
DOCUMENT RESUME

ED 055 920 SE 012 638

AUTHOR Lucas, A. M., Ed.
TITLE Biological Education in AUstralian Secondary Schools.

[Proceedings of a Conference Sponsored by the
Australian Academy of Science].

INSTITUTION Australian Academy of Science, Canberra.
PUB DATE May 70
NOTE 237p.

EDRS PRICE MF-$0.65 HC-$ .87
DESCRIPTORS *Biology; Con erence Reports; Coarse Descriptio

*Curriculum; Discussion (Teaching Technique);
*Evaluation; Laboratory Procedures; *Objectives;
Secondary School Science

IDENTIFIERS *Australia

S;

ABSTRACT
The present situation of biology teaching in

Australian secondary schools is described in Part-1 of the
proceedings of the 1970 conference on "Biological Education in
Australian Secondary Schools." The six papers discuss the
relationship of biology to other science and non-science subjects,
enrollment trends, teacher qualifications, and assessment, practices
used in each state. part 2 contains three papers which suggest some
aims of biological education for Australian conditions, and a summary
of the discussion of these proposed aims. Papers evaluating the
Australian adaptation of the BSCS programs, the,biology component of
the New .South wales "Science" courses, the ,Queensland."Zoology"
Course, .and the pilot course in "Human Biology" offered in Western
Australia,..are contained in Part 3. Three background review papers,
on diScussion as a teaching technique, on 'the value of laboratory
work, and on research on "inquiry" teaching, are included, together
with-reports of working groups that discussed evaluation techniques,
teaching techniques, and the .approptiate content of future courses. .

The report concludes with,a list of eight recommendations to the
conference sponsors, the Australian Academy:of Science. (AL)



DIOLOGICAL EDIT ITTON

U.S. DEPARTMENT OF HEALTH.
EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIG-
INATING IT. POINTS OF VIEW OR OPIN-
IONS STATED DO NOT NECESSARILY
REPRESENT OFFICIAL OFFICE OF EDU-
CATION POSITION OR POLICY

IR

tjSTRALL4N .SECOMDARY 8CHOOLS.

?roceedinZ of a oonferenee ponaored by

The /Ws lien Academy of Science

E451-5 8 1970



BIOLOG AL EDU ATION AUSTRALTJN SECONDARY SCHOOLS

EraATII.

P. 5 The address for Mr. Katavatis should read "Hollywood High

School, W.A."

"Mrs. Jan Keightley, arion High School, S.A.," should appear

after Mr. Katavatis.

p 10 line 8, "Dr. Mayer, not Mr.

p. 20 line 6, word 8 is "matriculation"

line 17, insert "students after "Teachers College

p. 28 line 3, first luord is "historical"

p. 32 heading is CERTIFICATE....

p. 47 line 11 word six is a'

p. 66 the entry in the 10th row of the column headed ED. DEDT. COUNTRY

should be 32t, with the footnote readin TOne teacher had a

13. A So. and. an R.D.A..".

p. 90 line 6, the word is "omissions"

p. 109 line 6 from bottom, word five is "n

p. 125 line 12 from bottom, word 8

p. 127 line 11 from bottom, second word is "economi lly"

p. 159 li 8 second last word, "exist "

p. 161 line 10 from bottom, third last word "oestrus"

the solid line on the figure represents the "Total Senior

andidates"

lins, 10 4th word "fairly"

7th line, 3rd last word "complaints"

P. 189 3rd last line 7t1vvord '414r0 bout"



P.

P

2.

192 reference 13, 1st word of second line "method"

212 3rd line "The Invitation to En

p. 215 13th line, 5th word "taught"

P.

P.

215, line 19 should be followed by the following line which was

omli;ted, "using the BSCS Yellow version text and laboratory

manuals and another class taught"

216 10th line, last word "subject"



or

2.

PREFACE

The papers published here were presented at a conference

nised by the South Australian Biology Teachers Association

for the Australian Academy of Science. The residential conference,

at-Landed by teachers and biologists from all Australian atates

and one from the United States was held at Rsywoocl, the South

Australian Education Department's Inservi e Conference Centre

at Bridgewater in the Adelaide Hills. Since much important

discussion, debate and exchange of information took place outside

the conf rence rooms, a full transcript of the discussion of

papers and of working sessions would only be a partial report

of the discussion. For this reason, a summary of the conclusions

reached is printed after each group of papers that were formally

discussed. These summaries were presented to the conference at

a final session and agreed to as a fair and accurate summary of

proceedings. The recommendations for action that these summaries

contain are reprinted separately as the final section of the report.

Many peopie played an important role in planning and conducting

this conference. The other members of an adhoc committee of the

Biology Teachers Association, Mr. L. Bamford

nd Mr P. Thomsor all assisted grea

Mr Mosel

in the planning of the

scope and progx-amme of the Conference Mr. Bamford was responsible

for liason with the Australian Acaden-nr of Science through Professor

R. N. Robertson FAA. ItWaslarg thro ttLeir efforts that = it

.was finaricially-...passible-:.f a-- part& ipants from all-States- -to

The assistance of AcadeAy of Scien e Field Officers in sugge ti



the names of participants was extremely useful,

The courtesy and efficiency of Mr. R. OtHaro, Mr. Came on

and their staff at Ray ood was greatly-appreciated by all conference

members. Acknowledgements are also due to all State Departments

of Education and other employing authorities f r facilitating

the attendance of members of their ctaffs.

The Conference is greatly indebted to the efficient and

rapid work of Miss K. Johnson who, although faced with seemingly

impossible deadlines, was able to produce copies of papers for

all conference members before the conference comm nced.

A. M. Lucas.

July I ,1970
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OPENING Ix_DDRESS

J. ANDERS

Chairman, Ladies and Gentlemen,

I am extremely pleased to be with you today and to welcome

this distinguished gathering to Raywood. In these beautiful

surroundings, which have been the venue for a succession of

important conferences I know that your discussions will be

profitable and that your informal meetings with each other will

lead to friendship and a deepened understanding of the problems

that are under consideration. I ho,e that you will leave this

place with happy memories, refreshed and stimulated for the

tasks unon which you are engaged.

I have a deep conviction which I share, I am sure, with you

that the important questions bhat the world faces at present

are fundamentally biological ones and th t biology as a school

subject has a great deal to offer - perhaps mo e than any other

science - both in educational development and in s cial under-

standing.

'I am a biologist manqua Fben I first entered a Teac ers'

College in 1933 I asked the Principal if I might undertake what

I thought was a splendid course offe the late Professor

Brallsford Robertson. It 7as a course in the Mental and Moral

a large serve of biologY with some philosophy

psychology and logic as side dishes. It seemed to be to be the

ideal course for a teacher but,-I -_waa- ormed, kindly but

that bi logy was a subject R5 r girls taught by women So I todk

another course and tacked some biology on when I had fixu.sbed. the

more seriouz studies.



8.

This, of cou se, was the position in the schools at that

time. People see ed to have forgotten the sex of visitors like

Darwin or Banks or Solander and chose to overlook the exis ence of

the famous biclogmsts who were teaching in the universities in the

excitement of discoveri s about the atom that were in the centre

of the stage nt that time.

It was as though someone had paraphrased Dr. Johnstone - claret

for boys, port for men and brandy for heroes. Mathematics and

Physics were the intoxicating things then. Fortunately, the

Australian taste for dry reds has improved over the years.

Those of US who were concerned about the teaching of Biology

in South Australia made our first attempts to introduce it more widely

into the schools through the General Science c urses of the forties.

Although this move did not have groat success at the time, it had an

incidental effect of considerable importance in South Australi

In order to increase the academie range of teachers in Biology,

Professor J. G. Wood, Professor of Botany, made arrangements for

selected teachers to pursue studies towards a hi her degree through

evening, weekend and vacation periods One of the succes ful graduates

was Dr. S. J. Edmonds who played a si flortnt part in later

developments.

The question of finding teachers with sufficient qu lifications

to ch Biology had always been a difficulty. Committee members on

subject committees we e forced t concede that, notwithstanding their

uoces as-to

fer_

chers, most of the elenantary work was in the hands of

trained as teachers science.
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This po ition was not remedied to any great extent until the

late fifties and early sixties when all South Australian te chers

undertaking cience degrees were required to offer Biology among

their fir t year subjects. Later, d)out 10% of all such students
-

wc..e permitted to undertake further studies in biology. This

number has increased or the years and now there is a substantial

number of highly qualified teachers of biology in the schools.

_About ten years ago there was increasing dissatisfaction among

teachers and university staff with the nature of the existing courses

in Biology. Dr. P. Martin, now Professor of Botany, had led the

discussions and had been responsible for the Introduction of new

texts and more realistic sy1labues. He seized upon the B.S.C.

materials when they were produced and with the encouragement of

Dr. Edmonds, who was Chairman of the Comnattee arranged for their

introduction on a pilot basis in selected schools. The three versions

Yellow, Blue and Green, produced in America were used. The teachers

had_ little information about the methods or purposes of the courses,

so the boot-strap organization, the Biology Teachers Association

was formed as a means of mutual help and consolation. Mr. Brian

James was the leading spirit in this group and in9pired by his

enthusiasm, teachers met regularly to exchange experienc s and

materials, to offer suggestions and to find some common ground.

I still trea ure the first publication of this group - a Biology

Teachers Handbook - full of useful practical hints for the struggling

young teacher of biology.

It was at about this time that we became aware that similar

Victoria. Mis Effie Be to now stIdym
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in Columbus Ohio, introduced us to Mr. David Morgan and Mr. John

Nicholas. I remember sitting with Lester Russell in a Biology

stororoom at Adel ide Boys' High School listening to tape

recordings prepared by David Morgan of a strange new technique

called 'Inquiry' We were considerably puzzled by this, but

decided if this was what had to be done well, we would try it.

Prompted by the erithusiasn f the teachers and at the insistence

of Dr Peter Martin, Dr. Edmonds arranged for Mr. Mayer, from

the B.S.C.S. Project in Boulder, Colorado, to include South

Australia in his itinerary. He addressed the now solid b nd of

B.S.C.S. teachers and arrangements vere made for the continued

use of the B.S.C.S. materials until a local version was produced.

did not realize the magnitude of this conce sion until I m t

Dr. Grobmann in person.

The task of produc"ig an Australian version had to be faced.

With the small nucleus of int rested people determined to work hard,

an approach was made to the Academy of Sciences for support The

South Australians on the Academy committee were fully aware of

the situation and the Biological Education Committee of the Academy

undertook the general oversight of the production.

The g neral editor, David Morgan, and his assistant editors

had a form dable ta k with inexorable deadlines all along the ways

Material was produced duplicated and sent around Australia for

comment by-interested people. The content and the practicability

of the text was checked At many levels and the roll of honour of

for it vas an honour to be associated with this



p oject -

Life".

It was a

11,

und ou the front and rear pages of the "Web

ficent production when it appeared and it

has won praise everywhere. I have seen a letter from Dr. Schwab

where his admiration runs to the hope that others will see fit

to plagiarize it.

It has been a wonderful boon in the schools and students

are proud to ca ry it with them and show to envious clasSmates.

Ne have now come to the stage where good materials have

to be made even better.

This Conference has been arranged and o ganized by the South

Australian Biology Te chers Association with the support of the

Australian Academy of Science whi h has generously made a grant

towards the accommodation and travelling expenses of visitors.

ure that the discussions of this informed and inte:'ested

group will lead to the production of even better materials f r

u1e in schools.

Biology, from bein- regarded as a 'soft option' by some,

is taking its place as a major means of educating students in

hools.

I have much pleasure in d
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SECTION I.

THE, PRESENT SITUATION

The six papers in this section describe the present

situation regarding biology teaching in secondary schools

in each state of the Commonwealth. They indicate how

the biology component of science courses is interrelated to

the other sciences and the other subjects of the curriculum.

In all states all secondary students have at least some

exposure to some biolog cal ideas during their school courses,

but many do not have any biology teaching after grade 9 or

10 level.
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QUEENSLAND.

M. Specht.

In Queensland, the last five years of a stude school life

are spent at secondary school. The student enters the school at

Grade 8 level, and proceeds through to Grade 10 before he fa es

a Public EXamination - and possibly, after another two years,

the Senior Public Examination.

In Grade 8 all students in school cover the same syllabus

in Science.

The Alms of the course a e:

(1) To make students aware of scientific concepts and

principles that fun tion in their experience and to help

explain them.

To help students acquire an understanding of scientIfic

facts that are part of their environment.

Tp promote the development such scientific attitudes as

spirit of enqud.ry, open-mindedness suspended judgement

Intellectual honesty and sustained effort.

To provide a sound foundation, theoretical and practical,

for the further study

To develop an intere

potentialitiPa.

Materials for the co

of the s iences.

in ience and a ealization of its

ve been selected. three



The relevance of the material for this day and age.

Its Importance as a basis for furthe. study.

Its relationship to the intere ts and abilities of the

students.

The Biology in the course introduces the student to the living

world, giving him a broad review of it. The syllabus suggests that

45 periods from a total allotment of 150 for the subject be allotted

to biology.

Students learn something of:

Differences between animals and plants.

The cell as the structural unit of organisms.

The cell as the functional unit of o ganisms

Animal diversity

Plant diversity

Evolution

AB practical work, students look at animal and plant cells, collect

representatives of the animal phyla and it is suggested that collecting

excursions be undertaken. Practical projects for the section on

Plant Diversity are listed, e.g. colle t and name representatives of

plant phyla of various types of roots, stem flowers;

germinate spores from fern, mushroom, germinate monocot and dicot

seeds show that a green plant contains water and carbon; show

production of sta oh in a leaf; show that chlorophyll is necessary

for p oduction of.starch in leaves; show oxygen produced during

phot synthesis en used during respiration, carbon dioxide produced

during lespirationo living animals and plants produce heat in their bodies.
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When students have completed Grade 8, a choice of subjects

lies before them. They may proceed with Science A, or enter the

General Science Course, or indeed, they may elect to do no Sciencc

subject at all.

Science A proceeds throu gh Grades 9 and 10.

Science A, Grade 9 During this year students study ecology and

65 periods out of 150 are devoted to it. Interactions in ecosystems

life in the sea, life on land life in fr shwater are dealt with.

Feeding relationships, energy relationships, and biogeochemical cy

are discussed as interactions. Two excursions are undertaken, to

two of the major types of ecosystem. Students are expected. to be

able to answer questions in the Junior examination (es ay or

objective typ ) on their excursions knowledge.

Science A Grade 10. During this year students have 56 of their 150

periods devoted to Physiology - with a major emphasis on Man, though

the treatment should be comparative. Eblphasis is also on macroscopic

structure and function. Students start with a broad bo4y plan of

man, proceed to tissues skeleton, and the various systems: circulato

respiratory, nervous endocrine, and reproductive.

-neral Science: This course is offered for those students who do

not wish to proceed with Science subjects after Grade 10.

The Aims of this cours

stimulate and develop the sthdent'a interest and curiosIty

,in p sical and biological phenomena.
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To develop an understanding of those principles of science

which are appUcable to situations the adolescent is likely
to en ounter in the home, at work, during leisure hours
and in the immediate environment;

To provide a variety of learning experiences designed to
foster the skills and attitudes involved in using the methods
of science to solve simple problems;

To develop an understanding of the underlying nature of
science and an appreciation of its romance, power, limitations

nd imp et on our way of life.

The syllabus states that the student sho ld be placed in the role
of explorer or discoverer, rather than be given a guided tour of
knowledge. The syllabus repeats the emphasis on experiments, observation,

on the students development of scientific attitudes.
Six topics in the biological field are covered; four of them in

rade 9, two in Grade 10. They are:

1. How does a green plant work?

2. Under what conditions do _seeds germi e?

3 How can man grow better crops?

4.. How do our bodies work?

5

6

Animal and plant ecology.

Life in a communi

Students approach this course as a labo atory orientated subject
A oultural sub eats a e also offered at this level. They are mostly

taught in country 1gh Schools, though two schools in the m opolitan
area do offer them. The subjects have some degree of overlap between
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them.

They aret

Agricultural e hanios: to be treated in the context of the farming

Animal Husban

and. pastoral

mechanics or

scene, not merely as phases of

agricultural engineerin-

course consists of:

1) Historical survey

(2) Fundamental

(3)

(1f)

mechanical principles

Farm plant and ma hinery

Elementary field_ enginee

(5) Engines and tra tors

The syllabus is divided into three sections:

(1) Types ana breeds of livestock and their

distribution

Elementary animal biology and animal health

The livestock industries.

It is suggested that 60% of the total teaching

time be devoted to Sections (1) and (2) amd

to Section (3)

method should aim at the development of an

The

Agriculture: Tea

experimental objective

agricultural practices

divided Into five main

ing periods:

and critical attitude towards

and pl'ublems. The syllabus

sections and is based on 170

The development of agricultu

2 Agricultural eoolo



.Crop prooessing and storage

Elementary field engineering

18,

peri ds)

(5) Elements of farm management (20 periods)

There is considerable emphasis on field and practical work

of different kinds.

Students taking these subjects are frequently from farming famill

and expect to go on the land themselves. Some students aim to

attend Agricultu al College, or do an Agriculture degree.

At the end of Grade 10, all students in school sit for the Junior

Public Ekam.; at the conclusion of it they either enter the a b

market, go to one of the Institutes of Technology, or proceed at

school for two more years. In Grade 11 the subjects with biological

content are Biology (Web of Li and Zoology.

Biology: The'Australlan version of the B.S.C.S. materials was introdu ea

into pilot schools in Queensland in 1968, at the same time

the teaching of Senior Botany and Physiology was wound up.

Az there is no Leaving examination, students proceed through

a two-year period to the Senior examination, taking

internal examinations on the way.

Only the pilot course has completed its two years; teachers

dealt with all chapters marked as essential in the Tea hers

Guide, and set the remaining chapters as reading assignments.

TEST G.: Grades- 8 0. Internal until Junior Public Exam.

All students sit for the Junior Public Ekam there is no

arrangement at present, as there has been in Victoria and

South Australia or internal exams

Scien eA: One paper of 21- hours durati n.

Mainly ob e questions, (single w



answers single sentence

choice matching, drawin

answers, multiple

of i_agrams, labelli/

of given diagrams), together

expression type questions

The number of marks allotted to the various sciences

represented in the paper will be approximately

proportional to the ti-e allocations for those

sciences as set out In the syllabus.

with some essay,

General cience: One 2-hour paper will be set on the syllabus

in General Science for Gr-des 9 _nd 10.

The questions will be mainly objective-type

together with some sh rt conventional-typ

questions.

Agricultural Mechanics: camination papers will be divided

into two sections: Section A contains questions

objective f which must be attempted.

of the

Section B contains questions of the essay type and alter-

natives will be given.

It is suggested that one hour be allocated to Section A and

two hours to Section B. Secti ns A and B carry marks of

approximately equal value.

An.i..__1..malusban_::: as above, adequate choice of questions

allowed in exam paper gives teacher freedom of teaching.

4xlculture: as above.

In all agricultural subjects examiners

consideration 22

take into



Grades

20.

English, partIcularly clearness and conciseness

legibility

general neatness.

11 - 12. Exams, are internal until the Senior Public EXam

t the end of Grade 12.

The Senior Public exam is used for matiruleation to University;

testing for Biology consists of one three-hour paper made up of

objective, short answer and one essay question.

Teachers ha e formed an exam panel which has tried to make up a

bank of questions for use by other teachers and for the examiners

use or information. Questions have been Obtained from school exam

papers.

QUALIFICATIONS OF TEACHERS.

The numbers quoted in the accompanying table have been compiled

from teachers who have attended the Preparation Courses held for

teachers entering Senior Biology. Three of these have been held

1967 - 69. Among these teachers were Teachers College, a few

of whom are currently teaching science subjects The numbers

cannot be considered accurate, or mcessarily representative.

STATUS

This has been a report of Biology teaching as it now exists. By

the nature of the report t will be only of temporary value. The

students who sat for the Matriculation exam in 1969 were the first to

go through under the syllabus as outlined here; but soon the Junior

Public exam will be eliminated. Students at present in primary

school are learning Science there, so that they will enter Secondary

2



school with some knowledge of Scie_oe Students now spend. one

more year at Teachers College than did their companions who have

just passed out as teachers.

The scene rapidly changeS.
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Biology

T NUMBERS

ulture Z.2212ExGeneral _Science

Grade 8 33,268

Grade 9 18,643

Grade 10 172103 324_6

Grade 11 22000

Grade 12 12911_ 567
(1969)

Senior subjects over the last five years

1966

1967

1968

1969

BotanY Physiology Biology Total
enrollment

76

104

120

8

348

383

542

353

_Zoology

2084

1367

2033

1911 567

8364

10295

10233

11141

TEACHER UALIFICATIGNS

(Sample: Teachers who attended the three Preparation Courses for Senior

Biology held in 1967, 1968 and 1969, including Teacher's College students,

a few of whom are curruntly teaching science subjects.)

University degrees

Without Biology content

First degree with Biology content

10
26

Post gpaduate qualifications a) Dip. Ed. 20
10b Masters Ph.D.

Tertiary _DiPlotha

Ed.;, Dip. P sio.; Q.I.T. Lab,. Tech. etc;

Q.D A Q.D H.; Dip. Phys, Ed Dip App. Chem.

Non- aduates sorwsit Biolo
23

106

No Tertiary Biolg content other than Teachers 45
College subjects.

25
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NEW_ SOUTH WALES

C.L. dACDONALD

The new sy tem of Secondary educatIon In New South Wale

iatroduced in 1962, adopted a six year plan involving two Public

Examinations. The four years of junior high school terminate

with the School Certificate Ekamination and are followed by two

years of senior high school terminating with the Higher School

Certificate Ekamination. So far there have been five School

Certificate Examinations and three Higher School Certificate

Ekaminations.

Biology, as a subject, is not taught in N.S.W. there being

only three science subjects available in the secondary curriculum,

These are ermed:

1. Science

2, Agriculture

3 Sheep Husban and Wool Science,

2 and 3 are specialised elective courses, taken by relatively few

students.

The Junior Course _i__ Science

The Wyndham Report on Secondary Education stated that "there

are certain fields of thought and exper:-ence of which no adolescent

should be ignorant" Science is one of these fields and thus in

1962 Science, for the first time, was made a compulsory subject for

school stude nps as f as the School Certificate.



The junior syllabus is -vritten and oxa.i 2d a- three levels

of difficulty:

1. Advanced

Ordinary - Pass and C edit

This syllabus has been tried: revised and is popularly accepted

as a worthwhile junior course. In content it contains 2/7 Biolo

together with 2/7 Physics, 2 7 Chemistry and 1 7 Geology. It is

intended to be taught as an integrated course in SCIENCE rather

than fragments of the four separate disciplines.

While the subject matter of the syllabus is statea under the

four separate disciplines, it is intended that the integrating

agent will be the teacher who will determine an approach suited

to his teaching methods and to the needs of his pupils. The

three main unifying ideas for this syllabus are Energy, the

Particle Model of Matter and the Scientific Method.

The biology of this course involves three main emphases:

1. energy relations

2 adaptation

3. evolution

It includes the following topics:

1. bow an animal works

2. bow a green plant works

3. cells

lnterde endence of plants and animals

5. diversity of living organisms

6. genetics

7 evolution
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Of the 700 t aching periods available over the four years, 200

of these will be devoted to biology. In this time It i expected

that the pupil will be introduced to the rudimentary concepts of

biological science in which principles, rather than morphological

detail and natural history diversity, will be stressed. The

emphasis is on the study of the organism with the student beinc)-

introduced to concepts of the cellular basis of life and

interdependence at the c ommunity level.

Stress is placed on teaching by means of observation and

e erimentation in the junior school with some extensions into

interpretation and explanation especially at the Advanced Level.

The content of the biology section of the syllabus is structured

in such a way that the major part of the course can be taught by

means of:

examining specimens

dissections

experi ents

4, field work of a simple natu

In a well integrated programme of teaching there would be some biology

in each of the four years. An example of such a programme is given in

Appendix A. The biology would be ini;ervtoven with the other three

disciplines to produce an integrated course. Although the student

has not accumulated a vast array of technical terminology, anatomical

detail and life history studies at the end of this course, he has

been introduced to the basic c ncepts of the S ience of Life.
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The School Certificate Course is a terminal course fo

gnificant section of the school popul tion and thus all these

children have received some formal training in-biology

The Senior Course i

The situation here is by no means finally settled and there

has been much controversy and publicity in the Press concerning

Senior Science in N.S.W.

At present science is being offered as a single unit a

three different levels embodying four courses:

1. Third level - 6 periods per week - 1 subject status .

2 Second level short course) periods per week -

subject status

Second level full course periods per week -

s bject status

First level - 11 periods per Iveek ubject status

at a higher level.

The third level course is an integrated science course and takes

the form of a story designed to give a deeper understandi g of man's

place in nature and the impact of scien e on man and his culture.

The biology content considers the adaptive diversification of

living things throughout the surface layers of the planet. It

also ves some explanation of e olution through the underst nang

of genetics _nd considers man's cultural evolution.

The biology topi s in this sYllabus are:

6vOlution of living things

recent communities of animals and. plants

29
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the evolution of man

genetics and the mechanism of evolution

5. mants exploitation of biological resources.

Although the content of this course gives graater emphasis to

community study and des ribes the evolution of man on the planet

in its broadest sense the spirit of teaching involved in it is

essentially the same as the junior course.

The aim of the biology in the Second Level Course is to

present the principles common to all living organisms at three

levels: cells, organisms and pooulations. The omphasis changes

from organismal biology in the junior cour e to cells and populatio s

in this senior course. Only in the Full Course are there specific

topics on organisms (Integration and Behaviour) Such a course

is geared to show students something of the great revolution

that Biology is undergoing.

Cellular biology is studied right dcwn to the level of the

complex molecules characteristic of living cells.

The syllabus brings together genetics, evolution and ecology

under the one heading of populations biology. Genetics is

taught as the scien e of inheritance and origin of variation,

ecology as the study of the distribution and abundance ef species

and evolution as the origin of the diver ity of life on Earth. The

ultimate understanding of many of the problems of populations biology

will depend upon an understanding of events at the cellular level.

Students studying the Second Level Full course may extend

their studies in ONE discipline to First Level Study. In biol

the -bora s studied (considered as one per term) are:



cell irebabolism
chloroplasts,D.N.A, & R U.A,

2. behaviour - particularly unlearned,and learning in

3 istorical development of Genetics

quantitive study of the distribution and abundance of sp A.es

5. quantitive study of succession.

man

The Second. Level and Fir 4- L-vel courses should be thought of not

as integrated but as interlocking sciences where points of

similarity rather than differences between the disciplines, can be

emphasised.

The aim in formulating the biology of these courses has been to

develop a course in modern biology rather than classical biology

with the addition of some new topics. Some major problems still

face those o ncerned with implementing these courses, the most

important of which are:

I. the development of suitable, appropriatapractical work

bhe devising of satisfactory teaching programmes

3 the obtaining of effective teaching aids

the learning of efficient teaching techniques appropriate

to each topic.

Although some argue that a reversion to separate disciplines at

the senior level would. be desirable there are strong arguments in

favour of a course in SCIENCE at the seoond.ary level of education.

Az far as biology is concerned, it is studied by nearly all students

throughout their school life In.ssociatiosicsand

chemistry. This situation is highly desirable for those wishin

to continue with Biology as part of their post secondary education.



29.
jPFjDIX A

CHOOL CERTMCATE

scientific a
Heat
Air
Water
Earth
Light
Living things
The Solar Sys
Electricity
The particles of matter
The particles of living matter

EU- the living machine

The foods of man
The animal body
Obtaining and using food

'Liquid transport systems
Transport system in animals

_The energy of chemicals
iRelease of energy in animals
iThe separation of materials
iEkeretion in animals
Ideas of motion
Movement in animals
,gtimuli received by man
;The'senses of than
iThe nervous system of animals

YEAR HAN

THEME III - MAN - at home on l not Earth

A.
B.
C.

D-

E.
F.
a.

H.

J.

K.
L.

The use of heat on Earth
The substances from which Earth is made
Heat in the Earth - rocks
Common substances of Earth
The changing surface of the Earth
Some useful products from the Earth
Movements occurring in the Farth
The vegetation of the Jiarth
The communities of Earth
The Earth's surface
Building materials used by man
ovements on the Earth

THEME IV- MAN - at the frontiers o

A.
B.

C.

D.
E.
F.
G.

H.

The behaviour of chemicals
How chemists calculate
Knowledge and the use of enertzy
An electric age
Man in space
_Earth history
The history of life
The history of living things

-"4.91-ge

First Form Course Second Form Course Third_ Form Course Fourth Fo-

1 2 2 3

.cs A - 1-1 I.J A - L M - N - H I - L

012IT



APPDIX B

Numbers of Candidates sitting for Public Examinations

YEAR SCHOOL
CERTIFICATE

1965 35,512

1966 40,23

in N.S.W.

HIGHER SCHOOL
CERTIFICATE

-

1967 45 526 18 336

1968 53,581 23,562

1969 57,763 26,462

1970* 61,500 31 100

1971* 64,250 33 300

1972* 67,700 35,300

1973* 72,100 37,700

1974* 74,330 39,000

Estimates



TIPPRIDIX

1969 SCHOOL CERTTFICATE E AdaNATION

Et\TTRY PASS

A 21,890 37 89 28.7

33,059 57.24. Creai_t _3 3

Pass 35.5

2,814_ 4 7 4.8

TOTAL 57,753 100.00 92.3

Percentae candidature at Avanced Level

1 965 27.21

1966 28.94

1967 35.52

1968 34.82

1969 37.89



APPEND X D

0 HIGHER SCHOOL CERTIFI= E '0AINATION

LEvEL No. ENTERED

2,514

ENTRY
S IRiCE

12.06

ENTRY
T TAL

9,52

II F 4,639 22.24 17,54

II S 8 799 42.24 33,12

III 4 884 23.46 18.411

TOTAL 20,836 C0.00 78.62

PERCENT GE _11Y1.aDL - 1969 H.

ENTRY F II S III
PaRD

1 5.0

II F 6.0 15.4

II S 0.4 3.4 28.4

III 0.4 1.5 5.3 20.0

FAIL 0.3 2.0 8.5 3.4

TOTAL 12.1 22.3 42 3 23.4



APPENDIX E

QUALIFICATIN3OF TEACHERS

Only figures available are fi m a 1967 survey.

LEVEL

II F Biology

II S Biology

.:?T_TALEPIED TEACHERS

83

78%

"Qualified teachers" are those who are trained t-achers wi h a

successfully completed University emir in Biology1
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APPENDIX F

TESTING_ PROCEDUTtES

A., SCHOOL CERTIFICATE

Award given on a composite mark gained from the exami

result and the school assessment in the following ratio

led school assessment
d examination score

JCEXU'ATION PAPERS

',Elm TIME

1 -1 hr.

TOTAL MARK STRUCTURE

80 35 multiple choice
15 single statement

21-hr. 125 Part I - pass
50 multiple choice
1 written answer
Part 2 - credit extension
1 written answer
5 single statement

A 2 hr. 150 70 multiple choice
15 single statement
2 written answer

Appendix F continued on next page.

37



APPENDIX F emit.

HIGHER SCHOOL CERTIFICATE

Award gained on scaled examination score.

SCIENCE E-JUNINATION PAPERS

LEVEL T11M

Note:-

TOTAL MARK STRU TURE

III 2 hr. 100 32 multiple oho_ce
32 single statement
6 paragraph answer
4. essay type

II S 3 hr. 130 5/6 sections each

containing

6 multiple choice
6 single statement
2 paragraph answer

essay type (26 marks
each

II F 3 hr. 195 5/6 sectio
taining

II F

2 hr.

-oh con-

8 multiple choice
8 single statement
2 paragraph answer
1 essay type (39 pl rks

e oh

270 Paper 1 - II F paper

Paper 2 Three essays out
of five ALL in
ME discipline.

The Total Mark shown is an indication of the weighting give

_o e oh level in the determination of order of merit lists at the

School Certificate and High School Certificate Examination.

8
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VICTORIA

L. R. Morgan

In Victoria, at the secondary level there are three separate regions

of biology education, the technical schools, the junior seconda,

in the high schools and the senior sec ndary in the high schools.

Unf rtunately, up to this stage there has not been a great deal of

liaison between these three groups.

I will describe briefly what is going on in each of these groups.

Secondary education is devided into 6 stages, forms one to six.

I. TECHNI AL COOLS

in the technical schools ScIence is compulsory until the en_

of form LI. This means thr.t all stUdents study some biology

durin g their first th ee years at the technical school. Aft

that if they choose Form IV Science Part I they also stli4y some

biology and if they study General Science or Biology 1_ form V.

However, t form IV most of the better students do Science

Part 2 which i- just -ysics and chemistry. This means that

usually only girls and some of the weaker boy students do some

biology at a higher level.

There is some difficulty with the teaching of biology in the

technical schools as most of the s lence teachers are trained

in either Engineering and Or Chemistry, and so their back

ground in biology is limited..
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Science - Forms 1 - 3
_

Alms

(a) To develop an und,Ftrstanaing of a series of basic

scientific concepts (as distinct from isolated facts).

To develop the ability to plan, conduct and evaluate

riments or researche

Emphasis

During this stage the students carry out many experiments

to try to find out answers to questions by their own

investigation. The use of the lib ary is encour ged.

Gon'ent

Form 1 - There are a total of 2ii topIcs and 3 of these

deal with biology

(a) Organisms feed, breathe grow and reproduce.

(b) Organisms are made up of cells.

( ) Gells differ in type.

For 2 - There are 22 topics ana li. deal with biolo

(a) All life depends Ultimately on photosynthesis for food-.

(b) Many living things requ _e oxygen to release energy

from food.

Living things exist in a state of balance with their

total environment.

Living things have survived because of adaptation

to their environment.
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Form 3 - There a e 24 topics an i deal with biology -

(a) Foods contain chemical compounds, e.g. .1) hydrates,

etc.

(b) A. balanced diet is necessary to develop and. maintain

healthy bo4y.

C reful preparation conserves fo a nutrients.

There are many techniques of food processing _nd

jireservation.

At this stage there is an emphasis on understanding rather

than just rote learning. The t -ts set by individual

teachers.are aimed mainly at comprehension and application.

The test items areostlyobjective with a few lOnger responses.

Science Part 1 - Form

Aims

To present science as an inherent part of man's

culture and not just as a servant to trade and engineerin::,

course

CO To present students with a wide range of scientific

knowledge that will contribute towards making them

effective citizens.

To show how the disciplines of a pure science can be

applied to everyday problems.'

Ernphaaiz

The students at this stage sit for an external e _mination

which contains mostly knowledge items and, as the syllabus

41



is lo

39.

little time is spent doinf2; practical work and most;

time is taken up with formal lessons. This course is under

review at the present time.

Content

S ience IV Part 1 consists of t-o sections

(,) Pure Science and

(b) Applied Science,

The Pare Science section is compulsory and includes Ecology.

The aspects studied in Ecology include

ecosystems

biogeochemical cycles

energy

limiting factors

populations

interspecies interactions

natural selection

adaptation and

e ologi al communities.

In the Applied Science the students have to study Conserva t n,

The section dealing with conservation includes

man, the mcy-t powerful ecological factor

population

need for conservation and methods of conservation.

They may study Food Science which is the Form 3 biology

section expanded, 42



Genercl Science Form V

Aims

LO

(a) To present significant material f om the various

branches of science to enable a student to gain

some understanding of hims lf and a knoviledge of

scientific concepts related to himself and his

environment.

Emphasis

This is similar to the emphasis given in form IV Science

Part I, and for similar reasons

Content

The biological content includes the following -

physical basis of life

classification

animal kingdom

physiology of man

plant kingdom

plant physiology

other kingdoms

reproduction

heredity

evolution

Biolo - Form V

ms

To develop an underst-nding of the fundamental facts,

laws and principles of biology,



To develop problem-solving sloals based on th- e

facts, etc. , so that they can be applied to new situations.

To develop an understanding and appreciation of the

cont ibution of biology to culture.

To develop basic pi tical skills of experimentation

and of observation and recording of biological phenomena.

Emphasis_

Some schools do their own biology course which may be a

modified "Web of Life" i.e., sections which seem to be

appropriate to the particular students. In this ca e the

individual teachers set their own examination,

be approved by the Tech7

Committee.

which has to

-al Schools Science Standing

Other schools use the set_ syllabus and do the external

examination which has the ernhasis on knowledge. The p

work is of the traditional type - observe and draw with

little experimental work.

Content

This is based on the following section

physical basis of life

cla sification

animal kingdo

morphology, anatomy, histology of the mammal

physiology of man 4 4

a tical

very
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plant kingdom

morphology anatomy hist610 of flowering plant

plant physiology

mi roorganisms

reproduction

heredity

evoluti n

field biology.

This cou se is under review.

11. SECONDARY SCHOOLS - JUNIOR SECONDARY

Forms 1 - 4,

There may be some biology at each level. This ran es from

practically none to a whole term's biology. Often the amount

of biology included is dei;ermined by the b ckground of the

teacher.

There is no external examination and no prescribed syllabus

so teachers are free to do what they feel is suitable for

their class, or as their background allows.

The Victorian Universities and Schools Examinations Board

(VUSEB) Science Standing Committee, however, recommends the

u e of the Junior Secondary Science Project

in fo and2.

JSSP materials

The CTroen series is recommended for form 1. This has 9 units,

3 of whi h deal with biological topics -
I 45



U1--,_±-G 6 Ener for Life

Unit 8 Food for Living Things

Unit 9 Things and Places

The Er series is recommended for form 2 Once again theve

a e 9 units and 2 of these deal with biology

Unit 2 Looking for Patterns

Unit 7 How Mammals Function

In the e courses there ts an emphrtsis on the individual

activity of each student and the tests for the students are

supolied with the materials.

Forms

course of stlAy is recommended for these two levels.

Aims

Among the aims of the course are that the students should

acquire -

(a) An u_e_erstanding of the uni erse as conceived of by

scientists.

(b) Some understanding of the s ape and nature of science.

(0) Certain skills important to science.

(d) Certain attitudes relevant to science.

Hmohasis

The Standing Committee believes that a major emphasis should

be placed on student activity in presenting science courses

at these levels 4
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Content

In form 3 the year is divided into 11 unite or appro

similar duration and 3 of these deal with biology

Energy transformations In living things.

Life in the soil

From simple to complex or anisms.

In form 4 the year is divided into 11 unituo the same as for

form 3 and once _gain 3 units deal with biology

Growth and development

2. Inheritance and variation

3. The evolution and future of life on earth.

A nuriber of teachers actually do quite different courses,

some of which are based on courses used in other States or

other countrie- e.g. Nuffield mate mals Some have a

practical emphasis, while others depend largely on formal

teaching.

III. SECONDARY SCHOOLS SENIOR SROONDARY

I. AgriculturaZ, Science

Fifth Fol'm

Ad

The subject is intended primarily to p ovide a terminal

course which is suitable as part of a general education.

Its aims are as follows

(a) To stimulate interest in agrmculture.

(b) To provide an understanding of science as applied

to agriculture. 4'7
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To develop an appreoicttion of the oontLbution

of agri ulture to the coirnity.

To give experience in scientific method.

LP2h.q.

Wherever appropr±ate teaching should based on direct

Observation and experimentation. The course does involve

learning a lot of facts, but the students should have some

appreolAtion of the wider implication of the facts.

Content

The course is composed of three sections

(a) Environment (climate and soil)

(b) Agricultural biologY.

)
Principles and practice of plant and animal

management.

Sixth Form

Aims

The syllabus has been desig_ied to help the pupil to see

(a) Form.plants and animals in relation to -he world of

living organisms.

(b) Farm practices in relation to biological and economic

principles and scientific method.

EMphasis

The importance of careful r000rding and scientific reasoning

is to be stressed, particularly in practi_ l work.

4-S



Con.ent

The course is composed of four sections

Environmeut (climate and soil)

Agricultural biology

Agricultural ecology

(d) Economic principles of farm management.

0

Numbers taking Agri ultural S lence

1968 5th Form

Total presented for Number of entries

Agricultural Science for Leaving

4.6

Studying
A ricultural

Science

Class A Boys

56

Girls

26

82

Class B 256 4-6

302

Total for

State .384

13789

19338

33127

1.6%

1968 6th Form

Number Attempting

Whole Matriculation

Examination

14.617

Number Attempting % Attempting

Agricultural Science Agricultural Science

61
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Biology-

Fl th Fori;i

Students at this level study the "Web of Life" course,

using the textbook "Web of Life" and the part I Student's

Manual.

Aa.ms

The aims prescribed are the same as those set out on

p. 6 of the Teacher's Guide supplied, with the "Web of

Life" mat rialS.

EITPLILT-Pis

Inordertomeetthesesiitis essential that a

student activities be organiz d so that

(a) Amajor part of the work iDvolves direct, personal

observation and experiment tion by the individual

stude t.

(b) He learns to find thinEs out for himself, and

think critically.

Concepts arise from a student's own experience

whenever possible. (Biological knowledge should

not be presented as a rhetoric of conclusions.)

(d) Students gain Practice in applying concepts developed

in the course.

Content

The course content is basically chapters 1 - 16 of the

Meb of Life" together with the exercises set out in the

Students Manual part 1. So
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If the school is classified as "Class then the biology

teacher is free to set.hts own examinations, or use any

appropriate testing syste= comments, Table 3) to determlne

which students should obtain a p ss in the subject. VP to

point he oan choos- which aspects of the course he cone ntrates

on and which he leaves out. If he wishes he can submit a oniLe

diffe ent course -to the VUSEB for approval.

On the other hand, if the school is "Class B" then the

students sit for a 21 hour examination at the end of the year

which is set by a panel appointed by the VV:'113. This means

that the students are expected to have covered certain ba

ideas and hasie exercises or their equivalent. This is roughly

the material marked basi- in the T- cherts Guide for all

chapters except 9 and 14 which are not to be e-_mined. The

examination tests a variety of Skills not just knowledge.

From Table 1 it can be seen that in 1969, 32.7% of the number

of entrIes for Leaving studied Biology, while in 1968 there

were 29.82 and in 1967 27.0%. This suggests that there has been

an,increase in the interest shown in the subject in the last

few years.

Sixth Form

These students study the 'second half of the "Web of Life"

and carry out exercises from the part 2 Student Manual.

51



1112J3 and Emp,..-sis

The aims and emuhasam f Wio collrt..-0 are simiTar

for 5th form.

Jill the students sit for a written hour examination at tine

end_ of the year which is set by a panel of ex mine- s appointed

by the VITSEB. The material to be examined is set out in the

VITSEB Ha dbook and is roughly the material marked basic in

the Teacher's Guide. Certain chapters are not to be examined,

chapters 30, 3 most of 32, Dart of 340 part of 38, 40,

part of 41. However, quite a number of teachers include

certain-of the otio:- l chapters aad al o quite a number of t

optional exeroises.

This course was introduced into 6th form in 1968, and a study

the percenta e attempting Biology sUggests an increase in

int rest.

19672 before =chis course was introduced 24.2%

1968, the first year of the new course 25 0/'

1969 29.1%

Teacher Qualifications

The qualifications of teachers taking 5th form and 6th form

are set out in Table 2,

The sample of 102 teachers taking 6th form biology all had

some teacher training. The are not figures available at

the moment to indioate what percentage of teachers takihg 5th

form biology have no teacher training.
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TASMANIA.

L. M. Mulcahy.

The Schools Bo__d of Tasmania was constituted. in 1946 and took

out of the hanas of the University the responsliAlity for examining

students at the Intermediate level or 4th year of Secondary Education.

This examination was approximately equl'ralent to the present

Victorian Leaving Ebcamination.

The Board remained as it was originally constituted until 1966

when it was reconstituted with a larger number of members selected

frm a wider field of academic interests. At this time, too, changes

were introduced which led tL the abolitiol_ of the Schools Board

Certificat_ and to the adoption of the School Certificat- which

replaced it. Eventually in 1969, the University moved out of the

school examining field and the Schools Board replaced the Matriculation

E amination with the Higher School Certificate.

225 or 8% of all candidates entered for Biology in 1961 when it

-was first examined as a separate subject at School Certificate level,

This figure Increased to a maximum of 961 or 21 of the candidates

in 1966, and since then there has been a gradual decrease to e50 or

11 ,f the candidates in 1969. One factor contributing to the

dectr-, Y Biology student numbers was the preference for Science

IIC, a mixed Science subject with the emphasis on human physiology.

At the Matriculation level, now Higher School Certtficate, Biology

has been examined for many years with a gradual increase of candidates

to a naximum of 1584 or 50.1% of the total number of oanaTdates in



1969. The 1a ge proportion of candidates off .ing Biology as a

subject at Higher School Certificate level can be partly explained

by the University Rules for Matriculation which demand a Science

or Maths subject from candidates wishing.-to matriculate. However

this picture may radically alter in the future due to two

occurren es.

Fl

to exami - the role of the school in society. The committee received

evidence from RT1 interested bod:Ies and a report was compiled and

published in 1968.

Among other things this report =ended: "Primary education

and the fir t four years of secondary education should be general

in 1967 the then Minister for Education convened acommittee

nature, with the same fields or study for all students it

Education Department Schools are following this principle and

in consequende Biology will probably disappear as a separate subje t

for Schopl Certificate in most of its schools, being replaced by

a general sdience. However this is not necessarily the case with

Independent Schools or Catholic Schools. At least two indt13 ndent

Schools have adopted the Nuffield Course of s p_ ate subjects and

others are examining these courses at this time.

The second factor that may bring about radical change is the

alteration or the Rules for Matriculation by the University so

that candidates are no longer required to offer a science subject.

Tasmania has 104. schools offering education at the secondary

level, 76 Education Departmpnt Schools, 20 Catholic Schools and 8

Independent :73chools. The Derartment schools cons _t of 3 Matriculation

colleges w''Ich dater rorthe 5th and 6th year of secondary education
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only, 2 High schools providing 5 or 6 years of secondary oducatio-1,

25 'High schools and 3 District High schools providing 24- years of

secondary education, 35 Area schools which provide mainly an

agricultural education but also 4 years of academic instruction,

and 8 District schools which are combined primary and secondary

schools. 13 Catholic schools and the 8 Independent schools provide

education to the 5th and 6 th years or High School Certficate

level.

In acme schools pupils start the Biology course in their third

year, after 2 years of General Science. In others Biology is not

offered as a separate subject at all, and the schools offer a

variety of other science courses.

Biology may be offered at two levels, tevel II and Level III,

for the Higher School Certificate.

School Certificate Biology involves an elementary study of the

structure and physiology of a mammal and of a flowering plant,

together with ecology, heredity, evolution, microorganisms and

classification. The 'Web of Life/ course for Higher School Certificate

was first introduced into Tasmania in 1967 and the old syllabus was

gradually phased out. 1969 was the final year in which candidates

could choose alternate syllabuses. Level II is based on the first 17

chapters of 'The Web of Life' while Level III comprises the second

half of the book only.

School Certificate Biology is examined internally by schools,

and candidates are accredited under a moderation system. To quote

from the Schools Board's Regional Moderation Handbook 1969:

58
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"Thq Schools Board of Tasmall-ta lias adoptod Lhe principlc that

teachers should be responsible for the assessment of their pupils,

and to this end proposes to use moderation procedures fol- the award

of the School Certificate in 1969. These procedures will enable the

Board to accept responsibility for standards through its Chief and

Regional Moderators.

To provide for decentralization, the Board has divided the state

into eight regions. In defining the regions, the Board attempted to

make each region as representative as possible of all types of

secondary schools,"

To summarise the procedure, regional moderation is designed to

achieve reasonable comparability of standards between schools and this

is done by subject moderators scrutinising each other's examination

papers, marking and results.

The determination of final awards for individual candidates is

the responsibility of the School Moderator who is usually the

Principal of the school.

Naturally there is a wide diversity in the examining methods

in schools. Some schools give unit tests after each section of the

syllabus has been taught; others give terminal examinations with a

final examination in the third term of the 4th year examining the

whole syllabus; others give monthly testing on work covered during

the current and previous months, and so on.

Higher School Certificate Biology is examined externally, the

examination paper being set by the Chief Examination, usually the

Professor of the subject at the University, with the help of other

examiners, usually- members of the Faculty or related Faculties.



Tonohors of Biology ln Tasmania A,ory considerably in both

academic qualifications and teaching experience. As in other StAtes

science teachers are a scarce commodity. Teachers of H.S.C. Biology

in Independent Schools are all experienced teachers and with one

exception all possess science degrees. In Catholic schools the H.S.C.

Biology teachers are graduates and experienced, while Matriculation

colleges have graduate teachers although some are relatively in-

experienced.

School Certificate Biology teachers do not necessarily have a

degree. Generally the situation is that the Senior Master in charge

of Science in the school does have a degree, but teachers working

in his department may not.

Biology in Tasmania gained tremendously with the arrival of

Professor Bruce Johnson who occupies the chair of Zoology at the

University. In consultation with other faculty members he was

instrumental in changing the first year course from Zoology and

Botany as separate subjects to a combined course of Biology. Even

more important, the Faculty provided a Biology course which was a

terminal course especially suited for Art raulents , were

interested in Science.

In consequence many students who study Biology as their only

science at Higher School Certificate leve1. are now able to continue

their studies in the subject at University level for at least one year,

and this may later be increased to two or three years.

Biology in Tasmania is at this time at the crossroads. The

adoption of general science in preference to single sciences in

many schools will naturally deplete the numbers of School Certificate
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Biology candidates. Whether or not the relaxation of Matriculatinn

rules by the University wil have any marked effect on the nun4ber

of students taking the subject remains to be seen. But whatever

the case, the success of Biology as a subject will continue to depend

upon the interest aroused by the courses offered, and the ability

of the teacher to handle the-Subject..
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SOUIH AUSTRALIA

R. E. Page.

This paper presents a brief background to the system of

organization of South Australian secondary schools, and then

summarises in tabular and graphical form pertinent information

about the status of biological education in this State in 1970.

GENERAL ORGAaIZATION

Secondary schools cater for grades 8 - 12 with twelth

grade being the matriculation year. The students age range is

from 12+ to 18+. Education Dopartment secondary schools comprise

High, Technical High and Area schoolb, and there are alsr Roman

Catholic and other Independent schools at secondary leve

In Departmental schools, and, to a lesser extent, I/

Independent schools, a "track" system operates: all tyy i of

schools are becoming more comprehensive.

Track 0 keeps open the way to matriculation; the content ofa

Track 1 course may fall short of a suitable preparation for a

Matriculation subject, although it keeps open the way to most forms

of tertiary study other than University; Track 2 subjects "pursue

understanding and acqusition of skills ... [and] is mainly concerned

with application of these matters to early entry into direct

employment ... and to possible vocational studies ... Track 3

syllabuses are used with Remove classes and Track 4. syllabuses

with special classes" (1). There may be transfer between Tracks

at the end of each school year. 62
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Figlive I otrf1jnot5 the track byLA-siri. Tn nch rectangle the

symb:-ls show, from top to bottom:

a) the Track, e.g. "3-2" means "third year, Track 2."

b) the percentage of students in each track each year;and

c) the time devoted to science, if the student takes a scaence.

In the senior school Track 0 the time allotment shown

is the time per subject, i.e., a 5 - 0 s',1(qen+ 1-^1-1TIP-

both chemistry and biology would commit 2 x 240 minutes

to science subjects.

sciKacE ORGANIZATION

Recently the Department srhools have attempted to rationalise

the science syllabuses for all schools and all tracks. The newly

formed Science Curriculum Committee with representatives expert

in different types of schools and the different track° within the

schools should facilitate this rationalization.

Subjects available

In the junior secondary government schools the only science

subject available for all tracks is General Sciem:e. In grade 11

- 1 General Science, 4. - 1 Physical Science and 4. - I Agricultural

Science; and 4. - 2 General Science are offered. In grade 12,

5 - 1 Biology, 5 - 1 Physical Science and 5 - 1 Agricultural Science

are taught. In grades 11 and 12 Track 0 students may take Physics,

Chemistry, Biology and Geology coursr,s examined by the Public

Examination Board.

Objectives

Two general sets of science objectives are now conceded in

South Australian schools:
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Content objectives - a study of the env*?onment

Behavioural objectives - how to fL,Ild out about the enviroilmen-h.

An inquiry approach is recommended, leading to a kn,-iledge of:

1. What kinds of things are in the environment?

2. Iihat are the materials of the environment?

3. What are they made of?

4. How do they interact?

At the same time, it is an o-bjective of the courses to teach:

1. Scientific skilln (Observations, classifying, testing

hypotheses, etc.).

2. Slcills in understanding (reorganizing and understanding

concepts, etc.).

3. Laboratory skills.

4. Communication skills.

Testing procedures

Although there is considerable variation, continuous assessment

is carried out in most schools over the full five year period. This

results in about eight assessment periods per year. No certificates

are issued for academic achievement before grade 11.

Grade 11 end 12 subjects in Track 0 and some Track I subjects

are externally exam3ned by the Public Examinations Board and certificates

showing the grades achieved are issued to all candidates. In

Tracks 4 - 2 and 5 -1 the Education Department issues certificates

based on the :-3sults of continuing assessment plus a final examination

which, although set and marked internally, is moderated by

Department officers.
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BIOLOGY EDUCATION

Students

With the introduction of genernl science in the junior secondary

school, in which all students deal with the placental mammal and the

flowering plant, there has been a dramatic increase in the number

of students taking Biology in grades 11 ana 12 but, although the

present matriculation requirements allow science - oriented students

to include Biology in their subjects, it is still prudent for them

to exclude it. Thus the majority of senior Biology students are

"arts-type" students. If this position were to change it would be

reasonable to suppose that the Biology explosion would. present a

great problem to Biology teaching resources.

Figure 2 shows the great increase in relative numbers taking

Public EXamination Board examinations in Biology.

Teachers and class size

The following tables are based upon replies to questionnaires

sent in 1969 to all S.A. Biology teachers preparing students for the

Public Examination Board Biology examinations.
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Table 1.

TYPE OF SCHOOL

ED. DEPT.
METROPOLITAN

65.

ED. TRPT. ROMAN OTHER
COUNTRY CATHOLTr TNDEPhNDENT TOTAL

SENT 70 52 18 20 160

RETURNED 24 31 11 12 78

PE TIMED 34 60 61 60 49

Proportion of questionnaires returned from each type of school

in 1969.

(Data in tables 2 and 3 are based upon this sample of 7e 1...ology toaoherz.)

From this table it is obvious that the data may not give a true

indicatl.on of the capabilities of those responsible for Biology

teaching in the various scho'N18. The sample may be far from random

and heavily biased towards those teachers who are genuinely interested

in Biology and/or Biology teaching. However, more complete data are

not yet available.

-68
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Table 2,

TEACHING ED. DEPT.
EXPERIENCE METROPOLITAN

YEARS

0-5 12
5 - 9 9

10 14. 2
15 - 19
20 + 1

TYPE OF SCHOOL

ROMAN ED. DEPT. OTHER
CATHOLIC COUNTRY INDEPENDENT

5 17 3
3 10 4
2 3 3
1 1 1

1

TOTAL

37
26
10
3
2

24 11 31 12 78

QUALIFICATTUNS

M. Sc. 2 2 4
E. Sc. (Hons)

B. Ag. Sc.
B. Sc. 16 5

Part degree 7 4 10 2 23

RDAOther
BA i 4 2 7

9 32 13 78

Dip. Ed. 9 1 3 16
Dip. T. 13 4 18 1 36
Part Dip. Ed. 2 3 5

24. 5 24 4 57

1 Bio/Sc.
subject * 24 11 31 12 78

Pt. II Bic,/
Sc. subject** 17

8 21 7 53

EgSERVICE 0 5 2 8 5 20
1 8 2 13 1 24.
2+ 11 7 10 6 24

24 11 31 12 78

Experience, qualifications and attendance at inservice conferences

of South Australian Biology teachers.

* *

Only 1 Biological Science subject at a University.

At least one part II level university Biological Science

subject at a University.
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Table 3 .

Grade level

Class size

30 +

25 - 29

20 - 24

15 - 19

10 - 14

1 - 10

TYPE

Education Department
OF SCHOOL

Roman

Catholic

Other

Independent

Total

Metropolltanl Country

11 12 11 12 11 12 11 12 11 12

7 7 1 1 0 2 2 12 10

9 6 7 0 2 0 3 o 19 6

8 1 8 3 4- 2 5 9 23 15

6 4 8 -) 1 2 3 0 16 8

1 2 0 4. 1 0 1 2 3 8

0 1 0 1 4. 0 1 0 0 1 5

31 20 25 1 MO 5 14 13 76 52

Distribution of Track 0 Bio3ogy class size in different types of

South Australian schools, 1969.

Examinations

Since 1967 the Public Examinations Board has worked closely with

teachers to ensure that candidates were evaluated on the basis of the

broad Objectives of the course. The examination paper allows for

some objectivity in grading, with about one third being multiple -
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choice, one third short response nd one.third essay - type ques-hi ()las,

This pattern is followed :/.1 5 - 1 Biology examinations, but

continuous assessment plays-a more Important part in the final graae

than does the final exam4nation

REFERENCE

1, Anders, D. j,, 1969 S.A.S.T.A. Journal, August, 7 - 11
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WESTEPN AUSTRALIA.

K.J. Betjeman

Introduction

Although the topic of this paper is essentially "Biological

Education in Secondary Schools in Western Australia", it is

necessary to view biology as part of the tutal science education

pattern in order to fully appreciate its current status. For this

reason I propose to consider "3cience Education in Secondary

Schools in Western Australia" with specific reference to biology.

Overview of Secondary Education

In Western Australia secondary ethic .on is offered over five

years following seven years of primary education. The years of

secondary education are named in numerical succession (First Year

Second Year, etc. to Fifth Year), however as this ,onference is

concerned with interstate comparisons, discussion will be easier

I use grade references. Table 1 provides background data for

grades 8 to 12.

72
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Graae Western Australian
Nomenclature.

Predicted%
Retention of
'Grade 8,1970

Pop., Feb.
1970

12 Fifth Year Upper 27 4-0784_

11 Fourth Year School 35 6,51 3

10* Th:_rd Year Lower 93 1 7,51 9
9 Second Yea School 99 19,432

8 First Year 100 200109

Certification Age

Leaving Certifi- 17.3
cate (Battery of

.examinations - 16 3

some at higher
level for matri-
culation).

Achievement 15.3
Certificate

14-04-(Cumulative
evaluation over 13.3
three years).

* End of compulsory education.

TABLE 1 : Back round. Data.

A detailed discussion of secondary education in Western Australia

is available in the Dettman Report (1969).

Overview of Secondary Science Grades 8 to 10

The distribution of students and.sclence subjects for 1970 grade 8

is shown In Figure I. Science education in grades 8 to 10 In Western

Australia is currently undergoing a change in both classroom method and

course organisation. It is probably Tair to extrapolate and say that

this distribution is indicative of the possible future general distri-

bution up to the end of grade 10.



PERCENT
GRADE 8
STUDENTS
1970

100

Achievemenv,

80 '
Certificate
Science
94%

60

40

20

71

Physics & Chemistry 3.2%

Biology 0.6%.

J..S.S.P. 0.8%

SCIENCE SUBJECTS

Figure 1 ; Distrinut5_on of* Grade 8 Students in Science

All students in Government schobls and most Catholic T-dependent

schools study Achievement Certificate science, mathematics, english,

and social studies as compulsory "core subjects" at one of three

levels - advanced (upper quartile of the state population), intermediate,

and basic (lower quartile of the state population). Each subject is

allocated six forty minute periods per week. Most students in non-

Catholic Independent Schools study a combination of physics and

chemistry. Small numbers of other students study some geology, biology,

or physiology and hygiene (Dettman Report, 1969, pp. 35-36). The latter

three subjects are tending to be absorbed in general science curricula

and may disappear in the near future.
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More than 90% of secondary school students in grades 8 to 10

study, or will be studying, Achievement Certificate Science. This

course has a compartmentealsed topic structure of which 9 topics in

27 are biological, and in which 8 of the 9 biology topics can be

studied at one of three levels appropriate for grouped difference

in student abilities.

Table 2 summarises the aims, content, methods, and time allo-

cation of the biological components of science courses for grades

8 to 10. In summary, biological education for the majority of

students in grades 8 to 10 does not exist as a separate discipline -

rather it is one component of general science education.

Overview of Secondary Science Grades 11 to 12:

Figure.2 shows the di.s' of Govurnment

and science subjects for grade 11, 1970. In addition to the four

sciences shown on the graph, there is a small number (less than TX

of the state grade 11 population) of students in Independent schor-z$

studyin Geology or Agricultural Science. Even though the /racie 1:L)

distribrtion shows slightly higher Ipercentages for physics and

chemIstr7:, they still lo not exceed the percentage of liology

students.



Science Course

Achievement Certificate
Science

7 3

Physiology and Biology
Hygiene

Aims To develop attitudes, interests, To develop an To acquire
knowledge, understanding and understanding a knowled,Te
skills which will enable the
students to develop an apprec-
iation of themselves and
their changing environment.
(Specific alms are listed in
Education Department publi-
cation AIB-T-I-0 and in the
Teachers Guide for each
topic).

of the structure, of the
function, and world of
care of the body, living
and control of organisms .
the environment as
it relates to sound
health practices.

Biology
Content

Characteristics* of Living
Things; Diversity of Plants;
Diversity of Animals; Insects;
Vertebrate Physiology; Flower-
ing Plant Physiology; Genetics;
Ecological Relaticnships; One
or more open ended researc-n
topics with a biological bias.
*Only this topic not treated
at three levels.

The whole body
organisation;
Respiration Food
and Nutrition;
Body Defenses;
Excretion; Res-
ponoe; Locomotion;
Community Health;
Communicable
Disease; First

Character-
istics of
Living
Organisms;
Plant Ana-
tomy and
Physiology;
Anatomy of
an aquatic,
amphibious,
& terres-
trial ver-
tebrate;
Habitat,
importance,
features,
life cycle
of a range
of inver-
tebrates.

Method Maximum student partici-
pation through laboratory
centred activities struan.
tured to achieve specific
topic aims.

Teacher and text
book centred.

Teacher
and text
book
centred.

Time
Alloca-
tion.

6 periods each LO minutes
per week.

Each topic approx. 4 weeks.

Minimmm of 14-

periods each
40 minutes per
week,

5 periods
eech 40
minutes por
week.

TABLE 2 : Grades 8 to 10 Biological Sciences.
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70

60 Biology 53%

Chemistry 43%50

40
,Klysics 38%

PERCENT
30 Physiology & Hygiene

GRADE 11 / and Human Biology 17

STUDENTS 20

1970
10

SCIENCE SUBJECTS

: Distribution of Grade 11 Students in Science

Table 3 summorises the aims, content, methods, and tiros allo-

cation of grades 11 and 12 biological sciences. Web of Life Biology

is taught in all Government schools and is replacing traditional

descriptive biology in most Independent schools. Curriculum developers

do not want Human Biology to be regarded as a "soft option" science

rather they would like the subject to illuminate its own special

viewpoint and effectively forge a link between the sciences and

the humanities.

The traditional prestige of physics and chemistry, and the

influence of tertiary institutions on subject selection in secondarY

schools plays a major role in determining the science subject selection

by grade 11 and 12 students, i.e. because passes at Leaving lc.vel in

physics and chemistry are prle-requIparres to university studies In
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these subjects and because many university departments (including

Biological science departments) prefer physics and chemistry over

biology, the university is'in effect encouraging potential university

students to opt out of secondary school biology. it is common

practice for students who intend to proceed to a science or

mathematics tertiary education to study both physics and chemistry.

A small. percentage (5-6%) of the more able students select both

biology and chemistry. Students proceeding to a non science

tertiary education select Biology alone or Biology with Physiology

and Hygiene (or Human Biology).

These trends are illustrated by Figure 3 showing the distri-

bution of student abilities (estimated from the A.C.E.R- Advanced

NUMBER
OF
STUDENTS

320 1

280 1

240

200

160

120

80

`,/
. ,/

Total
Biology
P&H/Humen Biology
Chemistry

----- Physics

s. .-

40 ..., N .

/...- .," ...

1
.,..,...-,z,.

1r

..-.0 -,

85 90 95 100 105 110 115 223 125 130 135 +

A.Q.

figure 3 : Distribution of 1969 Grade 11 Student' Abilities

'78In the Sciences



web of Life
Biology

Biology Course

Physiology &
Hygiene*

76.

Human Biology* Agricu1t:,7
.(*alternatives)

Aims To learn some
facts and big
ideas of biology,.
to view biology
as inquiry, to
become familiar
with the Scien-
tific Method,
to use course
concepts and
methorls in
everyday situa-
tions, to think
critically, to
realise the
tentative nature
of hypotheses,
to base value
Judgements on
sound thinking,
to develop
communication
and practical
skills, to
appreciate that
man is part of
the living world.

To develop an
understanding
of structure,
function, and
care or the
body.

To encourage the
study of man
using biological
principles and
to relate these
to man's mental,
nutritional,
educational,
health, and
social problems.

To give an
introduction
to the scien-
tific princi-
ples under-
lying agri-
cultural
practice.

Content Grade 11-A1l_or
Part I.

Grade 12 - Part
II modified to
reduce the time
demand of basic
work by 15%.

More detailed
cover of
grades 8 to
10 physiology
and ayglene.

Human anatomy
and physiology;
Microbiology;
life cycle and
origins of man;
variations
between men;
races of man;
mental, bodily
& community
health.

Climate, plant
anatomy and
physiology,
plant diseases
and pests,
soil management,
plant nutrients,
farm rotation,
crops ez pastures,
genetics, animal
husbandry, agri-
cultural machin-
ery, farm
management.

(Conta0/0 0 0 o





Web of Life
Biology

77-

Physiology ec Human Biology* Agricultural
Hygiene* (*alternatives) Science

Method Student centred
laboratory work
and discussion
with emphasis
on inquiry and
the big ideas
of biology

Teacher and
textbook
centred.

An experimental
rather than an
authoritarian
approach when-
ever possible.

Combination
of teacher
and textbook
methods with
farming
experience.

Time Grade 11-mini- 5 periods each
Allo- mum 5 periods 40_minute6
cation each 40 minutes per week.

per week. Trend
is to 6 periods.

Grade 12 - 6
periods each
40 minutes per
;7?,ek.

±.5 or 6 periods Minimum 5
each 40 minutes periods each
per week. 40 minutes

per week.

TABLE 3 - Grades 11 and 12 Biological Sciences.
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Test of Quantitative Ability) in the sciences from total 1969

grade 11 populations in 16 of 33 Government Senior High Schools.

Although each subject includ:es the full range of student

abilities, the distribution of the physical science iclopulations

have positive skew while the biological sciences have negative

skew. This is more apparent if the percentage of students for

each A.Q interval is graphed (Figure 4).

100

60
PERCENT
TOTAL
STUDENTS 40

20

Biology

- ------P&A/Human Biology

--- Chemistry

----Physics

If

4

85 913 95 100 105 ILO 115 120 125 130 135 +

Figure 4 : Percent of Each Ability Interval of 1969 Grade 11

Students for Each of the Science5

81

O w-



79.

The retention rate of biology students from grades 11 to

12 has varied within the range 70 - isq% during the past five

years. Although-there was a 2o decrease in the biology

Population from,1969 grade 11 to 1 970 grade 12 and the drop-outs

(due to dislike oT biology or employment) came from all AQ inter-

generally they included slightly greater numbers of the

less able students (Figure 5). This pattern is repeated for

the subject Physiology and Hygiene.

PERCENT
OF
STUDENTS
FOR EACH
SUBJECT

100 .
*.

ISO
60

40

20

Biology
- - - - - KM/Human Biology

- 85 90 95 100105110 115 120 125 130 135 +

A .Q.

aaL2r_LeA : Grade 11 to 12 Dropout in Biology, Physiology & Hytaiene,

and Human Biolou.

82
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Methoqs of Evaluation and Certification Grades 8 to 10

As from 1970 students commencing secondary education will no

longer be subject to external examinations. Instead, student

achievement will be assessed by internal school methods externally

moderated by a Board of Secondary Ec,'ation. This system Lives

maximum flexibility to science 3he:s in determining what and

how to asse:-3 and allows them to cpm Lete an on-going assessment

of the studemt over three years. At the end of grade 10 the

Board issues each student with an Achievement Certificate showing

the levels and grades of the subjects studied.

Assessment in the biological (and other) science topics is

left to the discretion of the science teacher in charge. Usually

it will involve a wide range of methods suitable to the aims of

the topic. In-service work, interschool and intraschool science

meetings, liason with subject moderators from the Board, and

liason with Education Department representatives ensures reasonable

comparability of standards.

Methods of Evaluation and Certification Grades 11 and 12

Public examinations are conducted at the end of grade 12 by

the Public Examinations Board of the University of Western Australia.

Biology is examined at two levels - a Leaving level paper of three

hours duration and by student choice, an additional Matriculation

level paper also three hours duration. Physiology and. Hygiene

and. Human Biology are not approved as matriculation subjects and

83
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ar, examined at Leaving level only. Si-Alaprni7s Who 1-In,o sub:loots

at Leaving level are awarded certificates wh:' -,171ow- the subjects

passed or passed with distinction.

In order to matriculate, a student need not ez-it- To any

science subjeCt. However, for those proceeding

tertiary education, matriculation physics and chemd y 1E the

most common choice.

Demand and Supply of Biology Teachers

A2though most science teachers teach some grade 8 to 10

science, it is common practice to specialise as physical science

or biological science teachers in grades 11 and 12. Consequently,

all Biology, Physiology and Hygiene, and Human Biology is taught

by one to four teachers in each Senior High School. Figure 6

seems to indicate that there is an adequate supply of teachers

qualified in one or more first year university biology subjects.

However, the percent of staff qualified. at this level includes

many who have taken biology as an appendage to an arts major or

as a fill-in subject in a physical science degree. Very few

biology teachers are biology majors. The availability of qualified

biology teachers is appreciably less than for the physical

sciences.

8 4
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In concluding, I would like to make the- folloWing thl-ee

observations:

(1) Biology does not exist as a separate science discipline

in gades 8 to 10. Instead, it is one component of a

general science education.

(2) Enrolments in biology are increasing by approxlmately

1-2% of the total grade 11 population each year probably

due to increasing grade 10 to 11 retention rates. This

raises the ciuestion of the suitability of the rationale,

85
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and the degree of difficulty of veb of Life Biology as the

only science for terminal students. There is a growing need

for a more appropriate science course which caters for

terminal secondary students, especially the less able group

from the lower quartile of the Grade 11 population. Possibly

such a science course should emphasize man and the environ-

mental problems created by and related to man.

(3) There is developing realisation among Western Australian

students that biology can be both challenging and interesting,

and that they must question the traditional prestige of the

physical sciences. A small but increasing proportion of

academically more able students are electing to study

biology. It is the general feeling of Western Australian

biology teachers that Web of Life biology can provide

suitable stimulation for these students.

References:

Western Australia, Education Department, "Secondary Education

in Western Australia" Report of the Committee on Sec. Ed., 1969,

Perth.

Western Australia, University, "Manual of Public Examinations

for the Year 1970", Perth.

Western Australia, Education Department, Achievement Certificate

Course, "Science Introduction for Teachers", 1970, Perth.
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SECTION II

THE AIMS OF BIOLOGICAL EDUCATION

Three speakers presented their own statement of what the alms

of biological education in Australia should be at present. Professo-:-

Allbrook and Dr. Boyden both think that biology courses should bear

a close relation to Man; since "in the next decade there will be a

need for more and better basic biological education in the citizenry

as a whole". Allbrook, however carefully spells out that there needs

to be an understanding of the ecosystem, adaptation, cell theory, the

chemical structural basis of protoplasm and of heredity. Boyden's

paper, on the other hand, emphasises the necessity to concentl-ate on

teaching 'biological topics of special significance to modern society",

giving the impression that he would see the role of the biology

teacher as one of inculcating particular attitudes toward some aspects

of modern society, which results from the "interplay which is taking

place continuously between the processes of nature on one hand the

process of culture on the other".

Mr. Morgan is particularly concerned with looking at the place

of biology education in the general education system and is opposed

to biology courses being used to inculcate a particular set of

attitudes toward any given social problem. This theme is spelt out

carefully as are his reasons for advocating 'broad understanding of

biological processes": "to start, proceed, and finish with man in a course

precludes the development of insights which Come fnom a wider study."

A brief sUmMary of the diScussion that followed these papers

8 7
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is given, setting out the areas where agreement is reached.

Further relevant comment on the areas covered by these papers will

be found in the report of the discussion group in "Content" (p. 124.).

88
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The Yams of Biology Teaching

in Australian Secondary Schools

D. G. Morgan

My.purpose in giving this address is to consider factors that

determine which content and methods a course designer should include

in a classroom programme, and whch he should leave out. The time

youngsters spend in schools islimited, and there is a great deal

which might be included. What goes into, and what comes out of

school courses needs very careful thought, so that the time students

spend in school is used to best advantage.

Education in biology cannot be considered separately from the rest

of the educational process; what is done in biology must depend on

the overall goals of secondary education.

Various people over the years have attempted to state the alms of

education; perhaps no one person's ideas are generally accepted.

In a recent address, D. H. Munro (1) grouped theories of education

under three headings:

1. "Assimilation" theories, in which the main alms are social

adjustment, emotional security, and integration into the

comraunity way of life. As he puts it, the individual is

"a barbarian to be tamed, a character to be moulded, a foreign

body to be assimilated, a personality to be adjusted".
7 83
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2, "Practicalist", or "Preparation-for-Life" ti.eoriss_,

in which the main aims are to give the pupil skills he

is almost certain to need and want rather than to try

and pour him into a mould of someone else's choosing.

For example, the individual might be taught how to write

letters, use a library, make a speech, answer the telephone,

buy a house, drive a car, budget pocket money, and so on.

3. What Munro calls "Intellectualist" theories, in which the

aim is not to adjust the child to society but to give him

the background knowledge, the skills, and the attitudes

that will enable him to criticize society and see society,

as far as is possible, objectively.

I suggest that Australian educators would, overall, agree with aspects

of all three types of theory. I shall attempt a synthesis of views

relevant to our discussions here, views with which our society might

be prepared to agree. If you do not agree, I hope that you will say

so in the discussion which follows this address.

Educators should be conscious that they have been entrusted by

parents, and by society, with the nurture of students. As educators,

we are expected to bring about changes in students broadly in

accordance with the wishes (often only vaguely-defined) of parents

and society, using specialist skills which the parent uoually does

not possess. Our laws even require that a child be taL.n from his

parents, forcibly if necessary, and put before a teacher. The

educator has a clear responsibility to live up to the expectations of

the community; he should always be mindful of his responsibilities,

9 0
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In our society, the education process is seen as developing the

individual, rather than the group or the population. Compare this

with stated policy in a society working under another social system,

as quoted by Munro:

"In the Kindergarten and Junior School, where basic habits

and attitudes to life are formed, the foundations of

[the particular ideology] are systematically laid,

particularly by the imaginative telling of stories

of heroic deeds so that almost without realizing it

the children will understand the great and historic

role of our multi-national country in the liberation

of all nations from exploitation, from lawlessness

and from national and religious oppression. They

are given a sense of belonging to something great,

a cause to strive for, and in the achievement of this

purpose they are willing to accept the disciplines

placed upon them. ... [They are] prepared to live

happily and efficiently in the society in which they

will live during their adult lives."

While our society does seem to want certain characteristics in all

of its citizens, much of our educational thinking is directed towards

production of people who are expected to be individually different,

though within certain accepted limits. (The difference between our

outlook and the one quoted above is therefore one of degree, rather

than an absolute one.)

I will now try to spell out what I believe are agreed goals of
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Australian educational systerml.

The individual stugent, in the course of his formal education,

should be subjected to a variety of learning experiences, such

that:

(1) He becomes informed as to our cultural heritage, in

all its aspects. This includes coming to know something

of mankind and its arts, and of the surroundings of

man as seen by man.

(11) He gains particular knowledge, psychomotor skills,

intellectual skills, and attitudes, chosen sa that

he can make a living and live ir harmony with other

people.

(111) He is able to make some contribution to human society

as a whole, however small that contribution may be.

Our society is a changing society, one dedicated to

change; the educated person must the.-Tefore be more

than a conformist, he should be an independently-thinking

person capable, in some measure, of acting independently

of others. But to be able to make a contribution to

society la not enough.

(1v) He must be willing to make sone contribution to the

life of society. Thls is a question of attitude

development. Somehow the student must become a socially-

concerned adult, if only because by being concerned for

others he may, in the long run, be helping himself.

9 2
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(v) He becomes better able to lead a personally-satisfying

life. He should_ be able to develop interests which give

him aesthestic pleasure, which are rewarding in themselves.

Sometimes we stop short of this goal in our educational

processes, and perhaps some people are the worse for our

admissions.

It is not my own belief, nor do I believe it is a predominating view

in our community, that secondary education should be directed

primarily towards tertiary education. The secondary school is

becoming part of the common eduoational experience of all - the

"common school" - and I believe that the educated citizen, with

the characteristics set out above, is its primary goal. Such a

person should be admirably suited. to further eduoation.

Of course, broad educational goals are likely to be achieved

satisfactorily and consistently only if the educational system, and

the learning situations provided through that system, are geared

towards achieving these goals. It is naive to assume that such

goals will be reached because in our better moments we have the right

intentions.

In attempting to achieve these broad goals, a number of guidlines

seem important, particularly in the context of the overall themes

of this conference. I wish to suggest several.

(1) There is certain particular knowledge, and particular

psychometer and cognitive skills, that must be acquired

by each student. Such knowledge and skills should. be

selected, I believe, according to its immediate or

potential relevance to theUrlOudent, both as an individual
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and as a member of society.

(11) Knowledge should be derivea, wherever possible,

from direct, personal experience or the next-best

substitute. This procedure improves the quality

of a student's "information-input", and increases his

awareness of his total surroundings. It is only too

easy for the educator to resort to verbalisms to the

using of woras which mean little to the hearers, or

which convey a meaning to the hearer different from

the one intended. Educators have a responsibility

to provide a carefuIly-chosen range of experiences

for students.

(111) Much attention should be given to developing intellectual

skills associated with using Information, including problem-

solving skills. Possession of higher cognitive skills is

an important attribute of an independently-thinking adult

member of society. We should try to take education to a

point at which a person is capable of and willing to learn

for himself; such people should then not .stop learning

while they possess the physical faculties to do so.

(iv) Students need to gain practice in applying their under-

standings to situations that form part of everyday life.

Classroom programmes should be relevant, and should be

seen to be relevant, to aspects of everyday living. Apart

from occasional aesthetic satisfaction, there may be little

gain to the student from classroom programmes which are

completely unrelated to his immediate or future world.
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The learning situations Uaea for a particular student

should be determined in part by his capacities,

background, and interests. Classroom procedures should

therefore be different for different students, and

should change for a particular student as he proceeds

through the educational system. While it is hard to

have a variety of educational procedures simultaneously

operating in a given classroom, we should strive towards

this situation when we design learning situations.

(Admittedly, though with a given single educational

procedure and 35 different phenotypes in a class, 35

different products are like];y to result, without catering

for individual differences some of the products will

develop in ways neither intended nor desirable.)

(vi) It should be recognized that not all students will be

capable of reaching the same levels of attainment.

The educational system should be such that every

individual, however "dumb" or "clever" he may be, makes

gains towards the overall objectives of the educational

programme. The amount of gain should perhaps be rewarded,

as well as - or instead oE - the attainment or non-

attainment of some pre-determined "pass" level.

What about the development oE attitudes in students: Our attitudF4Fi

determine, of course, how we behave. Many people believe that

there are certain attitudes that should be developed in all students.

sta
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Such expressed goals as "love of hard work", "concern for our fellow

man" have found their way into statements of educational policy in

the past. But what about attitudes towards vexed social questions

of the moment?

(vii)I suggest that to deliberately develop a particular

attitude towards such a problem is not proper rcl,

of our educational system. Educators Eilmild concentrate

on deVeloping informed, intellectuallv-canable,

concerned individuals capallle of rnci -ational,

objective judgements for themselves. =:,J:r one thing,.there

will be many social questions of the f'-_:-TT-are which we

cannot yet foresee, but which students will have to face.

For a teacher to indoctrinate students with his own attitudes

(and prejudices) towards particular social questions, no matter how

right they seem to b2m, is a breach of responsibility on his part.

Because of the ways in which attitudes usually develop - through

personal experiences, and through perceived social pressures, especially

in areas in which people feel insecure - it is only too easy for a

respected teacher tc do this, albeit unconsciously. Though it is

easier to indoctrinate people than to educate them to make their own

assessments, I sugeest that such a goal is worth the effort.

Educators need to ensure that students learn to handle contentious

social questions, but in as objective an environment as possible, one

in which the teacher deliberately plays his own views down.

So far I have been considering broad goals and guidelines which might

apply to all educators. However it is traditional to classify the
(-1
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educational process into subject areas. At this conference we are

reviewing only part of the educational process: that which takes

place within the periods of time identified on ttmetables as "biology".

Our goals, as biology teachers, will be-little different from those

of the history, or English, or music teacher. But our emphases will

be different. The biology teacher will be influenced by considerations

which seem to apply- especially to his particular field.

(1) The nature of the scientific process is a key part of

our present culture, and so warrants a place in the

education of all students. The senior biology class

is the only place in which more mature students can

have a real opportunity to appreciate the nature of the

scientific activity: what a scientist does, how he

thinks, how to regard the "findings" of science.

(11) Not all of the findings of science are of immediate or

potential relevance to the student. Biology teachers

must cull out material which, while interesting, Is

competing with more worthwhile content for the very

limited time available.

(iii) The findings of science should be conveyed. in such a

way that observation and inference are clearly

distinguished, that the student appreciates the continually

changing nature of scientific knowledge, and the degrees

to which the various generalizations of the science are

supported by evidence.

(iv) Conceptualizing of broad understandings of biological
2

processea is probably more lifip4rtant in'the long term than
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masses of specific, unrelated information. However, the

student must be able to obtain information for himself,

and deal with such data in a scientific way.

(v) In selecting which broad understand_ings of the living

worla shoul( be developed within 'Lae limited time

allotted to a b±ology course, it would. seem important

to attempt develop some overall picture of the living

world, as Illiderstood by iankina -r=ough the biological

sciences. vIan,, and man's relationships with his

surroundings, can then be seen in the context of our

overall understanding of the world. To start, proceed,

and finish with man in a course precludes the development

of insights which come from a wider study.

believe that the overall goals, guidelines, and particular

considerations I have set out should influence course designers

in selecting content and designing learning situations. In my view,

only if a procedure substantially meets these requirements should it

be included In a classroom programme. Haw much time is devoted to

diff.=!rent aspects ts a matter for consensus.

REFERENCE
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FULFILMENT ND RESPONSIBILITY IN BIOLOGICAL

EDUCATION

David. B. Allbrook

In a forward. looking Conference such as this, where we a7e riding

tirie crest or the scientific wave, it is good to get historica:_ per-

spective. I wish to take you back to the first known scienti:Tic

biologist. Aristotle's time was 347 B.C. - 335 B.C., when he travelled

the island of Lesbos and the straits or Pyrrha.

Why should we study Biology? In his words:

or natural substances, some are =generated. and. Indestructible

throughout eternity, others share ih,generation and destruction.

The former (that is, the heavenly bodies) are precious and

divine, but we have less opportunity to investigate them

since the evidence available to the senSes, by means or which

one might study them and the things that we long to know about,

is very scanty. But concerning the things that perish, that

is plants and animals, we have much better means of obtaining

information, sinoe we live among them. For anyone who is

willing to take sufficient trouble oan learn a great deal

concerning each one or their kinds. But each or these two

groups.has its own attraction. For even though our compre-

hension or the heavenly bodies issmall yet because they are

so precious it brings us more pleasure than knowing everything

in our region, just as a partial glimpse we chance to get of

9 3
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thcse Love brings us more pleasure than an accurate vision

of other things, however many or great they are. On the

other hand our knowledge of the things that perish has the

advantage in that we can obtain more and-better information

abolft them; and again since they are nearer to us and more

close:- related to our own nature, this restores the balance

to so:7:e extent as against the study of the things that are

divine.

Since we have already discussed the things that are divine

and set out our opinion about them, it remains to speak of

animals without, as far as possible, omitting any one of

them, but dealing with noble and ignoble alike. For even

in those that are not attractive to the senses, yet to the

intellect the craftmanship of nature provides extraordinary

7o1easures for those who can recognise the causes in things

and who are naturally inclined to philosophy. For if we

derive enjoyment from looking at imitations of tliese things

because we are then contemplating the art of the craftsman -

whether painter or sculptor - who made them, it would be

strange and absurd not to delight far more in studying the

natural objects themselves, provided at least that we can

perceive their causes. Ana so we must not feel a childish

disgust at the investigation of the meaner animals. For

there is something of the marvellous in all natural things.

The story goes that when some strangers who came to visit
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Litus entered and saw him warming himself at the kitchen

they hesitated : but Heraelitus said, 'Do not be

Come in. For there are gods even here.' Similarly

uld approach the investigation of every kind or animal

being ashamed, since in each one of them there is

s_ 7..7.i_ng natural and something beautiful.

:)senee of chance and the serving of ends are found in

the works of nature especially. And the end for the sake

or which a thing has been constructed or has come to be

belc=zs to what is beautiful.

Asistot:Le then points out that if anyone is squeamish about

animals, he ought to be so about man also.

But anyone considers that the investigation of the other

anima_s is beneath his dignity, then he ought to hold a

siTrlar view about the study of himself. For it is not

po=77 ble to look at the constituent parts of human beings,

sucL1 as blood, flesh, bones, blood-vessels and the like,

without considerable distaste. But when we discuss any

one of the parts or structures, we must not suppose that

when we are talking aboUt - and the object for which our

inquiry is undertaken - is their material, but rather the

wL norm, just as in discussing a house, It is the whole

form, .ot the bricks and mortar and timber in themselves,

that is our concern. So too the student of nature investi-

examiningi

,3 composition and the substance as a whole, and not

UJe ma-terials which are found apart from the substance of
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which they are the materials. (1)

Most of us took to biology because we we-re -tinnEoa by tato rt-Ellay

of living things. Perhaps it was their movement, or their growth, or

their diversity, or the fascination of their reproduction that began

it. Our childhood awareness was directed and encouraged by a mentor

to whom we could. turn for words of wisdom and encouragennnt, and who

had within himself the capacity to fan curiosity.

Such a school teacher was Dr. R.H. Whitehouse. (Sometime Professor

of Zoology at Gat College, Lahore and. Vice Principal of Lahore University,

Punjab, and then Biology Master, Mercers' School, Lond9n, 1936-46).

In India and London he helped many travel towards distant horizons of

achievement. In one indolent and sloppy youth he stimulated industry

and accuracy in field work and laboratory. He was my first teacher

contact who succeeded in actually mAking me think for myself. He was

an expert at transforming the energetic questionings of adolescence into

creative activity. He rarely gave pat answers, but parried questions

with more penetrating questions, and suggestions for reading and simple

investigation. Group discussion in the VIth form Biology Course was a

regular feature. He was able to do this because of his own width of

knowledge and love for and personal familiarity with his subject, and

also with the men who made biology, such as Sir Victor Horsley and

Graham Kerr. He seemed a formidable man, intolerant of nincompoops,

yet ready with praise for the trier no matter how modest his gifts. He

was a great schoolmaster whose erstwhile pupils are, today, middleaged

research biologists, Professors, medical men and medical teachers in India,

Pakistan, the Middle East, England, Australia and New Zealand.
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If we analyse this personal aneadote we learn that the primary fiimrA

of biological education may include the following: a sha.rpening of a

pupil's awareness of his environment, especially his biological environ-

ment, a stimulation of his latent curiosity, a training of his critical

faculties, and an opening of the storehouses of other men's knowledge

and experience.

One other seed was sown in me by :R.H. Whitehouse. He let me have a

very minor part in the work which went into one of his biology textbooks

for schools - "Dissection of the Earthworm" I think it was. I learnt

what fun discovery and creative work could be. So perhaps we should add

that to our list of aims. Because if all biology teachers can do like-

wise Dor their pupils they will have increased the happiness of the

world by quite a quantum.

These aims are of primary importance, for they achieve personal

satisfaction and fnifilment in people. All are relevant to the pupil's

development as an educated person. They are mandatory Dor growth in

a technological civilization.

But educationists have responsibilities to society as a whole, as

well as to individuals. Biologically trained educators have a weighty

share of this responsibility. It is becoming increasingly heavy. This

is because of the massive increase in the canon of systematised biological

knowledge in the last two decades. The increase is a direct result of

the application of new physical and chemical techniques to basic bio-

logical research. There has been an important marriage of field work,

population studies and eco:thgy with laboratory investigation. This is

exemplified best in the applied biological sciences such as medicine,

103
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fisheries, veterinary medicine, forestry and food soiences. Each of

these has undergone an explosion of knowledge in the last 20 years.

A byproduct of the new biological knowledge has been the growth of

entiral:- new industries such as the pharmaceutical and pesticide indus-

tries. In turn, these have poured money, men and resources into yet

more researca - and so it continues.

All this has a profound significance In relation to Australian

secondary education. In the next decade there will be a need for more

and better basic biological education in the oit±zenry as a whole.

How ts this to be met? In Western Australia it is estimated that not

less than 21 biological science university graduates are needed atE

annum now to staff government and private secondary schools. Yet

the lamentable fact is that in Western Australia the current annual

production of all suitable (Pass and Honours) graduates and Associates

is less than half of that number. That number has to satisfy all

demands including that of secondary education. It seems clear that

the kind of standard needed In secondary biological education iz not

yet being met, though a magnificert beginning has been made. Much of

the school teaching is being done by poorly trained staff.

Thus an increase in the numbers coming forward for training in

biology is an urgent requirement. The need is to make the working

conditions of a secondary teacher of biology good enough to attract

many more able, well-trained people into the profession. You are

able to spell out what these may be.

10 4
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For some years past I have been increasingly fascinated by the

field which has coml to be called Human Biology. This stems from a

period of ten years when I lived in Uganda and had the privilege to

be on the staff of a developing new University Medical School. One

had the opportunity to observe and share in a period of fascinating

social, economic, political and biological change in the African

population of that State. 'One could se how the African environment

affected man. But one could also see the effects of man on his

surroundings - tt happens very quickly, especially in a period of

rapid educational, economic, and political development. 'In Uganda

the catastrophic effect of sleeping sickness epidemics in the earlY

decades of this century on the population.of tropical Africa can teach

us how disease will be affected by Lhe changing mobility of people

brought about by trade. The sleeping sickness also shows how Glossina

.p.2.2..1Debris and the relation of this vector to trypanosontasis, both

hunan and bovine, can retard development by reducing population and

preventing the use of beasts of burden, and eliminating the point of'

wheeled transport. (Wheels were never used in Central Africa).

Another example which we lived with was the profound soCial and

educational effect of childhood protein malnutrition. In our part of

Africa this was not produced by poverty, but by social pressures to

eat prestige foods (a plaintain wnich contains no protein) during the

early childhood growing period. The psychological and physical effects

of this on the growth and development of Ugandan children was profound.-

To a large extent the pattern altered in that ten years.
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In Australia we have rather similar aspects of Human Biology which

in the years ahead will dominate our thinking. Educators, health

authorities and private and government policy makers nee,2, to see the

issues whilst it is early. I refer to the aboriginal population of

Australia. The northern half of Western Australia now has one of

the highest birth rates in the world. Until the 1950t5 it was verY

low and the aboriginal population was small and declining. Now it

is probably over 142A per annum. It will certainly continue this way.

The social and educational future opportunities this gives to the

Aborigines and to white Australians of the next generation is of prime

importance, especially to our children. Surely all young Australians

should know about this and be taught the cause and effect of such a

significant trend and their own individual and corporate responsi-

bilities.

My conviction is that all secondary courses in Biology should

have a good sized component of human studies. The problem is to know

just how much. This should include psychology, group interactions,

culture, language, manes organic and cultural evolution, the biology

of race and ageing in man.

At school level surely the teaching of basic plant and animal

structure and function should be continually orientated to the current

real life problems we, as men, have to face. We must se..) ourselves as

part of nature, but capable of changing it for good or ill. Then the

great themes of adaptation, ecosystems, balance of nature and so on

have a tremendous relevance. I am suggesting that for Australia the

area I have mentioned will be the most important domostic issue for

1 G



the coming generations,

Within a biology context this teaching hardly makes sense without

a working knowledge of the cell theory and the chemical structural

basis of protoplasm, and heredity. But given good teaching methods,

these basic concepts are simple enough and should be part of common

knowledge of all modern educated people. Our future Biology courses

in schools must be "Biology for Everyman", not for the potential

scientist.

In our Weste- a Aust.,:.alian course of Hunan Biology we have tried

to show the biology of man: first as art of the whole system of

biological interaction between organisms, and secondly as a unique

thing because of man's cultl,ire.,

It is a tall order, al;c. we are experimenting, for we hr o much

to learn.

My final comment is that, in all our teaching of biology, it is

essential. zhat we should strive to present our material as an example

of the ceneral objectives of science education. These are that s'aidents

should oomplete school courses knowing about definitions, conventional

classific:ation, prediction and the use of hypothesis, the use of models,

observation, measurer.int and quantification, the concept of controls in

experiment, samples, tentativeness and uncertainty, reliability and data

retrieval. This all sounds advanced but when you think about it, these

things are the basis of intelligent life.

We should try to show biological science as a human activity, and

biologists as flesh and blooLL human beings, with successes and failures

and foibles.
1 0
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Perhaps we should allow some of our stuents to devolop laboratory

skills such as microscopto observation, dissectig, field observation,

recording of observations in graphs, illustrations and tables. Not ell

students would want to do these things but I would not like to see these

techniques excluded by edict. At the same time we should. flee in

horror from the "rigged" experiment as an hypocritical waste of time.

We should try to inculcate attitudes of open-mindedness, scepti-

cism and an understanding both of the uses and limitations of scientific

method.

However, my last shot is this: no matter what material does or

does not go into a syllabus, in the final analysis EVERYTHING deper'Is

on the enthusiasm, training and personal qualities of the biology

teacher. The main burden of this talk is to emphasize that simple

fact. Of course we must discuss balance and content o2 courses. As

a result of our continuing discussions we shall be constantly modifying

our courses in the light of basic biological research in our universities

but, in the end, what is actually taught to and learned by the student

depends on the teacher's personal assessment of what is important, and

how he, himself, sees his own pRrsonal role.

REFERENCE
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BIOLOGY TEACHING ia SCHOOLS DV TERMS OF NEEDS OF MODERN SOCIrl:TY

Stephen Boyden.

We are here for a-frank exchange of views on education in

biological science in Australian schools and it seems to me that

we should -o3 trying to answer three main questions.

They are:-

) should be the alms of education in biological science

in schools in.Australia?

(2) Are these aims at present being achieved? (That is, if

we can agree on what the aims are).

(3) If they are not being achieved, what steps should be

taken to improve the situation?

I will address myself to the first two of these questions and

I will try to summarise some of my own thinking on the whole problem

of school biology. But before doing so, I would like to nrike a

comment on the aims of education in general.

One of the main alms of education should surely be -to provide the

individual with a balanced and coherent picture of the human situation

in historical and biological perspective, and with an awareness and

understanding of the nature of the most important problems that face

his society (and today this means world society). It should also aim

to stimulate his thinking so that he is able to play his full part

in the collective efforts of his community to cope with these problems,

In view of the magnitude of the problems facing man on earth and Ole

unprecedented rate of social and environmental change, these alms

of education have never been more imibegit than they are at the present
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tilne. In the case of each academic discipline, therefore, the

objective should be to convey information and to stimulate

thinking on the important ideas and principles that have come

to light in that discipline, especially as they relate to the

problems of human society and to the ideas and principles of

other disciplines.

Bearing in mind that one of the main objectives of education

should be to provide the student with some understanding of the

present human situation in biological and historical perspective,

let us go back in t4.me and consider briefly some of the events

of outstanding significance which prepared the ground for th,)

important global developments which now loom so large on the

horizon as threats to civilisation and mankind. It was between

two and three thousand million years ago that a new set of processes -

the processes of life - first began to appear and superimpose

themselves, so to speak, on the inorganic world. While these

new processes were utterly dependent on the more ancient physico-

chemical processes on which they were based, they eventually gave

rise to a highly complex and diverse system of living organisms

which has transformed the character of the earth's surface to a

considerable extent. And then, only some two million years ago,

the first glimmers appeared of yet another new set of processes -

the processes of human culture - a development wnich was destined

to prove perhaps as significant as the origin of life itself. Just

as the processes of life are both dependent upon and yet different

from the physical and chemical processes which preceded them, so
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it is with the processes of human culture: the-- arose from

depend upon, and yet are in many ways different from the processes

of life. The existence in the biosphere of these three distinct

sets of processes is reflected in the structure both of educational

programmes and of academic institutions themselves.

Clearly, for an understanding of the total situation we need

to pay some attention not only to each set of processes in its

own right, but also to the extraordinarily important interaction

between them, for the functioning and maintenance of the total

system (i.e. the biosphere and civilisation) depends on this

interaction. While considerable time is devoted in science

education today to the interplay between the processes of life

and the underaying and more ancient inorganic processes on which

they depend, extraordinarily little attention is being paid to the

interaction at the other interphase - that is, between the processes

of human culture on the one hand and processes of nature on the

other. I suggest that the universities are primarily to blame

for this serious deficiency in our educational programmes, since

they have not only allowed, but have also apparently encouraged

the development of the misleading and damaging dichotomy between the

natural sciences on the one hand and the social sciences and the

humanities on the other.

This continual interplay between cultural and natural

processes is of crucial significance in relation to our attempts

to understand the problems of society. The history of civilisation

itself is in the last analysis mainly a story of this interaction;

111
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and a balanced and comprehensive view of the world situation is

impossible without proper appreciation of this fact. Moreover,

it is the tremendous intensification of this interaction that is

responsible for the widespread changes in the total environment

now causing so much concern among ecologists.

Before proceeding to the question of the aims of education

in biology, I would like to list a few of the things that I feel

that science education in schools should not do. In presenting

this list, I imagine that I may be challenging the opinions of

many educationists, including some biologists, and while I will

not elaborate on these points now, I look forward to some debate

on them during the discussion later on.

I suggest that:

(1) Science education should not aim to attract students to a

eareer in science (although it should provide a fair and

balanced picture of what careers in science are like, and of

what they have to offer to the individual scientists and to

the community).

(2) It should not set out to glamourise science or to paint

a false picture of scientists as selfless benefactors of

mankind that can do not wrong ( certain science textbooks in

use in this country give the impression that this is one of

the main intentions of the authors).

(3) It should not suggest that any problems that mankind may

still be left with will be solved simply by further intensification

of scientific research and technological advance.

112
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should not aim to instruct in the methods and techniques

of pra=ising scientists, except to the exten of indicating

the sort of taings that scientists spend their time doing. This

can be better achieved by arranging visits to laboratories

where scientific work is in progress than by long hours of

practicals at the bench, which are a waste of time for the vast

majority of students who never take up a scientific career.

(Much of the time now spent at the bench could be better used

for "environmental encounters", as suggested by Professor

W. Stapp, and for active discussion on social implications of

scientific knowledge and technological developments).

The aim of science education in schools should not be

to prepare the students for the first year at University,

but 1-ather for responsible citizenship. It is the universities

which should adjust their courses to the school curricula,

and not vice versa.

(6) Science education should not aim to transmit facts for

their own sake, but only insofar as they assist in the under

standing of important scientific principles, especially as

they relate to human problems and responsibilities.

(7) It should not set out to teach "hard" science for the sake

of its "hardness". The material presented and discussed

should be selected on the basis of its Importance in relation

to our attempts to comprehend the processes of nature and the

problems of human society%

Turning now to biology, this is a subject that can make a very

special contribution towards providing youth with a comprehensive

and integrated view of the human situation. I think that most of

)



us would agree that the most important single species on earth as

far as we are concerned and also, in the present situation, as far

as the biosphere as a whole is concerned, is Homo sapiens; and it

stands to reason, therefore, that this species should figure very

prominently in biology courses. It is impossible, or at least un-

realistic, to attempt to study the biology of man in modern society

without paying a%tention to the social processes that affect the

biological conditions of his life and to the social repercussions

of his biologically-determined reactions to environmental influences.

In other words, whether the emphasis be on the human organism

and its responses to the environment, or on the environmental

effects and ecological implications of human activities, the proper

study of human biology necessarily involves a bridging of the gap

between the natural and social sciences.

Having emphasised the need to promote understanding of important

scientific principles as they relate to the problems of human

society, I feel that perhaps at this point I should enlarge somewhat

on this question and give one or two illustrations of what I have

in mind. I should like to say first that it is my impression that

some (but not all) of the important principles that have come to

light in biological science are, per se, treated very satisfactorily

in recently introduced school textbooks. I am thinking particularly

here of the "Web of Life" which gives due prominence, for instance,

to the theory of natural selection and the principles of inheritance

and ecology, and they are presented in a clear and interesting way.

On the other hand, it seems to me that some aspects of biology

of vital importance to society are either omitted or at least are
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not given the prominence they deserve. Arising out of the Darwinian

theory of natural selection, there is one fundamental principle

or biological "law" of profound social significance that receives

very little attention in biology courses. It is the law of

"organismic sensitivity to environmental change". It is based on

the fact that, through the processes of natural selection, species

develop genetically determined characteristics which render them

extremely well suited to the conditions under which they are evolving.

Thus, when the conditions deviate to any extent from those prevailing

in the evolutionary environment, signs of biological maladjustment

are likely to occur. This principle applies to all species,

including Homo sapiens. In the long run, under natural conditions,

the situation resolves itself because, if the environmental

changes persist, the population in rluestion will either become

extinct or it will, through natural selection, undergo genetic

adaptation so that the individuals are once again "suited" to the

prevalling.ccnditions. Apart from its significance for individual

animals, this principle has important ecological implications since,

ultimately, it is through this effect on indi _i_dual organisms

that disturbances are felt in whole populations and ecosystems.

Let us consider for a moment the relevance of the law of

organismic sensitivity to environmental change in relation to

modern society. The processes of civilisation have, over the

centuries, introduced countless deviations in the biological

conditions of life of the human organism, and as would be anti

cipated from this law, signs of biological maladjustment have

inevitably followed these changes. An obvious example was the
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appeaance in hur,lan populatis, in endemic and epidemic proportio,

of various contagious diseases, such as plague, cholera, typhoid,

dysentery and tuberculosis, resulting from the increase in density

of human populations and other environmental changes associated

with the processes of civilisation.

These changes in host-parasite relationships represent one of

the few cases In which the new selection pressures associated with

civilisation were strong enough to produce a substantial degree of

genetic or evolutionary adaptation in man. Nevertheless, the fact

that these contagious diseases have to a large extent been eliminated

from modern society is due largely to the processes, not of genetic

aarlptation, but of cultural adapts-I-don (the most important of which

has been the introduction uf new standards of hygiene appropriate

to the new environmental conditi?ns).

There are countless other examples in history of the operation

of the law of organismic sensitivity to environmental change and

of consequent signs of biological maladjustment in the human organism.

In fact, it is true to say that the most outstanding single feature

of the recent biology of man is the extraordinary number of changes

that has taken place in his conditions of life. These include,

for example:- (i) changes in quality cf food and water an. feeding

habits, (ii) changes in quality of air inhaled, (iii) changes in

number of social contacts, (iv) changes in the accessibility of

biologically and psychologically potent chemicals, (v) changes in

levels of environmental noise, (v1) changes in levels of physical

activity, (vii) changes in sexual environment, (viii) changes

in infant feeding and lactation patterns and (ix) changes in the
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number of viruses in the envD:.ronment capable of causing disturbances

in the respiratory and alimentary tract. All these examples of

changes in man's biological conditions of life are the consequence

of social developments, and all involve some kind of biological

response on the part of human organism; and in each case this

response has further social repercussions.

The fact that the human species has not only survived these

environmental changes and consequent biological maladjustment,

but has in fo,-.t increased about one thousand timesin numbers since

the neolithic development is, of course, due in very large part

to the processes of cultural adaptation (and also in part to

"pseudo-adaptation").* It is safe to assume also that the future

well-being and indeed survival of mankind will depend largely on

whethex' the processes of cultural adaptation will be successful in

overcoming (or better forestalling) new manifestations of biological

maladjustment resulting from the rapidly changing total environment

* The term "pseudo-adaptation" has been used to describe the effects
resultin,q; from the widening of the difference between Darwinian
fitness and fitness in the colloquial sense of the word. In other
words, the protection that civilisation affords to the individual
who is in a state of ill-health (ana also to his offspring) results
in a situation in which survival and reproduction can take
place in a popuiation in which the majority of individuals are
in a state of biological maladjustment Clich would not have allowed
reproductive success under more rigorous conditions .of pre-
civilisation society.
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of man. In view of the obvious social signifiL-,qeo of cultural

adaptation, it is unfortunate that this topic receives so little

attention in education. The view might be taken that, while

genetic or evolutionary adaptation is a matter for biology teachers,

cultural adziptation is not, and that it should in fact be left

to those who are concerned with education in social studies.

The point is, of course, that we are here concerned with an

extremely important aspect of the interaction between cultural

and natural processes, and it does not make sense to split this

subject down the middle so that the biological aspects are taught

in biology classes and the social aspects in social studies classes.

In this way, he essential feature of the situation, namely the

constant interplay between these two sets of processes, would be

lost to the student. And furthermore, at the present time, the

processes of cultural adaptation to biological maladjustment

(and pseudoridaptation) are not adequately dealt with in either

biology or social studies, and I suggest that, in the absence of

moves to remedy this deficiency from other quarters, educators in

biology have a special responsibility to do something about it.

I am suggesting, then, that the biological principle of

organismic sensitivity 'co environmental change is one of supreme

significance in relation to the physical and mental health of

communities and of individuals, and it relates to the whole question

of the quality of life in a rapidly changing environment. It is

probably, at least in terns of the immediate problems of mankind

on earth, the most socially significant concept to arise out of



116.

Darwin's theory of natural selection and Mondollan genetics. I

suggest therefore,that it shold be one of the main themes in

biological education and that it should be presented together with

a thorough discussion of cultural adaptation in its various forms.

Turning now from organisms to ecosystems, I have already made

the point that the general principles of ecology relating to the

"balance of nature" are on the whole well handled in some of the

newer biology courses in schools. However, even in this instance,

I would suggest that these courses still fall far short of our

expectation in ter7os of the alms of education mentioned above.

An extremely significant aspect of the scientific scene at present

is the increasing number of 0 :-Ilogists who are expressing very

deep concern about the rapid and widespread changes that are

occurring in our total environment as a result cf rapidly

accelerating cultural processes. some of them suggest that the

disturbances in the biosphere resulting from these changes will

be so great that civilisation will be unable to survive for more

than a few more decades. Needless to say, there are also others

(although there are fewer biologists among them) who regard these

rather gloomy 1,7edictions as unwarranted and exaggerated. We must

accept that, at the present time, there is not sufficient knowledge

available for us to be able to state definitely and in quantitative

erns how great the danger is; or rather, we do know how great the

danger is (i.e. we I-now that if social processes oontinue unhindered

in the direction they are going now, ultimate destruction of the

biosphere and of civilisation is inevitable) but we do not know

11. 9
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precisely how close we are to the limits of tolerance of the

biosphere.

It is clear that there are limits to both the maximum and the

optimum number of people the earth can support, and to the amount

of chemical garbage we can throw out into the biosphere be-?ore it

is choked beyond recovery. And at present, t'lere can be no doubt

that the escalatory processes (e.g. the techno-demographic spiral

and the economic and military competition between nations) which

are driving us towards these limits are continuing to accelerate

and gain momentum, and no one seems to know how to stop them.

Thus, while we must all accept that the earth and its _Iatural

resources are finite, the only difference between the more pessimistic

and the more optimistic views lies in the question of how near

the runaway proaesses of civilisation have already brought us to

eco-catastrophe.

It is clear that these are matters which our society must

treat with the utmost seriousness, and this fact should be reflected

in our educational programmes. Students must be told faJ_rly and

squarely that many scientists believe that man is about to face, or

is facing the greatest threat to his well-being and survival that

has ever occurred, and that catastrophe on an unprecedented scale

is not far away. They must also be informed of the arguments on

which these gloomy predictions are based, and also of the views

of others who take the -)pposite stand, telling us there is no cal)ne

for alarm. The must also be told'of the academic, political,

commercial and religious allegiances of the proponents of the
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different points of view, and they should be encouraged to discuss

and debate these problems themselves.

Take, for example, the population situation. The students must

be informed not only of the straight facts relating to population

increase, but also of what ecologists are saying about the significance

of recent population trends and of the associated explosive growth

of technology and industry. They must be tola of the views of those

scientists who regard the situation as extremely grave and urgent,

and they must be made aware of the viewpoints and arguments of

other individuals a,id groups (e.g. the Catholics and the Communists)

who do not advocate controlling the population growth. This

controversy is perhaps the most critical one, in relationto the

future of mankind, that has ever arisen in the history of civilisation,

and it is indeed discouraging to discover the manner in which these

vital issues are treated in science textbooks. In one senior science

biology textbook, for instance, I can find only one page referring

to population changes in the human species - changes which, quite

apart from their sign3ficance in terms of the future well-being of

mankind, represent one of the most spectacular biological developments

in the biosphere since the beginning of life on earth. At the end

of this page the following statement is mai 'We are now facing

a new crisis and the need for a second agricultural revolution. Man,

with his knowledge of modern biology, is now seeking new ways of

increasing the produrttivity of the earth and the seas. The problem

is not yet solved. It is cne of the greatest challenges modern

biology presents to the youth of today".
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In spite of the clarion call in the last sentence, I find such

a statement of the situation deplorably inadequate.. Is. this. really

all that biologists have to zay to the senior science biology students

of today about the population situation? This treatment of the

subject not.only.belittles the problem.itseIf but it also implies,

as is so often the case in to'i±ay's soience textbooks, that all the

answers to any problems thatMay. be left to mankind lie in further

intensification of scientific research and technological development..

What possible edlOationaljustification can there.be for shielding:

the youth of:today from theSe Prucial IssUes, and thus providing them

with a completelYfalse and 'rosy picture of the world, situatAon?

. BefOre..Ieaving the topic of, ecology, I would like to refer to

-
-one i:mportant single fact of relevance in-our attempt to present

: -

the student with some understanding of the present world situation

in biological and historical perspective. It is simply the fact that

human society has come to use quite recently in its daily interaction

with the environment about as much energy as all other land animals

and plants put together. That is to say, human society now utilises

in one day about the same amount of energy as is fixed through

photosynthesis by the earth's terrestrial vegetation in the same period

of time. If ever there was an ecologically significant fact, this

is it; and yet I can find no mention of it in any of the school

biology textbooks t at I have examined.

I could continue for some time to 1±& Wological topics of

special significance in relation to modern society, but which

receive extraordinarily scant treatment in both school and university

biology courses; they include, for example, the chemicalisation of the

1 .` 2
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environment, the biological implications of the nuclear threat and

problems of aggression and other aspects of behaviour in man.

However, I will not tax your patience further, and I feel the tim.-

has come for me to summarise what I feel should be the main aims

and objectives of biology education in secondary schools. They

are as follows:-

)

(2)

(3)

(4)

(5)

To assist in providing the student with a comprehensive

and balanced picture of the human situation in biplogical_and

historical perspective.

To provide the student with an understanding of the basic

principles that have come.to. light in biological science

especially as they-relate to the well-being of mankind now

and in the future

To convey.an appreciation of the impact of human society

'on the biosphere and to introduce the .s.:Ident to the concept of

the constantand,highly' significant interplay between cultural

and biological processes.

To introduce-the student to. an area. of study which-might

come to represent for him a source of continuingand intense

interest, and of'persoral satisfaction and enlightenment.

To deal fully important s cho-ols of thought relating

o the futv, re o f e biosphere -and the-future -well-being -of'

mankind -,..giving -i-411.treatment,--foi example. to-the biolj ical

iraplicatio ns -of the- con.tinuing poplilation growth and. the-associated

technolz,gi oal revolution..

(6) To stress not only the .important principles that have.come-
1
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to light, but zlso the import:ant nras of ignorance that still

exist.

Up to this point I have been dealing almost entirely with the

first of the three questions that I assumed we are trying to answer,

namely - what should be the aims of education in biolopv in sohools',

As for the second question - are these aims at present ng

achieved? - my answer to this question (in terms of the alms as I

see them) is short. In my opinion, they are not being achieved.

As for the third question, what should be done to improve

the situation? - I think it is better to leave this for the

discussion, since in any case you may well not agree with the points

that I have been making, and any attempt of mine to answer the third

question would represent a further waste of your time.

In conclusion, I would like to restate my firm opinion that

we have in the past neglected, very much to the detriment of our

understanding of the human situation and probably of the well-being

of mankind, the study of the interpla wich is taking place con-

tinually between the processes of nature on the one hand and the

processes of culture on the other. I feel that both in schools and

in universities, big efforts should be made as soon az possible

to correct this very srious deficiency in their education programmes.

I believe that bioloy, by the very nature of the subject,

offers a very special opportunity for moves in this direction, and

that stepz shOUld be taken now to modify, or in some cases, to

revolutionise biolo-y teaching with this concept in mind. It wc,nld

be in many ways a verv difficult task. To begin with, we have t,)
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somehow overcome the inevitable resistance from dic-hard specialists,

some of whom are unable to appreciate the value and importance of

interdisciplinary, cross-disciplinary and integrative work; and,

of course, it is also much ea5ier to prepare specialised courses

and curricula dealing with subjects which have been nicely

described in the literature.

The point that I wish to stress is that strict compartmentalisation

of subjects in education in schools very effectively inhibits the

development of understanding of the human situation as a whole.

And yet, at the present time, there is nothing more desperately

needed by society than people capable of taking a long-range and

comprehensive view of human society and its problems.

I have referred in these comments only to science textbooks and.

curricula, and very little to individual teachers. The reasons for

this are obvious in that curricula and textbooks are easy to examine,

and they must surely reflect to a considerable extent the "official"

view on the-3e matters. On the other hand, I am fully aware that, in

spite of all the regulations, much depends on the views and social

consciences o-F .11.e individual teachers, many of whom I know are

already very concerned about some of the major issues that I have

discussed today. I know that many teachers do, in fact, introduce

in one way or another some teaching along these lines, although it

seems that the degreJ to which they are permitted to do so varies

from state to state.

I also appreciate that tremendous advances have in fact been

made in recent years as a result of immense efforts on the part of
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individual enthusiasts, who have a1ready overcome some very

formidable obstec.1 No one who is aware of the importance of

biological 1nov4.1_edge in relation to human well-being can fail to

respect the efforts of those who eventually succeeded in having

the study of the phenomena of life introduced into the schools

in New South Wales, an.d we have nothing but pelmir-hinn 'fro^ those

whose dedicated efforts resulted in the creation of the excellent

Australian version of the B.S.C.S. book - "Web of Life". Certainly

these moves must be regarded as very significant steps forward.

My point is simply that, bearing in mind the urgent need for a

more comprehensive and hnlistic understanding in the community of

the ii-oblems of society, many of whic'a have strong biological

components, I personally feel that we have still a very long way

to go.

The great challenge that faces the members of the rising

generation today is to sort out the mess that has been created

by their forefathers, to unravel the complex interrelationships

between the forces threatening the total environment, and to work

out and implement, before it is too late, plans for protecting

the biosphere, civilisation and future generations of mankind.

The great challenge facing the present adult generation is to provide

young people with an education that will prepare them emotionally

and intellectually for this gargantuan task.
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SUYEARY OF DISCUSSIONS OF "AIMS" PAPERS.

The discussion did not produce a set of aims or behavioural

objectives for all biology teaching in Australian Secondar s

Most conference members felt that there were few aims for

biology teaching that could, or should, be externally imposed upon

teachers. Teachers, however, should decide their own aims, or chose

a course consistent with their own aims. Th 7. presence of independently

developed courses for either junior or senior secondary schools in all

states except New South Wales makes it difficult to decide on

appropriate aims for e-Tther level. This problem is intensified

in States, such as Victoria, where each school is free to decide its

own aims and emphases, at least up to the Grade 10 level.

However, the conference recommends that the following broad

objectives shoUld form a framework within which courses and materials

for biology teaching should be developed:

1. Biology courses at all secondary levellF.1 should be planned and

taught so that manes place in, and interaction with, the

biosphere permeates the whole course. This does not mean

that the course should be centred on man as an example,

but that the relevan all topics to this theme should

be made clear.

2. Any b:Llogy course should show something of the processes

and logic of ocienc-, not as a separate topic, but within

the framirk of the course content.
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SECTION III

CRITICAL EVALUATION OF CURRENT COURSES

In this session speakers familiar with each of the major courses

offered at senior level in Australian secondary schools discussed the

advantages and disadvantages of these courses.

Fach speaker commented on the problems of both time-and content in

their course. There was not enough time available to cover the material

prescribed in the syllabus.

It was felt that teacher preparation and in-service courses must

play an increasingly important part in the development of Biology teaching.

A general feeling that emerged in discussion was that the success or

otherwise of any course depended on the individual teacher's competence.

The meeting also considered the relevance of the various courses in

the light of Dr. Boyden's address of the previous day in which he

criticised the failure to teach the social implications of biological

principles. It was agreed that perhaps only the West Australian Human

Biology Course gave adequate treatment to this facet of biology education.

In speaking of the advantages of "The Web of Lire" Mr. HUtton

referred to the attractive format of the Text, the usefulneas of the

"Teacher's Guide" and the comprehensive nature of the "Laboratory Manuals".

He felt however, there was need for a thorough revision of all three

and particularly stressed the lack of continuity or theme in the text

materials.

Miss Stodk made a number of points concerning the advantages of

teaohing biology as part of an integrated science course. She was

concerna however, by the fact that much of the N.S.W. ma_ rial was

highly theoretical and too divorced from practical work.

The address by Mr. Stephenson revealed Queensland Zoology to be

something of a backwater in terms of syllabus develdpment. The course

was toe much oriaatated towards tertiary work

Mr. Katavatis explained that the W.A. HUman Biology Course Wa

still in the developmental stages. At the moment It was suffering from

a lack of teaching aids but both teacher and student enthusiasm waS high.
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AN EVALUATION OF "WEM OF LIFE" MATERIALS AlID COURSES

Deane Hutton

Have you ever dr ven your car up a busy mountain road on the wrong

side, in the face of on-coming semi,--trallers? or course notl IT a

so cial law were paaaed today making it legal for you to do so w ula

you take the opportunity? I think you would consider the proposal with

the kind of levity with which biology teachers view some or the oppor-

tunities presented to them by syllabus writers and Examination Boards.

Such boards have said to us, "Here is a Biology syllabus - a list of

topics. You could use the T b of Life', but you're quite welcome to

use any other mate ls." When driving uphill, nobody wants to run

Into a prime-mover coupled to a fully-loaded tr4iler. And the 'Web

of Life* is a pretty formidable pri e-mover particulnrly when firmly

coupled by a syllabus to a fully lo ded examination. No wonder few

people have tried using other materials in St tes where the biology

syllabus la ao plainly thi- book.

In many courses or atudy, it la true that the syllabus and the

textbook are almost the aame thing. However, where the Web of Life

materials Are concerned, this relationship seems to be even stronger

than usual. In fact, the authors of the book knew that they were

writing material from which the syllabus would evolve. Consequently,

where the 1.Web of Life

have been introduced

c:ither'textbooks.

materials and the accompanying derived syllabus

there has been little or no experimentation with



ORIGIN OF FWEB_ OF LIFE.'

The *Web or Lire' (1)was, or oourso, based on the American

Biological Scien es Curriculum Study (BSCS) materials and wIck a

birth was almost certainly the main reason for the strong syliabu

text union. American teachers, and_ Australians Involved in the

early trials or American materials, were confronted with textbooks

which implied the syllabus. Thus the trial waa primarily a trial

of books, and only secondarily or the syllabus. However, experi-

mentation and comparisons were possible at that stage because

teachers were given the choice or covering roughly the same content

areas from three different angles with three different emphases -

the 'blue Igre n' and 'yellow' versions. The small size or stuaRnt

population in Australia would not have made the provision of such

choice econimicaily feasible in tills country. The Australian version

did, however, retain the 'package deal' format (syllabus text,

practical manual and teachers guide) and as with the American materials,

this format seems to)2ave been one or the major faCtors in gaining a

ready acceptance of the 'Web' by teachers. Other factors which have

lent weight to the Impact of BSCS materials on teachers and classes

have been the usp eV an enquiry-approach and ah emphasis on levelS or

biological organization whichhave 'often b en ignored, In the past,

by authors Xn addition, each or the American versions had a strong

appeal because or thedefinite themerUnhing:through it. J.J. SchWabv

in his "Biology Teacher/32- HandbOok" has made a proflie_of level
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emphases in oar.h of the tilree American versions. The biological

level which r.,..ceived the greate,,t emphasis was given a score of 5 and

the other levels given a value between 0 and 5 depending on their

relative emphasis when compared with the major level. A similar

procesn was carried out with a number of conventional texts and an

average profile for a conventional text was obtained. Subjective

opinions and objective ehapter-section counts were combined to give

these profiles. Figures 1 and 2 indicate some significant differences

between "conventional" and BSCS text materials

Not only was there a shift in emphasis from the traditional

organ-tissue th me in each of the BSCS texts but also, each of them

a hieved a more even balance of levels.

I have attempted to construct a similar emphasis profile for the

b of Life' by making chapter-section oounts. On completing ithis

profile I felt the obvi'us thing to do was to superimpose it on the

profile fram the Azie loan Green Version, on which the Australian 'Web'

was so obviously based. Figure 3 makes this comparison.

WaS astounded at the discrepancies betw- n the two and immediately

felt a oompulat n to look at'the 'Web' profile with that er the con-

ventional" pre-Sputnik AMerloan biology text, Figure 40

Apart frem the 'Web's-2 ecological hump, the Vt7Ofiles are remarkably

similar. Perhaps this is not so surprising when we remember that the

'Web' was not simply an Australian adaptation of the Green Ve n, but

rather an adaptive expansion.of it which took in some of the character-

istic approaches of both Blue and Yellow VersionS. It was bound to.
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appear, in

1

respects, as a sort of compromise. Although it has

parts, the book as a whole has less continuity

three American texts. Does this matter? Who

very definite themes i

In theme than any of ti

can say? After all, with L2 chapters divided into two distinct batches

it is really two books in one. Its comprehensive ture and sheer

wealth of information would lead me to choose the 'Web' as a shelf

copy for py library before the American Blue Green or Yellow. Perhaps

students think similarly - the availability of se ond-hand copies of

the 'Web' seems to be extremely low in schools. However, I think I

have detected amang my students a longer time lapse before they feel

they are "in step" with the 'Web' than ever occurred in py classes

using the Green version. Maybe this tentative, highly subjective

observation has some basis. Perhaps the time lapse lo due to the

atfficulty in identifying a theme running from front to back cover.

One thing seems certain - the 'Web of Life' lacks, in pallt, one of the

features which gave the American texts their initial appeal.

'WEB OF LIFE' EATERIALS

in a course where the materials gover.n the syllabus, lay down a

programme and direct teaching methods, the actual books and manuals

warrant _lose examin tion. I am certain that many or you have made

your own careful analysis and evaluation. I have tried to temper py

own prejudices, by basing this evaluation on discussions with students

and other teachers. Some or these discussions have involved whole

classes, some have been individual an&many w_re tape recorded for

subsequent analysis. 136



When studnts and teachers compare the 'Web of Life' textbook

with other science teNts, two things seem to stand out as highly

significant In their minds. The first ls the attractive format or

the book. Pupils are proud to take it home; its photographs, diagrams,

and charts invite perusal; parent' brothers and sisters pick it up

and read it; s.uudents from other subjects ar- jealous. The second

significant point arises after reading a chapter or two. There seems

to be a lack of precision - fact-lists, definitions and summaries

are missing. This of course, is a cunning plot on the part of the

authors. But it does worry new students (and new teachers) -

revision and learning for factual tests becomes a difficult and

somewhat obscure task. However, I am certain that the authors have

employed this approach to avoid_ mere verbalism and to accentuate the

importance of experimental work. The textl_ lack of precision, by

promoting an Initial feeling of insecurity In the student, al ost

forces class discussion - this interpersonal learning situation

which has been an Integral part of all the BSCS courses. I must point

out that generally the text imprecision we ries students less as the

year progresses. Some students take a ±'''ew weeks to become accustomed

-bo, the new approach, many require a term, and some take the best:part

of a year. Possibly, :a reasonable cOmpremite-wouldb- the inclusion

Of's. suMmary at the end of-.,each chapter as in the early -.BSCS Green

Version. I reel that this would avert Some of the inittal-insecArity

while still promoting_the view that text, te cher practical work and

discussion ars all important source for Information and attitudes.
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Does the different nature of the teb of Ltfe' textbook lead. to

increased. individual reading by students in comparison with other

texts? I expected that it -ould. My discussions with student-

have suggested that they nearly all have a "flick through" the book

soon after they get it; they read the physiology chapters avidly -

particularly the one on human reproduction; but they seem reluctant

to make full use of the excellent Index and catalogue or living

things. Perhaps this reflects an omission in our junior secondary

science co es - a failure to instruct pupils in the use ana value

of an index.

The Students' Laboratory Manuals and some of the experiments

have ooma under fire for a number of reasons. Many teachers obj

to the format. I think it looks like an afterthought - secondary

to the text rather than being of equal importanee. Certainly it

could. be more compact (by uling smaller print ana less empty spac_

easier to follow (by using more diagrams and less words); and more

convenient to use in a loos -leaf system (by starting every experi-

merit on the right-hand side of a new page). These changes nly

nece sary if we contend that carrying out experimental investigations

is more inportant than deciphering experimental instructions. I think

it is.

Several students have informed me that they object to some or the

experiments on the grounds thatlhey are a bit rigged". This

surprised me but they'pOintedout that the answers to questions

that by reading ahead and -coming bac, _ even the
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novice student can often fill In all the correct answe-: without

actual experimentation. Probably this criticism is not well founded

for mo t of the investigations '3ut it seems that if some students

detect even the slightest suspicion of bench work being a "put-up

job" they are likely to reject our claim that we a-- providing them

with a science course based on enquiry.

TEACHING METHODS

The introduction of BSCS biology courses in South Australia

has been accompanied by some radical changes in teaching methods.

The unusually rapid acceptance of these methods has, I think, arisen

mainly from two pow rful influences - the Teacher's Guides and

Inservioe Conferences. The 'Web of Life' Teacher's Guide is particu-

larly comprehensive - even more so than its American counterparts.

Not on y does it outline almA and objectives or the course, and

suggest methods for using the text and laboratory manUals, but It

also includes specific chapter guides which programme all activities

In the course, from beginning to end, in minute detail. It is a

"bible" to new teachers, but tends- to be progressively ignored as

a teacher gain- experience. Lik_ the laboratory manuals, perh Ps

it is t o wo-dy in parts. In particular it seems to iay suCh a-.stress

on "majer ideas" and "single propositions that many teache s have

'misunderstood the Uthers intention, and duplicated copies or this

teacher information for students to "learn".

Initial inservice trainingof te

pro _cts In -k. w

a in-plIotHBS_S

xchange of idea
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--matual help, animated diseussie and aespcvto grn5ping fol° S x-0_11 00

A small but enthusiastic group of teachers, lecturer_, inspectors and.

x_ami. gradually put More st_unture into this training until by

the time the tWebt was released. in 1967 Aew or uninitiated teachers

were being thrust into Ins- vice Conferences of a most unusual nature.

They were placed in the shoes of the student and forced to experien

the new materials and teaching methods from his viewpoint - the

practical work, discussions, text interpretation, the highly structured

discussions referred to a "invitations to enquiry", more discussions -

the lot: These conferences almnst certainly played the major x.ole in

the nearly universal adoption of ESCS-advocated enquiry and discuss on

methods of teaching. The old converts were regularly brought back to

conferen -- to help spread the good word. Efficient evangeliSm or

skillful brainwashing? I'm not sure - but it was certainly both

skillful and efficient.

the methods which they so

"Invitations to enquiry"

A few have c

Many teachers in S.A. are now questi ning

eagerly adopted. Some have abandoned

d now plrt a limit on free class disousSIon.

Taetely reverted to the traditienal teaching methods of

chaik-andtaIk- nd-duplic tednotes-and-drill. Why have tea hers

done this? It seems to me that many young s lence teachers are

extrem ly _ nscientious and highly seIf-oritical. An initial poor

response in class discussion is frequently attributed by the teacher

to his own inability to handle the novel situation. So he reverts

to conventional teaching methods withwhich he has had more 'suec

There la c rtainly a ne d for continual help and en ouragement.

140
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1everbheless, let's hope that we don't try to insi t that everyone

teaches to exactly the same pattern and prognamme. In a -ourse where

the teacher is required to fill such a variety of roles I lank it

is important that the teacher be given the right to select the m tho

and balance between them, that beat suit his own personality and

abilities. And if he considers that for him some conventional

techniques are necessary, he should be able to incorporate them into

his programme without being made to feel that he has failed -1- is

letting the team down.

EVALUATION

New material, new objectives, new approaches and new techniques

make new means of evaluation highly desirable. Objective test items

of the multiple-choice type haVe become very popular in S.A. Tor

evaluating the progress or studenta using BSCS materials The teacher

of a few years standing, with his own test items pius his Dile of

swapped tests from ether teachers is in a happy position; but the

novice teacher is desperate. Sets or high quality objective test items

covering all parts of the course are urgently required. kortunately

the diagnostic tests which ACER is preparing will be ready in 1971.

SCOPE FOR RECONNENDED COURSE

recent meeting of the Biology T

considered the

°hers Association of S.A.

suitability of the 'Web or LiEe part_I as a Le ving

course and the 'Web or Life' part II as a Matriculation course. It

was a fiery meeting with a large p oportion of the biology teachers in
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this State partt ipating in the die es 1St; and a number of general

depecific points emerged. There was general agreement that part I

comprises a coherent and relevant course of study for students at

Leaving level - although a few thought that a Biology course that

does not mention the cell is a disgrace, and a few would like to

insert a slab of huaan physiology into the present course.

Part II of the book received much more criticism than part I.

Although most agreed that the amount of material in part II was too

great to be adequately covered in one year, there was no universal

agreement on which sections are absolutely essential and which ones

could_ be omitted. However, four ahapters were the subjects of very

heated debates.

Chapter 28 on "Chemical Co-ordination" was blasted from many

directions. It was claimed the method of treat ent was so inconsistent

that the chapter is of doubtful value. Students find the details of

the relationship between electromagnetic spectrum and the response

mechanism in plants extremely difficult to _omprehend. On the other

hand, the treatment of the endocrine system seemo to be very super-

ficial - all the glands are dismissed in a page and a half. It was

suggested that the chapter needs to be completely rewritten.

Chapter 29

it did critic

Internal Regulation"

Some ere

had. as many ardent defenders

perfectly happy with it as it Stands

while others said. they would pre

ooncept introduoed incidentally

er to see the important feedback

lsewhere in the book perhaps in

ions on-population, reproduction, evolution and the nervous system.
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Many felt that somm of the best sections of the book have been

ign red by the S.A. Matriculation Biology syllabus. One such Cinderella

section is Chapter 30, "Scavenging Systems". This chapter covers

importart areas of current medical research such as the antigen-antibo

mechanism, problems associated with immunity to disease, and tissue

grafting and organ transplantation. These things are relevant to th

student - they may touch on him or his family directly and they are

certainly brought to his notice frequently by the mass media - yet

we ignore them in the Sok. course.

Chapter 31 "Recognition and Learning had. many proponents

similar reasons. Some of the topics cover d are: interpretation and

experience, innate behaviour and learning, insight, memory and the

significance of language. These things are closely allied to what the

pupil has been doing for a number of years is attempting to do now,

and will be doing for the rest of his life. Once again, relevance

but we ignore the chapter.

In my opini n there are a number of important social proble

with significant biological components which are treated superficially

feet of man on hisignor d in the 'Webf On such area 1 the

environment There is an excellent brief treatment of the problems

of pollution and conservation at the end of part I in Chapter 16

This was probably adequate for 1965 when the book .Was written, but it

certainly seems inadequate in 1970 In the light of current and 'growing

A211103j=c-,awarene s of these problems* This of course is a publishing

problem rather than purely an editorial one. Some controversial social
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i sues seem to have been completely ignored. Voss and. Brown in

"Biology as Inquiry made an observation about the American BSCS

materials which --ould be applied to the Australian 'Web of Life

They say, "The BSCS materials have excluded references to alcohol,

narcotics and tobacco and their effects on the human body. However

(3)many other biology texts include information on these topics.

It cannot be dented that in coAplex twentieth century human societies

these issues are real problems. And scientific research is being

carried out in each of these fields Perhaps the authors have ignored

the issues because they feel a full discussion of them would involve

moral judgments - and this would go against the grain of pure s ience.

Have they acted wisely, or have they made a serious omission?

Should not a complete science education include discussi n of maa's

uses and abuAes of scientific advances as well as an analysis of the

advances themselves?

THE FUTURE

III South Aus ralla, the Public Examinations Board Biology Committee

has established a sub-committee to investigate the

changes in the Leaving and Matriculation

of Life editorial up

courses

headed by David. Mo

need for syllabus

1 972 The Web,

working towards

revision of their materials for release xn 1973 Hopefully,

the P.E.B. sub -oorpmittee ommendations will reflct the opinions

of teachers in this stat

suggestiOns to the

doubtedly it will oo imuni ate its

alto ;.al group. resumably, simiiar mechanisms are

144



142.

or will be operating in other states. But the final decision

course, lie w2th the editors. And these are vital decisi ns for the

future of biology edt ation in Aiistralia,becauze if history repeats

itself, they will not only effect the content of published materials

but will also particularize the actual syllabuse adopted by the

State Examination Boards. Thus it seems imperative that each of us

with a concern for biology education should somehow convey our

fe lings and proposals to the editorial group.

When a science textbook is being published for the first time

or being subsequently revised, there is a serious time-lag problem.

This problem is accentuated with books for senior science students

in a country of comparatively small population. Such is the case

with the Australian 'Web of Life' It is to be revised in 1970

and 1971 will be released in 1973, and for economic reasons will

probably still be going in 1977. By then, some of the seven-year-

old ideas will almost certainly be showing their age. Bow can a

book such as this be kept up-to-data

As a po sible solution to this problem, Iwould. like 1 suggest

he publi-ation-,of fi

_ o

op_ P ess Newsheetsu'. I am not suggesting

highly specialized supplementary booklets, nor am I suggesting an

apology for being backward but rather, short, imply-written new

sheets of perhaps four or eIght pages, aimed at and. distributed to the

student, and releas Li only when needed. These could pre

ideas or updated hypotheses provide confirma ion data as it co es

available- and would. keep the- textbook relevant by,expanding,it
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discussion on popular science topics. If such a mechanism were now

in operation, possibly our pupils would. be more aware of modified.

ideas on DNA. replication and protein synthesis, new ideas on the

significance of cultural evolution, and, of course recent fact

figures and. predictions on environmental pollution. While providing

a means for the rapid adaptation of course and materials to the

needs of our student community, such a scheme wonld also emphasize

the emphemeral and progressive nature of science. There are

unfortunately, several practical problems. The cost of the materials

would have to be increased. - but I thihk they can stand it. Collecting

Information, editing the newsheet and distributing it to schools would

be -J-1 enormous task and would almost certainly require permanent

However, I feel that it would. be well worth the money and

It would make a good packags deal even better. Perhpas

the Academy of Science, the wommonwealth Gov rnment or Sta.'

Education Departments could. be encouraged to subsidise such a

scheme.

CONCLUSIONS

It semz to-me-that-- science coure in grades 11

and 12 is extremely important.. It can provide a basis on which

future kn-wl dge opinionsa4attitud.es in the field of Science

are built gardless of whether the student goes on with further

study or not. In my opinion the 'Web of Life rials, despite

shortcomings, have made a gr ater contribution to science
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edu ation at Leaving and Matriculation level in South Australia than

any other currently available materials in any of the sciences.

Certainly some will disagree with my evaluation, but perhaps others

a
will feel that the 'Web' has had such an influence in South

Australia or interstate

4-iowever, before we give all the credit for the spreaa of high

school biology to BSCS in general and the 'Web of Life' in particular,

I think we should recognize that there was already an awakening of

intere t in bi logical science among university students, teachers

college students, and teachers in the early nineteen sixties. So

like a surfboard, the 'Web' was launched on a rising wave of enthus-

iasm. But unlike a surfboard, the 'Web' has probably shaped and

augmented that wave. It seems that our surfboard is now approachin

the beach - the 'W 131 is nearing the end of its first run. We've

had an enjoyable ride on a wave of biological enthusiasm, but now

many of us are starting to question the course and materials an

methods we are using. Is the wave rting to break up? If there

are faults in courses, materials and methods, this is not necessarily

disastrou_

wave, and on the way we will have the opportunity to modify the

shape o_ our board. Le hePe it matches the new wa-
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EVALUATIaN OF N.S.W. SCIENCE_COURSES

J. E. Stock

The N.S.W. senior science courses have a feature in common

which makes them different from the other senior science courses

which are being discussed at this conference in that they are

composite science courses, containing physics, chemistry, biology

and geol gy In them. When I use the word composite however

use it in two different ways. The difference is illustrated by
-

comparing the structuru of the level 3 science course with that of

the level 2 courses. In the level 3 course the physics, chemistry,

biology and geology components are Interwoven to form a truly

integrated science course. In the level 2 courses, often desc

multistrand science couizes, the pllyslcs, chemistry, biology OR

geology components only one of the last two is selected by the

student) are set out in separate blocks of material and integration,

wherE it occurs, is in the hands of the teacher.

would like to emphasize that in trying to provid

science course at the senior le el in

do something that is very difficulty - some would say it is

imPossible. I do not intend to underestimate the difficulties

we have faced and if you read the daily papers you will already be

aware of some of the problèm8 that have:been experienced with these

senior science courses. I do not intend to defend the course s

ley exist at the moment andin this evaluation I shall be reoCun

soMe-cif the specifie criticisms Madel_by-teachers_of_these-colirse

at least the leVel 2 co--ses which thve9 mo6t heavily under at ack.i
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Some of these criticisms come from a detailed survey conduc ed by

the N.S.W. Department of Education in 1967 which sought the opinions

of teachers who were involved in teaching the level 2 courses at

that time. In spite of the difficulties that have been experienc

I would defend the desirability of teaching biology within the

overall framework of a course in science in the senior years at

school.

Because of the unique character of these courses I have chosen

to evaluate them firstly in terms of the philosophy or idea embodied

in teaching biology as a component of a course rather than as a self-

contained course and secondly in terms of the nature of the biology

component considered as a course. Thirdly I have seen fit to

include some comments on the future possibilities of tea hi

biology in a composite framework, in view of the fa t that in N.S.W.

t the moment the senior course in a state of flux. :It is

proposed to introduce trial courses into some sthools next year

one of these will be a new multistrand science course. In addition

separate courses in physics, chemistry, biology and geology will

be trialled.

Philosop teaching biology as a component of a course rather

than as a self ntained course.

One very important feature of the present arrangement is that

the majority students studying science at senior level study some

biology. Personally I think this is a very good thing. The only

students who do not study ,some bielogY are tho2e who elect the

ology component in prefer n e he biologY component in the



level 2 courses and this is a c mparatively small number. If I

were designing a course in science for senior years my elf I would

design one that haa biology as an essential component. I believe

there are urgent and compelling reasons why biology should be

considered an essential component of all school science courses.

Some of the reasons have been made very clear in discussions at

this conference.

You might well ask whether students like being forced to study

biology in a science course structured in this way. In the survey

I mentioned earlier biology in terms of its popularity ranked

highest followed by chemistry, physics and geology in that order.

I think there may be some evidence to show that biology studied

in this framework has done a disservice to physics and chemistry!

Certainly the interest and involvement of students in the biology

section has been most significant in spite of the deficiencies

in the biology content selected as I shall point out later.

One of the problems we face in choosing to teach biology as

part of a course is a limitation in terms of the actual time given

for teaching it If you think of the figures given in the status

report you will realize that the time allocated to biology in each

f the courses is as follows-

level 3 - approx. 2 periods per week

level 23

level 2F

level 1 2 periods per week

1.2 periods per week

1 8 periods per week

151



I do not mean to suggest that the biology component is strictly

t eated in the number of periods each week that I have given above.

Ideally the material is treated in blocks of time. The figures

given above are merely an indication of the relative amount of time

that is allocated to the teach_ of the biology component The

greatest amount of biology is taken by the student who takes level

and therefore level 2Y as well - he gets a total 3 8 periods of

of biology per week. The point I am trying to emphasize is that

when biology is taught in this framework there is necessarily a

limitation imposed in terms of the time available for the teaching

of biology. This does not mean however that it is impossible to

teach biology In less time but It does mean a careful selection of

appropriate content on the part of those who construct the syllabus.

A number of advantages accrue from teaching biology in this way.

I have already mentioned the large numbers of students studying

some biology. What is most significant Is that this nuMber includes

a hi h proportion of very able students who under pr vi us systems

would have studied physics and chemistry only. This means that so e

of the best students in science are stud,ying biology at level 2F

d level I. The less able student however has not been sacrificed

for the level 3 course is p ovided for him, as well as the student

who is perhap

wishes t

more interested ir the humanities but who still

science., subject. Biology in the past was 7ore.-often

taken by girls r the less able student. It was often regarded

as oft opti n. It is interesting now to see the number of boy

who are,studyang level biology but they a-

xpense of preparation in physics and chemistry.

I 152
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Science taught in this framework emphasizes the similarities

between the different branches of science rather than their differences.

Biology depends heavily on physics and chemistry. Take for example

the subject of cellular biology which requires a basis of chemistry

for its proper understanding. When a student gets to this section

of the biology component he has already covered the necessary

material in the chemistry compone t. What he has lea Tit in one part

of his science course prepares him for study in another area.

agree with other speakers who have expressed the sentiment

that scho 1 courses should not be considered preparatory for

university study. Biology has always been a natural subject for

capturing the interest of a student, even when it was tau ht in

the bad old way". But what happens to your student who has be n

captivated by his study of biology over two years and then decides

that he would like to follow it up by further study at a university,

only to discover that this is either impossible or else extremely

difficult because further study demands a knowledge of phyios and

chemistry he does not have? I believe we do him a disselvic by

failing to prepare him in this way. The student who goes on to study

nce at a university is better prepared if he has studied physics

and chemistry. A student studying biology as well, demands a school

course in senior:years, if It has to include all three sciences as

separate subjects that is far too heavily biased in s ience especially

if, as is likely, adequate preparation in mathematics is required

as well. In our level 2F science bourse the student is prepared in

physics and chemistry with some biology and if he takes level 2F
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mathematics as well he is g±ven credit of three subjects for the

purposes of matriculation. This I believe provides adequate

preparation for the student who requires It while at the sa e time

avoiding undue specialization.

There are certail-qy disadvantages in teaching biology in a

composite framework. This would appear to be so for a student

wishing to study biology as a subject without having to study

physics and chemistry. When these courses were first int oduced

into N.S.W. schools in 1966 some r=hoo16pan icked believing that

many girls would not be able to succeed in them because of the

compulsory physics and chemistry components. Some seized upon the

idea of offering agriculture as an alternative course with the

rather surprising result that this subject was introduced into a

number of cIty girls' schools. I am not criticising this course

as a course in agriculture but I doubt If it was ever intended

be a substitute for a biology course as we know it. Ekperience

has shown that when a study of physics and chemistry iS tempered

by adding a tr atment of biology to it, many students almost to

their surprise have be n able to achie.ve a. satisfactory standard.

over the whole course.

One difficulty which has b en very real is the question of who

t a hes the courses. In all instances I know of o the level 3 course

is taught by one-teaCher and this works well'. How the level 2 courses

ht depends Ire rgely on the_ school and the staff that is

available. Ideal],Y 1 'believe eacheeourae should be taught by one

54
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eacher. In many cases however it is not When these cours s are

taught by a number of teachers the courses are rather fragmented.

Teacher competencies should. be exploited to the full but often the

specialist in one area better uses his skills and special preparation

to help another teacher less well prepared in that area. Where

this has occurr d in a school, eventually an integrated science

teacher has emerged. I do not believe in forcing teachers to teach

courses they do not feel competent to take, but with help and

encouragement over time and with the right type of inservice courses

available a teacher can equip himself outside his spe lal training

t the university. In Australia we seem to place too much emphasis

on the initial training of the teacher _ oring the real benefit

of subsequent training through experience and inservice courses.

Some schools have adopted approaches involving team teaching while

still encouraging teachers to teach across disciplines. Nevertheless

in N.S.W. I believe vie have not tackled the problem of the preparati n

of an Integrated science teacher at the preservice level and I

think there i n ed for very clear thinking and co operative

teacher ed.ucators "In scion e:and...-the-schoola

'Nature of the biolo ôomiOnent Considered a a course

-already mentioned the

-i,TOPO404-103rtie in selecting ..aPproPriateCdn. u might.-*e11:-

ask,: criteria were used in selecting bio1o&rcontent for these

urses.

The aita of the l vel .3: course as stated in the syllabus is
_

provide a deeper understanding of man's place.in nature.ana the



impact of science on man and his cult

1 5

. The biology conhaub

sele tea was in terms of its relevance to this general aim. Thus

topic 4. which includes most of the biology describes "the story

f evolution, especially the evolution of man; considers the

adaptive diversity of living things throughout the surface layers

of the planet and gives some explanation of evolution through an

understanding of genetics."

The selection of biology content for the level 2 course was

much more difficult. Az is pointed out in the introduction to

the biology section of the level 2 syllabuses "the plethora of

facts in m dern biology makes a severe sele tion of topics

necessary. Those select d refle t both the nature of investigati ns

into problems of biology and, som thing of the great revolution

that biol gy is now undergoing, probably the greatest in its history."

The level 1 course includes material that grew out from the level

2F material arid. intenzified the g neral treatment of topics Bele ted

on the basis of the criteria just outlined.

As far as the level 2 co onterned the s le tion of

content should have been even more drastic than it was. In the

urvey I have mentioned, it was reported that 8 of the biology

items we e taught withoutbeingassociated. with practical work.

Tea hers gpve two reasons for this - firstly, insufficient time

e to the need for covering too much material and secondly, the

nature of the material selected did not lend itself to appropriate

experimental work a he sehool level. The

been that the material ,has been tr6

onsequence-of this

11-too theoretically with

little involvement of the studentin sa,tiafactor 2 practical exp érience
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This empha need for defining the aims of a course

more clearly. If an am is to provide opportunity for students to

discover th. igs for theinelves through practical exercises, the

content selected must be such as to make the achievement of this

aim possible. Because our aim was to provide an up-to-date biology

course, it of necessity resulted in selecting mat rial that seemingly

could only be treated theoretically in schools

Some further results of the survey are worth mentionin

fields of biology and geology were taught by a significantly

higher proportion of unqualified teachers

in general, in the course as a whole the least popular i ems

were those containing material new to the schools

Comments by teache s recorded -

a very interesting cou se.

too theoretical for se ondary pupils, not enough practical work

to sustain interest.

the biology course is disappointing because of the scarcity

of suitable practical work.

practical work took too mutlh

syllabus is far too tull.

These comments I believe, reflect two weaknesses in the level

course inclusion of too mudh content and the failure of that

selected to allow satisfaotory pract iences for students.

possibilities of teaching biology within a composite

course

ime.

Whatever else has eventuated-in N.S.W. from our attempts to pu

I 157
biolor into a composite science cour e one thing has emerged that
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is very significant It is the general agreement not only amongst

biologists but amongst physcits and chemists as well that biology

has earned a place in a composite science course equal to that of

physics and chemistry. Thus in prelimirary discussions in the

new multistrand science course to be introduced next year in

certain schools, it has been agreed that in this course of 12

periods per week, physics, chemistry and biology (or geolcgy)

should each have an equal time allocation. In terms of future

planning then, we now have to think in terms of preparing a biology

component which has a time allocation of 4 periods per week. With

clearly defined aims and this longer time available there is an

opportunity to prepare a course which I believe will intere t and

challenge pupils a d teachers alike.

It is unfortunate that in Australia while we hear so much about

the American science curricula like B.S.C.S. biology, CHEM Study

Chemistry, Harvard Project Physics etc hear so little

about other important curricula in the American scene. One

these is the Portland Project which provides a curriculum in

integrated science for the last three years of hi sohool_ The

first project attempted an integration of physics and chemistry only,

but encouraged by it_ su oesd then atteMPted another course with

the integratiOn of IalYsi so mistry and biology. While I do

not see the ,Portland Projectas the ultimate in integrated science

programmes I 'believe it does point a wAy to going about integration.

Another curriculum op rating locally 'n the Monona GroVe High School,

Wisconsin, approaches integration in an entirely different way by

looking at some of the "big ideas" or concepts in science and then
/



developing a course in science through these Ideas. The diversity

of programmes in the United Stater has shown that there are many

ways to go about Integration. In N.S.W. we have only just started

in attempting to teach science in this way at the senior level,



AN EVALUATION OF SENIOR ZOOLOGY ru QUEENSLAND

W. Stephenson

Zoology in Queensland. is a two year course at the end of which

an external examination set by the University acts both as a

leaving and matriculation exammnation on the basis of points gained

on a seven point scale, a seven being the highesz level pass. The

Zoology course is taken by most students after three years of a

Junior Science course Intermediate) during which a considerable

amount of Biology is included as part of Science A.

The Syllabus

The syllabus covers a broad range of topics in considerable

depth. Zoology is by no means hard but it is buJJj and. demands a

considerable amount of knowledge (useful or otherwise) being amassed

by the students. A synopsis of the syllabus is as follows

Introduction: Characteristics of living things as a whole.

Plants vs animals. Concepts of metabolism. Taxonomy brieniy

Cells and ti sues: Punctions of o ganelles. Main types

of tisuos.

Invertebrates: Stress s" of the main phyla with

considerable reference to local species.

Vertebrates: Amphioxus, shark, frog and mammal in detail

the theme being conquest of the te restrial environment and

olution.

Ge tics: DNA, genes, mitosis and. melosis, mono and

dihybrid crosses, blendi 0-i
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Evolution: Evidence for and theories of evolution and the

ev lution of man

Ecology: Continuation of Junior Science work

Animals in relation to man: Pe ts, para ites domestic

animals, poisonous animals. Conservation.

There is no fixed order of approach. This is left to the teacher

and can be -varied each year. (This avoids the problem of falling

into a rut) The course is not of the group orientated discovery

type but this can be incorporated into the course where possible.

Practical work is suggested but this is by no means self-limiting

and where possible, instructive and enjoyable extra practical work

can be attempted. In the past, teachers in Queensland have been

loath to do much practical work on animals, perhaps because of lack

f facilities, or suitable training or intere t. teachers

are forced Into teadhing Zoology because there is no one else

available Practical work is directly examined, This involves

photographs of animals, sections, dissections etc Practical books

-ve to be submitted to the Senior examiner an laboratories have

to be inspeeted. Questions are often biased t wardS: practical work

"in the mammal you dissected, demonstrate where..
'

0 0 0

Unfortunately students occasionally crwybe Homo sapiens one wond rs

who, where and how? Ecursaon wo

Indirectly U. your excursion..

such questions 'c uld be easily bluffed).

often examined direct

amp ot however t

A text is uggested: "oology for Senior Forms by Stephenson,

Bleakly, Endean, Thompson and Kikkawa. Any suitable text could be

used. A discussion of the textbook itself will be given later.
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There is a small sect' n on conservation which is especially relevant

in Queensland at the moment. Most students are avid conservationists*

many of mine belonging to local societies. The course, especially

in the invertebrate section, is written for local animals and this

overcomes the problem of students applying structures of "foreign"

species to the wrong animals e.g. confusing different genera of

earthworms. The problem of rote learning (in excess) is probab3y

one of the worst facets of the Zoolor course as it exsits- however,

there is generally an underlying theme or story. For example, no

one would expect a student to learn off the cranial nerves of a

shark but if these nerves are grouped into similar types and a

reasonable dissection done, the problem is lessened. I fe l that

there should be more stress on man as an animal (I realise that man

can not be dissected and the rat can, but to base the bulk of mammals

on the rat just because it is available for dissection is not

necessary. ) There is little on marsupial the Great Barrier Reef,

animal behaviour etc. , all of which I consider to be very important

Marine Biology as a whole i tere ts students in Queensland.

Further, the syllabus does not cater for weaker students who easily

become snowed under early on and can t see the wood for the trees.

The course as it exists gives students no idea of what a controlled

xperiment is or how to make use of keys, skills which are very basic

to any life scientist There are many areas where the syllabus

can be improved; as it exists it has many deficiencies which can

be rectified by good teaching methods and a tt1lbett interpretation

f the syllabus.

162
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Student NuMbers

It is fairly obvious from figure 1 that Zool gy has a healthy

growth rate, especially when compared with Botany and Physiology

in the past. Student numbers in Zoology got a considerable boost

after the introduction of Biology in the Junior science A course

in 1964. Reasons for the low popularity of Botany and Physiology

are not obvious but I could make some guesses viz (a) boys at least

are probably pore orientated towards animals perhaps considering

plants beneath their dignity (a p ty and easily re tified);

(b) a lack of qualified teachers - the Physiology course for Senior

was exceptionally tough and failure rates were high. This tended

to turn students and teachers away from the subject; ( ) Physiology

as a subject is not offered at the first year University level,

thus eliminating many potential teachers. (Zoology I is a fairly

adequate background for the teaching of Senior Zoology although it

lacks method knowledge required for practical work.)

B.S.C.S. has reduced the number of students and teachers in

Zoology and will continue to do so the level at whi h the decline

in Zoology will halt can only be guessed - I suspect about 1000

candidates. Zoology is the most popular s lence subject after Maths I

Chemistry and Physics. With the relaxation in prerequisites for

matriculation in Science Zoology would become even more popular.

The Problem of Making Zoology Attra ive

The first step would be to change the syllabus along the lines I

have suggested. (I don't know If other teachers would approve of py

suggestions totally, but most would agree in part.) Practical work

168
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must be increased well above the present minimum level and must be

made attractive and varied; this could lead to the development

of attitudes and techniques at the expense of rote learning.

Frequent field trips are necessary. In this light, our school

is building a field station on an island close to Brisbane.

The University has a field station at Dunwich on Stradbroke Island

which it makes available to all schools for Biology excursions.

Unfortunately this has led to problems of depletion of local

environments due to overcollecting.

Examinations

Two 2 hour papers are set. Paper I is an essay (extended

response) section. A choice of 14 out of 7 questions is given.

Paper II is totally compulsory containing 24- short questions to be

answered in about 10 lines each, and a section which dire tly

examines practical work. Almost all questions are of the knowledge

type, often on fairly minor details rather than overall concepts

e.g. "what are the main phases in a ical oestruc cycle", "gi

four characteri tics of all enzymes", and what is meant by fixation

as applied to histological preparations' I might hasten to add

that when a good question is set which involves skills in the higher

domain, all the students fail and the teachers complains

Text Book

The recommended text is "Zoology for Senior Forms" (Stephenson

et al.) The text is the only one written specifically for the cou

but there are many other useful and recommended texts. On the

whole the text can do with considerable improvement; the diagrams

1 6 4
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are often confusing and difficult to interpret, being either too

simple or too complex. The whole book is in black and Ihite which

does little to motivate students - animals are particularly suitable

for coloured photos. For the average student, the text is not easy

to read although this does not apply to all sections. It would be

handy if after each section there were some questions or places where

student response could be tabulated (pe haps a companion guide would

be suitable). A text must be attractive and stimulating if it is

to be read for any reason other than for passing exams. Teachers

should have had a say in compiling the text befo e it was produced.

Student Response and Criticisms

We are concerned with educating young people and their education

and enthusiasm are more Important than the subject itself (I prefer

to think I am teaching boys Zoology rather than Zoology to boys)

EV ry year I do attitude tests among my own stuaents and try to vary

my approach, methods etc. In the light of their criticism. This

makes the student feel that they have a say in how things are run.

For example, if a suggestion is made that they would like to see what

the motor end plate of a neuromuscular joint looks like, I will buy

slides of this, and, I hasten to add, remind them that this is some-

thing they wanted to look at and it has been provided. I do not pretend

that my attitude tes e good' or representative but the results

of some of these tests are given below.

Why do students take Zoology in the first place?

M ny students take Zoology because they want to take a Univer

course which involves Z ()logy 6.g. Medi

165
ricultural Scien
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Veterinaxy Science etc.

Many are interested in animals as a hobby and want to le-:n

more about them

Some- of course take Zoology as a sixth subject because

they have failed in Maths or Scienc- B at the Junior level.

What have students got out of Zoolo

Most, find it interesting. They can learn a lot about the

sorts of things they see around them and a lot about themselves.

Students enjoy the field trips both academically and socially.

(iii ) Some like Zoology because it is not "cut and dried". Many

enj y the rave sessions when we have a free for all

discussion on anything vaguely zoological.

UnfortunatelTo some students say they get nothing out of

Zoology at all, but I suspect that these students get nothing

out of anything.

How could zoology be improved?

Some general student critiox

Less rote learning

Open book exams

More appealing te± with colour plates

e field trips

work on familiar animals esp alally man

(v1) Perfum d air punped through the laboratoxy .

Liason between Ex PS and Teachers

Annual examine s meetings

as a whole

re held for the discussion of the papers

nd the spread of results. After this individual

examiners criticisms are given to teachers so that their teachin

1
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m thods can be improved and misconceptions can be ironed out.

Comments are also available on the general standard of the

practical books collected as a sample

Teachers have a say in what altenations should be made to the

course content. So far, this has been done in a very minor

way. If the examiner took notice of every suggested deletion,

the course would read "Zoology is the study of animals nd

wouldn't be sure of that.

Vacation schools have been planned but haven't eventuated

through no fault of the examiners.

EVening classes are held in higher levels of Zoology at the

University to gave teachers and others an opportunity to get

a degree and more knowledge.

Members of the University staff 1/ pect laboratories and give

general advice.

6. Teaching materials are lent by the Universi to responsible

teachers e.g. sampling apparatus colle ting materials etc.

University staff visit country centres demons rating suitable

methods for particular parts of the course.

The University Is keen to perpetuate Zo logy and it is the fault of

the teachers if they do not make use of the help a ailable to them.

The Future of Zoology in Queensland

Zoology as such will continue indefinitely in Queensland.

I have already sugge tea,

the effect cf B.S.C.S

be of considerable

te cher and student numbers will drop due to

endatien0:ef 'the Radford-COmmittee.

Teacheri then be able to design.
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their own course_ and examine internally. I do not p etend that

designing a suitable syllabus will be easy. As a general comment

the sort of approach I think i required is:-

(i) To list the aims of Zoology teaching (this is fairly easy to

do.)

(ii ) To suggest the best possible method of attaining the_e aims

(not easy at all)

believe that the best type of course would be one where the student

rather than the teacher is active, where students learn from their

own observations draw their own conclusions and improv_ their own

methods. I do not belie70-14owever, that a teacher can expect eve_
_

thing from the students ,.nd think that he should feel free to make

suggestions and throw spanners in the works so longas this is not too

often or too obvious.

Both Zoology and B.S.C.S. in Queensland are good courses in their

own right but will be good only if they are taught by dedicated,

enthusiastic teachers.
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AN EVALUATION OP THE PILOT COURSE

1NT LEAVING HUMAN BIOLOGY IN W.A.

N. Katavatis.

167,

I wish to point out that the statements I make are not my own

ideas entirely, but the ideas of the teachers actually teaching

this subject. I prepared a 25 item, 3 page questionnaire which I

sent off to 26 people. Seventeen of these were returned fully

completed. This was an excellent response considering that only

about a dozen or so schools are pa ticipating in our "pilot

course". At this ra;;e I feel I am able to speak on behalf of the

Human Biology teachers of Western Australia.

I will attempt to elucidate on this course and assess the strengths

and weaknesses of Human Biology as currently given in W.A.

Therefore, this talk will be divided into four

The origin and brief history of the course

The strengths and weaknesses of the course.

Teacher training for this course.

SummaI3r.

parts

In the latter part of 1968, Professor Allbrook initia ed

the Human Biology course, by preparing a syllabus for the Publi

:Examinations Board of W.A, and the P.E.B.. in turn authorized the

holding of an

wishing

xamanation at Leaving level in 1970 for those schools

participate a 'pilot schools". The subject was offered

170
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as an alternative to Leaving Physiology and Hygiene P. & H. is not

a matriculation ubject.) An in-service course was arransed by the

Adult Education people for January, 19690 and in due course a copy

of the syllabus and an invitation to the in-service course was sent

out to all secondary schools.

The first in-service conference was fairly well attended and

apparently quite succes ful. However, the outcome was that only 9

government schools and a few independent schools decided to pa ticipate

and commen ed teaching Human Biology at sub-Leaving level. Now in

1970, the pilot schools have Leaving classes and so the first Leaving

Human Biology exam will be conducted at the end of this year.

Unfortunately, the total number of students that will be sitting is

small, therefore, it is unlikely that any valid information will

be obtained with regard to the impact and value of this course as

a biological science subject. The implication is that the experimental

population should have been larger.

Stren hs and weaknesses of the course,

The teacher- involved in this experimental course are very

enthusiastic. They feel Human Biology is a subje t for p_x_tm s uAent.

As indicated in the outline, for practical purposes the course may

be divided into two parts

(a) a study of man

(b) a study -f man in his environment, but the whole -t ength

of this course lies in its ability to draw these two parts into one.

Human Biology is a study of men rather than man.

If a good balance is maintained between these two, the course tends

to link the sciences to the humaniti/es and this will lead to self
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awareness, and to a deeper knowledge of man, of man's responsibilities

towards himself, t wards his fellow man and towards his environment.

This should make for a better world and a better future for the

human race. The aim of the syllabus is to present the modern concepts

of man's interaction Nith his environment and this promotes a modern

dynamic approach to the study of man.

The first part of the course includes familiar topics such as the

chemistry of living mr,tter, the biology of cells, the structure and

fun tion of the organs, genetics and the life cycle of man. These

topics involve a fiarly detailed study of the anatomy and physiology

of man. Thus, physiology is a maj r part of this course and is

designed to enlighten young people, to give them a b oad, sound knowledge

of the human body. This part of the course facilitates communication in

adult life;

an understanding of reproduction, embryonic development childbirth,

indeed a scientific approach to sex education within the context of

the cou se;

an appreciation of the changes which occur in growth, from birth to

adulthood - both physical and psychological; Pube ty changes and

the problems of adolescence;

responsible understanding of individual differences and sex

differences

an appreciation of future achievements in medical science.

P ople in this modern age are still very naive about the

mechanisms of their own bodies. Thus the importance of the study of man

overstressed.cannot be

The second part of the course mncludes the following topics and

172
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these have been numbered. according to the syllabus.

(6) The ori

To develop this topic an absorbing study of the Primates has been

included. This constitutes a fascinating study, hitherto completely

negl cted in schools. Briefly the primates are classified and then

specific examples are taken and studied for their physical and simple

behavioural characteristics.

Generally such headings as Locations Locomotion, Anatomical Features

( .g. Brain size, hand shape and relative limb si e Adaptation,

Feeding Habits and Social Behaviour are used.

reference books, magazine articles, 16in the classroo films

and 35 trim coloured slides are used to introduce this work.

Then for field work the specimens at the Zoo are studied.

Individual behaviour and social patterns are observed. This wo k is

closely supervised and folloWs the observational methods recommended

by the Director of the Zoo, Mr. Spence, who is a primatolo4zist of note.

Also, the study of fossil _._ in luded in this ,topic. This

constitutes an absorbing and fasci ting study for both the teacher

and the student . The other topics are

(7) Variations between men.

(8) Scientifiic study of man s ecology.

(9) Mental, bodily and community health.

The former two may be considered by some as Social Studies topics,

but the scientific treatment of them certainly brings them within the

s ope of this course.

These topics will help le student Is

the fact that he will develep bett

better understanding of peoples o

hool" lif

he world and knowledge of manes
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place in his environment. Topical issues such as conservation, water

and air pollution birth control, abortion, promiscuous behaviour, drugs

and alcohol, smoking, racial problems are all relevant and important

this course. The consequence of such studies is that the student is

beginning to take a voluntary interest in T.V. programmes and newspaper

reports relating to these subje ts. Some English teachers have even

reported that English expression has improv d among3t those students

who are doing Human Biol

The syllabus covers most aspects of Human Biology, It indicates that

most sections may be tauPht at an elementary level, without going into too

much depth at apy one print and that there is scope for a teacher to

increase

point of

of terms

topic-

the depth to which any given topic is taken. From the teache--

view the syllabus is too extensive. There is a certain vagueness

which may lead a teacher to devote too much time to a particular

t the expense of other more basic topics. No doubt this

difficulty will be overcome in time. However, at this time, the teachers

of Human Biology do need direction and guidance as to which aspects

of the course are basic and therefore require greater attention. This

could follow the pattern of the 'w b of life" course which clearly

indicates the basic topics. But, on the other hand too much direction

maybe a definite hindrance to the development of this subject, which

arouses one s enthusiasm, by virtue of Its vast scope and -possibilities

as a subject which catches the inte est of students of all levels of

intellectual ability and curiosity. Further, the syL'abus states that "In

general the opportunity is given for students to use the scientific methods

f observation and deducation even if they are not scientists". As a

174
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matter of fact it may be better to play down th, study of scientific

methods and laboratory techniques in Human Biology.

Of general 'nterest to all science teachers is the question of

whether all science courses should be geared. to the study of

sci ntific method should every brnnch of science have the philosophy

of science or the logic of science as one of its major aims? Maybe

it should be reserved for phy ics and chemistry which are pure sciences

and pre-requisites for the biological or applied sciences; or maybe

scientific method should be taught to the brighter students only as

a separate subje t which may encompass the science subjects they

may be studying. Too much emphasis on scientific method is apt to

dampen the enthusiasm of the weaker student for any science course.

The major weakness of the Human Biology course is that there

is not enough time to develop it to the ext nt necess ry to make

the students of today well-educated, adaptable, tolerant citizens

of tome_ ol as vell as giving them the nee seary detail on the

physiology of their own bodies.

Teacher Traininr

Two conferences have been conducted by the Adult Education

Board. These were very successful. The background information supplied

was valuable. There was a certain reluctance on the part of the

le t_ ers to state precisely what is required at this level.

Regular meetings are held. These are useful for comparing

.7,pproaches and progress made. A sub-committee has been set up to

assist the chief examiner in maki_g up suitable examination questions.

One of the satisfying outcomes of these meetings is the fact that the

7 5
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Public Examinations Board. has been persuaded to depart from the

traditional method of assessing candidates by a solitary three hour

.
exam It has agreed to allow the teachers to assess 24-Cf?.) of the

candidates' Leaving Examination mark.

It is inevitable that teachers of any new subject will complain

and c iticize, and teachers of Human Biology are no exception.

Certainly teachers in the Thilot chools" have complains and teachers

who take this subject for the first time in the future will complain

about many thing

lack of assistance and guidance

shortage of equipment teaching aids etc.

innccessibility cf places to visit - zoo, museum etc.

the absence of one text book to cover the whole course (It is far

better to use the library extensively than to rely on one text

book.)

But surel,y the hallmark of a good teacher is his willingness to

take up the challenge of a new syllabus, such as this one - to prepare

materials to attend me :inza and conferences, to exchange materials

and ideas with others. These effcvLs can only result in a feeling

of achievement. And of course, there is always the possibility that

some of this zeal and industry may be reflected in his students' work.

Summar

Briefly, an attenpt has been made to evaluate Human Biology

from the teachers' viewpoint. It is a rewarding and worthwhile

subject. It is an education for a new mudern society. it is a subject

of the utmost importance, especially at a time when the whole world is

17E3
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stirring and awakening to the danger of alloAng oar environment

to be polluted at, what the experts call, a terrifying rate. And

pollution is not our only problem. There are many problems which

need immediate attention if man is to survive on this earth.

I
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SECTION IV

BACKGROUND PAPERS

Node n biology teaching techniques, in common with those

of the other science di ciplines, emphasize discussion methods

and labo tory experience. In additIon, much attention is

given to the nature of the inquiry pr cesses in science. To

nssist conference members in their Oiscussions, background

papers reviewing the current literatire on the topics were

commissioned by the orgnisIng committee . These papers were

not formally re a but were distributed at the commencement

of the conference for parti nts' inf tion.

The major conclu ion, that can be drawn from these reviews

is that "more research is n ded": there is no consistent

e- dence that the use of the laboratory or many of the "inquiry

techniques" results in students attaining the abilities that the

techniques are designed to give, and little of the evidence

available on the use of discussion as a teachl-

been obtained from the school classrooms.

technique has

S me of the ambig ity is a result of poor experimental_

design, but even in the best designed studies it is extremely

difficult to control all extraneous variables when comparing two

or more teaching techniques, This problem is referred to by

both Atkinson and Johnson.

Asecond common difficulty faced -hen reading the research

literature is menticned by Lucas: the imprecIse terminology makes

it difficult to c mpare different studies. One man "discovery

S
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le. ni another zuided-dis very" or, even, "inquiry

trcdning

A third important difficulty that occurs when_ eading the results

of educational experi ents is one of gener lizability: is it valid

to wctrapclate the results of a well-controlled reproducible study

concerning, say, the aorth of -laboratory instructinn in senior

hi h school chemistry in the United States to a junior secondary

school biology class in Tasmania when the cultural ba kground,

educational system and the pupils' stage of concept development

may all differ. These limitations need to be kept in mind when

the three reviews are reads

Although there are only a few immediately applicable

conclusions that can be drawn from the e reviais, they are a useful

summary of the current research and will dispel many of the glib

assumptions often made when te. hing technique are discussed.
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TffE VAIIIE OF LABORATORY WORK TO THE TEACHING OF SCU:NCE

IN GEP:ERAII AND BIOLOGY IN PARTICULAR - A LIURATDRE

REITLE

JOHN M. ATKINSON

"The laboratory is where the work of science is done,

where its spirit lives within the persons who work

there, where its methods are transmitted from one

generation to the next. One does not really learn

science from books; one learns science.by- asking nsture

the right questions. And. the labo atory.is the place

where one learns most readily what questions can be

asked fruitfully, and how they must be put. It is where

one learns why science insists on pre ise measurements,

accurate observations and concisene a and clarity in

communication."

This state_ent by Bentley Glass (9 ) is representative of the view

taken by most recent and current writers about the place of the laboratory

in the teching of the sciences. Authors of _ ience method texts 10,2

28,29,32,33) place strong emphasis upon the importance of laboratory

activity for.the attainment of generally-agreed objectives of science

teach' g ,and those responsible for the "avalanche" of contemporary

science curriculum projects babe their courses heavily upon assumptions

of.educational benefits accruing from such activity.
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Information about the history of laboratory usage in Aust alian

science courses appears to be s a ce but it can fairly safely be

assumed that it has reasonably paralleled the situation in the U.S.A.

This has been described by Hurd (11).

In the U.S laboratory work was sometimes included in those science

courses that existed in the 18th and 19th Centuries but it was not until

the latter part of the 19th Century that the laboratory really came into

prominence. The g owth in the use of the laboratory at this time stemmea

largely from the 'mental discipline" theory of psychological development,

by which labolatory work was seen as providing excellent t aining in

observation, will-power and memory. (11, p. 18). Laboratory work in

the biological s iences concentrated on morphology, whilst in the physical

sciences students performed xp imonts which purpo t d to "verify" the

laws of physics and chemistry. (Suna and Trowbridge 32), p.90, note

that nely fifty per cent of the one hundred or more exercises in

physics ana chemistry which were prescribed in 1886 by Harvard University

for performance by intending entrants were still retained in the courses

of study of secondary schools sixty years later)

During the decades that follov d intermittent recommendations for

a more truly experimental approach to the study of the scienc s came

from individuals and committees. Despite these suggestions the biology

curriculum committees which sprang into existence in the U.S. foll Ting

public recognition of the technological advances of the U.S.S.R.. (as

evidencea by the launching of the "Sputniks in the fiftie still found

passive observation of dead organisms typical of laboratory work in the

subject.

181
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In Australian schools, until the last few years (and risht up to

the present in some cases ) laboratory work was commonly isolated out from

the re t of the course in any science as "practical work", often bearing

little or no relationship to the theory" currently being -tudied.

In the last decade or so sci nee educators in many countries have

adopted courses with major objectives in both "content" and "p o ess'

dimensions. In an effort to grapple with the educational problems

occa ioned by the vast expan ion of scientific knowledge and the rapidity

with which this knowledge changes, attempts have been made to identify

the fundamental principles which form the underlying conceptual framework

of the sciences, and to base content upon these principles. There has

also been a recognition that to cope with the impermanence of the

present state of scientific knowledge the student mnst have a real under-

standing of the ways in which scientific knowledge is acquired and

modified that is of the methodologies of the scientist. Thus the

pre ent trend is towards an "inquiry" approach centred on the laboratory,

on the assumption that the student will most readily come to an under-

standing of the processes of sci nce by iencing" himself.

In a tempting to evaluate the importance of laboratory vork to the

attainment of science teaching objectives there are many questions one

might ask. Some are:

1. Is laboratory work in itself essential for achieving certain objectives?

2. Is laboratory work the most appropriate way of providing exp rien

essential to the attainment of certain objectives?

What type(s) of laboratory work e most effective in aehlevin

desired outeomes?

2
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There are two ways in which one can attempt to answer such questions.

The first is by reasoned argument based upon a combination of experience

and intuition and much of the present rationale for laboratory work

rests upon such a basis. The argument for laboratory work as a means

of familiarising the student with the process of science has been outlined

above. Claims vhich can be argued for laboratory work include the

followin

) Science is obse vational and expe e al - science courses should

reflect this.

) Laboratory work is a major source of motivation for the student.

(iii ) Laboratory manipulative skills can. only be learnt by actually

practising them.

Laboratory work enables the student to bridge the gap b tween

abstraction and physical reality.

Concopta are developed to greater depth as a result of laboratory

work.

The scientist in each of us recognises the part played by experience

and intuition in problem solving, but looks for more concrete evidence

before even tatively accepting or rejecting a proposition.

The second way of looking for answers to our questions about

laboratory work then is to examine research evidence.. At first sight

this would appear to be the most likely approach, but to date 't has not

been highly successful in providing firm answers. As will become

apparent the difficulties of research in such an area are considerable

and research has been limited.



Remarking on the tr_ d to make laboratory experiences central to

instructional procedures in science, Ramsay and Howe (27) point out

that "direct research on what these experiences should be how they

should be organised, and where they function best, is indeed meagre.

Comments of a similar nature appear in pra tically every available

review of research i this area, and in many research papers themselves.

Furthermore some of the most defensible research on this topic

has been carried out at t rtiary level, and the applicability of the

findings of these studies to science teaching in the, secondary sohool

is open to question in terms of stages of intellectual development.

Bradley (3) has attempted to review the research evidence in

order to make recommendations concerning the necessity or otherwise of

incluatne laboratory work in general education science courses at the

college level. Be reports an. earlier survey by Cunningham (6) of

thirty-four studies in the period 1930-46 and sugg -ts (p. 60) that the

results of these investigatio "justify the view that individual

laboratory method does perhaps develop laboratory resourcefulness ana

manipulation of laboratory materials better than the le ture-demonstration

method." The fact that this is all he could conclude is a little

di turbine, to say the least.

Bradley goes on to critically examine six studies (2,12,13 6,34,

35) concerned with the lecture-demonstration va.individual laboratory

method variable, four at college level, two at hi -school level.

Each of the six investigators concluded that the laboratory method

was superior in one or more respects: scientific attitudes and certain

abilities in problem solving for general education in biology (2);



instrumenthi situation, single measuring
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hniques and p oblems

involving apparatus (16 ) long-range comproherisi

students (34). exercise of individual differe es

n for high-ability

12); knowledge

,nd method of handling new problems ( 3); laboratory manipulative

and comprehension skills (35)

Likewise each inve tigator concluded that the l -t: e

demonstration method has ndvantages, particularly in regard to low-

level cognitive performance su h as recall of infor- tion.

_Again, most renorts contained conclusions contending that students

achieve equ lly well on criterion test3of various kinds irrespective

of treatment.

Bradley suggests 3, p. 65) that

"although most of the data seems valid, the diversity of

findings appears to cast some doubt on the validity of the

tests, the adequacy of controls of such factors as instructor

conditions, the use of small unrepresentative groups and no

ret l of experiments. The also seems to be no standard

lecture-domonstration or laboratory

rea ched by the various studies offe

and are scarcely definitive."

His final conclusiJns (p. 66 ,,,

ff

method. The conclusions

support 2or both methods

follows:

1) NO one method can be considered Superior in all

oases. The objectives of science teaching, the

ability level of the students, and the facilities

available should larg4Y determine the method used.

(2 ) Whe_e cost per stud nt is a _ major concern the

185
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leo±uxe-dcrnonstratin method seem.; to offer the best

:dvantages.

The problems of the lecture-demonstration method versus

some kind of laborat ry method still seem unsolved and

as complex as ever. It appears that there shoule be more

careful experimentation involving careful control of non-

experimental factors. More reliable testing is needed

before any definitive answer can be given."

In a study involving twenty biology classes ndomly selected

from four senior high schools :axteen teachers, Sorenson 31)

investigated the change in critical thinking (as measured on a number

of _
published tests ) in students studying two of the BSCS

Laboratory Blocks by a laboratory-centred method or, altern, tively,

lecture-demonstration method, He found significant gains in

critical thinking, understanding of science and dogmatism (

rather the avoidance of It ) in the laboratory-centred group,

but no significant change in the lecture-demon-tration group.

Atkin and Burnett (1) in a review of science education refer to

the work of Kruglak in a nuMber of investigations into the results

of instruction in college,phys _s employing individual laboratory

work, demonstrations, or neither (14 - 19). Atkin and Burnett

comment on the excellence of Kruglak's resea ch designs and suggest

(p. 1197) that

"the fact that, as whole, little difference in learning

(except for laboratory skills) seems to result from the

instructional approaches used may only indicate the
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complexity of research into methodology and the probable

existence of multiple and uncontrolled variables."

In view of the current _mpha is on the "process" approach to

science teaching and the accompanying tendency to view the laboratory

as the place where the student may most naturally be introduced

o the experimental method of problem solving, it not surprising

to find that a number of recent studies have attempted to

investgate the outcomes of different types of laboratory experien

Ramsay and Howe (27, p. 76) comment that studies by Charon 04.

iney (26) Mark (23) Marin (22 ) and Lennek (29) lend support to

the trend to provide "open-endedt1 laboratory activities in that they

indicate th-A "students can take a more - tive part in formulating

their exp rimental pro eaures without suffering any major

consequences in terms of achievement."

A study by Mont-gue (25), comparing nine experimental groups of

college freshmen chemistry studeribs experiencing open-ended experiments

with ni'rte control groups experiencing the customary labora ory manual

exp riments over a period of ten weeks found the experimental sroup

to perform significantly better in tests of both problem-solving in

a laboratory situation and critical thinking about everyday problems.

There have been many studies of this kind in the area of biology.

Mason 20 investigating the relative effectiveness of a "scientific-

thinking method and a descriptive method of teaching biology, found

that the laboratories of the two methods were equally effective with

respe.ct to the acqusition of fa tual information and the development

of scientific attitudes but the scientific-method approach was more

187
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e in teaching ortain abilities assocIated with scientific

in .

In another study Schcfler (30 ) compared ai inductive laboratory

approach to the teaching of genetics to freshmen biology students with

traditional lecture and illustrative laboratory approach. There

wore two experimental classes and two control classes. Each of the

two instructors involved took one experimental class and one control

class. In none of the mea ures employed (knowledge of geneti

understanding of science methodology interest in and attitudes to

science) was there a significant difference between the gainS of the

two groups. The fact that regardless of method, the students of

one instructor performed better than those of the other inst uctor

on the test of subject matter points again to the difficulty of

controlling the teacher variable in studies of this nature.

Coulter (5) has carried out a study employing two modes of

laboratory work in comparison with one mode of demonstration in ninth

grade biology. An inductive laboratory group designed, orrried- out

and Interpreted their own problem-solving experiments; an inductive

demonstration group was treated similarly with the exception that

the teacher performed as demonstrations the student-designed

experi ents; a deductive laboratory group was "taught" a principle

or eneralisation by the teacher, then given a designed activity

to substantiate cheek it. All groups were taken by the one

instructor and used the same course of stu4y. Coulter reported

no significant difforenees between groups other than that tudents

who performed experiments were more positive in their reaction towar
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instruction than those who watched de t tions" and that there

was "som- ndication of the induo ie approach being more conducive

to teaching aspects of scientific inquiry.

ent investigation by (36 ) attempted to control

some of 1;he vari bles which in past studies appeared not to have

been adequately controlled. Alaboratory group of Grade 8 students

performed fifty of fifty seven laboratory exercises in the BSGS

Blue Version individually or in groups. In the °demonstration

group" only one experimental set-up was employed for each exercise,

the experiment being performed by either the teacher or selected

students. (The teacher, however, zomet1me supplied conflicting data

for discussion). discussion group did not observe or perform

any of the exercises but discussed all of them as "second hand data."

All groups employed an inquiry approach and were similarly

ted with respect to factors such as class period ti es and lengths

lesson format, unit sequdnce, etc. The three teachers involved

were rotated betw en groups about every four weeks [ such a

trategem has little effect on the outcomes of instruction (7) ]

d a:re described as markedly similar In b ckg ound, philosophy

and technique.

No significant differences were found in a/1y dependent variable

other than laboratory skills.

The following comments which were made by the investigators

in discussing the r sults of the study are quoted at some length

as they may be of conside able significance.
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autious about

insisting on laborat ry facilitie- and materials with the

Ider bhat these will insure deired outcomes or even a "good"

science program... This is not to say thr.t all labo -,tories

should be abandoned... In fact, (for) some teachers 'f not

mos10... it mr,y be easier to approach biulogy as inquiry with

actual work in the lrboratory by all students...

"The resul of this study indicate th t desirable outcomes

result in a science class even though the laboratory is limited.

If these results were verified with acme m.ta

[ mY emphasis] implications with all of the so-called

newer approaches to secondary science would be open to some

question since all utilize the laboratory as a central

activity for individual students. Perh ps instead of an

emphasis upon the laboratory per cc there should be an

emphasis upon the very nature of the scientific enterprise

which could or could not include the frequ nt use of the

laborat ry for every student...

"This stu4y also suggests that s ience curriculum workers might

well devote SOW time and effort to the structuring of some new

courses that -wild doemphasize the- labo-atory. For certain

students a verbal nonlaboratory) approach may be the bes4,, means

of stimulating them to understand and to appreciate science.

Some students (es,ectally at advanced levels) may find the

laboratory to be a waste of time and merely a means of slo ing

their pursuit o± new theories and concepts. The laboratory

190



188 .

certainly should not discourage creative work in science."

Yage--

considerable sophistication. It must be renfbered, however, that this

was but one study involving only sixty students and three teachers

and In one school - a very limited sample On which to base major

L. appear to have conducted their i-_vestigation with

decisic.ns. Furthermore, in virtually all of the studies which'

have been considered, immccliate outcomes have been the only ones

investigated. It wonld seem not improbably that the use of ths

laboratory could have long-term lications. Again, students in

all these studies will be affected by t eir pre,rious exoperience-.

Students in control groups will, in practically all cases, have

had previous exposure to laboratory activities and this may well

affect the results of the investiga Lions, even when outcomes are

measured in terms of gains over the duration of the study.

An investigaticn which may be significant and which will

certainly be popular with anti-vivisectionists is that of Fowler

and Bro ius (8) in which the effects of various immediate outcomes

of performing (a diverse seri s of f ur) dissections compared with

viewing films of the dissections were studied. No significan

difference between treatments was fornd on tests of understanding

science, science attitudes aiad even manipulative skills. The film

group was superior on tests of factual knowledge and problem-solVing.

ILs the published report lacked adequate details of procedure or

tatistical data, the reliability of this stu cannot be assessed.
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Atkin and Bu nett (1, p. 1197) summarise the rese rch position

as ollows:

"It is probably that well over 100 studies have been made which

ttempt to cerapnre the results of lecture demonstrations with

those of individual laboratory

sIgnificant differencc5 in terms of the instruments and,measures

used; sonic have shown a superiority of the lecture demonstration

technique, and some have shown individual laboratory work to be

superior. Why-there have been such variations in results is

an open qu- tion. It is' clear that many of these studios have

been poorly designed. It is equally clear that the instruments

-nd evaluative techni ues employed have varied in nature and

... Most have found no

reliability, as well as in what ;tas assessed and with what

hnsis. In ar event, these studies have left us with little

ght on the ible superiority of one method over the other

even in terms of clearly specified instructional objectives."

It i- apparent, then, that research can provide no definite

answ rs at present to questions like those raised earlier in this

paper. Although a figure of "well over 100 studies" may appear

considerable, thesc Investigations have been dive

limited in scope;

been virtually no

many are of questi-)nable validi

se in kind and;

and there has

The difficultiesattempt at replication of results.

of searoh of this nature appear thourghout this paper - ensuring

control of all extraneous variables, developing valid and reliable

criterion tests, Obtaining sufficiently broad samples of -c,ta and
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establishing replicability are all serious problems confronting

the investigator.

In relation to the questhns raised the evidence available

would appear to suggest tentatively that:

1. Laboratory work may be essenti l to the attainment of only

relatively minor objectives such as laboratory manipulative

skills.

Nevertheless, laboratory work may for many teachers and many

students be the most satisfactory way of hiev4ng certain

major process goals of science teaching.

Li7boratory activities which embody an open-ended inquiry

approach may be more approoriate for attaining process goals

and appear no less effective in the achievement of content

objectives than more traditional forms of laboratory work.

In the face of the inconclusive nature of the evidence available

it mu be that it is not so much the type of classroom activity,

in itself, which is the dominant factor in dote mining educational

outcomes. Rather, it could be the nature of the teacher-student

interaction, the kinds of experiences which students have within

the framework of the class activities provided which is the vital

ingredient.
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DISCUSSION 1CHING BIO.LOGY.

B. fJOHNSON

There has been an increase in awareness of the importance

o_ discussion techniques in education over the last few years. A

considerable amount of research has been conducted on discussion

groups but most of this has becn directed towards adult groups.

There to have been relatively few research papers published

on the use of group discussion in universities and schools and

pathetically few on its use hing biology.

Most recent research into discussion group dynamics and

outcomes has had its origin in the need to solve leadership

problems and the attempt to break new ground in psychiatric

therapy. But despite the relevance of much of this work to

educati there has been relatively little carry over its results

and implications into research in the classroom situation. Anumber

of the more important books and articles dealing with experience

experiments and methods for discussion groups generally are given

in the bibliography.

The research on gr up dynamics which has the gr atest rele ance

o education is perhaps that conducted on the "T", or training groups

developed by the National Training Laboratory in America. The

"T Group" is a face-to-face group set up to aid its members to learn

about social phenomena by analysing what is taking pl ce in the

group., The groups have no leade ules or agenda and they to

influence the attitud.os and behaviour of their members in a nunber



of ways by increasing ness of their own feelings and

of the feelings of other by becoming more aware of the

complexity of the c mmunication p and by generally

increasing interpersonal competence.

The innovators of the "T troupe recognised the overlap

in the values of science and uccossful social relationships and

am g their objectives they list three of the basic qualities of

science: the obligation to face all of the facts involved in

problem and Its solution- objectivity towrtrd the collection and

t eatment of dr±ta; and the obligation to collaborate with other

irriestigators in the pursuit of truth. "T Group " eppear to have

had considerable success in ac ieving their aims and their use has

increased greatly over the last fei years. An account of "T Group"

theory and research is given in Bradford et al. (8).

The extensive use of discussion methods in the BSCS course

was a deliberate de ision reflecting the aims of the course. These

are concerned primarily with the aquisition by the students of

attitudes and intellectual skills rather than with learning a large

amount of factual information about biology. It has been shown

rep rtedly that attitudes and intellectual skills are aquired m

effectively in group discussi n than by other pedagogic methods.

Asking and answering questions is a p ocess which b

early in life and continues for as long as intellectual life

continues. From it develops the give and take ofconversation and

ni ed dism sion. Jny process which results in

questions being aaked partic...uarly unexpe tea ones, rather than

imply stating facts, was f und by -Berlyn (6) to result in
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improved learning and increased interest in the topic. Inhelder

and Piaget (12) believed thrt in order to teach others to reason

logically it is indispensable that bhere should be established

between students and teachers Tthose imultanecus relationships

which chara terise the co-ordination of viewpoints.

Beard et al. (5) believe that discussion is one of

most educative processes since it enables students to analyse

differences in views and opinions and leads them to revise their

position and o integrate what they learn with what they already

know. Tt contributes to the development of new concepts from

already familiar ones and from those imDerfeotly understond

from reading.

In a comparison of the effectiveness of a lecture demonstration

ching period with a problem solving discussion procedu e in a

college science c

method proved superior on measures of problem solving and

scientific attitude, whereas the lecture method proved superior

on a test of specific information. On the other hand Dawson (9)

found the two m thods to be equally eff,Ictive in

courses in elem ntary science as measured by a test of recall of

specific information but the discussion method gave significantly

superior results on test of problem solving abilities.

Barnett (4) found that discussion group activity led to incre..sed

critical thinking and also had an influence on the behaviour of

Barnard (3) found that the discussion

some meabers of the class in becoming less aggressive. He

dmixture of free discussion can improve
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eff ctiveness of other types of teaching by clarifying the

thought of students and enabling them to unravel confusions.

In a very readable and important book Abercrombie (1) argues

the importane and traces the or gin of some of the unconscious

preconceptions which influence judgement and decisions and which

can be exp sod by discussion nethoOs. She gives an account

of a s s o _ experiments in free group dis ussion and its

use in the training of medical students. Dis ussion group

participation led to the el rificatif.m of Ideas and the development

of more critical attitudes. This resulted in the students

performing s gnificantly bet'cer in situaticns where they were called

upon to interpret and analyse information placed before them.

In a recent study of school children eoviparing the effective-

ness of reading and discussion in addition to classroom

instruction, Visher (10) found that students' attitudes towards

a socially deprived sector of the community were changed most

effectively when discussion methods were used.

Discussion m thods not only appear to be more effective in

influencing 1.ttitudes but they a e also preferred by students a

teaching experience. Hallworth (11) found that although attainment

gains were similar among discussit.n and control groups, children

_n discussion group "oyed the work more and their attitudes

cantly more than did the

0-operate better with one

-lass fell markedly.

to the subject studied improved

controls

another

The children also learnt to

nd the nubber of is lates in
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Rasmussen (14 ) also found that students using group discussion

mothuds found their course more inter sting and believed they

had learnt more and that it would be of more presotical use to

them, although when compared with controls who did not us

discussions, no significant differences were found in the amounts

learnt. In a survey of university students Stone (16) found

that there was a clearcut preference among them for the discussion

e of tea hing situation.

good deal of work has been done on group dynamics and the

optimum cnditioxis for conducting group discussions. The optimum

size of groups for the me t effective discussion appears to be between

seven and nine; 1. smaller number than seven limits the resou ceS

of the group too drastically, while a larger number does not allow

for sufficient active participation by each member and manY members

tend to become shY in larger groups.

Steinzor (15), -Abercrombie (1) and others h ve stressed the

mportance of the spatial factor in group w rk It is important

for members of the group to be ated in a circular pattern so that

each member is able to see ev ry other member. Furthermore, the

actual position in the group of people with different personalities

can have a mark d effect on the nature and degree of their contribution

to the discussion People sitting opposite each other tend to inter

act more with each other than with those on each side of them.

Stein or suggests that reticent members should therefore be pla

opposite talkative ones and monopolists hould be seated in adjacent
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Group discus ion can be conducted with or'without a tutor

or teacher being present. If the teacher is present he must be

careful not to dominate the discussion. Teachers generally tend

not only to hold the floor too much when they are leading groups

but they may also inhibit the students from participati_g fully,

If the group is run in the absence of a teacher the purpose of

the discussion must be well established and ^dequately under-

stood by the participants. Unless the participants can see a clear

purpose in the discussion there is a tendency for interest to

Lander and participation to be desultory. Powell and Jackson (13)

lysed a series of recorded leaderless meetings of Univer

students and showed that interaction was vigorous and animated

and there were r markably few instances of factual mistakes being

allowed to pass uncorrected. The students enJoyed working in t'xis

way and claimed that their understanding of the sUbject matter vas

notably improved by comparison with most conventional tutorials.

But aS Powell and Jackson point out it is quite useless to assign

students to groups and aimply tell them to discuss. CR eful

preparation is absolutely essential.

There is no doubt that di cussion in small groups can be very

time consuming and may app ar to be wasteful. A group discussing a

topic with inadequate factual know]. dge may generate heat but not

add much in the way of light. But if it leads the members to

realize their ignorance and search for the needed informati.;n, s



203 .

thing will have been accomplished, and students certainly need to

be trained to s ttle arguments by looking up information in buks

instead of just talking.

For influencing att tudes and subsequent behaviour discu31on

groups tend to be more effective th n other teaching methods. But

it MUBt be remembered that a badly organised group can be both

frustrating and - waste of time as surely as can a bad lecture

[see Bloom (7)], Students on the other hand enjoy group meth

and think they learn more this way than by other methods and they

silty, more interest in their work and become more deeply involved

in it. As learning is best achieved when teaching methods arouse

most interest and most activity on the part of the learner_ erie

would expect more effective learning when dtscussion methods are

used. That this is --t:always app rent when different tecchin

methods arc compa -d, does not mean that this is not so it may

merely mean that our evaluation methods are inadequate. It is

notoriously difficult, as Williams (17) has shown, to cent ol

all variables and obtain a valid compartgon of different tea

methods.

As the accumulation of scientific knowledge continues it

becomes more and more apparent thr,t the aquisition of anY particular

knowledgo is an insufficient definition of education. Rather, the

major residue of arlyone s formal education may well be taken to be

the atti,,udes and habits of 51 quiry and learning he has developed.

iri

We need to kno much more cle rly than we do at present just

how it is that pe ple learn how to learn and how learning experiences

20G
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exert their effect on subsequent7 growth and development. There

is little doubt however, that discussion can play a very useful

and productive role in the educative process.
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This paper describes the uses that are made of the term

"inquiry in the science education literature, examines the way

"inquiry teaching" is used in biology courses, looks at the

research on "inquiry teaching" and finally discusses _Jtvitati ns

to Inquiry in relation to these st

"INOUIRY"?_

dies.

Grobman, (12 ) who served as director of the Biological

Sciences Cu -iculum Study (B.S. from 1959 until 1965 defines

"inquiry"

its success.

of nature and, of evaluating the replies " (p. 291) But this

not tLe only use of the term. Rutherford (21 ) points out that

it is necessary to make a distinction betv en "inquiry as it

the processflo of SCience which censtitute the key to

It consists of the techniques of asking questions

appears in the scientific enterprise .and "using, the Meth. ci of

scientific inquiry to learn some science

Most of the "new curricula

the first of Rutherford's se

expected to

"inquire bl- to inquirY

in science have used inquiry in

In some cou ses students are

in e by doing this the learner

mes aware of what he kno how he knows it a d how

about acquix.ing new knowledge for hints lf.



209.

effect, inquiry training shifts the learner from a

consumer of knowledge toward being a produ -nsumer (9).

chwab (23), in his introduction to the Invitations to Eiry
published by the BSCS0 makes it clear that his purpose in te ching

s ience as inquiry is not to "learn some content' but to "under-

stand enqui_ That is

to teach science as enquiry means, firstly, to show

students how knowledge arises from the interpreta ion of

data It means, second, to show students that the int

p etation of data - indeed, even the search for data -

proceeds on the basis of concepts and assumptions that

change as our knovled e grows. It means, third to

show students that because the e principles and concepts

change, knowledge changes too. It means fourth, to

show students that though knowledge changes it changes

for good reason - because we know better ana know more

than we knew before (p. 46)

But it is impo tant to realise that some very impo

sumptions underlie the current emphasi

iir -sole -.

on "inquiry as it appears

ic work Firstly, it is tacitly a

scientists within a given field ,will use the

ed that all

e methods

designing experi secondly, it i- assumed-that there is only

one logical model of inquiry for all branches of scence. These

re probably not valid assumptions: Connelly (5) has analysed
-

research reports in ecology and identified at least eighte

p-tterns of inqui are used. pittexthDf enquiry is a

212
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process in which principles of enquiry are specifi a to problem

areas giving rise to a set of logical c- ditions for enquiry" (6)

Connelly (5) identifies four principles common to all biology

(anteced nt-consequent, structure-function, homeostatis and

Alation ) and five problem c

taxonomy, nutrition and metabolism, erec.ology and distribution)

in ecology (classific tio

giving twenty possible patte of inquiry. However, no re=r

papers were found in the categories homeostatis classification

and taxonomy and altW_ation - classification and taxonomy. He

points out (5, 6) that statements resulting from work usin eoch

of the patterns of inquiry are not equivalent in l gical status.

Similarly, when the implied account of the nature of

scientific inquiry in the CBA, CHEM Study and PSSC texts

analysed in terms of the inquiry systems used in the disciplines

it is found that

none of these programmes illustrates the variety of

principles of inquiry and the effects of choice of such

principles on the furtherance of Inquiry. PS C al

resents the character of the body of physical

knowledge (6).

view by Robins n

the philosophiOal

i. bore dc,tailed-:aecoun-.

ulcLlyses of the mode of i quiry used in science

ions for

If these au-hors

tempts to show stud

only method of s

lence curriculum which

is conducted will fail if

also claims that the inqui_

considered in the course Newton

pro ch to tea hing is dishonest to



th nature of science since it gives the impression that "science

just a way of attacking problems or a method of understandin

the world", and neglects the fact that science is also an

enormous, impressive, and extremely useful collection of facts

principles and concepts which, because of the way it brings

order to the world is both intelloctually satisfying and practically

useful." (17)

However, Newton is probably imoeking down a st in this

crit cism: few, if any, of the new curricula s t out to te ch

philosophy or pr,-o f scionce alone, and they fia t ch at

least some of the facts, principles and concepts of scien e.

Even in one of the purest forms of inquiry learning, Suchmants

inquiry training" technique, the pupil is expected to form

concepts (3)

"IN UIRY" lff BIOLOGY TEACHING.

In common with the other "new" sciene courses the Biology

s _ devel ped by the BSCS omphasise laboratory work so that

students will have the opportunity dertak inquiry in a

_facscimile of a research situation. One major innovati n, the

Invitations to Inquiry were reparpd for use in 'biology, and
_ - -

pUblishea bY the BSCS in the 2122,21227=1217122L.E.d12. (23

An,invitation is essentially a semi -structUrea discus len

btased upon a biological p dblem It consists o series

of questions to be posed bY the teacher and suggests to,

him a variety of respnses to be eli ited and expected

'fram the students. The goal is-

214
develop skill in
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probing or se- ching as a ough intellec .0 1 ga 12, ID. 291)

Schwab laims that

The i vitation to Eqnuiry teaches enquiry in two ways.

First, it poses e- ample after example of the process

itself. Second it 2nElges the particina of the student
_ -

in the process. Thus for the lesL able student there is

one channel toward understandin the Invitations as

examples of enquiry, For the more able student there

are two channels he Invitations as examples of enquiry

and his own contributicns toward solving the problem each

one p (p. 470 Schwab's emphasis

M rgan et 6) have p epar d T_LIILLII:L2It_11_LaLITILa that aro

integr tea into the Australian aptation of the BSCS materials.

Their Invittions differ from Sehwab's in the way in w,)ich they

designed as an integral, but not c mpletely essential, part of a

particular course: Schwab claims his Invttr.tions are "freed from

dependence on the particular text book the teacher may be using"

(23 p. 48

HUrry and e produce 51_121

whIch was in pired by Schwab s work, but the3.r Enquiries are

presented in a forat that alio s- tudents to havo 'Individual copies

ioh;. h,...k., c agneof the, relevant inf A -forr cil:WoUg,

-to-be road uut to a class, can be adapted in this -iar, and e

in AmLstr:.,lia dtplicate t).70 eievn. -tion of the -tralian
,

n it out to tucen
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RESELRCH pN_ "INQUIRY rrnAC mgcr".

An examination of the our ur unfortunatelyoh lite

bears out Brandw inla comment that

there is little or no valid evidence that instru tion and

practise in the art of investigation in th- dementary

high school years p c duces better students, better

scientists or better learne ... Most practitioners

in teaching meroly assume that school science would be

improved if tudent learned through investigation, (2).

One of the proble=ns in assessing the literature is th',, conflicting

terminology used by diffe ent currionlum development groups. The

terms eativity", "discovery" and- inquiry", for example are

usod by different authors to describe essentially the same teaching

techniques (Lucas, unpublished manuscript). Brandwein believes

that this is due to changes in terms which are in v gue: "too

often, in educati n we go from word to word, rather than from work

to rk", (2)

This survey is mainly concern d wit_ reports claiming to deal

fith "inquix " reports of res

and .ndersti';nding the

carch on ',Adis covezy learning

ntific en erprise -included but

no _pe ial search hap been made for zuch r

an has shown that elementary school t achers can be t in d

to use an inquiry technique-in the classroo viceby:a Short m

training course. Judging by- analyses of the-teacher classroom

behaviour after_the course, the: most effective: methc.d of inservce

training is to .focus on the teacher's _behaViour, rathar than on the

materials t 'be used in classrooms following inquiry methc,
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A number of report claim that pupils could be taught to

under tand use some inouiry techniques after "inquiry training

Barker, in an uncontrolled study, was able to train students to

generate hypotheses by viewing single topic films in chemistry,

Gibbs in a controlled experiment, showed that using the inquiry

technique outlined in Teachers Guides to BSCS single topic films

irrroved the quality of hypotheses p oduced by viewer (11

In an uncontrolled study- using interview results as criteria

elementary school studon

situations and a strategy f

were given "a basis for analysing socica

" -hen inquiry methods were

used in sociology, (10). Ramsey and Ho e (18) report that Pri e

could not detect apy transfe of manipulative data gatherin

activities" to a. test situation outside the classroom. In the

same review 8) Raun is reported as showing tha' there were no

consistent changes in 9inquiry strate from grade-to-grade

in students using the American Association for the Advancement

Science course Science - A process approach; however, Ramsey and__-

Howe also report studies by Scott and Sigel that indicate that

"inquiry .trained pupils" learn physical science concepts as well

es or better, than classes. Thomas and Snider-taught

ght -graders by two te hniques: cher centred expositlun' and

"guided disceverY". .They found that the more able students taught

by the t aditiona approach Were better able to learn-th- c ontent

the course a greater fantual conceptual achievement"

daereas the disooverY group developed better inquiry skills (24

Studies of inquiry learning n non-science.

reported in the recent literature. Collins in a co

t are also

trolled
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xperiment with an aoceler t a geometry class used discovery

thods to teach the students to solve problems in logic. One

group was co nfronted with a problem in logic in which the

conclusion drawn from an argument stroncJy challenged the pupils'

values. The c nt ol gr up, who were presented with problens

f the same logi al type which did not challenge their values,

were just as competent in their ability to "state the heuristics

of the problems" given as a post-test, but the strong confro tatlon

group were significantly better in solving the problems in logic

used in the post-test (4)

The inquiry-discovery" group was not significantly different

from a more conventionally taught class in Milgram study of Jewish

elementary school children being tuahgt the concepts of evil, (15)

In the only study of the use of Schwab's Invitations to :t79,allia

reported in Education Index in the past four years Meyer could find

no difference in "understanding of science", "critical thinking

ability nd "biolo-v knualedge" (using tile TP...2
on IJnderstanding

Science, the Watson-Glaser Critical Thinlqng Ap2ra_isal and the BSCS

Comprehensive Final respectively) between opa of his classes taught

in the way with the addition of one-weekly session using S hwab's

Invitations. However no effort mrlde to integrate the Invitations

WithHthe apprep late topi and the tests did not measure the ability

to manipulate quant tative dill: dealt wit4 tha Invitations 1

In other studies using TOUS it- has been sh wn that ) the CBA

and CHEM Study courses produce ter understanding of science than

0-env n ional chemistry course Troxel b Histo of Science

Courses can have similar effect Oliver ); c)PSSC may produCe
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greater gains in understanding science than traditionca physics

courses (Crumb ) although Trent could not find any differences

in his study comparing Physics courses (19) However, studies

using TOUR may not be valid tests of b udents unde- tandimg of

the methods of scientists if there are, in fact diverse

p tterns of inquiry in the different scientific disciplines

USEFULNESS_ OF "INVITATIO DTOULRY".

7)

Since there is no consistent evidence that inquiry methods

p oduce an understanding of the inquiry process, give the student

the ability to inquire or help him learn the concepts of tha sube

is there any justificati n of continuing to use Invit, ions.

They are used. in South Australian schools --2.(1 most of the

Invitations prep red for the Web of Life c se, (16) were rated

as very useful by more than thirty percent of the 71 teachers

who replied to a questionnaire dist ibuted to all BiologT teache

in the State at the

o r

-nd of 1969 (Lucas unpublished data

Only six of the Invitation were rated as of no use by more than

two teachers. The. c mment that "Invitation discussions appe r

bemorelively than simple problem di cussicns" may a

part

rs

f this aceeptance.of Invitations

:learn more.

students may appear

Alluch more experitental werk needs-to bedone,before we can

'decide whether, and under,what conditions, Inquiry

are a usefuitechnique.' ,But_if Genhato!s and Yager and Wick's

findings (18) ultidinensional" approach to Biology

21 9
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7.

u e of science

be replicated, Invitations may form one useful "dimention"

even if, in themselves, they have l ittle effect
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Three separate working groups were established to discuss

particular aspects of biological education in secondary schools.

The reports of these groups were prs- nted to the whole conference

at the last session and the recommendations that they contain

approved. The reports of the -orking groups on _Evaluation,

Materials and Methoan and Content were prepared by Mr. H. D. Batten,

,Mr. L. T. Bamford and Mr. I. R. Mosel respectively.
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Some confusion surrounded the area to be irwes±igat ed by this

working group, however it was agreed that tt would be most useful

to review the various forms of evaluation applicable to the teaching

of biology.

The term evaluation Is applied by several sources to fit

different situations. Two publications from the recent ASEP

Guidelines Conference were found useful in exercising the mind

in this regard. These publications available from the Chairman

of each State Advisory Committee for the Australian Science Educati n

Project are Evaluation - Perspectives and Posibilities and

The Kinds of Services and Evaluation Procedures z-hat could be

provided for in the Australian Science Education Projec

Review of forms of Assessmen

Biology Readiness Materials.

A set of these materials has already been prepa ed for the

'Web of Life' course and is available from A C.E.R. Such

e ials take the form of multipleohoicetems, test ng basic

skills ideas, and concepts, a grasp of which is considered

desirable befo e students begin work on various s-ctions of the

course Associated with these items a- activi ies

written in preer mmed form.

Mastery of terms

These items were intended-to measure a ma te - or lomprehension -of

See Gardn- Biol Eduo. 969)

d or phrase in appropriate context;

2
genc.fally at
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relatively simple level0 e.g0 consumer, el_ergy.

A list of suitable words phrases should be readily available

from teachersinvolved in the subject. It was con idered

that these tests should not ordina-ily be u ea for grading

purp es. There may be some advantage in these ma erials

being teacher-free, perhaps to be administered by the children

themselves at home after reading the text etc.

Diagnostic_ Test_Battery

Here again some test forms are soon to be available for the

'Web of Lir course. (Six tests for Part 1; nine for Part 11 -

including an Achievement Test) They are multiple-choice in form

and based specifically on materials just studied.

Ge erally diagnostic mat rials require an unders anding of

concepts and single propositions. Remedial aids associated

with these tests, and they in lude longer, r spon e item

There is a lack of these mate ials available for other ourses

and the construction of such materials was e red a fairly

urgent task.

4. Achievement materials

a)The use of this type of test ma erial may well lie applied to the

evaluation of the-course itself and may, in special circumstances,

.be us a to identify individual stUdent gain5tt in all the

behav oral skill's in the cognitive area thoight appropriate to

biology. students-

,

In regard to-the "-

thou ht possible to const

onside

de by the individual student it wa
7

uct content-free tests ofaptitude_
-

-29p'



in bi lo ic9.1 material, perhaps even from existi it Commonwealth

Secondary Scholarship Examination materials.

(b)The application of achievement type mate ials to obtain an

absolute measure of a pupil's achievement was considered in

t o parts:

(i) In the external examination system, the group

was firmly of the opinion that such tests conflict

with the basic aims of biology teaching.

A written examination can only test a limited

number of aims and therefore is quite unsuitable

a single total measure of the course achievement.

A further complication is 3ntrodueed in Grade 12

when the instruments of evalnation are also used

as instruments of sele tion f r tertiary institutions.

The splitting of these two functions is already

under serious c n ideration.

the exte nal examination environment, the

divided on the need to retain these tests togroUp

achieve gradings or raril_ Sone members considered

achievement tests desirable for the ben fit of

students giving incentive to improvement and partly

fulfilling the educator duty to parer:ts.-

questioned these statements about "in

Others

entiVes",

e.g. when a. pupil is continuously below satisfactory

levels of performance and would. prefer to establish

a system of recordin "gains" made by individuals.



225 .

Teachers of biology should be encouraged and instructed

in the possibilities of forms of assessment other than

formal written tests. Such Items include multiple-

choice materials, short-a 7er que tions essays

assignments, laboratory rep rts, individual or group

laboratory projects checklists for laboratory work

and skifls, and for discussions. These methods of

assessment which indicate whether the student has

coped with the total materials may be added together

by weighing them in terms of the course Objectives.

Affective domain

This domain relies mainly on subjective estimates made by the

teacher and generally is included in the forms of assessment

previously noted.

The group suggested that the development -f suitable attitude

scales should be encoura ed.

Forms of Items

can only beurse objectives

assessed when both multipl -choice and longer response ques s are

used.

In thi longer response form so e members felt there -as value even.

.

in knowledge type essays for assessing communication shills. Other

oup members argued strongly- that the basic skill of communication -,

can only be tested, 3_n analysis-Synthesis ype essays and that knowledge_

The group firmly recognized that c

obje tives, applicable are included 1

tion-

these Porms. Assessment

of knowledge in itself is probably more appropriate to multiple

tem::forms, The open nded- essay, was c nsidered useful in ranking;

9 5-4

ice
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however, it was recognised that the reliability- of marking procedures

of these materials needed careful investigation. There is now

gnificant evidence concerning the values of multiple marking

of such pieces of work. Further, two shorter pie es of communi 'ion

provide more reliable evidence of a child's skill in communication than

does one longer essay.

Recommendations

The working group were fi may of the opinion that the whole aspect

of evaluation of biology courses, 'Web of Life and others should

now be considered carefully and a systematic and organized appro ch

taken in regard to the development of appropriate materials.

It was recognized that the A.C.E R had administered a project to

develop Di gnostic Test Materials which included. contributions from

Viet ria, South Australia, Queensland, and Tasmania. Thj8 situation,

it was felt, could be regarded as a model for future developments.

The matter was felt to be u gent as course modifications were now

b ing considered in several

This working group r

States.

ommends to the Academy therefore, that an

investigation be made of possible fund sources to establish a programme

for the construction trialling, and dissentthation of evaluation

erials ap ropriate both for whole courses and course par s.
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MATERIA AND METHODS

This group spent most of its time discussing the varie

materials that are useful for biology courses ab the senior level

of the secondary school. The discussion is reported under the

headings us d in the group.

1. Text Books.

In a rapidly growing discipline, school text books are rapidly

out of date, with, in many cases, incorrect or inadequate explanations

of phonome a being presented Very few teachers have the opportuni'

to read the current scientific literature, and they are forced to re

on the students ther texts to update their knowledge. The

group support d Mr. Hutton's suggestion ( ee page 14_ f a newsletter

or leaflet being produced for Rupils a well as teachers. Th e

was a strong feeling that such leaflets should be directly related to

each particillar text and should be the re po ibility the producers

of the text.

Laboratory Is.
Laboratory manuals e felt to be useful but wa ought

that the..Y.511culd ontain a large number o exercises. The acher

could then ch ose which exe cises his claE will perform.

MA_ oupmembers felt that instructions in_iaboratory manuals'

should, whenever possible be given in. a picto o Whenever

this is not possible the group reit bhat the p ocedure uch

clearer if set out in numbered steps

-In addition, it wa felt,that long term laboratory-centred
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exercises, similar to the B.S.C.S LaboratBlocks, writ for

Australian students would be usoful with the more able or repeating

students.

The group felt -that the supply of materials for use in the
laboratory exercises was not a function of course desig ers.

3. Audio-visual aids

It was brought to the attention of the group that many visual

aids for senior biolou courses are now beooming commercial

vailable, at least for the Web of Life course. However, there is
a demand for locally produced film loops to illustrate and help

develop some of the concepts of Australian courses. The production

developers.

ideo

and supply of such films should be investigat by

Some-discussion was given to video-tape and electronic

recording but it was pointed out when this report was made to the

whole conference that the supply of 16mm colour movie film may be

(almo as cheap as and more effective than production and distribution

of video tapes,

Tape re c ordi ngs or grammophone re

scientists with
aspe of a

omething topical a

_ords stamped on paper,

o say _about some

useful and it was felt that production

of such materials should be investigated.

It may be possible to approach industry to produce and distribute

wall charts relevant to a particular course.
by Esso Petroleum describing the- geology and

Strait oil fields_ _

The charts _produced

paleontology- of the

were mentioned as examples of the type of
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Audio utorial systems (see Australian S-len e Teachers ournal

16, part 1, 1970 for a discussion and description of the methods

used in this technique) were described end the group felt that these

techniques should be investigated in terms of providing individual

instruction and as a remedial teaching device for slow learners.

L. The group felt that Tnvitations to Inquiry were a useful resource,

but that they we e more useful for some teachers than for others.

J1 rigorous investigation of the worth of the present Invitations

was suggested. Ib was suggested that the proposed leaflets

(see 1, above) could form the basis of an open-ended discus ion,

if careful prepared qu stions were asked in the articles.

5 Professor Johnson's background paper was considered and the

group felt that the Involvement of the student in the work was

the main advantage of using a discussion technique. This raises

one major problem: questions which will Involve an able student

often do not suit a slow learner. The group felt that course

designers should provde problems and questions graded in dif iculty

to cater for the differences in student ability.

6. Since field stations are felt to be a major asset in biology

teaching, the group recommended that the Australian Academy of

Science support the establishment of Field St--

Australia. Simile support should b given fo

of outdoor laboratories f r schools. In lending

Centres throughau-

the eatablishment

ugh Suppert

the Academy should be asked to e sure that colietirig of specimens

in such cent es is actively discouraged.. It was suggested that

Nat- e Walks might be a suitable _meth using such Field Study C ntr
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The group discussing this subject felt that it would be more

profitable to produce a list Con0e tual themes which should be

part of any school biology course rather than to agree on a long

list to specific topics and examples which might be included in a

course.

The conceptual themes that the group de ided would form a

framework upon which to build a course are listed below:

DIVERSITY

CONTINUITY

HULEOSTASIS

EVOLUTION

INTERRELATIONSHIPS

CULTURE

ADAPTATION

The group meant "Homeostasi to Include cellular, physiological

and ecological mechanisms that cause the systems to tend to equilibrium

conditions; "Interrelationships" to refer to the interactions between

different organisms of the same or different species and between

organisms and. their abiotic environment; "Culture" to be a biologists

view of human ulture man caturalevolution, (including the

development of language and tools) and his Institutions and antifacts;

and "Adaptation

and proces

was se n as tho e features of morphology, behavior

nismm which fit them for life In themr

-environmen su ly_adaptations may be evolutionary or physiological.



It was made clear that since there is a considerable degree

of overlap and interaction between these themes they should not be

thought of as a list in order of priority or as themes to be

treated sequentially in some other order, but as a framework

upon which a course could be built. It was felt that the ideas of

scientific process should permeate the whole content of the course.

There was much discussion of the treatment to be given to

mants place in the biosphere in a school biology course. As Bqyden

points out (p.108) this is one of the int rfaces of biology with

other disciplines and we can treat the role of man from the social

scientists'or the biological scientistsiviewpoint The group agreed

that important decisions by man are needed if some of the problems

of the world are to be solved. There are biological principles

and sole tific methods of investigatIon which can be employed to

solve those problems which are in the province of the biologist,

and ther3 is a whole range of human Interactions, and interactions

between man and the rest of the biosphere that require the social

scientists special competencies for study. However, the dividing

line betw en these two areas becomes blurred in such VP oblems" as

exploitation and pollution of the environment, drug usage, population

growth and the economics of food production.

There was strong agreement that such topics should be dIscussed.

in the school sit-_tion- but the group initially divided on tha

place of such studies in a Eldlogy._ course. It was finally agreed,

however, that the rhetoric used in dacussion of these matters is

such that scientific-attitudes and processes are often ignored or
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neglected when discussing such topics as "pollution". This term

is an emotionally char ed word; what man often does is 2hEEEa

certain features of the biosphere. It was felt that Biology

teachers would have the gre test effect in producing citizens aware

of the way man has helped bring about conditions which may threaten

his survival by retaining an objective, balanced view of the world

but at the same time arming their students with reliable documented

information about the effects of man activities. When discussing

the consequences of addition of DDT to the environment, for

example, data on the mortality of insectivorous birds, and on

the effect of cessation of DDT application on the incidence of

malaria in Ceylon should both be given.
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RECOMMENDATIONS

The recommendation made after each of the discussions have been

collected here for. reference. They

explanation of them may be found

report.

The conference recommends that

The following broad objective-

have been stated briefly, and

in the appropriate discussion

should form a framework

within which courses and materials for biology teaching

should be developed:

(a) Biology courses at all secondary levels should be

planned so that . -n s place in, and interaction wi

the biosphere permeates the whole course.

(b ) All biology courses should show something of the

processes _nd lgic of science- not 4s a separate

topi but within the framework of the course content.'

The following interrelated conceRtual

the framework of any biology ourse:

(a) Diversity

(b) Continuity

Homeostasis

) EVolution

Interrelationships

thetes should fo
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°gramme for the construction, trialling and dissemi- tion

of evaluation materials app_opriate for whole courses and

particular parts of courses should be established.

Producers of Biology textbooks should provide newsletters

at regular intervals for students and teacher- using their

coirse to provide accurate, current explanations of topics

treated in the texts.

"Laboratory Blocks" be written for Australian conditio

Course developers investigate the production and supply

of film-loops and audio-visual aids to illustrate and help

develop concepts in the course.

Problems and que tions graded in difficul should be

provided as part of biology

The Australian Academy of Science support the establishment

of Field Study Centres with the proviso that collection

of specimens mn such centrei be actively discouraged.


