine. '

D The pancreas does not secrete essential hormones.
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I' . ..... \l
No'fteof the teacher trainers classifie\'1.this question in the 'Skills'

category. It was classified by most a~'Junderstandingl application

of knowledge.

Q29 ( classified by 12/ 16% of respondents as measuring higher

skills)

Which of the following factors could possible result in a person

excreting more urine than normal?

A A low concentration OfADH in the blood

8 A high reabsorption in theproximal tubules

C LoW blood pressure as a result of little tissue fluid

D Excessive intake 0 f salty foods

Nlne teacher trainers were amongst those who used the 'higher

skills' classification. The disparity in responses of teachers and

educators could probably be.explained by the fact that this has

been a regular question in the examination over the years ...

Q17 (classified by 81 11% of respondents as measuring hIgher

skills)

During. whioh process Of processes are A TP converted to ADP?

(i) Photolvsis (il) Glycolysis

(iii) Kreb 's cycle (iv) Dark phase

A (i) endIlil B (ii) endIlv)
C '.~~~~ D ~~~.~.~

Only 2 of the above were teacher trainers. This low response is

somewhat surprising as the design of this question requires the

use of analysts and synthesis skills.
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When means are computed from the marks allocated by the

respondent~:\,o all 30 multiple choice questions, for each category

of obje6tiv~~;ras summarised bv graph " Figure 9, p 119}, it

becomes obvious that, overall, teachers believe that the multiple

choice questions assess mainly knowledge, especially its recall.

, Ouestlon. 113,worth 10 marks, consists of 2 flow cha~'~':,\:';iilid t"i
\

diagram (see appendix 1). Graph 2 (Figure 9) shows that, agaJ¢a~,

respondents felt that Knowledge was the most important

assessment target. They also crltlclsed the fact that a heat

exchanqe mechanism (diagram 3) was referred to as a metabolic

process in the 'question. Although this criticism is totally valid, it
,'-./ . -- \~

". ,',

should not have howeveraffected pt.~ns' responses.
\
\\

Question 1G, worth 10 marks requested pupils tqfrr;atCh pairs of

statements. As shown by grfiph 3 (Figure 9) (espondents S(3W
~.'

this question as assessing mainly pure recall.

'Question 10, worth 10 marks was based on a simple bar gfi3ph.
"

Graph 4· (Figure 9) shows some variance in the respondents

opinion about what was being assessed. Many in fact interpreted

the question as being a mixed one, assessing a variety of

objectives.

Finally, Question 1E, worl~ 10 marks, uJ1d based on a food test·
. ~...,

experiment was also interpreted as assessing mainly knowledge -

partly recall and partly basic application (Graph 51 Figure 9). Some

respondents, however, interpreted it as an assessment orpractlcat

skills.
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cate.gorie.s Of. . '.
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~KnOWledge{

IiSkl11S

Figure 9. Gr'aphs showing mean percentage marks allocated by
raspondsnts to each Of the 4 objectives' categories
for the subsections of SECTION Ai (Q1A to 0.1El, of
the 1,991 TIED Higher Grade Bioi09V' examination.
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5.3.3.2 Marl!s allocated to section B,

Fig~~re 10 (Graphs 1 to 3) summarises the means 'for each

category of objectives, for each of questions 2 to 4. These \]Iiere

calculated from the marks allocation of ne respondents. As

already mentioned above, the graphs show clearly that according

to the respondents, very few marks were devoted to the

assessment of higher sldll~in this section insplte of the feasibility

of such a task (as shown in Chapter 3).
\ '

Both Questions 2. and 3, (Appendix 1), were classified, by the

major[ty, as measuring mainly 'Recall'. They, in fact, consist of a
(~\ .'

succession of fairly 'disj()intedr/~ub-questions, as each questi(~n

tests 'little bits of unrelated kno~'edgel, totaHy out 2f any speciJ1ic

context, According to Falrbrother (1986), this is R cleJr Sign 0;
poor assessment, Man\n1f the questions start with definite recall

command words, such as 'state', 'name', 'tabulate', 'Ilst' t 'give'

and 'draw'. Lltsle attempt seems to have been made to challenge

the students in both of these questions. The respondents marks

allocation seems to be totally justified in terms of this analysis of

question-types.

Question 4 (Appendix 1), as compared to the above, was seen by

the respondents as measuring a greater variety of objectives. As

shown by graph 3 (figure 10):- Understanding and Application of

Knowledge, Higher Cognitive and Other Skllls, were all identified

by respondents, in addltion.to recall.

The fact that some of the questions were set on a graph, which

pupils had to draw and interpret support the identification of this

question as one which tests Higher SI<I/Is.
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~Knowledge{

~Skins

Figure 10. Graphs showing mean percentage marks allocated by
respondentsto each of tha4 objective categories for
the individual questions, {Q2. to 0.4), SECtiON B of
the 1991 rED Higher Grade Biology Examination.
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Note, Section C requires n .urther analys~sas the questions have

already been discussed (5.3.2}.

5.4 DlfFERENCIES iN RESPONSESOFTHE VARIOUS SUBGROUPS Of

THE SAMPLE OIF RESPONDENTS.

The results of the various vile-way analyses of variance performed on

the data will be summarised in tables 15 to 18 and will be discussed

br~efly according to each of the independent variable used in the analysis!

for each part of the questlonnalre.- Ii
\

5.4.1 Differences in Responses to Part I\~tthe Questionnaire

5.4.1.1 Independent varlabtar- Employers,

The three subgroups in this category'\were (1) these teachers

employed by the state, (2) teachers employed by private schools

and {3l teacher educators employed by various tertiary

institutions.

As shown in Table 15 (p124j, no significant differences were

obtained when responses of the two teachers' groups were

compared. State and Private school teachers seem to share

similar views about the importance of the various teaching

objectives and about their achievement in the class-room. Any

conclusion, about the worth of pupils being taught in a private,

versus state school, biology class room, would however be

premature as the small and different sizes of the subsarnples do

not allow an objective analysis.
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The only significant difference, shown by table 15, occurs

b,etween the responses of Tertiary Educators and those of the two

groups of teachers in terms of the tmpoctence of the Know/edge

Objectives. There was better agreement between tertiary
I,

educators about the desirability of ernphastslng only the general

principll~s of the subject than there was amongst the teachers. As

alreadV discussed, many teachers saw both the general principles

and t0e knowledge of specific details as being important.

Educ~tors also put greater emphasis on knowledge of related
<.:c:;:;c:,..::. ..... ,, __

subjects as cornparec'to teachers. They are perhaps more aware
\\

of the problems of te~!?hing biology at tertiary level without some
\\ . I

knowledqs of the oth~}r sciences, than teachers are.
/

;-;::
~~:::.,

//
5.4.1.2 rbdependent Variable: Examination Board

\'

The subgroups of this category were (1) teachers preparIng

candidates forthe Natal Senior Certificate, (2). teachers preparing

candidates fo(;lthe Transvaal Senior Certificate and (3) Tertiary

educators who are not directly involved with the teaching of
"

matrlculants, A fourth group$ teachers preparIng pupils for the

....1MB examination Board was not included in the analysis as,

probably due to the fact that this board was running its last

examination in 1992, very 'few responses were received from

them.
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Table 15: Results of 1-way analysis of variance with employers as
independent variables and ratings given to objectives as
dependent variables (df = 2;70).

DEPENDENT VARIABlLlES f Prob .:

1• Differences between
importance and achievement
ratings for objectives about:"

a) KNOWLEDGE 0,37

0,22

0,43

3.82

0,07

1,23

:i

0,6888

0,8040

0,6495

0,0267*

0,9310

0,2999

b) SKILLS

1,43

0,22

0,01

:

0,2462

0,8007

O,S~32

c) ATTITUDES

2. Total ratings for importance of
objectives aboutt-

a) KNOWLEDGE

b} SKILLS

c} ATTITUDES

3. Total ratings: for achievement
of objectives about:-

a) KNOWLEDGE

b) SKilLS

c} ATTITUDES

* Significant P<O,05
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Table 16: ~esults of 'i-way analysis of variance with matriculation boards as
independent variables and ratings of objectives as dependent
variables (df := 2;67).

I - =
DEPEND lENT VAIFUAlBllES IF Prop

1. Differences between
Importance and achievement
ratings for objectives about.-

a} KNOWLEDGE 0,19 0,6888

b) SKILLS 1,01 0,8040
-~-..~-~

c} ATTITUDES 1,45 0,6495

2. Total'ratlnqs for importance of
objectives £,bout:-

a} KNOWLEDGE 4,06 0,0211*

b) Sll{IU.S 4,80 O,O113~'

c} 'ATTITUDES 2,85 0,0651

3. Total ratings for aGhievement
of objectives about:-

a) KNOWLEDGE 2,22 0/1160

b) SKILLS 0,35 0,7068 J
c) ATTITUDES 2,64 0,0787

* Significant P<O,05
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Table 16, (p 125), shows two significant differences in responses

of this subqroup.-

(i) When ratinqs of the Importance of Knowledge Objectlvi;S

are compared the views of the Tertiary educators differ

from those of the two groups of teachers. This is

consistent with the results of the previous analysis of

variance as discussed above.

(ii) On the other hand, the analysis of the data about the

Importance of the Skills Objectives reveal that the views of

the Transvaal Teachers are different to those of the Natal

teaqliers. This latter group, however, shares the views of

theyTertiary EdISCtI.tOrs.

5.4.2 Difference::, in Responses to Part 2 of the

Questionnaire

5.4.2.1 independent Variable : Employers

When the responses ~;'~the subgroups, (same ones as in 5.4.1),

to part 2 of the questionnaire, we~f} compared the only Jignificant

differences were in the marks allocated to Questions B1 to E1.

Table 17 reveals that although there is no significant dlfferszrces

in the marks allocated to question 1 as a whole in the short

objective questions B1 to E1 significant differences exist between

allocations of tertiary educators as opposed to those of teachers

from both state and private schools. Tertiary educators allocated

fewer marks to recall as compared to teachers. This could be a

result of the teacher's better knowledge of the syllabus.

On the other hand the State School Teachers allocated more

marks to Understanding and Application of Knowledge as

compared to the other two groups.
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lastly, Table 17 (p 128) shows a difference in marks allocated to

section B of the examlnatlon under the heading Other Skills to be
"

nearly significant. The two groups of teachers gave more marks

to this category of objectives as compared to the tertiary

educators. This could perhaps be attributed to the misconception

of classifying knowledge of experiments under practical/other

skills instead of recall as shown by a number of questionnaires.
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Table 17: Results of 1-way analysis of variance with
EMPlOYERS as independent variable _and. marks
allocated to objective categories (in 1991 paper):as
dependent variables Colf = 2j70).

IF !PrOD

Q 1B to Q 1 E, Short/Coded
Answers Questions

a) Recallof knowledge 3,91 0.0245*
b) Understandingof knowledge ,3,76 9.0282~~
c) Higher cognitive skills 1:91,;, 0,1551
d) Other skills 'l ,17' 0,3178I~--------------~---------~+-·----~-----~~
3. Q1AtoQ1E
a) Recall of knowledge
b} Understanding of knowledge
c) Higher cognitive skills
d) Other $'killsI~-----------------~---------+-------r------~I
4, SECTION a - (structured

questions)
aJ Recall of knowledge 0,98
b) Understanding of knowledge 0/21
c) Higher cognitive skills 1,1'4

,d) Other skllls 3,07'ir-'---------------------~-----+_-,----_r------------II
SECTION C - Essay
Recall of knowledge
Understandlnq of knowledge
Hlqhe: order cognitive' skilis
Other skills

1. Q 1A Multiple Choice
Questions
Recall of knowledge
Understanding of knowledge
Higher cognitive skills

0,62
0,10
0,12

0,5412
0,5008
0,8902

a}
b)
c)
2.

5.
a}
b)
c)
d)

:'2,11
:2,12
'1,19 "
'.I t 17

1,79
1,39
0,48
0,84

0,1292
0,1276
0,3093
0,.3118

013187 '
0,8123
0,3272
0,0528

0,1742
0,2564
0,6202
0,4357

6.
a}
b)
c)
d)

TOTAL
1,77
0,92
0,89
1,94

0,1784
0,4120
0,4162
0,1515

.- ==:!I

-.
Recall of knowledge
Understanding of knowledge
Higher order cognitive skills
Other skills

* Signifh;ant P<0,05
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5.4.2.2 Independent Variable: lEj(amination!Boards

Table 18, (p 130) I shows four significant results for. toe .analvsls of

variance of marks allocated by the three subgroups of this category

(same as in 5.4.1.2, above),

The analysis of variance and Duncan Grouping test show a significant

difference between data allocated to Recall of Knowledge within the

whote Paper by the Transvaal Teachers as compared to the other two

groups. A lower proportion of the rnarks were given to this subcateqorv

of objectives by the termer group, as compared to the Natal Teachers:
and Tertiary Educators.

The above is repeated when Recallis analysed for each of Section A
and Section B of the paper on their own.

Finally significant differences are shown between marks allocated to the

subcategory Understanding of KriOwledge when the marks allocated to,

the Multiple Choice Questions vvexe consldered on their own, There the

Na(141Teachers gave lower scores to th s cat~fJory Cl3 compared to the

other two groups.
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Table 18: Results of 1..way analysis of variance with matriculation
board! as independent vartable and marks allocated to
objective categories (1991 paper) as dependent variables
(df = 2;61).

DEPENDENT VARiABLES IF Prob

1. Q lA MIJltip!e Choice
Questions

f,.; Recan of knowledge 3,11 0,0513
b) Understanding of knowledge 2,94 0,0595
c) Higher cognitive skills 1,8 0,1732

2. Q 1Bto Q 1E. Short/Coded
,

Answers Questions
a} Recall of knowledge 4,09 O,02t1'*
b) Understanding of knowledge 1,29 0,2568
c) Highet cognitlve skills 1,19 0(3106
d) Other skills 2,64 0;0785

3. a 1A to Q 1E
a) ,Recall of knowledge 4,01 0,0226*
b) Understanding of knowledge 118 0,1734
c) Higher cognitive skills 2,04- o.1379
d) Other skills 2,64 0,0785

4.
.,

SECTION 8- (structured
questions)

a} Recan of knowledge . 3,65 0,0313*
b) Understanding of knowledge 1,24 0,2959
c) Higher cognitive skills 3,07 0,0531
dl Other skills 1,17 0,3164

--'.'5. SECTION c- Essay
a) Recall of knowledge 1A2 0,2494
b) Understanding of knowledge 0109 0,9140
0) Higher order cognitive skills 2,00 0,1438
d) Other skllls 0.43 0,6503, ---
6. TOTAL
a) Recall of Imowledge 3,69 0,0301*
b} Understanding of kOJwledge L?-5 0,2941
c) Higher order cognitive skills 3,03 0,0549
d) Other skills 0,41 0.6679 II=

* Significant difference at P<O,05
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CHAPTER 6

6.1 U\lTRODUCTION

The purpose of this study, as set out in Chapter One, was to evaluate

the impact of the Transvaat Senior Certificate Examination on the

teaching of Biology at a Senior Level. The main findings of this impact

were reported and discussed, in the preceding chapter.

In this last ohapter, the findings outlined in Chapter 5 will be used to

draw conclusions about the reality and seriousness of the problem facing

our education system. Finally, alternatives, as surveyed in the literature,

wJII be considered in order to offer some practical solutions.

6.2 INTERPRETAT!ON OF THe RESULTS

III Chapter One, four broad research questions were formulated and used

as basis for the study. These questions will be used agqin in interpreting

the results reported in Chapter 5, in an attempt to produce a clear

picture of the situation before looking at alternatives.

RESEARCH aUESTi'ON 1:-

Which Goals/Objectives do our Current High School Biology

Teachers Value as being Important for Effective Biology

Education? How do their opinions compare with the findings of

the literature review?



The mean percentage frequency of high ratings calculated from individual '

ratings of respondents both for the entire sample and its subgroups

(Section 5.2 of Ch 5) show clearly that respondents were generally well

aware of modern trends and methodologies in the field of Biology

Education, (as discussed in Chapter 2).

The importance of selecting objectives which reflect the nature of

Biology, as well as the needs of both pupils and contemporary society,

has been outlined in this chapter. When objectives were compiled

according to these determinants (with reference to some of (he schemes

used by OVerseas countries which are well-known for their effective

Biology Education}, respondents attributed high ratings to twenty six of

the t~ir-t~;\one llsted, desirable objectives. This is quite remarkable in

view 6., _.J1efact that many such objectives are not mentioned at all, or

are only briefly stated in an obscure way, in the South African Bio!;ogy

Core. Syllabus. None of .the objectives which reflected outdated

methodologies or trends were rated highly by respondents.

Of those objectives identified as being desirable by the literature but not

given high rankings by the majority of respondents, three were
:

concerned with 'Knowledge of. the subject' and one with 'Desirable

skills', none with 'Desirable attitudes.', Two of the 'Knowledge

Objectives' were concerned with the importance of acquiring

understanding of knowledge from other disciplines which are related to

Biology. The third Knowledge Objective emphasised the importance of

understanding the work and main contributions scientists/researchers

have made to the subject. Whereas the first two objecti.ves are not

reflected in the national core syllabus, the third one is. However none
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of these objectives are being assessed in any of the local, external

examinations - as shown by past examination papers from-all ten existing

Examination Boards. This could perhaps be explained by the fact that

the teachers surveyed were not aware enough of the ~esirability of

meeting theseobjectlves through their current teachhiq. On the other

hand, cornpartrnentaltsatlon of knowledge is part of the South African

present school curriculum which favours the teaching of specific content

by speclflo specialist teachers from a very early stage in the pupils'

school career.

As opposed to many countries overseas, so far little attempt has been

made at subjects integration and thernaticteachinq approaches. The skill

objective rated lowest In terms of.lrnportance WaS concerned with the

desirability of pupils undertaking some sort of independent, investigative,

problem solving, study during their course. Again this low rating could

perhaps be attributed to the fact that such a study is not emphasised by

the current syllabus which in fact places little emphasis on investigative

practical work. Of the ten South African Examination Boards, only three

include a practical component of some sort in their matriculation

assessment, The Transvaal Senior Certificate is one of the examining

boards which does not assess practice! work.

RESEARCH QUESTION 2:-

How successful do teachers believe they are in achieving the

various objectives, identified as important, through their current

teaching?

When teachers were asked to give ratings to those objectives identified

as important in terms of what they believe they were actually achieving

in the class room, a very different pattern to the one discussed above,

emerged. Even a cursory examination of the allocated ratings showed
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that a great mismatch exlsted between perceived Importance and

perceived achievements of these teaching objectives. This mismatch

was confirmed by the low correlations obtained when the Pearsqn

Product Moment Correlations were computed for each of the.cateqories

of objectives (Section 5.1 in Ch 5). Whereas low, positive correlations

were obtained for each of the 'Knowledge' and "Attitude' groups of

objectives, a negative correlation was shown for the 'Skill' category.

This result is definitely a cause for concern, especial in the light of

recent demands from industry foran "ernplovable produ\j~ with skills and

usable competencies' from schools (Rian, 1993 : 45). The extent of the

problem is emphasised in toe last World Competitiveness Report {1993}

which ranks South Africa 14th in a 15~way comparison of emerging

industrial economies for the adequacy of the education system in

meeting the needs of a competitive economy.

The fact that .thls research was carried out in some of our most affluent

schools conflrrns that the causes of the problem is not one of teacher

calibre or of teaching facilities. Something must be stopping Biology

Teachers from achieving those objectives they identify as important for

effective education. Could the root of the problem lie in our Biology

Curriculum itself? It was pointed outln Chapter one that the curriculum.

especially in the senior high school, is examination-driven. Data provided

by the teachers analysis of the Biology Higher Grade 1991 TED paper (as

discussed in Chapter 5), offer some indirect evidence about the impact

of this examination on teaching methodologies ancj outcomes. The third

research question focused on the nature of this examination"

RESEARCH QUESTION 3:-

Which objectives are seen by teachers as being assessed by the

Transvaal Senior Certificate and to what extent do they believe

that such objectives are assessed?
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Table 14 and Figure 8 (in Chapter 5) show overwhelming consensus

amongst the respondents about which objectives were being assessed

in the 1991 paper. A limited range of objectives focusing mainly on

recall and simple application of knowledge, were identified. Only a very

small proportion of the questions was identified as attempts at-assessing

higher cognitive skills.

The initial discussion of these results im luded the possible effect of

question style' on. the nature of the examination. It was shown that in

agreement with recommendation of experts on assessment (outlined in

Chapter 3), a variety of question styles were used in the examination.

However I these questions jailed to focus on the variety of objbctives set'

out in the rnatrlc syllabus, although they could have been used reliably

for this purpose. The various examples collected under Appendix 2

show that;most of the objectives identified as important for effective

Biology te'aching are in fact measurable. It seems that the TED

examlnatlon paper sacrificed validity for the sake of greater reliability,

and that Fairbrother's advice (1988 : 3) about r:l'chieving some kind of

'balanclnq act' between these two main criteria of good assessment,

was largely ignored by the examiners.

RESEARCH QUESTION 4:-

How competent are teachers in their analysis of questions and in

their identification of objectives being assessed? Is there a

difference in the views of the different subgroups otthe teachers'

sample who too« part in this study?

The various one-way analyses of variance performed on teachers'

responses to both parts of the questionnaire showed clearly that little

difference occurred amongst the various subgroups. The results indicate

that there is strong consensus regarding what the examination measures.
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There is total a'gteement that sldlls are neither measured by the

examination nor taught-in the classrooms. No difference could be shown

in views of the various subgroups about the identification of those

objectives which are Important fer the effective teaching of high school

Biology. There was however some difference about objectives teachers

believe they are achieving and about classifying Knowledge Objectives

a~>~{3callor application. The fact that in those cases the views of

Transvaal teachers were different to those of either the Natal teachers

or of the tertiary educators, could tmpiv that Natal teachers have some

advantages over their Transvaal colleagues. The SOU,'0:6 of this

discrepancy could, for example, be a result of greater contact/

cooperation between tertiary educators and teachers or, alternatively, it

could be due to .<1 better examination system. The feet that Natal

teachers chose to respond qljickly and spontaneously to this research

questlonrtelra (whereas their Transvaal counterparts had to be pushed

and co-erced to do so) may be an indication of the greater enthusiasm

on their side.

Finally, the lack of difference between the views of teachers and tertiary

educators indicates that the teachers' analysis can be trusted as being

quite reliable and that teachers have a g00d understanding of

assessment.

6.3 CONCLUSIONSAND IMPliCATIONS

The rnaln findings of this research are as tollowsi-

* Biology teachers are generally aware of modern trends and

methods in the field of Biology Education. There is a close

match between their views and those of leading Biology

Educators locally and overseas.
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"

Teachers ar~\in general not confident about achieving ~any

of the important objectives during their ccsrent teaching.

Ski!l-based objectives are those perceived as being least

achieved.
,'. ,.

* The TED Higher Grade 81010gyExamination is seenby both

teachers and tertiary educators. as assessing a very limited

range of teaching objectives - mainly Knowledge of

objectives. A very small proportion of the paper is seen as

assessing higher cognitive skills.

Little difference exists between tne responses of the

various sub-groups of respondents. Whenever significant
"

Variance was found however, the views of Natal teachers

were similar to those of Tertiary Educators but different

from those. of the Transvaal teachers.

The main implications of the above conclusions are that they support the

initial hypothesis about the poor validity of the TED H.G Biology

examination. Moreover, the examinations could be having a negative

impact on the teaching of Biology at senior level in Transvaal scho&~s.

And to make matters worse, the fact that Natal teachers' views ab&ul.

achieving Identified and important objectives do not differ from the views

of the Transvaal teachers, could also imply that this neqatlve impact

could well apply not only to the Transvaal and to its examination, but to

the country as a who!e.

/1
{i
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6.4 'RECOMMENDATiONS

Recommendation 1:~

It is strongly recommended that a deliberate attempt be made to

provide better assessment of the teaching of high schoolBiology-

particularly better Matriculation Examinations - at a National level.

This study, in agreement with the research literature confirms that the

current examinations suffers from major drawbacks. in order to limit

their negative influences on class-room practices, it would be advisable

to draw from the experiences of countries known to have made the best

of their matriculation assessment - such as Israel and the United

Kingdom - while considering local conditions and restrictions. Wromthe
~. ". ~

research literature thr~:i.Jmain aspects of Biology Assessmen\iwiUJ~r-:~uire

attentlorrtn order to improve the present system:-

'1, Different modes of assessment must be used in order to do

justice to the variety of objectives of Biology teaching.

Some form of assessment of practical skills are highly

recommended in the Transvaal.

2. A greater variety of question styles including more open-

ended questions must be included in tho theoretical

examination. Assessment of pure recall should be

eradicated and replaced by assessment 01 understanding of

knowledge and of all the numerous skill-based objectives

which have been identified as important.
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3. More valid and imaginative internal assessment by teachers

should become components of the matric assessment plan.

This would not only remove most of the negative impact of

what Ward called 'the once-for-all affair' of terminal

external asses unent, but would provide better, truly valid,

overall evaluation of a candidate's worth. A number of

objectives. especially attitudinal ones, can onlvbe assessed

through alternative internal assessment procedures. Project

work has been described in Chapter 3 as being particularly

suitable for this purpose.

Recommendation 2:-

Teachers, being the link between the exam-users and certification,
should be actively involved in. reshaping the curriculum and in
setting and marking the examinations.

ThE;Vi1~WIndependent Examination Board (IEB) is Jeading the way with

its JUser Group System'. For the first time in South-Africa, teachers

have been asked what and how they want to teach and how they want

their pupils to be assessed. Q of the mission statements of the IEB

(1993) is the demystification of the examinations, which it plans to

achieve by having open communication channels between" .ppointed

examiners and the user-teachers. The names of examiners would be

published and both prior to and afte- the examinations, the user group

could meet with the latter to exchange feedback. By involving teachers

in syllaiJus and curriculum designs, in the marking of examinations and

in the organisation of workshops for user groups, the IEB has opened the

door to teachers - the latter at last have a say regarding their teaching

and its assessment. It is imperative that other examining oodles follow
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a similar system, if matriculation is to be used to drive the curriculum

into the 'right direction'.

Recommendation 3:..

The universities should reconsider tbelr selection and admission

criteria ln order to minimise the negative effects metrtculetion has

on class-room practices.

Although it is not possible for universities to run their own admlsslcn

examinations, both because of the financial implications and of the extra

pressure such examinations would put on prospective students, they

should look at alternative methods for students selection. For example,

pupils' record cards over the senior school years and teacher evaluations

could be used. Research has shown consistently that in SI:>ut" Africa,

matriculation is not a valid selection tool of students for universities, It

is time that universities do something about their so-called 'point system.',

in order to provide a fair and more effective selection process.

Recommendation 4:-

Universities must also look at alternative and better methods of

pre- and in ..service training of' teachers in order to empower

teachers to become effective assessors and evetuetors,

Research has shown that only teachers can make a difference to

curriculum practices. Unless South African teachers become sufficiently

trained to take responsibility for the assessment of their pupils, the

external "examination will remain the sale seleotlon tool available to

unlverslttes and employers.
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fiNAL COl\lClUSIONS

Biology is one (If the most popular science courses selected by the

majority of puplla as a matriculation subject (HSRC Report: 1980). Many

of these pupils, as shown by Watson (1990:50)' will not continue with

tertiary education. It is thus appropriate for school tJiology to offer a

broad curriculum in order for PUpils to acquire not only Biological

Knowledge but also important SI<iIIS and Attitudes which will become

transferrable and useful in their future careers. The objectives of the

current Biology Slyllabus cover all these aspects but, as shown bV::thls

survey, they are hot viewed by teachers as being the objectives of the

matriculation examlnatlon itself. As emphasised above, the' teachers

surveyed admit that they are not achieving the majority of these

objectives through their current teaching,

Listing syllabus objectives and hoping that they will happen in the

classroom is not.enouqh - the lmplemantatlon of these objectives must

also be enforced. As in Israel, the power of examination and certification

must be used in South Africa to ensure that this tak~~' place. The

external written examination on its own has been shown to be unretlable
in measuring all the objectives 'that are known to be important for

effective Biology teaching. It seems appropriate to call Tor a more

diversified assessment plan, of which the written, externatlv-marked

examination, will remain an integra~part. This will demand greater effort.

on the part of Examination Boards, Teachers and Teacher-trainers but as

isaac (1990: 355) points out.-

"Assessment is too important in the lives of students, in the work

of teachers and in fulfilment of the SOCialresponsibility ... to allow

anything less then the best that is eveltcb!e, II

~141~



AFChBiTibault, R.D. (1964). John Dewey on Education: Selected Writings. The
Unlversltv of Chicago Press, Chicago.

Ayerst, P. (1987). Multiple Cholce Questions in Science Teaching. Spectrum,2lj
(1), 57-62.

Averst, P. (1987). Data Response Questions in Biology, Spectrum, 25 (4), 48-54.

Barker, J. & Hardie, J. (1987). Expre$'STrain of Reform. Journal of Biological
Education, 21 (41, 233-234.

Barrentine, C.D. (1986). Science Education: Education in, or about Science?
Science Education, 70 for~497-499.

Behr, A.L l198f)). The Senior Certificate Examination as.a Predictor of University
Success. SouthAfrtcan Journal of Education, 5 (3), 107-111.

Billing, (1973). AJmstNlethods and Assessment in Advance 3qience Education.
Heyden and sons, London.

Biggs, J.B.(1978). lndlvldual and Group Differences in Study Processes. British
Journal of Educational Psychology, 48 (3): 273.

Bloom, B.S. (1956). Taxonomy of Educational objectives; the (' \~sification of
Educational Goals. Hstui-Boolc t, Cognitive Domain. Longmans, Nk A,.~Yoi'k.

Bradley, J.D. (1986). What does Currlculum Development mean for Teachers in
Sooth Africa tnthe future? Spectrum, 24 (2), 87-59.

Buckley, J.G. and Kempa R.F. (1971). Practical Work in Sixth Form Chemistry
CourSHS-an Enquiry. School Science Review, 53 (182). 24.

Burchill, J. (1$82), From school to-unlversitv: The Biological sciences. University
pr9ss: Aberdeen (Pergamon grp). Great Britain. . .

BybeeIR.W. (1977). The New Transformation of Science Education. SciemJe
Eiducatlon, 61 (1), 85-97.

Carin, A. & Sundt R.B. (198?). Teaching Modern Science. Merrill publishing
company. Toronto.

Carrick, T. (1987). Ref;,.)ctions on practical assessment in GCSE 2.
Implementations of GCSE Requirements. Journal of Biological Education, 21 (3),
167-174.

-142 ..



Carrick, T. (1983). Some Biology Teacher's Goals for Advanced Level Teaching.
Journal of Biology Education, 17 (3), 205·214.

Choppln, B. (1972). After A~/evel? A study of the Transition from School to
Higher Education. N FER. Slough, England.

Colussl, M.G. (1976). Practical Work in Science Teaching in South Atrloet: Schools
for White Pupils. Unpublished Thesis, University of the Witwatersrand,
Johannesburg.

Coulter, A.M. (1975). Objective tests: An appraisal.
Objective tests problems and practice.

In Evaluation in Education. Maskew Mlller, Cape Town.

Daniels, O.J. (1985). The social responsibility of science teachers - its implications
for departments of education. Spectrum, (Octo"1r), 56-57.

De Lange, J.P. (1981). Report of the Nlain Q
Education. HSRC, Pretoria. .

lttee: HSRC Investigation into

Department of Education and Training (1985aL General Certificate of Secondary
Education: The National Criteria: Scleace. HMSO, London.

Department of EdUt.:ation a. '0 Science (198!3b}. Sclerce 5~16: A statement of
PolIcy. HMSO, London.

Donellv, J. (1979). The Work of Popper and Kuhn air the Nature of Science. School
Science Review, 60 (212) t 4a9~500.

Ebel, R.L. (1975). The concept of Evaiuatlor.,
The validity of Examinations.
Knowledge versus ability in Achievement Testing.
What do tests test?
Assessing the outcomes of education.

In Evaluation in Education. lVIaskew Miller. Cape Town.

Eggleston, J.F. (1986). Stt: dies in assessment. The English University press.
London.

Evans, S.M. (1988). What kind of Biologist do we need? Journal of BIology
Education, 22 (2), 82·83.

Fairbrother, R.W. (1988). Methods of Assessment. Nuffield Assessment In
SCience. Longman.

Fox, D.J. (1969). The Research Process in Education. Holt, Rhinehart and
Winston/ Inc. New-York.

~143-



Fraser, W.J. (1987). How Valid and Reliable are Your Tests? Spectrum, 25 (3l,
62-64.

Fraser I W.J. (1992). The Opinions of Subject Specialists on Curriculum-
Development Principles and the Teaching of Biology at Secondary School level.
Spectrum 30 (3), 57-60. .

Frith, D.S. & Macintosh, H.G. (1984). A Teecher'sGuide to Assessment. Stanley
Thomas, .Cheltenhum.

Gagne, R.M. (1965). In Teaching Machines and Programmed teaming. Vol.2, R.
Glaser, National Education Association, U.S.A.

Gayford, C. (1989). A Contribution to a Methodology for Teaching and
Assessment of Group Problem Solving in Biology among 15 vrs Old Pupils. Journal
of Bi%gical Education, 23 (3L 193-198.

Germann, P.J, (1991)' The Developing Science Process Skills Through directed
Inquiry. The American BiOlogy Teacher, 53 (4), 243-247.

Good, R. (1985). The Domain of Science Education. Science Education, 69 (2),
139··141.

Gould, C.D. (1983). The impact of Nuffield O-Ievel biology - an agent of change
in biology teaching. Journal of Bi%gical Education, 17 (3), 201-204'.

Gray, J.H. (1974). Assessment as a Source of Feed-Back to Teachers and Pupils.
The Art Of The Science Teectter, 100-111. McGrawHill, Maidenhead. Berkshire,
U.K.
Hardie, J. (1987). The National Curriculum. Journal of Biological education, 21
(3),153.

Hardie,J (1991). Reviewing the Curriculum. Journal of Biology Education, 25 (4',
69-70.Teacher. 22 (2), 107-109.

Head, J. ('J 985). The Persona/Response to Science. Cambridge University Press.
Great Britain.

Hill, L. (1986). Teaching and the Theory and Practice of aiology. Journal of
Biological Education, 20 (2), 112-116.

Hodson, D. (1982). Sci-mce the pursuit of truth? Part I. Schoo! Science Review,
63 (225), 643-652.

Hodson, D. (1990). A crttical look at practical work in school science. School
Science Revlew, 70 (256); 33-40.



Hodson, D. & Reid, D. (1988). Changing priorities in science education. Part I.
School Science Review. 70 (251),101-108.

Hodson, D. & Reid, D. (1988). Changing the priorities in science education. Part
II. School Science Review, 70 (251), 159-164.

Holme, P.J. (1985). Science Skills Assessment Tests. Teacher's Guide. Hulton
Educational. Arnarsharn. U.IC

Hoots, R.A. (1991). Biology in the news. TheAmerican Biology Teacher, 53 (8),
496-499.

Hoste, R. (1982). What do examination items test? An investigation of construct
validity' biology examination. Spectrum, 16 (1), 51~58.

Hutchinson, C.S.. (1983). Do facts have a place in Science? JoJ.-l1al of BlologV
Education, 17(1).

Isaac, T. (1990). The influence ottbe senior certificate examination on methods
of teaching biology at standard ten level in Indian Secondary Schools. O. Ed.
Thesis. UNISA. Pretoria.

Jackson, I.M. (1983). Is Biological Education in Secondary Schools providing the
Learning Skills required for Motivation and SI,lCC9SSat Tertiary Level? Spectrum,
(May), 47-49.

Jackson, I.M. &. Young, D.A. (1986). Trends in the Relationship between
Matriculation Resl,llts and SUCC9::;S in Flrst-Year Biology Studies at: University.
South-African Journal of EducatiON,·7 (2), 132-136.

Jennings, D.H. (1980). Two Sots of Proposals for UK Science Education- a
University Biologist Comments. Journal of Biology Education, 14 (3), 223-230.

Jennings, A. (1992). Towards Assessment of Biological Components of National
Curriculum Science. Journal of Biology Education, 26 (1), 54-62.

.lunqwlrth, E. & Dreyfus, A. (1990). Diagnosing the Attainment of Basic Enquiry
Skills: the 100·year old Quest for Critical Thinking. Journal of Biological
Education, 24 (1), 42-49.

Jungwirth, E. (19HZ). The Plan-a-test Grid as a Teaching Aid and Feed-back
Instrument in Biology Teacher Education. Journel ot Biology Education, 26 (1) I 41-
44.

Kempa, R. (1986). Assessment in Science. Cambridge University Press.
Cambridge.

-145-



II ',_

Kuhn, T.S. (1970). The Structure of Scientific Revolutions. 2nd edn. University of
Chicago Press: Chicago ..

Leonard, H. W. (1991). A Minimum Core Currlcc.lum for Introductory High School
Biology. The American Biology Teacher, 53 (7), 400-403.

Lock, R. &. Davis, V. (1987). Assessing Practical Work in Biology using the OCEA
Scheme. Journal of Biological Educetian, 21 (4) 275-280.

Lloyd,P.J.D. (1985,1. Fostering Curriculum Development: The Role of Industry. In
Proceediflgs of the Symposium on Curriculum Developrnent in Physical Science and
Mathematics. University of the Witwatersrand Press, Johannesburg ..

Lynch,P.P. (1986). Towards a Policy for Assessment of School Practical Wor!<: a
Discussion. tmstus News, University of Stellenbosch.

McGaw, P. (1984). The Australian Education Report of 1984. Board of Education,
New South Wales.

Malherbe, E.G. (1975}. The Validity and Reliability of the Matriculation
Examination. In Eveluetion and Education. Maskew Miller, Cape Town.

Mathews, J. (i975) ..Assessment of Attainment in Sixth Form. InSchools Council
Examination Bulletin 27. Evans Methven, London.

Matthews, P.S.C. (1975). Has Science Education a Future? School Science
Review, 57 (198), 157- 162.

Mayr,E. (1982). The Growth of Biological Thought: Diversity, Evolution and
Inheritance, Harvard University Press, Massachusetts.

Monger, G. (1991). "When what has been learnt has been forgotten" - some
personal reflections on the last 25 years. Journal of biologicalEducation, 25 (4),
247~250.

Moodley, T.K. (1983). Assessment of Attitudes in Biology at Schools. Spectrum,
{May}, 52-54.

Moodley, T.K. {1981}. Scheme of objectives for practical work in biology at the
senior secondary level (Higher & Standard grade). Spectrum, (March), 39-42.

Mooney, R. {1985h Goals for Science and Mathematics Curricula in South-Africa
and their Realisation. In Proceedings of the Symposium on Curriculum Development
in Physlcal Science and Mathematlcs. University of the Witwatersrand Press,
Johannesburg.



:":;",, ,:"..,.

Mitchell, G., Mitchell, D., McGregor, M., Fridjohn, P. (1987). Selection of medical
students - are all matriculation examinations equivalent? S. African Medical
Journal, 72 (Sept), 416-418.

Oakley, O. (1991). Remember Podophyre] Reminiscences of twenty-odd years
of school biology teaching. Journal of Biological Education. 25 (4), 245-246.

Naik, K.C. (1976). Science Teaching at Secondary School Level in High Schools
in South-Africa with particular reference to Practical Work. Unpublished MEd
Thesis. UNISAj Pretoria.

Nalk, K.C. (1988). The Assessment of Practical Work in Physical Science in
Secondary Schools in So;~th-Africa with Special Reference to Indian Education.
Unpublished OEd Thesis. bNISA, Pretoria.

Ogens, M. (1991). A review of science education: Past failures, future hopes.
TheAmerican Biology Teacher, 54 (4), 199':'203.

Opie, F.W.J. (1975). The Promotion of Affective Educational Objectives by means
of an Environmental Approach To Biology Teaching. M..Ed Thesis. University of
Cape Town.

Ople, F.W.J. (1985). 2001 - An educational odyssey. Part 1. Spectrum 23 (3),
43-46.

Ople, F.W.J. (1986). 2001 - An educatlonal.odvssev. Part2. Spectrum 24 (2l,
42-45.

Powell, J.l. (1973) Selection for University in Scott/and. SeRE/ University of
Lorrdon Press: Edinburgh.

Peat, G. (1988). GCSE coursework assessment: a year of problem solving.
Journal of BiologvEducation, 22 (4), 252-254.

Ravetz, J.R. (1971). Scientific J":rlOwledge and its Social Problems. Oxford
University press, Oxford.

Reiss, M. (1990). The Future of 16-19 Education. Journal of SioloOY'Education,
24 (3), 141-142.

Rossow,D.J. (1985). Goals and Objectives in Relation to the Science Curriculum.
In Symposium on Curriculum Developmentin Science and Mathematics. University
of the Witwatersrand Press: Johannesburg.

Sanchez, J. (1991). The construction of biology lessons: A meta-Paradigmatic
Approach. The American Biology Teacher, 53 (7) I 410-415 .

..147..



Sanders, M.R. An Evaluation of the Zoology I Academic Support Programme at the
University of the Witwatersrand. Unpublished MEd Thesis. University of the
Witwatersrand, Johannesburg.

Sands, M,K. & Bishop, P.E. (1984). Practical Biology: A guide to teacher
assessment. Bell & Hyman, London.

Sands, M.I<. & Hull, R. (1988), Tea'ching Science. A Teaching skills workbook.
Focus on education. McMillan Education.

School Council Examinations Bulletin 27, (1973). Assessment of attainment in
sixth form science. School Council. EvanslMethuen Educational.

School Council Examinations Bulletin 315, (1974). Question Banking: an approach
through Biology. School Council. Evans/Methuen Educational, London.

Selley,N.J. p 981). The Place of Alternative Models in School Science. School
Science Review, 63 (223), 252-259.

Senta, A" Ralzen, A. & Kaser, J.S. (1989). Assessing Science Learning In
Elementary School': Why, What and How? Phi Delta Kappan, 718-722.

Smart, J.J.C. (1963). Philosophy and Scientific Realism ..Routledge and Kagan
Paul, London.

Spargo, P.E. (1985). Core plus-Options - An Alternative Model for a South-African
Syllabus. In Proceedings of Symposium on Current Development in Physical
Science and Maths. Education. University of the Witwatersrand Press,
Johannesburg.

Sparkes, J. (1981). What is this thing called Science? New Scientist, 89 (1236),
156-158.

Stanton, M. (1990). Objectives in University Education: Intentions vs
Achievement. S.A Journal of Higher Education, ISSN 1101-3487, 94-103.

Stenhouse, L. (1975). An Introduction to Curriculum Research and Development.
Heinemann, London.

Stout, W. (f986). Grade criteria. Journslot Biological Education, 20 (3)' 147-
148.

Tarnir, P. (1988). Making the Best Use of Matriculation Examinations. Spectrum,
(October), 43-45.

Tarnlr, P. (1989). Sl'lle Issues Related to the Use of Justifications to Multiple-
Choice Answers. Journal of Biological Education, 23 (4), 285-292.

-148-



"

Tarnlr, P. (1992). High School Biology Teacher's Image of Subject Matter: An
Exploratory Study. The American Biology Teacher, 54 (4), 212-217.

Tamir, P .~.Amir, R. (1987). The relationship between instructional strategies,
study p. _'.cdcesand attitudes toward biology. Journal of Bi%giceIEducation. 21
(2), 291-293.

Tarnlr, P. & Jungwirth, E. (1972), Teaching Objectives in Biology: Priorities and
Expectations. Science Education, 56 (1), 31~39.

Tamir, P., Nusslnovltz, FL, &1 Friedler, Y. (1982). The Design and Use of a
Practical Tests Assessment Inventory. Journal of Biological Education: 16 (1),43-
50.

TED, (1993). Std 8 to 10 H.G Biology syllabus (for implementation in 1394).

Tranter} J. (1987). GCSEBiology and Biology (Human) syllabuses in Enghnd and
Wales: a comparison and subjective evaluation. Journal of Bi%gical Education,
21 (1), 34-40.

Van Praach, G. (1983). Experiments in Schoo! Science. School Science Review.
64 (229), 635-640.

Ward, C. (1980). Designing A Scheme otAssessment: Handbooks for furmer
Education. Stanlev-Thornes, New-York.

Watson, C.N. (1990). Teaching Biology in the Next Century Spectrum, 28 (2), 49-
52.

West,R.VV. (1981). Praxis and Possibilities in School Science Education. Journal
of Biology Education, 15 (1), 42~46.

Wheeler, J. (1987). Biological Education - Starting from the Real World. Journal
of Biology Education, 21 (2), 79~80.

Whitfield, R.C. (197?).; Aims and Objectives. The Art of The Science Teacher.
12-18.

Will mot, A. & Hall, C.G.W. (197?) a-level Examined: the Effect of Question
Choice. Schoof Council Research studies.

Wilson, J.M. {1982}. The Accuracy of A~level Factors. Educational Research, 24
(3): 216~222.

Wood, C.N. (1991 ).Assessment and Testing: A survey of Research. Cambridge
University Press, Cambridge.

Woolnough, B. (1985). Science ... the sum of its parts. The Times Educational
Supplement.



j' ') -

Woolnough, 8. {1990}. Alternative Approaches to Assessment of Practical Work
in Science. School SCience Review, 71 (25B), 127~130.

Wright, E. & Govindarajan, G. (1992). A Vision of Biology Education for the 21st
Century. The American Biology Teacher,54 (5), 269-273.

Yager, R.E. (1984). Defining the Discipline of Science Education. Science
Education, 68 (1), 35~37.

Yager, R.E. (1985). New Foci for Science Teacher Education. Spectrum, 23 (2),
61-64.

Yager, R.E. (1987). Assess all Five Domains. The Science Teacher, {October), 33-
37.

Yager, R.E. & Tweed, P. (1991). Planning More Appropriate Biology Ed, batten for
Schools. The American Biology Teacher, 53 (8L 479~483.

Yager, R.E., Tarnlr, P & Dar-sun, H. (1992). An STS Approach to Human Biology
Instruction Affects Achievement and Attitudes of elementary Science Majors. The
American BiologV Teacher, 54 (6), 349-$55.

Ziervogel, A. (f990). A Discussion presented at SABTA meeting in Pretoria,
UNISA. Unpublished notes.

Zohar, A. & Tarnlr f P. (19911. Assessing Students' [,Jfficulties in Casual Biology'.
a Diagnostic Instrument. Journal of Biology Education, 25 (4) 302~307.



o

, ,..151-



__ ..1

MSc EDUCA T~ON RESEARCH !PROJECT

WITS UNUVIERSlTY'
.;_..

o

A Que.s-t:::Lon.nai:re
aesLgned £0 co~Iate

and e~~Iu~~e the ~1ews
of pract::Lsing teache:rs

about::. :

Teach.::i..:n.g Ob_7ect:L -vet=;:
fc:::>~, a:n.d Asse.s:S]lJlle:"'2-t::::

CJlf P' H.:i.g.1::U3JJ::"" G.z:-:ade
Ma."i:;x-d:c» Bi <0 _1ogy



PART 1: BIOGRAP)H[JCAL DETAILS

INSTRUCTIONS :
Put an 'X' in the arpropriate block, to indicate the correct
infornlai~ion •

1. SEX
Female
Male

3. YEARS OF TEACHING
EXPERIENCE: (GENERAL)

4. YEARS OF EXPERIENCE AS
A 14ATRIC BIOLOGyTEACHER

5. TYPE OF scaoor, IN WHICH
YOU ARE PRESENTLY TEACHING

6. TYPE OF MATRICULATION
EXAMINATION WRITTEN AT
YOUR SCHOOL

2. AGE
GROUP Below 30

30 - 40

Over 40

Less than 5. years
5 - 10 years
More than 10 years

Less than 5 Years
5 - 10 years
IJ{ore-than 10 years

State School
Private school

TED
NED
J M B Specify:

others ---'...~-------~--~-----~--___j



PART 2: OBJECTIVES FOR EFFECTIVE BIOLOGY TEACHING AND THEIR
ACHIEVEMENT IN THE CLASS ROOM

INSTRUCTIONS :
Read each of ';hefollowing statements carefully before placing an 'X' in the
appropriate block under Columns A and B.

~.130UT KNOWLEDGE

COLUMN A COLUMN B

I To what extent Ido you consider
this goal/
objective to be
Ulportant?

To what. extent
do you believe
that you are
currently
achieving this
goal!Objective

At the end of :rnatric,a Higher Grade
$t.udent shouldIF==========-===="====--======:======~IF==*==*=~==~~F~?=~~==~~I

Kl know the basic terminolo(~ used
I~ ~the ~iological scien_c_e_s ~I~~~-+--~--r_~~--~~--+_~~--_+__41

have acquired a de·taileg
)mowl~\ of the structure
few living or0anisms
have acqui.red a thorough
lmowleqg,g o:e the physiology
.~ 1ivin~L~r_g.:;;..a_n_J._·S_lll_S .-_--Ii.---t_-+__-I---II--_n __ -I__ i--+_-+- __n

know fund8ment~ biological
1~ __ •__ ~p_r_in-c_J.~·ples----~~---- --_--~~.~-+--~ __.f-~--~~~~-~~-+--4-~1

have become familiar with the
current understanding of the
nature of l.ife.~p_r_o_c_e_s_s~e_s_'Ir- r--+__~ __r-~~ ~ __+-~ __'~ ~I

have acquited some knowledg~ of
a wide range of living things
be able to .Unk the comj2onel\.ts
of the course into a coherentbody of kno~i_l_e_d~g~e ~~ ~~~ ~-+ __~~__~-4 ~ +-~1

become aware.1of po.ttt':l:rn.J?.and
relationships within the livingvlorld

K2

K3

1<:4

K5

K6

K7

Ka

of a

of a

J



GOAL I OBJECT!VE

COLUMN A COLUMN B

3 5

To wha t extent
do you consider,this goalj
objective to be
important?

4 3 2 15 4

To what extent
do you believe
that you are
currently
achieving this
goallobj.ective
. - ,;,- .... _ .... ,.--.....

2 1

undamstiand contributionsscien·tists have made to the
subjectI~'------~~----~----'~~--~~--------'_'~-+--~--+-~r--+---i-~+-~~~~~I

I K10 understand some of the

I
applications of bi.ological
k".owledge~----------~----------------~-------~~r--~---r-~---r---~--r-~---+--'-~1(11 be acquainted with some of the
principles o;t",xelatfldsubjects

Kg

K12

~~ ...............=====lmm=ry,I!~

S1 use biological information to
anal~se unfamiliar situations

83 carry out instr.-uctionsIr---------~----~------------------------Ir_-~--_r--~·--~_;---_r~~---r_~----~I84 use manipugtive skills useful
for biological investigations------------------~------------~~--~-----~i~,4_--~~~~~~~-+_--~~-_4·--~-~1S5 Qbserve biological material
accurately

-,..._.-------...,...:: ........----.-....---- ...............--- ..........,II---+--i-- ...'""""""--I----+-""""i-~+___i·,-+_--lI
$6 produce meaningful re(jords of'

observationsI~~---~--------~----------~-------------,~·~~---~--r-~----+---~---·I__~~-_r~_+_~I
87 construct hypothes:j,subout

.........._______9bservedbiological problems



COLUMN A COLUMN B
To what extent
do you consider
this goal/
objective to be
important?

SiD communicate information by a
Ib- v~a_r_i_e_t...;;y;..._o_f...._m_e_a-n-s--........_- ."""'"II_-_r--_T_-+_ ....,'-i-'-'i,....--+--+-----.'-- ~
S1J. be able to :i.nter;..Qretgiven

information

1

'ro \:<\1hatextent
do you believe
that you are
currently
achieving this
goal/
objective

f
GOAl:, I OBJECTIVE 5 4 3 2 1 L~_L.2._2

~:S:8:':::m:e:S:i:w:n:-:e:x:p:e:r:J:'~m:e:n:t:.s::t:o:",:+:.;.:e:s:t::::::::::::::::::~_.._!I ~~"'+"'_"_"..;jF,_~±+-r_=_::::::::,,... hypotheses ,-,-
S~ make inferences from evidence

------ .................-,-II ..~-_I_-+____J-_+_~ .....U--i·---,e' ...............j__-+··- ....II
8].4 anal.ysEi~v_e_, _d_a_t_a__ ~ __ "_--IJ..--+_-+-_+----!"----I~"'"

$13 obtain inforn18tion efficiently -,1'--
from texts

-+----+---'11---+--;1

S14 be better equ Ipped to gain a II I,livelihoog as a result of having
IJ..-__ _studied biology -1---1--4---1----11

S15 undertake an independent
;investigative study to solve a
biological problem

ABOUT ATTITUDES

An important aim of biology teacl'ling
in the senior classes is to foster in

, the pupil:



COLUMN A COLUMN B~~========~~==,=.~~====~~
To what extent
do you cons Ldex
this goal;-
objective to be..1important?

A5

GOAL / OBJECTIVE 5 4 3 2 1

a concern for conservation of tb.e
environment

~A6 an aWareness of the incomplete
natu~e of our understanding of
biologiCC,l phenomena

'ro what extent
do you believe
that you are
currently
a~hieving this
goal/
objective

11..7 an awareness of the implications
of biological knowledge for human
society

bB a desire to take responsibility
for one's own )..earning

\\

I···



PART 3: ANALYSIS OF THE TED SENIOR CERTIFICATE, HIGHER GRADE,
BIOLOGY EXAMINATION IN TERMS OF OBJECTIVES MEASURED

INSTRUCTIONS :
The various objectives listed in Part II above have been grouped into 4
broad categories:

1. RECALL OF KlmlfJLEDGE

This refers to the ability to remember previously learnt material. It
may involve the recall of specific facts , complete the~JOries,
generalisations, patterns I etc. .It is nothing more than the exact
reproduction of learnt material ..

Z UNDERSTANDING
JI..NDSn1PLE
APPLICATION OF KNOl)'H.EDGE

The ability to translate and interpret learnt material and the ability
to apply knotoiledgeto new situations, especially for simple problem
solving.

3 HIGHER ORDER COGNITIVE SKILLS
These involve three main abilities:

3.1 The ability to analyse, i.e. to break up informmation or a communication
Into its constituent e.lements and recognise the relationships and
~Jtructure of Jthese elements.

:1.2 The ability to synthesise, 1.e. to reorganise facts and ideas in such a
way that they constitute a pattern or structure which was not clearly
there beforehand.

3.3 The ability to evaluate, i.e to judge the value of the material for a
given purpose, using definite criteria.

4 OTHER SKILLS
These involve any skills not alraady described above such as
mathematical skills- the ability to use/··compute/ graph numerical data
or manipUlative, practical skills.

* Decide which objecti ve/s is/are beh1g assessed by each question and
write the allocated marks in the correct block. (Note: If you believe
that a question is. assessing more than one objel'::tiveI divide the
allocated marks accordingly).

* If you use the ca.tegory ,other Skills I please indicate -C.hespecific
Skills, you think is being assessed.



BIOLOGY HIGHER GRADE-

fiG 27

TRANSVAAL .EDUCATION DEPIlRT!lENT

SENIOR tERHFIC.I\TE EXAMINATION liOIlEHBER lS91

TIME: Three hours
REQUIREMENTS.: Answer sheet TED 135

SECTION A: Answer ALL the questions.
SEnJON 8: Answer ALL the questtcns.
SECTION C: Answer any ONEof the questions.,

SECTIOII A

Answer Questicn 111.on the ANSWERSHEET TED 136.

Wdte your examfn~l:lon number on the ANSWER SHEET and place It inside thefront 'OVGr of your ANSWER BOOK.

QUESTION 11\

VarIous possibil1ties are giVen as answers to the following questions.
Indicate the correct. anSWer with a cross over the appropriate letter on theANSWER SHEET.

EXAAPLE: Saliva fs secreted tnto the
A mouth.
C stomach.

'..'
B. oesophagus.
D duodenum.

Al'ISHER:
C i) : I8

The molecule most often used by animals as a 10n9 term source of energyis .

A. glycogen.
C starch.

2. Bile has a pH of approximately

A G.
C 7.

B fat.
D glucagon.

6 6,5.
o 13.

1. Which one of the fo110111n9 Is NOT a by-product of respIration fnplants?
A Hater
C Ca. ~on dioxide IS Oxygen

o Alcohol

KNOWLEDGE SKILLS
HIGHER ORDER OTHER SKILLS
COGNITIVE

SPECIFIC
NAME

RECALL UNDERSTANDING
AND SIMPLE
APPLICATIoN

II
Ii
!

I
II__j

•._"lr_~.~ '-~-"--'- .,,-.... -:.-.:~._;_~.--



4. The respiratory centre in the brain

A" ATP levels In the mitochondria.
B glucose levels in the blood.
e thE! carbon dioxide concentration
o the oxygen concentration of the t

questions 5, 6 and 7 are based on the
accompanying aiagram of a water culture
experiment.

5. Addfng an additional amount of
which mineral could preva ...t the
condf tton of the leaves" X?

A Calcium
C SOdium B Phl.phoruso Magne~il!m.

6. This plant needs dissolved
nitrogen and sulphur for the
syntheSis of

A cell \·Ians.
e co-enzymes.

B enzymes.
(J chlorophyll.

7.. The minerals mentioned in quest ton
5 are chiefly made available to
the plant by means of

A adhesion.
C act il/.euptake.

QUestions 8 and 9 are based on the follow;
dairy products, fish oils and egg yolk

8. These food sources are especlally ri

A Vitamin B.c Vitamin r.
9. Ilhich deficiency could pOSsibly resu

these foods?

A Night blindness
C Bert-ber1

10. Which of the following structures ar
of osmoregulation in the earth~Jor!ill

(f) coeloni
(fif) nephrostome
A (I) and (ii)
C (I). (H) and (Wj

I KNOWLEDGE I SKILLS
RECALL UNDERSTANDING HIGHER ORDER OTHER SKILLS SPECIFIC

AND SIMPLE COGNITIVE NAME
APPLICATION

.
~>.

!.S mast sp.nsHive to change in

of i.he blood.
issue fluld.

II ( ~ yellowing leaveS/} X
blare wat verged

1

r
l'--- cotcon 1>001/

it:' watte

I~
~test tube/ I1 proefbuis

water with dissolved minerals,
water met opgeloste mi~erale

l I/----- foill
.~ [celie

B' o5mosis. I0 diffusion.

n9 food sources in a diet:

ell in

S Vitamin D.

I0 Vitamin K.

IIt from a diet fihfch is lacking in

IB Profuse bleeding
0 Rh::ket5

.
e directly involved in the process

(ti) blood capil1a,Ies I(iv) urethra
B (1) and (iii)

l
0 (I), (i f), (iii) and (iv)

I

.LI
I

~ "-",--.""'.~,?±~ -,'" " c,-_- -,--~ ---- _ ...-_- _." ---'-~ ~"-"" r---·-- _. _ , _
. -'.
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question J.l is based on the accompanying
d'agram.

11. The concentration of grOi1th hormone
wll! be the highest at number

A l.
e 3.

B 2.
o 4.

12. Which hlo other factor", together with
root pressure, could cause guttat.ion?

A high humidity; high light intensity
Blow 1 ight intensity; high air temperature
C 1(111 1 igilt intensity; high humidHy
o 10.14 air temperatiJrei 101~ aIr circulation

Questions 13, 14 and 15 are based on the accompanying diagram.

orqaoic
, catalyst

C>+(_)~-.·-·' ,t ,c-->ve=>+HzQ
r. . 2.. r 3.

qlu<::o:;el lructcse/ ()~ani"se suc::oS'>/suktose
qlukcse l,fIJktose kata~ isatoC"

13. The react ion represented he"e is known as

A hydroTYS,is.
Il denaturing/denatuTisaJion.
e glYcolysis.
o dehydration synthesis/condensation.

.4. In ~If;jch structure would this reaction occur in the opposite direction?

A Chloroplast
C Mouth

B mtochondrion
o Small intestine

15. If the fructose mo lecule (no. 2) were to be replaced t.y a glucose
molecule. no. 3 ~Iould be a __ molecule.

A rIbose
C lactose

B maltose
D cellulose

16. A pat1ent's urine reacts positively during t.he Biuret test/';est with
Millon's reagent. Which condition. is probably respons ib'le for thts
re~ction?

A 100 little insuHr.1s secreted Into the blood.
B Too much glucagon is formed in the blood.
e Proteins are present in the urine .•
D The pancreas does not secrete the essential hormones.

lightl
11\1

KNOWLEDGE I SKILLS
RECALL UNDER'T~;Nn HIGHER ORDER OTHER SKILLS SPECIFIC

I AND S~)!.PLE COGNITJ;VE NAl-IE
APPLICA,l'ION

!
I
1

!

I
I
1 .
I
I

I

I
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17. During which process or processes are ATP converted to AOP?
(i) Photolysi S
(iil) Krebs' s cyc1e
A ( i) and (i i)
e ,t(). (iii' and (I~)

(Ii) Glycolys is
(iv) Oal>k phase
B (ii) and (iv)
o (tl. (il), (III) and {Iv)

18. The consCiousness of ba13nce originates in the
JI. semicircular canals.
e cerebellum.

B cerebrum.
o sacculus and utriculus.

Questions 19 and 20 are based on the aCcompanying d.ia.gram of a macula.

~:;====- otoUth/ otolict

jelly-like substance I jcllic-a'jti<J" stof
Ik~ircells / baarselll>

r==~::::::=======-- nCJ:Vt> / :;cnuwcc

19. To ~/hat stimulus is this receptor sensitive?
A Smells in gaseous form
e The tonus in muscles and jOints

B Position of the head
o Tastes in dissolved form

ZOo 1n which part of the human body are these receptors found? In
A the mucous membrane of the upper turbinate bones.
B the utriculus and sacculus of the inner ear.
e the ampullae of the semiCircular canals.
o a V-shape on the back of the tongue.

21, I-Shiehof the follOwing are absorbed by the vlalls of the colon?
(i) vater
(iii) soluble .mineral salts
A Only (i)
C (I) a ••d (ii i)

(1 I) some vitamins

B (i) and (i i )
o ( i" (i i) and (iii)

22. The grey matter in the brain and spinal cord clJns:istsmainly of
A cell bodies of neurOns.
e .Schwanrlcells ~Iit!lnuclei. B myelin sheaths.

o axons,

I =:KNOWLEDGE 11 SKILLS I
RECALL UNDERSTANDING HIGHER ORDER OTHER SKILLS SPECI~IC
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IQuestions 23 and 24 are baS~d on the ace
section of a part of the human digestive

23~ --The reft~1(_ centre for the
control of t.lte movement which is
carried out h~'N is the

A hypophYSis. (pituitary gland).
S autonomic nervous system.
C thalamus. .
o medull a oblongala.

24. Which substance is known to stimul

Jl Bile
C Adrenaline

25. !-Ihich OnE!of the foliolting method
their body temperature?

ti) body orientation
(iii) hibernation

A (il and < it) .-'1

C (0. eli) and (iii).

5. Which food ingredient ~lOuld.daamm
the body ,in 1;;"ge quantities?

A Protein;-
C fats

27. Both carbon dioxide and liater, wh
c(lp(.ain oxygen. In whfch case is
dioxide and in watEr indicated ~o

Oxygen. in carbon dioxide
orig1natl!strcm:

::. O,¥gen in air
B fJl-:.rgell in air
C .Glucose in plantso Glucose in plants

28. 1"e p..opert~'. of starch which make
plant cells Is that it is

A soluble j:: ~latet'.
C easily trsnSpcl'ted through cel

mem.branes.

29. Uhich of the foliol1ing factors co
excreting more urine than normal?

A A lolt ccncentrat ton of ADH inL A high reabsorption In the pro
C LOliblood pressure as .. result
o Excessive intake of sa1ty food

". ....

I KNOWLEDGE __jl SKILLS
RECALL UNDERSTANDING HIGHER ORDER OTHER SKILLS SPECIFIC

AND SIMPLE COGNITIVE NAME
APPLICATION

ompanying diagram of a longitudinal
i:ract.

r~
t~'~:~ I

;11'~W .'

Iate this movement?
IB Hydrochloric acid/HC~ ID Secretin

s can be used by reptiles to control

(ii) bask.ing in the sun
{iv) panting

B (i) and (iii) I0 (i), (ii) , (i i i) and (iv) I
ate in the 1iver when it Is found in I

B Starch I0 Sugars .
ieh is released during respiration. I I
the. ORIGINof the oxygen in carbon •
rrectly?

Oxygen in water originates
from:

Carbon dioxide in air
Glucose in p1ants

IO::ygen in air
Carbon dioxide in air -

s ita sui tab 1e form of storage in

B osmotically inactive.
1 0 a carbohydrate.

uld possibly result in a person I

the.blood I
xilOal tubui es

Iof little tissue fluid Is ,
I



30. Which one is NOT a function of the autonomic nervous system?

A flovr of saliva
C Peristalsis

B Perception of pain
D Heartbeat (30x2) (60)

QUESTION 18

The answers to these qUestion$ relate to the numbers on the accompanying
three diagrams which ill ..strate certain metabol ic processes (or parts of
them}r, Identify as answers to Questions I, Z and 3 the processes illustrated
in diagrams 1, 2 and 3 respective1y •. Answer questions 4 to 10 by giving
those terms/'ords which would complete the diagrams cerrect.ly, Wrrte each
number ~Ii tit . ts answer on a neW 1ine ,

2 ,

r----;/
IHIS

8

HIIUlf

0----\
H nul.(

If== KNOWLEDGE r. SKILLS I
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QUES~ :ON ic

Write the lettar of the description i:l Column. B which can best be associated
with the term in Column A opJ)llsitethe corresponding number tn your AIlSWER
BOOK 11rite each number I·lith th~ relevant letter on a new iine. -

bI'~

COLUMN A COLUMN B

1. ~/hite rnatter A [s the seat of higher mental funct.tcns ,

2. Medulla B pjays a role in muscle contractions and
oblonqata clotting.

3. Hypothalamus: C Sustains co-ordinated muscle movements.
4. Cerebrum 0 Is the inner region of the spinal cord..

S. Pituitary gl~ndl E Is the inner region of the cerebrum.
Hypophysis .

6. Auxili F Stimulates cell division in meristematic t tssue..
7. Secret in G Plays a role in the functioning of the thyroid .•
8. Cal c iun H Is responsible for tropLms in pIants.
9. Phosphcrus I Is a component of cell mem~ranes and nucleic acids,
10, Gibberel! ;PS J Regulates the respi ratory precess,

K Controls basic emotions such a, fright. anger and
aggression.

.. L Stim!llates the secretion of pancreatic jui~e.
•:.;;~; -M Stimulates the elongation of stems.

Questions 10 and IE are based.on the accompanying graphical information and
practical investigation. Carefully study these diagrams and answer the
questions opposite the corresponding .numbers in your ANSIiER .BOOK. ,,'ite each
number and Us answer on a new line.

QUESTIoN 10

1. Which food Itill mainly be dic~sted in
the stomach? (ll

IIhlc'lfood contains. the highest. percentage 1.lMSSof roughage? (2) 100

Which food contains the least kilo-joules
(energy)? (2)
which food is best able to prevent
malnutr tt ion (kwashiorkor)?

"a c.8 ..
-e e i_.. .. !

~ Jf t3 ~2.

3.

4. (zr so

5. whith fl)odwould release the most
energY/m~l in the $hortest perird?

Protein
(2)

I<NOWL>iDGE
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AND SIMPLE
APPLICATION
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QUESTION. IE

1. Which enzyme ~Iould be responsible for the digestior, whicn occurs in
this investigation?

2. Vlhich indicator would you use to determine whether digestion has taken
place?

J.

4.
!lame the end product of the digestion whkh has occurred,

State TWOfactors about the specific nature 9f ~:i,:z.)'mesw(Ilch are
f Hus tr ated by this. 'investigatio:l.

SECTIOn g

Answer All the questions in this section ift 'your ANSl-lERBOliK.
QUESTION ~

Z.1 2.1.1 Discuss ol)ly t.he phase of photosynthes is during which carbon .(lO)
dioxide plays a role.

2.1.2 stat~ fOURmore factors which are essential for pbotoS.i~i1thesjs.

2.1.3 Give fOURstructural adaptat tcns of Ieaves to anow: the phase
of pholosyr,thesis which was discussed in question 2.1.1 to take
place effectively.

.2.2 The accompanying· diagram illustrates the thain fornula of a fructose
molecule on ~hiCrl questions: 2.2.1 to 2.2.3. are based.

2.2.1

Z.2.2

State lHO reasonS why it may be classified as a
monusaccharide. (ZJ CHzvH

I
llame THOother monosaccharides with the same CeO:
chemical tombinatlon. (2) 1

HO-t-H
Give the name of the solution liblch is used in a I
laboratory to test for the presence of fructose. {1>1 H-r'OK

State T!:!REtfunctions of carbohydrates fol" Hving • H·C-On
plants. (3Jt __ I__-,_ CHzOH

2.2.4

(2)
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Z.3 2.3.1 Dr<M~·labelled diagram of a longitudinal sect ion of a Villes
with a section of the small intestinal waH en which it 1s
-found.

2.3.2 Briefly dtscuss the absorpt~on of fats by the ·"un and e::plain
bow the absorbed matter is taken up into the blood stream.

(50,,3+2J

qUESTIon 3

3.1 A nerve ic:pulse reaches the spinal cord frcm a receptor througlt the
back {dorsal} root.

3.1.! Draw a fully labelled diagram IJf tM$.. neuron. Also indicate
the direction in !-!!':i.:h me iC!pulse moves.

3. !.Z Atcordhlg. to its structure, what is a suitable naele for tMs
type of neuron?

3.1.3 State ruo macronutrients which play it role during the transfer
of nerve impuises.

1.2 3.2.1 T.wulate THREE differences between nerve cc-ordtnat.ion and
hormone c,,·urdiMtion.

3.2.2 Briefly explain the concept of negative feedback by referring
to the Interact ion between tile hypopby>is {pituitary} and the
thyroid gland.

1.3 The accompanying diagram
illustrates tile .apparatus used
in ~ experiment to determine
which gases are involved in a
specific eetabolic process in
rlants. Study the diagram and
answer the questions wliich
follow:

3.3.1 Which reetabolic
process is involved in
this experiment? (2)

3.3.2. tiJ \I1licn chemical
;Uii)' be used at
"Y" in the
eltperill".ent? {2} L- ----------l

(U) What colour change wiH the chemical undergo?

(iii) !-Ilia!: deduction pay be made if' such a colour change were
to take place?

3.3.3 Dudog this metabolic process. the carbohydrates in the seeds .
are broken down to pyruvic acld, Explaiil ho'd this pyruvic ad!
is ccmpletely broken do;m.

1.4 State thE \'lays in wbich fennentation diffe, i f,_-amthe metabolic precess
mentl0n~d in 3.3.

(50x3+Z)
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4.1 Draw an enlarged version of the accompanying graph axes belol~ one
another in your ANSIlERBOOK. Then on .each axis draw a graphic
representation of the data given in questions 4.!.1 and 4.1.2
respectively.

!r==1 ~~l<N~OWLE~DGE==· =;;;:;:;:;=4?I~=·~.·~.~S~KILLS~- ~~::;; ~l
I.
. REC1>..LL UNDERSTANDING I HIGH.ER. ORDER...IO;,rHER SKILLS S1?E(~IFIC

AND STI-iPLE COGNITIVE NMiE
AI>PLICATIOU

4."7.°oOoOo.l~· -.~!4.00 fl· ... - - - .. - .... - ......• =~..:.]i.
a :; e 30p -. carrying

..... 0 I ' capacity I

,1OOO i.... t ~2'0{; f ij
1000 ~ 110.0 ... . .... . II

() L.-...L..__'__'---"--L.."""",_L.....II e a. ~'!!,' t " !! , ~.

S 2 4 6 8 10 12 'I
aarttal jare f nUl;lber pC years

1 2 3 4 S 6 7

<lac I days

4.1.1 An initial population of 500 yeast cellsiml shows a,geometric
growth farm in a certatn culture, On the sixth day when the
cpt tmumHroit of 3500 yeast cells/Illl is reached. the total
population of yeast cells is, hO~levet'. suddenly destroyed by
the formation of excess alcohol.

4.1.2: An initial population of 50 mice in a certain habitat shcss a
10gist it ~rowth form over a Period of 12 years. !fowever. after
5 years the numbers exceed the carrying capacity. drop to 300
in t~e Seventh year and then stabiHze over a number' of years
to stay in D;:Tanc.ewith the enviroru::ent.

Also list and indicate the THREE most important growth phases
on tbi:; graph.

4.2 Explain hll11the eye adjust to Vfel1 an object over a distance of
appro)t1nl<ltely 8 metres in bad light. Speciffcally note the exact path
tihlcli'lhe light stimulus (011011S •. as well as the changes which take
place in the eye which make sight possible.

4.3 4.3.1 Distinguish between the follol1lng terms:

(i) Breathing
(il) Respiration
(iii} Gaseous ~xchange

4.3.2 State fOURrequlrements for an effective gaseous exchange
organ. Explain. in each case 1'1011the human lung meets these
require.."ll!nts. .. {S

I
I
IIIII,
I

I
I

Ir



4.4 Sl:udy the accompanying diagrams of the apparatus set up for a specific
experime:lt.

4.4.1
4.4.2
4.4.3
4.4.4

What is the aim of this experiment?
What is the aim of the control during any experiment?
Which indicato:- is used at "Z" in the diagram!What do you expect to observe after approximately two hour,?(SOx3.Z)

SECTlOIt C
~!..1,~~j;Answer ONE question frorntMs'sectioi'l in, your AIiSWER ,BOOK.

Select the facts in such a way that only the most important are used to
answer the, question. No diagrams or :;l::etchesare i"eqtliredand your answer
should not exceed 600 words {± 3 pages}.

QUESTION 5

Protei:1s are important organic compounds for human !leings. Discuss the
,Howing aspects of proteins, to substant iate this statement:

Composition, characteristics and functions
Digestion

• Absorption and transportThe homeostasis of excess proteins in the human body
OR

qUESTION 6

Homeostasis in the human body is, a.ffiongstothers, dependent on the role of
the

• pancreas {endocrine function only)
• kidneys (excretinn anG osmoregulation)
• s~ln {regulation of boiiy tem{lerature only)

DIscuss the maintenance of a constant internal, .environment in the body in
terms of the ccntrfbut ton made by the above organs. {7S)

TOTAL: 400

(75)
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APPENDIX 2.

A MARKERS REPORT G~ViNG FIE!ED-BAC~(ON A MARK~NG SIESSBON
OF THE H~GHlErRGRADE TED MATR~C BiOLOGY PAPER.



H.G. BiOLOGY MARKWG 1990

JOHANNESBURG (J~C.E.) CENTRE

1. A MARKER S REPORT AND FEEDBACK
I expm'; encad the fa11 ow; n9 prob 1ems wi th exam questions andj 01' memo.
QUESTION 1 E
Marks were a110cated for providing corr~ct labels without candidates having to
p'rovide the mistakes on the drawing. To me I:I');s;s U~ACCEPTABlE as some
candidates scor~d 5 marks without detecting the errors.

g_UESTION 2 (Note: I marked this question)
&..1. Draw; ng of human resp; ratoY'y org~ns
.A good quest10n spoilt by a very poor marking memo.
1. Marks were ONLY allocated fOt' labels (ro:t,@learning).
2, d~n~i dates cou1ci sco. ~ full marks as 1d~g )!\:l.s they wro1;e 13 correct 1abe 1s
'\ - it did not matter if they had 13 incorrect labels too! For example, I
, had to give full marks to a candidate who had mixed up all his labels for
CIS of the Kidney and Breathing system.

Why was this question not used to assess more important biology skills too?
e.g. Correct drawing and labelling techniques as used in biology.

Position of various parts in relations to one another.
Drawing the parts in proportion etc.

A difficult qu~stion to mark objectively ~ m~rking instructions were far toolenient. ..
E.g. If candidates discussed exchange of gases at the lungs instead of

mu~cletisslJ~~ We ware instructed to give 4 mark') out of 7 (FOR A WRONG
ANSWER!.)

Other relevant facts, e.g. Bohr effect, given by some candidates· were not
marked.

In Q 2.5. too many marks were allocated for 2 basic terms ~ Osmometer (2)
dialysis tubing (2).

continued ...;/



-2-

Too few marks were allocated (6 marks). Only terminology was assessed in some
cases. Some candidates, having given the names of the structures jnvolved,
scored full marks although their answers showed that they nad no understanding
of how the various structures function.

QUESTtoN 3

3.1.1.

1. A bit of an ~nfair question - syllabus mentions only 10 internal
structures of the brain and yet the memo asked for 12.

2. Incorrect labels were m~rked correctly e.g. Grey/White matter} Incorrect
} on

Foramen of Munro } memo
3. Meninges - correct I~uel - in syllabus - not marked.
4. All criticisms about ignoring assessment of drawing techniques (as 1n

Q. 2) applies here too.

TO BE NOTED ESPECIALLY

Question 3.4 ....a gOod
disappointment to thos.

,ion messed up by a WRONG MEMO! What a
~hers who teach data analysis!

Chief mark,..s should ne instructed to pay more attention to t'eacher-s '
object ions!
The memo was INCORRECT - it has been MARKED INCORRECTLY and this is TOTALLY
UNFAIR. The more observant candidates were penalised. As a result some
candidates scoi'ed an extra 12 marks they did not deserve - (inflated marks
will affect distributiQn of marks).
These who answered correctly and were marked wrong could have lost their Als!
I have personnaly checked the answers with WITS UNIVERSITY - (both de::>artment
of BIOLOGICAL SCIENCES AND STATISTICS) and the only possible answers are:
x) C02
y} Water-vapour - NOT oxygen (could never reach such a low % in atmosphere).

therefore at 12 p.m. stomata are wide open C02 diffuseG in and is used up -
max~mum rate of photcsytrthes is - therefoY'e less in atmosphere.
H20 vapour escapes as s,"resLllto:f transpir&tion
. rata of transpiratiqri fluctuates as.shown on graph - 12 p.m. = maximum.
as stomata are Wide.4pen and possiblr higher temperature - at night stomata
close therefore l~ss·H20 vapour escapes.

continued .../
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To be fair all candidates with A's and Bls should be REMARKED I on this
question, at this stage.

Question 4.2.1. - MISTAKE 0» MEMO
Common bile/pancreatic Juct is further down.
LabeJ points.to bile·d.uct only.
Both should have been ~ar~ed ~orrectly.

II, PROBLEt4S WITH MARKING AT MY CENTRE
1. Many markers were 'in the same room as whers their school papers were

marked and markers could choose which papers (e.g. from a friend's
school) that they wanted to mark. This;s NOT ACCEPTABLE as thi13 is an
IMPORTANT EXTERNAL EXAMINATION.
Suggesti ons - papers from one region/centre .should be sent to a different

one for marking e.g. Pretoria should be marked in
Jonannesburq and v·j ce-versa.

2. ~larkers should not be allowed to see/mark from their own schools.
3. Some afrikaans speaking markers - NOT FLUENT in english joined the marking

team half way through marking time - not fair.
4. 12 hours of marking in one stretch is pushing human capabilities a little

too far. Why not mark over 4 days of 8 hours? ~1any mi stakes were pi eked
up on checking. Ho\\'many we)'e not?



APPEI\~DtX3.

IEXAMPLARS SHOWBNG SOME POSSiBLE aUEST~ON STYLES WH~CH
COULD BIEUSED TO ASSESS SOME Of THOSE ASK~ll~OB~BECT~V[ES
NOT ASSESSED BY THE TIED PAPERS.



EIEMPJ.AR 1

Comprehension t~xt with skill based questions - adapted from the School
Certificate Reference Test of the Board of Study - New South-Wales)
1891.(Skills assessed: S11, S12, S13).

OCTOBER 14. 1990
CAPE TOUN NEWS

CAPE TOWN'S UNWANTED TOURISTS
Light-LoTling Hoths Hake a Hess of the House of Parliament at Dusk

Kim Kong
Science Writer

. ._. - "

From next Monday the lights on the House of'Parliament will ,be
switched on one hour l!;tte:r,than their regular evening times.

II 1/This is part of a s1x-~eek test to see if the National Parks Board can
trick a tiny moth that has been a problem for years and is the main
reason the surfaces of the buildings have become stained and damaged .

. .
Professor A. Moore,' a ·famous entomologist with the National Parks
Board, has hypothesir;ed ..that the moths are attracted to light".

The moths are most active when the light fades after sunset. As night
falls 'On spring evenings, the moths leave from the edge of the various
ponds found -in the parliament's grounds after spending winter as
larvae in the mud. They see the floodlit buildings and. fly towards the
lights.
Many splatter themselves against the building services. Others get
confusp.d and lay eggs on the naIls. Some leave droppings on the walls.
"If the night lights on the buildings are not switched on until
sometime past sunset". Maore said, "the moths won't be attracted to'
the b-uilding. Instead they will stay at the various ponds during their
active period. By the tilne the.-li_e,htsare switched on, the moths will
no longer be ac t Lve ;"
Professor Moore designed an experiment to test this idea. On Mondays,
Wednesdays and Fridays the outside lights on both buildings will come
on an hour a.fter sunset. On Tuesdays, Thursdays and weekends, the
lights will come on at sunset, the regula~ time.
Every night the lights will be switched off at midnight, the regular
time.
Equal areas will be marked off on different walls of the buildings.
Each night Professor Moore ~ill count the number of moths in each
area.



Use the information in this article to answer the following questions:
1-

2.
Write an 'aim" for Profel3sQl' Moore's experiment.
Marking only one area dh the wall would not be Ii good design for
this exp.eriment. Explain why not. (2)

3. Why does Professor Hoore tUrn the lights on an hour later on
Mondays) Wednesdays and Fridays? (2)

4. At what. times should Professor Moore visit the buildings to count
the moths? (2)

5. If Professor Moore's hypothesis (that the m~ths are attracted to
light) is cotrect; what ~esult would you expect from the
experiment? (2)

The sun warms the buildings during the clay. A resident believes that the
moths are attracted by the heat given out by the buildings after sunset.
"The r e's Lderrt ccnduc't ed a simple experiment and obtained the results .
below:

RESIDENT'S REStJL 1'5
DAY X----y

Frid.1Y

. Saruxday~~~;~~~--~~--~--~~-~
Suggest a label for X and Y
Does the data s~iPort the resident's belief?
Explain your answer.

6.
7.

8.

~9· 621
21 ,243

18 697
23 660
22 590

17 642

20 559
in the ta.ble. (2)

(3)

A well designed experiment to test the residents belief would
different from Professor Moore"s experiment in two main ways.
are the tiiYO ways?

be
~lhat

(4)
[18]



Chart/evolutionary tree with skill-based questions.
(Skills assessed: 81, 511, S7, 55, 510, 52).

~n(1fRAS S Jr:C 1P'ARK i
Study the attached fact file about evolution of dinosaurs before
answe1'ing the folloHing que st Lons .
1. Write as much information as you can about Triceratops using Q.Ilh

facts giVen on the chart. (10)
2. Using the ihformation on the evolutionary chart, construot a bar

graph to compare the relative sizes of the eight dinosaurs shown.
(5)

3. The sex of certain reptiles is known to be dete~mined bi t~e
temperature at which their eggs are incubated. In the ~r~igator,
30°C produces females and 33°C males. It is possible that this was
also true of the dihosaurs. It is known that the end of the age of
the dlncaaur u coincided with a lowering of the Earth' s temperature.
Based on the above informationl construct a hy~othesis to aocount
for the extinction of the dinosaurs. (4)

4. Assume that instead of a lOHering of the ear th 's temperature at the
end of the cretaceous pe!'iod te:mperatures rose to very high levels
and that dinosaurs adapted to these new conditions. Use a sketch to
show what the 'adapted • dinosaurs could look like. Annotate your
sketch, briefly explaining your choice of design. (6)

[25]

Experimental design question - (1£or1'ance,1992).
(Skill assessed: S8).
Observations: A certain brand of rooting powder (Rl?) which contains

auxin promotes growth of cuttings taken from hardwood
pl~nts such as roses.
Cuttings dipped in water and then illRl?pick UP more
powder and 'take' more easily than cuttings dipped only
in Rl?before planting.

Hypothesis: Water~dipped cuttings groW' better because a hi.gher
concentration of auxin stimulates a greater amount af
root formation.

Problem: Design an experiment which would enable yOU to test the
validity of the hypothesis above. (Assume that RP is
water soluble.)
Your de$ign should inclUde teference to!
o relevant control(s)p
o measurements need to provide valid ~ata,
o method of calculating perc&ntage stlmulation of root

formation.



EXEMPLAR 4

Data/graph analysis.
(Skills assessed:. S11 S11~ 59, 812).
Several specimens of two speoies of crab (A and B) were submerged In sea
water (3.5 par cent salt solution) and given time to acclimatise. ,~
sample of each crab' s blood was then taken and analyzed to aeasu r bits
salt content.
The experiment was repeated using 3 per cent salt solution and
successivelY more dilut.e salt solutions. Average values of blo-od s!ilt
content for both species of crab in each external salt solution wete
calculated. The graph of the data is shown below. ' .

3.5 V
cr. bA2 ~

~/ / r-crat B0-----: VI -
I 1/
I '"I '"I .-

I

U~ I ---l-

'.

; I

o o
percentage cone x-.O\' .tiort
of salt in external water

1.0 i.s 2.C 2.5 3.0 3.5
t

0.5
reawater

1. Which species of cr-ab has blood which is always isotonic to tihe
surrounding water? (1)

2. a)

b.)

3. a)
b)

4. CoPt
orab
t-7hy.

Whioh speoier- of 01.0.:" has blood whlch remains hypertonic to
the surrounding ~a~·.eras the sa.lt content of this e:"ternfl,l
medium decreases below that of sea water? (1)
At which per cent concentration of salt in the external Water
is this cr ab ' s bload most hypertonic to its surroundings r (1)

Which ol."abis able to exert some degree of osmoregulatioq? (1)
Why is oxygen reql,lired for this ~~"cess? . (2)
and complete the table belot~ by identif~ Ing which spec Les of
is suited to life in each of the habitats a.td briefly ext',lain

----------_' _-- - -.

~peCi~::~er~i:~: ~. reason

,
habitat

ri'lterestuary = -deep sea. f.1ater a, (4)
[10]
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