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PREFACE

The papers published here were presented at a conference
organised by the South Australian Biology Teachers' Association
for the Australian.Académy of Science., The residential conference,
attended by teachers and biologists from all Australian states
and one from the United States was held at Raywood, the South
Australian Education Department's Inservice Conference Centre
at Bridgewater in the Adelaide Hille, Since much important
discuasion, debate and exchange of information took place outside
the conference rcoms, 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 ﬁhe conclusions
reached is printed after each grgup_éf papers that were formally
discussed. These summaries were preseatéi to the conference at
a final session and agreed to as a fair and accurate summary of
proceedings. The recammen&atioﬂs for action that these summaries
caﬂtaln are reprintea separately as the flﬁal seatlan of the report.

Many pecple played an important role 1n.p1ann1ng and conducting

this conference. The gtpér,méﬁbers ﬂf an ad-hoc committee of the

S.A. Biology Teachers Assééisfiéh;‘(mi.'z. Bamford, Mr. I. Mosel,

"ani Mr. P; Thamsan):all aSSlEtéd greatly in tha plann;ng of" the’ 

,scape and pragramma af the Gonferance., Mr, Eamfard was resneﬂsibla

- far 1iason'W1th the Australian Aﬂsa_mv of So nce through Prafessar -

,1R N Rabertacn EAA It wasf,
. was fiﬂanclally Pcasible for'part1clpants fram all States tc attend -

ER&C The assastanea af Aeademy of Se;enge F;eld Off__e

wll Toxt Provided by ERIC

'“argely thr‘ugh the1r affarts that 1t

rs n suggestlng ~:
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the names of participants was extremely useful.,
The courtesy and efficiency of Mr, R. 0'Hare, Mr. Cameron
and their staff at Raywood was greatly appreciated by all conference
members, Acknowledgements are also due to all State Departments
of Education and other employing auﬁharitiésgfar facilitating
the attendance of members of their .taffs.
The Conference is greatly indebted to the efficient and
rapid work of Miss K. Johnson who, alihough faced with seemingly
impossible deadlines, was able to produce copies of papers for

all conference members before the conference commenced,

A, M, ILucas.

July 1 51 970.
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7.
OPENING _ADDRESS

D. J. ANDERS

Mr., Chairman, Iadies and Gentlemen,

T am extremely pleased to be with you today and to welcome
this distinguished gathering to Réywcci_ 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
piace with happy memories, refreshed and stimulated for the
tasks upon which you are engaged.

I have a deep conviction which I share, I am sure, with you
that the important questions thot the world faces at present
are fundamentally'biclagical‘anes and that biology as a school
subject has a great deal to offer - perhaps more than any other
science —~ both in educational development and in social undexr-—
standing.

I am a biologist manquei» When I first entered a Teachérs‘
Callege in 1933 I asked the Prlnclpal if I mlghﬁ undertake what

;.I thought was a splenﬂid caurse afferea by the late Prgfessor

"*XBrallsfard Rgbertscn.' It was a course 1n the Mental and Moral
> :Sciences,‘conta1n1ng a 1arg% serve af b;clagy w1th some philcsaphy,
gsychclagy and 1ag;e as slde d;shesiA It aeemea to be to be the
';deal ccurse for a teacher, but I was 1nformed k;ndly but flrmly
jtha‘l: thngy was a subaect isr girls taught by Wcmen-_ Sc I tcok
aﬂother ccurae and tacked sume blclagy cﬂ When I had flnlshaa therk“

_\)

EKC@I% seméus Stuéés‘  ;   ’ 3 e .

s
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This, of course, was the Positian in the saﬁaols at that
time. People seemed to have forgotten the sex of visitors like
Darwin or Banks or Solander and chose to overlook the existence of
the famous biologists who were teaching in the universitiés’in the
excitement of discoveries about the atom that were in the centre
of the stage at that time,

Tt 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 courses of the forties.
Although this move did not havevgreat success at the time, it had an
incidental effect of considerable importance in South Australia.

Tn order to increase the academic range of teachers in Biology,
Professor J. G. Wood, Professor of Botany, made arrangements for
éelectaa teachers to pursue studies towards a higher degree through

vevening, seekend and vacation periods, One of the successful graduates
was Dr. S. J. Eamonas, whe'glayea a significant part in later |
ievelépmen%s;“ “v | | |
| The questlcn of* finding teaehérs with éuffiéient qualifiéaticns
'»:7tc teach Blglggy had always been a d;fflculty. Gemmittée mémbers on
» 7_subject commlttees were fcrcea to concede that natw;thstanﬂlng their

. 'success as teachers mosat of the elemantarywcrk was 111 the hanis oft

Q*aachars tra1ned as teachers Qf physlsal e&ucatlan or Qf home EGlEﬂGE;

11
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‘This position was ncet remedied to any great ETEE;:TE until the
late fifties and early sixties when all South Australian teachers
undertaking scicnce degrees were required to offer Biology among
their first year subjects. Iater, & out 10% of all such students
were permitted to undertake further studies in biology. This
number has increased over 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 syllabuses. He seized upon the B.35.C.3,
materials when they were produced and with the encouragement of
Dr. Edmonds, who was Chairman of the Committee, 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 Associatiocn
was formed as a means of mutusl help and consolation. Mr. Brian
 Jemes was the leading spirit in this grcuﬁ and inspired by his
~enthusiesm, teachers met regularly to exchange experiences and

;materials, to offer suggestions and to find 8 ome ecmmcn ground,

I still treasure the first publlcatlcn of this. grcup - a BlGngYA

Teachers Handbadk - full of useful Prﬂctleal hints for the sﬁruggllng

’,ycung teacher of biglogy.

It wus at gbcut this time thé% we became avare that 31mllar '

E]{U:mgves were. taklng plaﬁe ln'V1cber1a. Miss Effia Best, naw*atudying
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in Columbus, Ohioc, introduced us to Mr. David Morgan aﬁd Mr, John
Nicholas. I remember sitting with Lester Russell in a Biology
storeroonm at Adelaide Boys'! High School listening to tape
recordings prepared by David Morgan of a strange new technique

_celled '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 enthusiasm of the teachers and at the insistence ,
of Dr. Peter Martin, Dr. Edmcnds arranged for Mr. Mayer, from E

the B.S.C.S. Project in Boulder, Colorado, to include South
Australis in bis itinerary. He addressed the now solid band of
B.S.C.S. teachers and arrangements were made for the continued
use of the B.S.C.S. materials until a local version was produced.
I did not realize the magnitude of this soncession until I met

Dr. Grobmann in person.

The task of producing an Australian version had to be faced.
With the small nucleus of interestea people determined to work hard,

an apprcach was made to the fAcademy of Sciences for support, The

South Australians on the Academy committee were fully aware of
the situation and the Eial@gic&leiucatian Committee of the Academy
undertook the general aver51ghﬁ of. the prgductlcn."i

The general édltgr, David Margnn, ~and his assistant edltars
hﬂd a fermldable task Wlth 1nexarablé ieadlines all along thé Way_
- Material was proﬂuced duplﬂcated and sent araund.Australla for-

~eomment by lnterasted pecple The cantent and the practlcablllty

vgf the text was chegked at many levels and the roll Qf honour af
thase Wh@ helpai - for 1t was an hanqur tc be assgciated w1th th;s

"-,1:1‘3 i
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project - is found éﬁ the front and rear pages of the "Web
of Life", |

It was a magnificent production when it appeared and it
has won praisc everywhere., I have seen a letter from Dr, Schwab
where hiswadmiratigﬂ runs to the hope that others will see it
to plagiarize it.

It has been & wonderful boon in the schools and students
are proud to carry it with them and show to envious classmates.

We have now come to the stage where good materials have
to be made even better.

This Conference has been arranged and organized by the South
Australian Biology Teachers Association with the support of the
Australian Academy of Science which has generously made a grant
towards the accommodation and travelling expenses of visitors.

I am sure that the discussions of this informed and inteiested
group will lead to the prgduction of even better materials for
use in schools.

Biology, from being regarded as a 'soft option' by some,

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

"'sehc@ls.

I have much pleasure in declaring this Conference open,
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SECTION I.

THE, PRESENT STTUATION

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 cﬁ?riculﬁm;
Tn all states all secondary students have at least some
exposure to some biological ideas during their school courses,
but many do not have any biology teaching after grade 9 or

10 level.



QUEENSTAND,

M. Specht.

In Queensland, the last five years of a student's school life
are spent at secondary school. The student enters the school at
Grade 8 level, -and proceeds through to Grade 10 before he faces
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 Aims of the course are:

(1) To make students aware of scientific concepts and
principles that function in their experience and to help
explain them,

(2) To help students acquire an understanding of scientific
facts that are part of their»énviranmenti

(3) To promote the development of such scientific attitudes as

,s?irit of engpiky,,cpénemihdednéssg.éuspenie& Jjudgement,
intellectual hqﬁésty and SUEta'ii;edéff‘crt.V |

(&) To pmviae_'a sound fo@aatiaﬁ, thénﬁtiéai.a}ndpractical,

‘fgp.tﬁé"fﬁrthérlstﬁQy,qf‘the:sgiéﬁQEE;k-‘ |
(5):-Ta aevelép‘an:iﬁteréstin‘éciéﬁcgéna'a'fealiéétion of its
Météfialéﬁfcf thé Q6ﬁfse~haﬁé Eéén Se1e§tedfaéchﬂing to three
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(1) The relevance of the material for this day and age.

(2) Its importance as a basis for further study.
(>) Its relationship to the interests 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 syilabus suggests that
45 periods from a total allotment of 150 for the subject be alletted
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 organisms.

Animal diversity

Plant diversity

Evolution

As praétical work, students look at animal and plant éells, collect
representatives of the animal phyla, and it ié suggested that collecting
excursi@ns'be undertaken., Practical projects for the‘sectiaﬂ on |
Piaﬂt.ﬁi#ersity aré liStedf e;g; collect and name repreaentativgs of
plant phyla, of various types of roots, stéms, leaves flaﬁeréi‘v
germinate spores from fern, mushroom, germlnate mgnocct and dicot

. seeds: shaw that a green”plant eontains water and carbon* show
.ijdeUGfldn cf starch in a, leaf- shgw that chlaraphyll is necessany
for prcductlon of starch in leaves-'ahcw oxygen praduced durlng
jﬁphotesynthesls,voxygen usea during resplratlon, Qafban ﬂl@X;ié prnﬂuced

[Rk(pring résplratlcn, 11ving aﬁlmals ané planis praduse heat 1n the;r bodles.

wll Toxt Provided by ERIC
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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 mo Science

subject at all.

Science A proceeds through 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,
1life in the sea, life on land, life in freshwater are dealt with,
Feeding relationships, energy relationships, and biogeochemical cycles
are discuazsed aé interactions. Two excursions are undertaken, to

two of the major types of ecosystem, Students are expected t@.be

able to answer questions in the Junior examination (essay or

objective type) 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. Emphasis is also on macroscopic

structure and function. Students start With a broad body plan of

,man, prcceed to. tlssues, skeleton, and the varlaus systems: circulatory,

',vreSP1ratony, nervaus, eniacrlne, and repraduct;veir

' General SGlEﬂGE' Thls ‘course is gifered for thgse stu&ents who ao

nct Wigh,tarprcceed‘Wlth'Seience,subgects aftér Gradavﬂc.

?The A;ms of thls course are.r

(1) To stlmulate and &evelcp the student‘s 1ﬂterast and cur1351ty

~in phys;cal-and biolog1gal phén@mena_~

;gg ,A
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(2) To develop an understanding of those principles of science
which are app’icable to situations the adolescent is likely
to encounter in the home, at work, during leisure hours
and in the immediate environment;

(3) 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;

(4) To develop an understanding of the underlying nature of
science and an appreciation of its romance, power, limitations
and impact on our way of life,

The syllabus states that the student should be placed in the role

of explorer or discoverer, rather than be given a guided tour of

knowledge. The syllabus repéats the emphasis on experiments, observation, and

] on the student’s deveiopment of scientific attitudes.
%:, Six topics in the Eiclcgical field are covered; four of them in

Grade 9, two in Grade 10, They are:

1. How does a green plant work?

‘2, Under what conditions do seeds germinate?
3. How can maﬁ'graw bet%er creps?

s -

4,  How dg our bcdies work?
5. An;mal and.plant ecalcgy_r'
6, Life ina cammun;ty

fStudengs appraach th;s caurse aa ‘a labcratcny srlentatea subjeet

Agrlgultural subaects are alsc cffered at thls 1evel. They are mcstly

taught in cauntry H;gh Schaols thcugh twe schcals 1n the m;grapﬂlitan

Varea do offer themg. The sﬁbgects have some aegree of'- overlap between /
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+them,

They are?

Agricultural Mechanics: to be treated in the context of the farming

and pastoral scene, not merely as phases of
mechanics or agricultural engineering. The
course consists of:

(1) Historical survey

(2) Fundamental mechanical principles

(3) Farm plant and machinery

(&) Elementary field engineering

(5) Eﬁgines and tractors

Animal Husbandry: The syllabus is divided into three sections:

(1) Types and breeds of livestock and their
distribution |

(2) FElementary animal biology end animal health

(3) The livestook industries.

It is suggested that 60f% of the total teaching

time be aevéted to Sections (1) and (2) amd LOB

to Sect;cn (3).

i A:'lculturef Teachlng methad shauld aim at the develapment of an
| ‘exper;mental abgectlve, and erlt;cal att;tude tgwards,
- agrlcultural practlcea and Plublems. »Ehe ﬁYllabQS'lS;
p d1v1aed 1ntc five ma;nrsect;qns and is basei’an 17év
;”teach;ng PETleS' , k | o !
 (1) The develapmeﬁt Df agrlculture in- Australla (1D perloas)

‘  a:(2) Agrlcultural eealggy (80 Pérl@ds)

opp
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(3 Lrop processing and storage (15 periods)
(i) Tlementary field engineering
(5) FElements 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 families,
and expect to go on the land themselves, Some students aim to
attend Agricultural College, or do an Agriculture degree.
At the end of Grade 10, all students in school sit for the Junior
Public Exam,; at the conclusion of it they either enter the job
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 Life) ani Zeola

Biology: The Australian version of the B,S8.C.S. materials was introduced
intevpilut schools in Queensland in 1968, at the same time
the teaching of Senior Botény and Physiology was wound up.

As there is mno Léaviﬁg exanination, students proceed through
a two-year period tc the Seniar'%xaminatign, faking |
- dnternal examlﬁaticns on ths wgy.  |
.Dnly the pllot course has ccmpleted ;ts tWQ years- teachers
';dealt with all chapters marked as éESEhtial in the Teachers
vGul&e, anﬂ aet the remalnlng chapters aa readlng ass;gnmentsg_
| TESTING: Grades 8 - 710 Internal until Junior Publlc. Exam.
l“‘:All studénts 31f for the Junlar Publlc Exam - there is no"
' farrangement at presant as’ there has been 1n’V;gtgrla an&’

'; South. Australia, far 1nternal exams,,

,”f;331encE:A- One paper of E hgurs duraulsnﬁ

;quéstl@ﬂss:(ss,-nglé,..;Wérii -

Malnly Dbaect§§3




answers, single sentence answers, multiple

choice, matching, drawing of diagrams, labelling

of given aiagrams), together with some essay, or
expression type questions.

The number of marks allotted to the various sciences
represented in the paper will be approximately
proportional to the time allocations for those
sciences as set out in the syllabus.

General Science: One Z2-hour paper will be set on the ayllabus

in General Science for Grades 9 and 10.
The questions will be mainly objective-type
together with some short conventional-type
questions,

Agricultural Mechanics: Examination papers will be divided

into two sections: Section A contains questions of the
objective type, all of which must be attempted.

Section B contains questions of the essay type and alter-
natives will be given.

It is suggestsd that one hour be allocated to Section A and
two hours to Section B. Sections A and B carry marks of

approximately equal value.

Animal Husbandry: as abéve, adequate choice of questions
allowed in exam paper gives feach@r freadcm of' teaching.

Agriculture: asrabcve.

In all agricultural subjects exéminers take into

consideration ,' T
i 52:2”’
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(a) Fnglish, particularly élearness and conciseness

(b) 1legibility

(¢) &general neatness,
Graées 11 - 12, Exams, are internal until the Senior Public Exam
at the end of Grade 12,
The Senior Public exam is used for matirulcation to University:
testing for Biology consists of one three~hour paper made up of
objective, short answer and one essay question,
Teachers have formed an exam panel wnich has tried to make up a
bank of guestions for use by other teachers and for the examiners'
use or inflormation. 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
canmmot be considered accurate, or necessarily representative.

This has been a report of Biology teaching as it now exists., By
the nature of the report, it will be only of temporary value. The
studénts‘who sat for the Matriculati@n exaﬁ in 1969 were therfirst to
go through under the syllabus as outlined here; but soon the Junior

Pﬁblie exam will be eliminated. Students at present in primary

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

t

23



21.

school with some knowledge of Science, 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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STUDENT NUMBERS
Biology  General Science Agriculture  Zoology Blolazy
Grade 8 33,268
Grade 9 18,643
Grade 10 17,103 1,346 353
Grade 11 2,000
Grade 12 1,911 567
(1969)
Senior subjects over the last five years
ﬁgtagz Physiology Zoology Biology enr§i§%§%%
1966 76 348 208L - - 83eh
1967 104 383 1367 - 10295
1968 120 542 2033 - 10233
1969 8 353 1911 567 111241

TEACHER _QUALIFICATIONS
(Sample: Teachers who attendei the three Preparation Courses for Senior :
Biology held in 1967, 1968 and 1969, including Teacher‘s College students, ;

a few of whom are currently teaching science subjects, )

University degrees

Without Biology content 10
First degree with Biology content 26
Post. graduate qualifications a) Dip. Ed. 20

b) Masters, Ph.D. 10

Tertiary Diploma
(A. Ed,; Dip. Physio.; Q.I.T. labe Tech., etc;
Q D.A.; Q.D,H,; Dip. Phys. Ed,; Dip. App. Chem.,) 23

iR g

N@nigraduatas;, some ,,Un;yersity Biclpg sgbje?cts, 106

No Tertlany Biology ccntent (other than Teachers L5
Callege subjects. )

Re 25
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C.L. MACDONALD

The new system of secondary education in New South Wales,
introduced in 1962, adopted a six year plan involving two Public
Examinations., The four years of junior high school terminate
with the School Certificate Exaﬁinati@n and are followed by two
years of senior high school terminating with the Higher School
Certificate Examination. " So far there have been five School
Certificate Examinations and three Higher School Certificate
Examinations,

Biology, as a subject, is not taught in N.S;WQS there being
only three science subjects available in the secondary curriculum,
These are termed:

1. Science

2, Agriculture

3. Sheep Husbandry and Wool Science,

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

The Junior Course in Science

Thé Wyndham Report on Secondary Education stated that "there
afe certain fields of thought and expérienge of which no adolescent
should be ign@rant“;, Sqience is one of these fields and thus in
1962 Science, for the flrst t;me, was made a cgmpulsa:y subject for

ERk(}ll seconﬂary achael studénts as fig as the School CETtlflGate-




The junior syllabus is written and examined at three levels

of difficulty:

1,
2,

5
3‘

i
= @

This syllabus has been tried, revised and is popularly accepted

Advanced

Modified.

2"4' <

Ordinary - Pass and Credit

as & worthwhile junior course. In content it contains 2/7 Biology,

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 syliabus is stated 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 Enér;"/

Particle Model of Matter and the Scientific Method.

The biology of this course involves three main emphases:

1. energy relations

2.

3‘

It includes the following topics:

1.
2.
3
L.

adaptation

evolution

evolution

how an animal works

how a green plant works

cells

interdependence of plants and animals
diversity of 1iving-grganiams

e E— L eRy
gonetios | y‘ od
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Of the 700 teaching periods évailable over the four years, 200

of these will be devoted to biology. In this time iﬁ*iﬁkEXPEGtéd
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 being

introduced to the concepts of the cellular basis of life and

interdependence at the ¢ ommunity level.

Stress is placed on teaching by means of observation and
experimentation ir the junior school with some extensions intc!
interpretation and explanation especially at the Advanced Level.

The content of the biology section of the syllabus is structured
in such o way that the major part of the course can be taught by
means of:

1. eXamining specimens

2. dissections

3, experiments

4, Tield work of a simple nature
‘In a well integrated programme of teaching there would be some biology
in each of thé‘faur{yéaré_ An example of Such‘a programme iz given in

Appendix A, The biology would be interwoven with the other three

| &iSEiglineé to préduce an integrated course, Although the student

" has not accumulated a vast array of teéhnical terminology, anatomical
detail and life history studies aﬁ.the end of this course, he has
been intréduced’férthe:EESic concepts Qf %hefScience of Life,

28




The School Certificate Course is a terminal course for =
significant section of the school population and thus all these
children have received some formal training in Diologye.

The Senior Course in Science

The situation here is by no means finally settled and there
has been much ecntrgvefsy and publicity in the Press concerning
Senior Science in N.S.W,

At present science is being offered as a single unit at
three different levels emboiying four courses:

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

2. Second level (short caqrse) ~ 5 periods per week - 1

subject status

3, Second level (full course) — 9 periods per week - 1%
subject status
First level — 11 periods per week ~ 1% subject status
at a higher level.

The +third level coursc is an integrated science course and takes

the form of a story designed to give a deeper understanding of man's
:plac% in nature and the impact of science on man and his culture.
The Bielpgy content e@nsiiers’%he adaptive diversif'ication of
living things throughout the surface layers Qf the planet, Iﬁ

also gives some explanation of evolution through the understandi ng
 of genetics aﬁi considers @anfskcultural evaiﬁticni |

The biology tpgics in this syllabus are:

1. evolution of liviag things

2. recent‘sammunities7af'aﬁimals aﬁirplants

P ;QEB
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S the evolution of man

L, genetics and the mechanism of evolution

5. mon's exploitation of bioclogical resources.
Although the content of this cgurse'gives greater emphasis to
community study and describes 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.

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

H

present the principles common to all living organisms at three
levels: cells, organisms and populations. The smphasis changes
from ;rgaﬂismal biology in the junior course to cells and populations
in this senior course, Only in the Full Course are there specific
topics on organisms (Integration and Behavigur). 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 ggnetics, evclution and ecology

under the one heading of populations biology. Genetics is

taught as the science of inheritance and origin of variation,

ecology as the study of the distribution and ébun&ance of species

and evolution as the origin of the diversity of life on Barth., The
ul%imate'undgrsﬁagiing of many of the problems of populations biology
Wiil aepeﬁ& uﬁén an undérstan&ing'cf eveﬁts at thé:cellular ievel.

Students studying the Second Level Full course may 3xtend'

their studies in ONE discipline ta‘Eirsthgvgi'Study. In biology

the topics studied (considered as one per term) are:

30



1a cell ;r;é“taﬁclism ~ chloroplasts, D.N.A, & R,N.A,

2, behaviour - particularly unlearned, and learning in man

e 4 storical development of Genetics

o quantitive study of the distribution and abundance of species

5. quantitive study of succession.

The Second Level and First Level 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 %o
develop a course in modern biology rather than classical biology
with the addition of some new topics. Some major problems still

face those concerned with implementing these courses, the most
important of which are:

1. the development of suitable, appropriate practical work

2. bhe devising of satisfactory teaching programmes

3, the obtaining of effective teaching aids

L.,  the 1earniﬁg of efficient teaching techniques appropriate

to each topic.
Althcuﬂh some argue that a revers;an to separate disciplines at

the senior level would be d331rible there are strong arguments in

favour of a course in SCIENGE'a%,the secondary level of education.

- As far as biclagy is cancerned it is sﬁudled by neprly all students

thraugheuﬁ their school l;fev;n association with phy31cs and

Chemista This situation is highly desirable for those wishing

tﬁ*continﬁe with Bialcgy'as part of their post secgﬁdagy education.

'[ .:§§;
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APPEIDIL A

ETI -~ MAN - living in & THEME IIT - MAN - at home on planet Earth
' scientific age -
'Heat S A, The use of heat on Earth

Adr B. The substances from which Earth is made
Vater ' C. Heat in the Earth - rocks

Earth D, Common substances of Earth

‘Light E, The changing surface of the Farth
Iiving things F. Some useful products from the Eaxrth

- The Solar System G. Movements occurring in the Farth
Blectricity H., The vegetation of the Farth

' The particles of matter I. The communities of Tarth

' The particles of living matter J. The Farth's surface

K. Building materials used by man

L. Movements on the Earth

'E_II - }AN - the living machine

THEME IV- MAN - at the frontiers of knowledge

. The foods of man
" The animal body A
Obtaining and using food S-
' Liquid transport systems C’
" Transport system in animals D.
' The energy of chemicals E‘
' Release of energy in animals S c. )

' The separation of materials F. ;Earih‘hlsﬁaryr o

. Bxeretion in animals G, 'The history of life

e e H, . The history of living things
Ideas of motion ¢ - ty oF & '8 ne

i Movement in animals ‘

Stimuli received by man

i The ‘senses of man

The nervous system of animals

The behaviour of Chemicals

How chemists calculate
Knowledge and the use of energy
An electric age

Man 4in 3pace

£ - First Farm;ﬁpuxgg Second Form Course Third Form Course Fourth Form Couxg

1 12 U 3 1

A-H I-Jd A-1L M-N A-H I-L A-H

Be

~ah T
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APPENDIX B

Numbers of Candidates sitting for Public Examinations in N.3.V.

YEAR SCHOOL HIGHER SCHOOL
CERTIFICATE CERTIFICATE

1965 55,512 -

1966 4G, %23 -

1967 45,526 18,336
1968 53,581 23,562
1969 . 57,763 26,1462
1970 61,500 31,100
1971 611,250 33,500
1972% 67,700 : 35,300
1973% 72,100 37,700
1975 74,330 39,000

* TPstimates




ALPPENDIN C

1969 _SCHOOL _CERTIFICATE REXAMINATION

LEVEL No., ENTERED 9 ENTRY % PASS

A 21,890 37.89 28,7

0 35,059 57.24 © Credit 23.3
Pass 35.5

M ; 2,814 1,87 4.8

TOTAT, 57,753 100,00 92,3

Percentage candidature at;A@yancgdiLe?gl

1965 27.21
1966 28.94
1967 35,52
1968 34,82

» 1969 37.89




APPENDIX D

1969 HIGHER SCHOOL CERTIFICAT EXAMINATION

LEVEL No, ENTERED % ENTRY % ENTRY
SCIENCE TOTAL

I 2,514 12.06 9.52
II F 1,639 22,2} 17,54
1T 8 8,799 42,2 33,12
IIT %, 881 23,46 18,4

TOTAL 20,836 1C60,00 78.62

PERCENTAGE AYARDS - 1969 H,S.C.

_BENTRY r i IS , IIT

T AWARD
I 5.0 - -
II F 6.0 15 o4 - -
IT S 0.4 3. 28..4 -
1IT Ouy 1.5 5.3 20,0

FATL 0.3 2,0 8.5 Sk

—-— o 225 w5 o
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APPENDIX E

QUALIFICATIONS OF TEACHERS

Only figures available are fr m a 1967 survey.

QUALIPIED TEACHERS

Biology 83%

-
H M
5|

(/)]

Biology 78%

H

"Qualified teachers" are those who are trained teachers with o

successfully completed University course in Biology.




Shea

A. SCHOOL CERTITICATE

Award given on a composite mark gained from the examination

result and the school assessment in the following ratio:z

Scaled school assessment 1

Sooled examination score 1

SCLMICE FXAMTNATION PAPERS

LEVEL TIME TOTAL MARK STRUCTURE

M 1 hr, 80 ' 35 multiple choice
15 single statement

0 1% hr. 125 Part I - pass
50 multiple choice
1 written answer
Part 2 - credit extension
1 written answer -
15 single statement

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

Appendix F continued on next page.

R s e



APPENDIX F cont.

B, HIGHER SCHOOL CERTIFICATE

Award gained on scaled examination score.

SCIENCE _EJAMINATION PAPERS

LEVEL TIME TOTAL MARK STRUCTURE

IIT 2 hr. 100 32 multiple choice
32 single statement
6 paragraph answer
4 essay type

IT S 3 hr. 130 5/6 sections, each
containing

6 multiple choice

6 single statement

2 paragreph answer

1 essay type (26 marks
each)

e 3 e 195 5/6 sections, each con-
taining

8 multiple choice

8 single statement

2 paragraph answer

1 essay type (39 marks
: each)

I IT ¥ 270 Paper 1 - II T paper
2 hr, Paper 2 Three essays out

of five ALL in
ONE discipline,

Note :=

The Total Mark shown is an indication of the weighting given
to each level in the determination of order of merit lists at the

School Certificate and High School Certificate Examination.

O
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 YICTORIA

I, R. Morgan

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

of biology education, the technical schools, the junior secondaxy

in the high schools and the senior secondary in the high schools.

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

liaison between these three groups.

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

Secondary education is devided into é stages, forms

1.

one to six.

TEGHNICAL __SCHOOLS

In the technical schools Science is compulsory until the end

of ferm 4. This means that all students study some biology
during their first three years at the technical school. After
that if they choose Form IV Science Part 1 they also study some
biology and if they study General Science or Eic;cgy in form V,
However, at form IV most of the better students do Science

Part 2 which is just physics and chemistry. This means that
usually only girls and some of the weaker boy students do some

biology at & higher level,

There is some difficulty with the teaching of biology in the
technical schools as most of the science teachers are trained
in either Engineering and/or Chemistry, and so their back-

ground in biology is limited.,
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(2) To develop an understanding of a sefies of basic
scientific concepts (as distinct from isolated facts).
(b) To develop the ability to plan, conduct and evaluate

experiments or researches.

During this stage the students carry out many exPariménts
to try to find out answers to questions by their own

investigation, The use of the library is encouraged.

Content

Form ? - There are a tétal of 24 topics and 3 of these
deal with biology -

() Organisms feed, breathe, grow and reproduce.

(b) Organisms are made up of cells,

(¢) 6ells differ in type.

Form 2 - There are 22 topics and 4 deal with biology -
(a) A1l life depends ultimately on photosynthesis for food,
(b) Many living things require oxygen to release energy

from food.

(¢) ILiving things exist in a state of balance with their N

total environment.
(d) Living things have survived because of adaptation

to their enﬁironment; ' A
| 40
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Form 3 — There are 24 topics and i deal with bilology -~

(a) Foods contain chemiral compounds, e.g. carbolydrates,
etc.

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

(c) Careful preparation conserves food nutrié;tsi

(d) There are many techniques of food processing and
- preservation. . |

At this stage there is an emphasis on understanding iather

than just!fcte learning. Thg testé set by individuval

teachers are aimed mainly at comprehension and appliéaticn._

The test itens aremostlyobjective with a few longer responses,

Scienco Part 1 - Torn b

Aing

(a) To present science as an ivherent part of man's
culture and not just as é servaﬂtéta trade and engineerinz
courses.

(b) To present students with a wide range of scientific
knowledge that will contribute towar&s making them
effective citizens., |

(¢c) To show how the disciplines of a pure science can be

applied to everyday problems,

Em;hagis

The students at this stage sit for -an external examination

which contains mostly knowledge items and, as the syllabus

41
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is long, little time is spent doing practical work and mos®
time is taken up with formal lessons, This course is under

review at the present time.

Content
Science IV Part 1 consists of two sections
(a) Pure Science and
(b) Applied Science.
The Pure 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

ecological communities.

TIn the Applied Science the students have to study Conservation.
The section dealing with conservation includes

man, the most powerful ecological factor

population

need For conservation and methods of conservation.

They may study TFood Science which is the Form 3 biology

section expanded., P ,
| 42
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Generel Science — Form V

(a) To present significant material from the various
branches of science to enable a student to gain
some understanding of himself and a knowledge 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.

Sontent

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

(a) To develop an understanding of the fundamental facts,

laws and principles of biology.

43
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(b) To develop problem-solving slkills based on these
facts, etc., so that they can be applied to new situations.
(e) To develop an understanding and appreciation of the
contribution of biology to culture.
(4) To develop basic practical skills of experimentation

and of observation and recording of blological phenomen=z.

Emphasis

Some schools do their own binlogy course which may be a
modified "Web of Life", i.e., sections which seem to be
appropriate to the particular students. In this case the
individual teachers set their own examination, which has %o
be approved by the Technical Schools Science Standing

Committee,

Other schools use the set syllabus and do the external
examination wvhich has the emphasis on knowledge., The practical
work is of the traditional type - observe and draw with very

little exPérimenfal work,

Lontent

This is based on the following sections -
physical basis of life
clagssification
animal kingdomn

lzmrghglggﬂ anatomy, histology of the mammal

physiology of man éé

e
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plant kingdom
plant physiology
microorganisms
reproduction
heredity
evolution
field biology.

This course is under review,

TT, SECONDARY SCHOOLS - JUNIOR SECONDARY

Forms 1 - L

There may be some biology at each level., This ranges from
practically none to a whole term's biology. Often the amount
of biology included is determined by the background 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 bhackground allows,

The Victorian Universities and Schools Examinations Board
(VUSEB) Science Standing Commlttee, however, recommends the
use of the Junior Secondary Sciense;Perect (I88P) materials

in forms 1 and 2.

The Green series is recomended for form 1., Thishas 9 units,

3 of which deal with biological topics -~
1 : - M

45




Tnit 6 Buergy fTor TLife

ood for living Things

c
E.
ct
o
b

Unit 9 Things and Places

The Rrf L series is recommended for form 2. Once again there
are 9 units and 2 of these deal with biology -
Unit 2 Looking for Petterns

Unit 7 How Mammals Function

In these courses there is an emphasis on the individual
activity of each student and the tests for the students are

suprlied with the materials.

Forms 3 - &

A course of study is recommended for these two levels.

Among the aims of the course are that the students should

acquire -

(a) An understanding of the universe as conceived of by
scientists.

(b) Some understanding of the scope and nature of science.

(c) Certain skills important to science.

(a) Certain attitudes relevant to science.

Eg?;asis

The Standing Committee believes that a major emphasis should

be placed on student aéti?ity izizfesenting science courses

at these levels.
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sntent

In form E—the year is divided into 171 units of approximataly
similar duration and 3 of these deal with biclogy - ‘

1 Energy transformations in living things.

2. Life in the soil

3. From simple to complex organisms.

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

form 3, and once again 3 units deal with biology -

1. Growth and development
2. Inheritance and variation
3. The evolution and future of 1ife on earth.

A nunmber of teachers actually do quite different coursess
some of which are based on courses used in other States or

other countries, e.g. Nuffield materials, Some have a

practical emphasis, while octhers depend largely on formal ;
teaching. ;

III. SECONDARY SCHOOLS ~ SENIOR SECONDARY

1. Agricultural Science

Fifth Form

The subject is intended primarily %o provide a terminal
course which is suitable as part of a general edueation.
Its aims are as follows —

(a) To stimulate interest in agriculture.

ERic‘ (b) To

to agriculture, a7

g

rovide an understanding of science as applied
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(e) To develop an appreciation of the contri bution
of agriculture to the comwaunity.

(a) To give experience in scientific method.

Wherever appropriate teaching should . Tbased on direct
observation and experimentation. The course does involve
learning a lot of facts, but the students should have some

appreciation of the wider implication of the facts.

Content

The course is composed of three sections -

(2) Environment (climate and soil)
(b) Agricultural biology.
(e) Principles and practice of plant and animal

management.

Sixth Form

4ims

The syllabus has been designed to help the pgpil to see -

(a) Farm plants and animals in relation to the world of
living organisms.

(b) Farm practices in relation to biological and economic

principles and scientific method.

Emphasis
The importance of careful recording and scientific reasoning

ERi(i is to be stressed, pérticularly in practical work.

R —
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Conuent

The course is composed of four sections -
(a) Environment (climaée and soil)

(b) Agricultural biology

(¢) Agricultural ecology

{(d) FEconomic principles of farm management.

Numbers taking Agrdicultural Secience

1968 - 5th Form

% Studying
Total presented for Nunber of entries Agricultural

Agricultural Science for Ieaving ’ Science

Class A 2oys Girls
56 26
82 13789 L 0.6%

Class B 256 L6

Total forxr
State 384 33127 1.2%

1968 - &th Form

Number Attempting Number Attempting 9% Attempting

T 'F—V:;,ff* _ = B _ _ _ - =
Whole Matriculation Agricultural Science Agricultural Science

Hseamination

14,617 .61 | © 0.L%

.
g
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2. Piology
Fifth Torm

Students at this level study the "Web of Life' course,
using the textbook "Web of Life" and the part 1 Student's

Manual,

The aims prescribed are the same as those set out on
pe 6 of the Teacher's Guide, supplied with the "Web of

Life" materdials.

Enphasis

In order %o.meet these sims, it is essential that a

student's activities be organized so that -

(a) A major part of the work involves direct, personal
observation and experimentation by the individual
student.

(b) He learns to find things out for himself, and to
think critically,

(c) 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 apnlying concepts developed

in the course.

Content
The course content is basically chaptera 1 ~ i6 of the

"Web of Life" together with the exercisexz set out in the

Lt TR S v N Wiy ok edom s L e

1 - o
Students Manual part 1. SJ()
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Asgessing Shudents

If the school is classified as "Clasuo A" then the biology
teacher is free to set his own examinations, or use any
appropriate testing system (see comments, Table 3) to determine
vhich students should obtain a pass in the subject. Up tc

a point he can choose which aspects of the course he concentrates
oen and which he leaves out. ff he wishes he can submit a quite

different course to the VUSEER for approval.

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

students sit for a 2% hour examination at the end of the year
which is set by a panel appointed by the VU "B, This means
that the students are expected to have covered certain basic
jdeas and basi: exercises or their equivalent. This is roughly
the material marked basic 3in the Teacher's Guide for all
chapters except 9 and 14 which are not to be axamined, 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 entrigs for Leaving studied Biology, while in 1968 there

were 29.8% and in 1967 27.0%4., This suggests that there has heen
an increase in the interest shown in the subject in the last |

few years.

Sixth Form s
These students study the second half of the '"Web of Life"

and carry out exercises from the part 2 Student's Manual.

' 233.
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The aims and emphasis ol the course are similar to those

for 5th form.

=l

All the students sit for a written 3 hour examination at the

end of the year which is set by a panel of examiners appointec

by the VUSEB, The material to be examined is set out in the :
VUSEB Handbook and is roughly the material marked basic in

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

i.e., chapters 30, 31, most of 32, part of 34, part of 38, 4O,

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

certain . of the optional chapters md also quite a number of +the

optional exercises.

el WM e e T

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

c® the percentage attempting Biology suggests an increase in

% intorest. |

f 1967, before this course was introduced  24.2%

% 1968, the first year of the new course 25.1%

1969 29 ,1%

t

; Teacher Qualifications

? The gualifications of teachers taking 5th form and 6th form

j are set out in Table 2.
The sample of 102 teachers taking 6th form biology all had
some teacher training. There are not figures available at
the moment to indioate what perceﬁfagg of teachers taking 5th

form biology have no teacher training. v E%E?
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Table 1. Nuzber and proportion of studerts studying Biology in Victeria, 1969,

_ , : . _
Form | Technical Schools ﬁ Secondary Schools
- —— : . “ _ )
. 4 1§ A1 students study Seience which | | ™
| © 2 . includes some biology | A rough estimate suggests ebout 80% of students study iy
| 30 : % Science which usuelly includes some biclogy,
L., Veaker students study Science 1, :
| includes Ecology, Conservation mw -
_ : w | Total @ammmﬁﬁm%wzai of wﬁ Study~
. Leaving General Science - includes | ” Tor Biology | entries for i ing
W | some biclogy. D . 1. |leaving _mwcpémﬁ
: m a3 Tl ‘ n Boys Girls (i,e, 5th m.caéu,”
5 | Studied by weaker students, ” o ot 4 —
| : Class A : examination set | | ,, W
|  Biology - stutied minly by girle by teacher in sach maﬁaceiw 2469 o M5 1 17800 .%:um.@f
% . . and boys who study art and. . A
| related subjects. , Class B : exapination set i 957 3612 |
| by VUSEB . 4569 - _ 17282 ! 26,45
” 0 | T e
m : i Total for Victoria w 11483 35083 ' 32,73
ﬁ,zzasmw attempting whole | Number attennting Biology | % Atterpting
| Hatriculation exanination Biology
5 _ © | Boys 9288 m 150k | 16,2
i Girls 760, 31,23 T
' Total 16932 1927 : 29,1
— L;r _— _ ——— .W; v e e st | \. C m..ll
_ , >~}
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teachers taking biology at each level, Victoria,

|
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Sample 263 teachers from High Schools, Catholi

Schools,

Qualifications

Science graduates with major in biologiczl seience

Science graduates with some biolozienl science
Some University biological science
Diplomates with biological science
Sorie tertiary biological science
No tertiary biological science

Teacher Training

Dip, Ed,

31.1%

Science greduates with major in biclogical science
&t least one Part IT biologicel science (University)

fualifications - Sample

.m.:, @&.n v%,_. ,m,-,%-__w..i

or the equivalent

Part I Univers.ty biological ecience or the equivalen

No tertiary biclogical science

239 teachers from High
and Independent Schools.

I.P.T.C.

12,49

pT—

a,msm:wwnm@

Forp | Teahnical Schools W Secondary Schools
! |
—_— b }
S | Many techniezl teachers taking Science h No data available, Science teught by the Biology,
w2 .are trained in Engineering and/or w Chemistry, Physics, Maths or some other teacher,
3 . Chemistry so have a good background
L 'in M¥aths, Physics and Chemistry, ,

Other

19.1% 11

endent

il

el

o €70

]
i

et k1 ot N e gt

m émmﬁ&

52,3%

6.
b, 65

Schools, Catholic

Teacher Training ~ Sample 102 teachers fron mwmg,mos@aHMm Catholic
: ) and Independsnt Schools,

Dip. E4,

B, B,

T
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S.2.C.
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Taklc %, The nature and extent of the icating provedures used in Vietoria, 1969,
,, Forn Technical Schools | mmoggmﬁ 3cheols
| m . _ § .
1 Exaninations set mv feachers in
o 2 teach school. Objective type exam, “ No extermal examinations
n u :ﬂ% few longer responses, ﬂm
L ' Seience Part 1 - Examination exterral | Type of testing waries from school to school
” i objective and some longer responses |
| mostly knowledge,
ﬂ-:z W Mapmmm 4 : examinations set by teacher in each masacu. Hethods of
! i ﬁmmﬁsm_ used:- formal examinations (25 hours), short tests,
; m ‘ practical tests, projects, assessment of student parti-
: _ cipation.in class, | .
: : i Total presented for biology % Pass Total % pass
| | ! e |
| o ~ S 2469 g 78.01 803k
: 5 Fost m”_.,& for an external extiiingtion -i | @irls Ew E 6L ,, .
_ ' rostly knowledge. R g e e
| “ m_S.mmm B : examination set by ._E%m .mSm m.m hour wribt. o examination
_ m , at the end of the year. Testing throughout year at class
,_ r m  teechers discretion. _ L
A m {" " Total presented ?H. gcu_.c@ i % Pass . Total ¥ Pass
1 i b e e e .,.xiii.p.l!!.-i-. e e e
oy 55,80 |
: ; | Boys mﬂ. b 50 ! ,
| ' Girls 3612 | 60.85 5 29.19
o _ o One written 3 hour examination set by VUSEB at the end of the
: _ - year for all students,
¢ m m ‘Total @wmmmzﬁmm Por .EQH@@, % Pass m Total % Pass
",, . | R 1 -
w_ | | Boys 1500, | 66,82 | 66,24
ﬁ ! ! Girls 3423 . 65.99
RS,
&l

§
3
H
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TASMANTA,

L. M, Mulcahy.

The 3Schools Board of Tasmania was constituted in 1946 and took
out of the hands of the University the responsibility for examining
students at the Intermediate level or Lth year of Secondsry Education.
This examination was approximately equiwvalent te the present
Victorian Leaving BExamination.

The Board remained as it was originally constituted until 1966
when it was reconstituted with a larger number of members selected
frem a wider field of academic interests. At this time, too, changes
were introduced which led tc¢ the abolition of the Schools Board
Gerfificate and to the adoption of the School Certificate which

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

school examining field and the Schools Board replaced the Matriculation ;
Examination with the Higher School Certificate. :

225 or 8% of all candidates entered for Biology in 1961 when it é
‘was first examined as a secparate 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 tec £50 or
11.7% of the candidates in 1969. One factor contributing to the
decuinas v Biology student numbers was the preference for Seience
IIC, a mxed Science subject with the emphasis on human physiology.

At the Matriculation level, now Higher School Certificate, Biology

W been examined for many years w1th a gradual increase of candidates

EJ&J;a.max1mum of 1584 or 50.1% of the total number of candidates in
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1969. The large proportiou of candidates offering 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 subjeect from candidates wishing to matriculate. However
this picture may radically alter in the future due to two

CCCUIrrences,

to examine the role of the school in society. The committee received
evidence Trom all interested bodies and a report was compiled and
published in 1968,

Among other things this report recommended: "Primary education
and the first four years of secondary education should be gencral
in nature, with the same fields of study for all students."

Education Department Schools are following this principle and
in consequencde Biology will probably disappear as a separate subject
for Schoel Certificate in most of its schools, being replaced by
a2 general sdience, However this is not necessarily the case with
Independent Schools or Catholic Schools, At least two Independent
Schools rave adopted the Nuffield Course of separate subjects and
i others are examining these courses at this time,

The second factor that may bring about radical change is the
alteration of the Rules for Matriculation ﬁy the University so

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

level, 76 Eiucatlcn Departmﬁnt Schools, 20 Catholic Schools and 8
Iﬁdépéﬁﬂént~-chﬂaid. The Devartment schools GQHSLSt of 3 Mabrlcalatfoﬁ

Socondary education

i



only, 2 High schocls providing 5 or 6 years of secondary educatlon,
25 High schools and 3 District High schools providing 4 years of
secondary education, 35 Area schools which provide mainly an
agricultural education but also 4 years of academlilc 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 Cert.ficate
level. :

In some schools pupils start the Biology course in their third
year, after 2 ycars of General Science, In others Biology is not
offered as a scparate subject at all, and the schools offer a
variety of other science courses.

Biology may be offered at two levels, Level II and Level IIT,
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 Certit'icate
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 alternmate syllabuses., ILevel II is based on %he 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

O
FRICm the Scncols Board's Regional Moderation Handbook 1969:

o o8



56.

"ha Schools Board of Tasmaniza las adopted the principle that
teachers should be responsibie for the assessment of their pupils,
and to this end proposes to use moderation procedures foi the avard
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. TIn defining the reglons, 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 béen taught; others give terminal examinations with a
final examination in the third term of the 4th year examining the
whole syllabua: 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.

- 59
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Teachors of Biology in Tasmania very cunsiderably in both

academic qualifications and teaching experience. As in other States \

science teachers are a scarce commodity. Teachers of H.S.C. Biology
in Indspendent Schools are all experienced teachers and with one
exception all possess science degrees. In Catholic schools the H.ES.C.
Biology teachers are graduates and experiencea, 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 conéultation 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 especiaily suited for Art s~ tudents ..., Were
interested in Science.

In conseguence many students who study Biology as their only
science at Higher School Certificate level 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

]ERjkjmaqy schools will naturally deplete the nvmbers of School Cexrtificate

IToxt Provided by ERI
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Biology candidates. Whether or not the relaxation of Matriculation
ruleg by the University will have auy marked effect on the number

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.

Bl
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SQUTH AUSTRALTIA

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: ORGANIZATION

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 secondaxry schools.comprise
High, Technical High and Area Schools, and there are alsc Roman
Catholic and other Independent schools at secondary leve’

In Departmental schools, and, to a lesser extent, ir
Independent schools, a "track" system operates: all tyr : of
schools are becoming more comprehensive, -

Track O keeps open the way to matriculatici; 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 acyusition of skills ... [and] is mainly concerned
with application of these matters +o early entry into direct
employment ,.,., and to possible vocational studies ... Track 3
syllabuses are used with Remove classes and Track L. syllabuses

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

, o
- ERIC: the end of each school year, ! é;é?

IText Provided by ERIC
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Figure 1 outlines the track sysbem. Tn ench rectangle the

symbois 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 science.

In the senior school Track 0 the time allotment shown
is the time per subject, i.e., a 5 ~ O s%nﬂénf talring
both chemistry and biology would commit 2 x 240 minutes
to science subjects,

. SCIENCE OCRGANIZATTION

Recently the Department schools 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 tracks within the
schools should facilitate this rationalization.

Subjects available

In the Jjunior secondary government schools the only science
subject available for all tracks is General Science. In grads i1
4 - 1 General Science, 4 -~ 1 Physical Science and 4 - 1 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 taughts 1In grades 11 and 12 Track O students may take Physiecs,
Chemistry, Biology and Geology coursrs examined by the Public
Examination Board.

Objectives

Two general sets of science objectives are now conceded in §

o :
FRIC th Australian schools: _ 2
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TRACK SYSTEN
HIGH SGHOOLS

Grade Level
. : i

g | 10 11 112 gy,
1 2= 3-8 - 14-0 5-—-0 f§
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Content objectives ~ a study of i1he envi-ronment
Behavioural obJectives - how to find out about the envircument,
An inguiry approach is recommended, leading to a kn-vledge of:
1. What kinds of things are in the environment?
2. What are the materials of the environment?
3. What are they made of?
4. How do they interact?
At the same time, it is an objective of the courses to teach:
1. Scientific skills (observations, classifying, testing

hypotheses, etc.).

s leiatons e e L

2, Skills in understanding (reorganizing and understanding

concepts, etc.).
3. Laboratory skills. .
s Communication skills.

Testing procedures

Although there is considerable variation, continuous assessment

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

R D A e B S S SO TS

results in about eight assessment periods per year. No certificates

are issued for academic achievement before grade 11, i
Grade 11 and 12 subjects in Track 0 and some Track 1 subjects

are externally examined by the Public Examinations Board and certificates

showing the grades achkieved are issued to all candidates, In

Tracks 4 - 2 and 5 - 1 the Bducation Department issues certifiicates

based on the :=2sults of continuing assessment plus a final examination

which, although set and marked internally, is moderated by

Department officers.,

T
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BIOLOGY EDUCATION

Students

With the introduction of general science in the Jjunior 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 and 12 but, although the
présent 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 wonld be
reasonable to suppose that the Biology explosion would present a
great problem to Biology teaching resources.

Figure 2 shovs thé great increase in relative numbers taking
Public Examination Board examinations in Riology.

Teachers and class size

The following tables are based upon replies to gquestionnaires
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 CF SCHOOL

ED. DEPT, ED. DREPT, ROMAN OTHER POTAT
MBELVROPOLITAN COUNTRY CATHOT, T TNDEPENDBEN P S *
SEITT 70 52 18 20 160
RETURNED 2. 31 11 12 78
% PRATURNED 3. 60 61 60 4.9

"roportion of questiomnaires returned from each type of school

in 1969,

(Data in tables 2 and 3 are based upon this sample of 78 L..clogy teachers.)
From this table it is obvious that the data may not give a true

indication of the capabilities of those responsible for Biology

teaching in the various schols. 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,

| e P
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Table 2, ;
TYPE OF SCHOOL %
TEACHING ED. DEPT. ROMAN  ED. DEPT.  OTHER POTAL f
EXPERTENCE METROPOLITAN CATHOLIC COUNTRY INDEPENDENT
YEARS
0 -5 12 5 17 3 37 ;
5 -9 9 3 10 b 26
10 + 14 2 2 3 3 10
15 - 19 1 1 1 3 :
20 + 1 1 2
2h 11 31 12 78
QUALIFICATIONS
M., Sce 2 2 b
B. Sc. (Hons)
B, Ag. Sc.
B. Sc. 16 5 16 7 N
Part degree 7 4 10 2 23
Other L% 1 b 2 7
| 9 32 13 78
*‘ Dip. Ed, 9 1 3 3 16 ;
‘ Dip. T. 13 L 18 1 36
Part Dip. Ed, 2 3 5 i
]
2 5 2L, L 57 lf
1 Bio/Se. ‘
subject * 24 11 21 12 78 }
Pt. II Bio/ )
Sc., subject** 17 8 21 7 53 !
TNSERVICE o) 5 2 8 5 20 :
1 8 2 13 1 2!
24 11 7 10 6 24
2l 11 31 12 78

Experience, qualifications and attendance at inservice conferences
of South Australian Biology teachers,

* Only 1 Biological Science subject at a University.

Q ok At least one part Il level university Biological Science

subject at a University. /

[ad e



~Table 3,
TYPE OF 3CHOOL
‘Education Department | Roman i Other Total
JMetropolitang Counf;;ﬁm Catholic Independent
T Grede level | 11 i 1 2 |11 az 11| 1z |14 L1211 a2
 Class size | o
30 + 7 701 112 o2 | 2 L2l 10
25 - 29 9 6 7 0] 2 0] 3 0] 19 6 %
20 - 24 8 1 81 3 | & 2 | 5 9 |23 15
15 - 19 6 4 8 2 1 2 3 | 0 161 8
10 - 14 1 2 O 4 1 O 1 2 3 8 E
1 - 10 ‘ O O i 1 2. O. 1 o (8] 1 5
| 31 20 125 Lk §1o 5 +14 i 13 76 52 %

Distribution of Track O Biology class size in different types of
South Australian schools, 1969,

Bxaminations

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 atout one third being multiple -~

-3
LD



68.

choice, one third short response rnnd one third essay -~ type questions.
Thisz pattern is followed i 5 - 1 Biology examinations, but
continuous assessment plays -a mnre imporiant part in the final grade

than does the final examination.

REFERENCE

1. Anders, D, J., 1965 S,A.S8.T.A, Journal, August, 7 - 11.
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WESTERN AUSTRALTA.

K.J. Betjeman

Introduction

Adlthough 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 tobal science education
pattern in orxder to fully appreciate its current status. For this
reason 1 propose to consider YScience Education in Secondary

Schools in Western Australia" with speciiic reference to biology.

Overview of Secondary Education

In Western Australia secondary educ * .on is offlered over five
years following seven years of primary education. The years of
secondary education are named in numerdical succession (First Year,
Second Year, etc. to Fifth Year), however as this .unference is
concerned with interstate comparisons, discussion will be easier
iif I use grade ref'erences. Table 1 provides background data for

grades 8 to 12.
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Grade Western Australian Predicted % Pop. Feb. Certification Age
Nomenclature., Retention of 1970
‘Grade 8,1970
12 Tifth Year )Upper 27 L., 784 Leavi?g Ceriiti~ 17.3
- School 2 = cate (Battery of -
11 Fourth Year 35 6,513 examinations — 16.3
some at highexr
level for matri-
culatior).
10* Thlrd Year 1 93 17,519  Achievement 15.3
ower Certificate
9 Second Year(School 99 19,432 (Cumulative T4 ol
8 TFirst Year 100 20,109 evaluation over 13.3

three years).

* End of compulsory education.

TABLE 1 : Background Data.

A detailed discussion of secondary education in Westerm Australia

is available in the Dettman Report (1969).

Overview of Secondary Science Grades 8 to 10

The distribution of students and science subjects for 1970 grade 8

is shown in Figure I. Science education in grades 8 to 10 in Western
i Australia is currently undergoing a change in both classroom method and
course organication. It is probably fair to extrapolate and say that
this distribution is indicative of the possible future general distri-

bution up to the end of grade 10.

73
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100
E | Achicvement
80 1 | Certificate
l ~1 Science
! ; 94%
60 - 1
PERCENT _
GRADE 8 ’ Physics & Chemistry 3.2%
STUDENTS 40
1970 ’ _ 1.5.C.5. 2.1%
' /
/ /' Biology 0.6%

20 | ,
// J.5.5.P. 0.5%

SCIENCE SUBJECTS

Figure 1 3 Distributicon of Grade 8 Students in Science
" b b Y

All students in Government schoolas and most Catholic Trdependent

schools study Achievement Certificate science, mathematics, englich,

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

levels — advanced (upper gquartile of the state population), interwediate,

and basic (lower quartile of the state population). Bach 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, biclogy,
or physiology and hygiene (Dettman Report, 1969, pp- 35~36). The latter
three subJjects are tending to be absorbed in general science curricula

and may disappear in the near future.
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lore than 90% of secondary school students in grades 8 to 10
study, or will be studying, Achievement Certificate Science. This
course has a compartmentalised 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 apprropriate for grouped differences
in student akilities.

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 sSeparate discipline -

rather it is one component of general science education.

Overview of Secondary Science Grades 11 to 12:

Figure 2 shows the di=s* "7 '" + of Goviernment schou. scudents
and science subjects for grade 11, 1970. In addition to the four
sciences shown on thie graph, there is a small number (Less than 1%
of the state grade 11 population) of students in Independent schor".s
studyinz Geology or Agricultural Science. Xven though the :rade 12
distribrtion shows slightly higher percentages for physiecs and
chemistr-, they still do not exceed the percentage of 1 iology

students.




Science Course

Achievement Certificate Physiology and Biology
Science Hygiene
Adims To develop attitudes, interests, To develop an To acquire
knowledge, understanding and understanding a knowlcdge
skills which will enable the of the structure, of the
students to develop an apprec— function, and worlid cof
jation of themselves and care of the body, living
their changing environment. and control of crganisms.,
(Specific aims are listed in the environment as
Education Department publi- it relates to sound
cation ATB-T~I-0 and in the health practices.
Teachers Guide for each
topic) .
Biology Characteristics® of Living The whole body Character—-
Content Things; Diversity of Plants; organisation; istics of
Diversity of Animals; Insects; Respiration Food Living
Vertebrate Physiology; Flower— and Nutrition; Organisms;
ing Plant Physiology; Genetics; Body Defenses; Plant Auna-
BEcological Relaticnships; One Excretion; Res-— tonmy and
or more open ended researca ponce; Locomotioni Physiology;
topics with a biological bias. Community Health; Anatomy of
*0Only this topic not treated Communicable an aquatic,
at three levelse. Disease; ¥irst amphibious,
Aid. & terres-
trial ver-
tebrate;
Habitat,
importance,
features,
life cycle

of a range
of inver-—
tebrates.

Hethod Maximum student partici- Teacher and text Teacher
pation through laboratory book centred. and text
centred activities struas book
tured to achieve specific : centred.

topic aims.

Time 6 periods each L0 minutes Minimam of & 5 periods

Alloca~- per week. periods each eazh 4O

tion. . 40 minutes per minutes per
Each topic approx. ) weeks. week. week.

TABLE 2 : Grades 8 to 10 Biological Sciences.
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o ; . Chemistry 43%
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. ; i , Physics 38%
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PERCENT i : Physiolagy & Hygiene
GRADE 11 : / &nd Human Biology 17 %
STUDENTS 20 ' , Py
1970 9 ' : :
10 - i

SCIENCE SUBJECTS

Figure 2 : Distribution of Grade 1 Students in Science

‘Table 3 summarises the aims, content, methods, and time allo-
_cat;op of grades 11 and 12 biological sciences. Web of Life Biology
is taught in all Government schools and is replacing tradltlonal
';descriptive biology in most Independent schools. Currlqulum developers
do not want Human Biology to be regarded as a "soft oPtion" science -
rather they would like the subject to illuminate its own speclal
viewpoint and effectively forge a link between the sclences and

. the humanities.

The tradltlonal prestige of physics and chemistry, and the
1nf1uence of terulary 1nst1tut10ns on subJect selection in secondary
schools plays a major role in determining the science subject seiection

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

physics and chemistry are prp—reqy?i?tes'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 enqouraging pctential university
students to opt out oi' secondary school biol.ogye. It is common
practice for students who intend to proceéd to a scienée 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 Bioldgy with Physiology
and Hygiene (or Human Biology) «

These trends are illustrated by Figure 3 showing the distri—v

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

320 1 Total
] — — — Bioclogy
>80 eeeen-- B&H/Human Biology
| «— Chemistzy
e 2 Physics
200 1
NUMBER 1
oF 160 -
STUDENTS :
120 - AN
) N\ N\
80 - \“‘&>\\
oW
40 4 ~ b
~
......... T

A.Q.

Figure 3 : Distribution of 1969 Grade 1l Student Abilities

in the Scisnces :?és
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Biology Course

Web of Life Physiology & Human Biology* Agricultural
Biology Hygiene® (*alternatives) Scievcs
Aims To learn some To develop an To encourage the To give an
facts and big understanding study of man introduction
ideas of biology, of atructure, using biological to the scien-—
to view biology functbtion, and principles and tific princi-
as inquiry, to care of the to relate these ples under—
become familiar body. to man's mental, lying agri-—
with the Scien~ .. nutritional, cultural
tific Method, educational, practice.
to use course health, and
concepts and social problems.

methods in
everyday situa-
tions, to think
critically, to
realise the
tentative nature
of hypotheses,
to base wvalue
. jJudgements on
sound thinking,
to develop
communication
and practical
skills, to
appreciate that
man is paxt of
the living world.

ol
ot

Content Grade 11-A1l1l _of. More detailed Human anatomy Climate, plant
Part I, cover of ﬁ?g p%¥s%ology; anatomy and
ades 8 to LCroblLologys; hysiology

Grade 12 - Part fg physi.ology life cycle and glghﬁ diseases

1I modified to and nygiene. origins of man; gnd pests,

reduce the time variations soil management,
demand of basic between men; plant nutrients,
work by 15%k. races of manj farm rotation,

mental, bodily
& community
health.

crops & pastures,
genetics, animal
husbandry, agri-
cultural machin-
ery, farm
management.

(Contdo/ebcoooao)
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Web of Life

Physiology &

Biology Hygiene*

Human Biology*
(*alternatives)

77-

Agricultural
Science

Method

Student centred Teacher and
laboratory work textbook
and discussion centred.
with emphasis

on inguiry and

the big ideas

of biology

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

Combination
of teacher
and textbook
methods with
farming
experience.

Time
Allo~
cation

Grade 11 ~mini-

mum 5 periods 40 minutes
each 40 minutes per wesk.
per week. Trend

is to 6 periods.

Grade 12 - 6
periods each
40 minutes per

waekes

5 periods each

5 or 6 periods
each 4.0 minutes
per wesk.

Minimum 5
periods each
40 minutes
per weeke.

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 subJject includes the full range of student
abilities, the distribution of the physical science populations
have positive skew while the biological sciences have negative
skew. This is more apparent if the percentage of students for

cach AQ interval is graphed (Figure 4).

— — — Biology . - - -

cew e~ -e - PAM/Human Biology |
100 - —— e Chemistry»“ .
—————— Physics
o9 . _ ///
S~
. /-""\ N 1'
. ‘ -
60 - \‘. / \ : - ,l
PERCENT ~ ~ //C\ ,;
TOTAL- L >\\>/ oS
STUDENTS 40 4 l," JPAVAN _
----- LT \.\
e RN
20 - St el ~~
;t?”{44/ e ~

- - -

- 85 90 95 100 105 110 115 120 123 130 135 +

A.W.

Figure 4 : Percent of Each Ability interval of 1969 Grade 11
Students for Each of the Sciences
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The retention rate of biology students from grades 11 to
12 has varied within the range 70 —IBQ% during the past five
vears. Although there was a 2%% decrease in the biology
population from.1969 grade 11 ;o 1970 grade 12 and the drop—outs
(due to dislike of biology oxr employment) came from ali.AQ inter;
Vi Ls, génerally they included slightly greater numbers of the
less able students (Figure 5). This pattern is repeated for

the subject Physiology and Hyglene.

100 1 Vm_ — — — = Biology
ot
N “ cee-se.. PRH/Human Biology
| \ .
80 .
\ .
\ "
PERCENT 60 | ‘oon
oF Vs
STUDENTS . (N
FOR EACH 40 AP SO,
SUBJECT . e
.
20 e NP \
2 NI BT s
~~ -~ \\ - '_/ e
i ~ %

- B85 90 95 7100105110 115 120 125 130 135 +

A.Q.

Figure 5 s Grade 11 to 12 Dropout in Biclogy, Physiology & Hygiens,
snd Human Biology :

82
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Methods of Evaluation and Certification Grades 8 to 10

As from 19570 students commencing secondary education will no
longer be subject to extermal examinations. Instead, student
achievement will be assessed by internal school methods externally
moderated by a Board of Secondary Lcisation. This system :ives
maximum flexibility to science - .zke:s in determiring what and
how to asser: and allows them tc cHm; _ete an on—-going assessment
of the studeat over three years. At the end of grade 10 ths
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 subJject moderators from the Boafd, and
liason with Education Department representatives ensures reasonable

comparability of standards.

Methods of Evaluation and Certification Grades 11 and 12

Public e;aminations 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 hcurs duration. Physiology and Hygiene

and Human Biology are not approved as matriculation subjects and
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apﬁffexa.mined at Leaving level onlye. Studants who pass subjocots
Jgﬁgt Leaving level are awarded certificates wh~ =~how the subjects
passed or passed with distinctione.

In order to matriculate, a student need no: eni.-r fo any

science subject. However, for those proceeding — = scier-

@

tertiary education, matriculation physics and chemi: <y is the

most common choice.

Demand and Supply of Biology Teachers

Although most science teachers teach some grzde 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 fhere is an adequate supply of teachers
qualified in one or more first year university biology subJjects.
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 séience degree. Very few
biology teachers are biology majers. The availability of gqualified
biology teachers is appreciably less than for the physical

sScilences.

B84
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Figuze & : Demand ond Supply of Science Teachers
in Senior High Schoolsz 1869

CUNLL U s it
In concluding, I would 1like to make the fdllowing three
observations:

(1) Biology does not exist as o separate sclence discipline

ir grades 8 to 10. Instead, 1t is one component of a ;
genersl science education.

(2) Enrolments in biology are increasing by approximately
1-2% of the total grade 11 population each year probably
due to increasing grade 10 to 11 retention rates. This

raises the questioh of the suitability of the rationale,

8

al




85.

and the degree of difficulty of web 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-
mentai 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 Westexrm 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, s oE

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 IT

THE AIMS OF BIOLOGICAL EDUCATION

Three speakers presented their own statement of what the aims ]
of biological education in Australia should be at present. Professor
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 biclogical 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 concentrate 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

pPlace 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 E
of biology educatiocon in the general education system and is opposed :
to biology courses being used to inculcate a particular set of
attitvdes 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 from a wider study."

Qo A brief summary of the disScussion that followed these papers

e g
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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.).

i
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The Aims 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 which he should leave out. The time
youngsters spend in schools is Himited, 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 gozals of secondary education.

Various people over the years have attempted to state the aims of
education; perhaps no one person's ideas are generally accepted.
In a recent address, D, Ha Munro (1) grouped theories of education

under three headings:

1a "Assimilation" theories, in which the main aims are social

adjustment, emotional security, and integration intoc the
community way of life, As he puts it, the individual is
" 5 barbarian +to be tamed, a character to be moulded, forasisgn

body to be assimilated, a personality to be adjusted".

! E;E; :
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2. "Practicalist®, cr "Preparation—-for-Life" tlecries,

in which the main aims are to give the pupil skills he
is almost certain to need and want rather than to txy
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 Munrc 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 1s possible, obJjectively.

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

so in the discussion which follows this address.

BEducators 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) cf parents
and society, using specialist skills which the parent usually does
not possess. Our laws even require that a child be tak n from his

parents, forcibly if necessary, and put before a teacher;' The

educator has a clear responsibility to live up to the expectaticns of
[]{U:‘ the community; he should always be mindful of his responsibilities.

' gQ
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In our sociely, the education process is sSeen 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:
"Tn 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-natiomal 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 waﬁt certain characteristics in &ll

of its ci%izens, much of our educational thinking is directed towards
production of pecple 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.)

T will now try to spell out what I believe are agreed goals of

!
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Australian educational systems.

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

should be subjected to a variety of learming experiences, such

that:

(1)

(1)

(iv)

He becomes informed as to our cultural heritage, in

2ll its aspects. This includes coming to know something
of mankind and its arts, and of the surroundings of

man as seen by man,

He gains particular knowledge, psychomotor skilis,
intellectual skills, and attitudes, chosen so that

he can make & living and live ir harmony with other
people,

He is able to make some contribution to human society

as a whole, however small that contribution may be.

Qur society is a changing society, one dedicated to
change:; the educated person must therefore 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 ~ contribution to
society 1s not enough.

He must be willing to make some contribution to the

1ife of society, This is a question of attitude
development, Somehow the student must become a sociall&—
concerned adult, if only because by being concerned for

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

" g2
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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 g§a1 in our educational
processes, and perhaps some people are the wocrse for our
admissions,
It is not my own beli=fs 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 sSchool® — 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 eduocation.

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. Tt is naive to assume that such

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

intertions.

In attempting to achieve these broad gosals, a number of guidlines
seem important, particularly in the context of the overall themes
of this conference., I wish to suggest several,

(i) 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 “o its immediate or

! - .
potential relevance to thegkmudent, both as an individual
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and as o member of soclety.

Knowledge should be derived, wherever possible,

from direct, personal experience or the nextébést
substitute. This procedure improves the gquality

of & student's "informgtion-input", oand increases his
awareness of his total surroundings. It is only too
easy for the educator to resprt to wverbalism, to the
using of words which mean l1ittle to the hearers, or
which convey a meaning to the hearer different from
the one intended. Educators have a responsibility
to provide a carefully-chosen range of experiences

for studentse

(iii) Much attention should be given to developing intellectual

(iv)

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 txry to také education to a
point at which a person i1s capable of and willing to learn
for himself: such people should then not stop learning
while they possess the physical faculties to do so.
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 acsthetic 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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(v) The learning sitvations used for a pariicular 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 c¢lassroom, 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 likely to result, without catering
for individual differences some of the products will

develop in ways neither intended nor desirable.)

P N

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

capable of reaching the same levels of attainment.

st s e

The educational system should be such that every
individual, however "dumb" or "clever" he may be, makes
gains towards the overall objectives of the educaticnal
programme., The amount of gain should perhaps be rewarded,
as well as ~ or instead of - the attainment or non-

attainment of some pre—-determined "pass" level., :

What about the development of attitudes in studentsf? Our attitudes
determine, of course, how we behave, Many people believe that
o there are certain attitudes that should be developed in all students.
ERIC ,
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Aruitoxt provided by Eic:
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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 sccial questions
of +the moment? | |
(vii)i sugegest that to deliberately develbp a particuiar
attitude towards such a problem is not o proper Ic_=

of our educational system. Educators zizcald concentrate

on developing informed, intellectunlly—cavnable, sccially—

concerned individusls capatlile of makizz ational,
objective judgements for themselves. = .r one thing, there

will be many social guestions of the 7 :7ware 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 him, is a breach of responsibility on his part.

Because of the ways in which attitudes usualily 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 uwnconsciously. Though it is
easier to indoctrinate pecople than to sducate them to make their own
assessments, I suggest that such a gonl is worth the effort.

Bducators need to ensure that students learn to handle c¢ontentious

social questions, but in as ocbjective 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. Hewever it is traditiocnal to classify the
. Ya
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educaticnal process into subject areas. At this confefence we nre
reviewing only part of the educational process: that which takes
place within the periods ofvtime identified on timetables as "biology™.
Our goals, as biology teachers, will be little different from those

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

e different. The biology teacher will be influenced by consiéeratidns'

which seem to apnly especially to his particular field,

(i) The nature of the scientific process is a key part of
our present culture, and so warrents a place in ‘the
education of all students. The senior bilology class
is the only place in which morec mature students can
have o real 0ppoftunity to appreciate the nature of the
scientific activity: what a scientist does, how he
thinks, how to regard the "findings" of science.

(ii) Not 211 of the findings of science are of immediate or
potential relevance to fhe student., Biology teachers
must cull out material which, while interesting, is
competing wit£ more worthwhile content for the very
limited time availlable,

(iii) The findings of science should be conveyed in such a
Wéy that observation and inference are clearly
distinguished, tﬁat the student appreciates the continually
changing nature of scientific knowledge, and the degrees
+o which the various generalizations of the science are
supported by evidence. |

(iv) Conceptualizing of broad understandings of biological

1
=
processes iz probably more ééﬁ:rtant in" the long term than

;
%
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masses of specific, unrélated informationc 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 understaniings of the living
world shoul: bhe developed within the limited tzime
allotted to = biology course,.it would seem important
to attempt o dévelop some overall picture of the living
world, as understood by monkind ~irough the biological
sciences. #an, and man's relaticzships with his
surroundings, can then be seen in the context of owr
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.

T believe that the overall goals, guidelines, and particular
considerations I have set out should influence course designers

in selecting conteunt and designing lsarning situations. In my view,
only if a procedure substantially meets these requirements should it
be included in.a classroon programme. How much time is devoted to

diffarent aspects is a matter for consensus.

REFERENCE

(1) Munro, D. H.. 1969. The Secondary Teacher Noq. 142, pp. 27-30.
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FULFILMENT _-ND RESPONSIBILITY IN BIOLOGIGAL
EDUCATION

David B, Allbrook

In a forward looking Coﬁference such as this, where we a re riding
+nhe crest of the scientific wave, it is good to get historica; per—
spective. I wish to take you back to fhe first known scientific
biologist. .Aristotle's time was 347 B.C. — 335 B.C., when he travelle@
the island of Lesbos and the straits of Pyrrha.

VWhy should we study Biology? In his words:

Of natural substances, some.ére uﬁgenerated and indestructible
throughout eternity, others share in“generatian and deétruction.
The former (that is, the heavenly bodies) are precious and
divine, but we havé less opportunity to investigate them

since the evidence available to the senses, by means of which
one might study them and the things that we long to knowAabout,
is very scanty. But concerning the things that perdish, that
is plants and animals, we have mucﬂ better me;ns of obitaining
information, since we live éﬁong them, For anyone who is
willing to take sufficient trouble can-learn a great deal
concerning each one of their kinds. '3ut each of these two
groups.has its-own attraction. For e&éﬁ though our compre-—
hension of the heavenly bodies issmall yet because they are

80 precious it brings us more pleasure than knowing everything

in our region, Jjust as a partial glimpse we chance to got of

S5
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these "2 Love brings us more pleasure than an accurate vision
of otaexr things, however many or great they are. On the
other hand our knowledge of the things that perish has the
advanzage in that we can obtain more and better information
abou® them; and again since they are nearer to us and more
close. - related to our own nature, this restofes the balance

to sorm= 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 ignovble alike. TFor even
in those that are not attractive to the senses, wvet to the
intellect the craftmanship of nature provides extraordinary
»ieasures for those whé can recognise the causes in things
and who are naturally inclined to philosophy. For if we

derive enjoyment from looking at imitations of twaese 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. And so we must not feel a childish
disgust at the investigation of the meaner animals. TFor

there is something of the marvellous in all nacural things.

The story goes that when some strangers who came to visit i
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Zs: - Zitus entered and saw him warming himself at the kitchen
=~z +they hesitated : but Heraelitus said, 'Do not be
gzwz.Z. GCome in. For there are gods even here.' Similarly

v - uld approach the investigation of every kind of animal

Wo ..o being ashamed, since in each one of them there is
5... n.Zng natural and something beautiiul.
Ti= s8enee of chance and the serving of ends are found in

th=z works of nature especially. And the end for the sake
of which a thing has been constructed or has come +to be

belcz:izs to what is beautiful,

animals, he ought to be so about man also.

But i anyone considers that the investigation of the other
anim=_s is beneath his dignity, then he ought to hold a
sirilar view about the study of himsalf. For it is not
poz ble to look at the constituent parts of human beings,
Ssuc. 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
inguiry is undertaken - is their material, but rather the
Wi Torm, Jjust as in discussing a house, it is the whole
forc, .ot the bricks and mortar and tiuwber in themselves,
that is our concern. So too the student of nature investi-
gawez L..3 composition and the substance as a whole, and not

lthe ma<erdials which are found apart from the substance of

Aristotis then points out that if anyone is squeamish about examining
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which they are the matexrials. (1)

Most of us took to biology because we wers Fasnsinatod by tho stndy Z
of living things. Perhaps it was their movement, or their growth, oxr
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 encouragement, 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 Lahére University,
Punjab, and then Biology Master, Mercers' School, Londgn, 1936-46) .

In India and London he helped many travel towards distant horigons 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 meking me think foxr myself. He was ;
an expert at transforming the energetic guestionings of adolescence into é
creative activity. He rarely gave pat answers, but parried questions i
with more penetrating questions, and suggestions for reading and simple i
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 foxr and personél familiarity with his subject, and
also with the men who made biology, such as Sir Victor Horsley and
Grahaem 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, middle—aged !
research biologists, Proflessors, medical men and medical teachers in India,

O  Ppakistan, the Middle East, England, Australia and New Zealand.

i
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If we analyse this personal anecdote we learn that the primary ima
of biological education may ineclude the following: a sharpening 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 experiencee.

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 perbaps we should add
that to our list of aims. Because if all biology teachers can do like-
wise for 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 fulfilment in people. All are relevant to the pupil's
development as an educated person. They are mandatory for 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 teclmiques to basic bio-
logical research. There has been an important marriage of field work,
populaticn studies and ecology with laboratory investigation. This is

'Q remplified best in the applied biological sciences such as medicine,
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101 .
fisheries, veterinary medicine, forestry and food seciences. Fach 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
entirely new industries such as the pharmaceutical and pesticide indus—
tries. In turn, these have poured money, men and resources into yet
more researcn — and so it continuese.

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 educatiocon in the oitizenry as a whole.

How is this to be met? In Western Australia it 1is estimated that not
less than 21 biological science university graduates are needed per

annum now to staff government and private secondary schools. Yet

the lamentable fact is that in Western Auvstralia the current gnnual
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 sducation iz not
yet being met, though a magrnificent beginning has been made. Much of
the school teaching is being done by poorly trained staff.

Thus an increase in the numbers ocoming forward for training in
biology is an urgent requirement. The need is to make the working
conditions of a secondary teacher of biology gouod enough to attract
many more able, well-trained people into the profession. You are

able %o spell out what these may be.
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For some years past I have been increasingly fascinated by the
field which has com» 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. Ore
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 hié |
surroundings - it happens very quickly, especially in a period of
rapid educational, economic. and political devélopmen‘;° ‘In Uganda
the cataestrophic effect of sleeping sickness epidemics in the early
decades of this century on the population of tropical Africa can teéch
us how dicease will be affected by the changing mobility of people
brought about by trade. The sleeping sickﬁess also shows how Glossina
palpebris and the relation of this vector to trypanosomiasis; both
human and bovine, can retard develoﬁmen? by reducing popﬁlation and
preventing the use of beasts of burden, and eliminating ‘the pbint of”
wheeled transport. (iheels were never used in Central Africa).

Another example which we lived wifh was the profouﬁd social and
educational effect of childhood protein malnutrition. In our part oFf
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 profoqnd;-

To a large extent the pattern altered in that ten years.
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In Australia we héve rather similar aspects of Human Biology which
in the years ahead will dominate our thinking. Educators, health
authorities and private and government policy makers neec. 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 1950's it was vexry
low and the aboriginal population was small and declining. Now it
is probably over 4% per annum. It will certainly continue this way.
The social and educational future opportunities this gives to the
Aborigines and to Whiﬁe.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 problém is to know
just how much. This should include psychology, group interactions,
culture, language, man's 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 ses 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 20 on

have a tremendous relevance. 1 am suggesting that for Austreslia the

area I have mentioned will be the most important domestic issue for
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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 moderm educated people. Our future Biology courses

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

In our weste n Australian course of Human Biology we have tried
to show the biology of man: first as part of the whole system of
biological interaction between crgsznisms, and secondly as a unique
thing because of man's culture.,

It is a tall order, au{ we are experimenting, for we hs ¢ much
to learn.

My final comment is that, in all our teaching of biology, it is
essentiai cthat we should strive to present our material as an example
of the general objectives of science education. These are that students
should complete school courses knowing about definitiions, converntional
classification, prediction and the use of hypothesis, the use of models,
observation, measurer:znt 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 biclogical science as a human activity, and
biologists as flesh and blood. human beings, with successes and failures

and fcibles.
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Perhaps we should allow some of our students to develop laboratciy
skills such as microscopi= observation, dissecti.:g, field observation,
recording of observations in graphs, illustrations and tables. Not all
students would want to do these things but I would ﬁot like to see these
techniques excluded by edict. At the same timelwe 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 1imitations 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 s
on the entvhusiasm, 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 of courses. As
a result of our continuing discussions we shall be constaﬁtly 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 personal role.

REFERENCE
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BIOLOGY TEACHING TN SCHOOLS IN TURMS OF THE NEEDS OF MODERN SOCTETY

Stephen Bboyden.

We are here for a frank exchange of views on education in
biblogieal science in Australian schools and it secems to me that
we siould we trying to answer three main questions.
They are:-—
(1) Whet should be the aims of education in biclogical science
in schools in Australia®?

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

we can agree on vhat 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 make a

comment on the aims of education in generel.
One of the main aims of education should surely be to provide the ' |

individual with 2 balanced and coherent‘picture of thebhuman,situation ' |

in historical and biological perspective, and with an awareness and

understanding of the nature of the mosf 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 pleay 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 ghe

Q aprecedented rate of social and environmental change, these aims

ERIC

ammgme education have never been more imﬁbf}&ht than they are at the present
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tine, 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 obJjectives of education
should be to provide the student with some understanding of the
present human situation in biolecgical and historical perspective,
let us go back in time and consider briefly some of the events
of outstanding significanée which prepared the ground for the
important global developments which now loom 3o 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 -

thé processes of 1life - first began to appear and éupérimpose
themselves, so to speak, on the iﬁorganic world, While these

new processes were utterly deperident on the more ancient physico-
chemical processes on which they were based, they eventually gave
rise to a highly complex and diverse systemn of living organisms
which has transformed the character of ﬁhe 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 wiich was destined‘

to prove perhaps as significant as the origin of life itself, dJust

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

from the physical and chemical processes which preceded them, so

1i0
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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 1life. The existence in the bioéphere of these tﬁree distinct
sets of processes is reflected in the structure both of educational
programes and of academic institutions themselves.

Clearly, for an understanding of the total situafion 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 underlying and more ancient inorganié processes on which
they depend, extraordinarily little attention is béing 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 sérious 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
pfocesses 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;
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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 @he 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 discuséion later on.

I suggest that:-

(1) Science education should not aim to attract students to a
career 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 wut to glamourise science or to paint
a false picture of scientists as selfless benefactors of
mankind that can do not wrong ( certain science taxtbooks 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 willlbe solved simply by further intensification

of scientific research and technological advance.

1i2



110,

(&) .z should not aim to instruct in the methods and techniqgucs
of pracTising scientists, except to the extemnt 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).

{5) The aim of science education in schools should not be
to prepare the students for the first year at University,
but rather for responsible citizenship. It is the universities
which should adjust their courses to the school curricula,

and not vice versae.

(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 abtempts 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 2 comprehensive

and integrated view of the human situation. I think that most of
P I3 q
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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 sapiensg; 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 soclety
without paying attention to the social processes that affect the
biological conditions of his 1life 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 problens of human
society, I feel that perhaps at this point I should enlarge somewhat
on this guestion and give one or two illustrations of what I have
in mind. T 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 intrcduced 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. £t 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 question will either become
extinct or it will, through natural selection, undergo genetic
adaptation so that the individuals are once again "suited" to the
prevailing. ccnditions. Apart from its significance for individual
animals, this principls has important ecological implications since,
ultimately, it is through this effect on indi .dual organisms
that disturbances are felt in whole populations and ecosystems.
ILet us consider for a momentvthe 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 nmaladjustment have

]ERi(i inevitably followed these changes. An obvious examnple was the
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appearance in hunen populaticag, in endemic and epidemic proportions,
of various contagious diseases, such as plague, cholera, typhoid,
dysentery and tuberculosis, resulting from the increase in density
of human populaticons 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 prcduce a substantial degree of
genetic or evolutionary adaptation in man. Nevertheless, the fact
that these contagious discsases have to a large extent been eliminated
from modern socievy is due largely to the processes, not of genetic
adaptation, but of cultural adaptztion (the most important of which
has been the introduction of new standards of hygiene appropriate
to the new environmental conditicns),

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 ouﬁstahding single feature
of the recent biology of man is the extraordinary number of changes
that has taken place in his conditicns of 1ife. These include,
ffor example:- (i) changes in quality cf food and water ar? feeding
habits, (ii) changes in quality of air inhaled, (iii) changes in
number cf social contacts, (iv) changes in the pccessibility of
biclogically and psychologically potent chemicals, (v) changes in
levels of environmental noise, {vi) changes in levels of physical
activity, (vii) changés 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 environment capable of causing disturbauces
in the respiratory and alimentary tract. All these exarples of
changes in man's biological conditions of 1life are the consequence
of social developments, anﬂ all involve some kind of biological
response on the part of human organismg 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 fa~t increased about one thousand timesin numbers since
the nesolithic develcpment is, of course, due in very large part

to the proceases of cultural adaptaticn (and also in part to

"sseudo-adaptation").* It is safe to assume also that the future
well-being and irdeed survival of mankind will depend largely on
whether the processes of cultural adaptation will be successful in
overcoming (or better forestallirng) new manifestations of biological

maladjustment resulting from the rapidly changing total environment

* The term "pseudo~adaptation" has been used to describe the effects
resulting 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 tc the individual
who is in a sta®e of ill-health (and also to his offspring) results
in a situation in which survival and reproduction can take

place in a population in which the majority of individuals axe

in a state of biological naladjustment vhiich would not have allowed
reproductive success under more rigorous conditions .of pre-—
civilisation society.

| 117



115,
of man, In view of the obviocus social significance of cultural
adaptation, it is unfortﬁnate that this topic receives so liétle
attention in education., The view might be talken that, whilie
genetic or evolutionary adaptation is a ﬁatter for biology teachers,
cultural adsptation 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 biolegical aspects are taught
in biology classes and the social aspects in social studies claszes.
In thié way, the‘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 pseudo-adaptation) are not adequately dealt with in either
bioiogy or social studies, and I suggest that, in the absence of’
mb?es 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 vo environmental change is one of supreme
significance in relation to the physical and mental health of
communities and of individuals, and it relates teo the whole guestion
of the quality of life in a rapidly changing enviromment., It is
probably, at least in terms of the immediate problems of maﬁkind

on earth, the most socially significant concept to arise out of
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Darwin's theory of natural selection and Mendelian genetics, I
suggest therefore,that it sho:ld be one of the main themes in
biological education and that it should be presented together with
a thorough discussion of cultural adaptatiocn in its various forms,
Turning now from organisms to ecosystems, ; 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 terwms of the aims of education mentioned above,
An extremely significant aspect of the scientific scene at present
is the increasing numbér of nr~logists who are expressing véry
deep concern about the rapid and widespread changes that are
occurring in our total environment as a result ¢f rapidly
accelerating cultural processes. Some of them suggest that the
disturbances in the biosphere resulting from these changes will
be sc 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 piredictions as unwarranted and exaggerated. We musdt
accept that, at the present time, there is not sufficient knowledge
available for us to be able to state definitely and in quantitative
{erms how great the danger is; or rather, we do know how great the
danger is (i.e. we lmow that if sociai processes continue unhindered
in the direction they are going now, ultimate destruction of the
biosphere and of civilisaﬁion is inevitable) ~ but we do not know

9 Q0
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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 sﬁpport, and to the amount
of chemical garbage we can throw out into the biosphere before it
is choked beyond recovery. And at present, there can be no doubt
+hat 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 natural
resources are finite, the only difrerence between the more pessimistic
and the more optimistic views lies in the gquestion of how near

the runaway processes of civilisation have already brought us to
eco-catastrophe.

It is clear that these are matters which our society nust

. treat with the utmost seriousness, and this fact should be reflected
ih our educaticnal programmes. Students must be told fa.rly and
squarely that many scientists believe that ﬁan is about to face, or
is facing the greatest threat tec his well-being and survival that
has ever occurred, and that catastrophe on én unprecedented scale
ig not far away. They must also be inforﬁed 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 cause
for alarm, The must also be told of the academic, poiitical,

]ERJ(j 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 poovulation trends and of the assoqiated explosive growth
of technology and industry. They must be told of +the views of those
scientists who rsgard the situation as extremely grave and urgent,
and they must be made aware of the vieﬁpoints'and arguments of
other individuals and groups (e.g. the Catholics énd the Communists)
who do not advocate controlling the population growth. This
controversy is perhaps the most critical one, in relation” to the
future of mankind, that has ever arisen in the history of oiviiiéation,
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, T can find only one page referring
to population changes in the human species - changes which, quite
apart from their signfficanoe in terms of the future well-being of
mankind, represent one of the most spectacular biolegical developments
in the biosphere since the beginning of life on earth. At the end
of this page the following statement is mad 2:- "We are now facing
a new crisis and the need for a second agricultural revolution. Man,
with his knowledge of modern biology, 1is now seeking new ways of
increasing the productivity 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 say to the senior science biology students

of today about the populaticn situetion? This treatment of the

subject not only belittles the problem itself ~but it also implies

as is so often the case in toiay 'S soienoe textbooks that all the
answers to ‘any problems tha+ may be left to manklnd lie in further
intensification of SCientific research and technological development.‘

What possible educational Justification can there be for shielding’
the youth of today from these crucial issues, and thus proV1ding them
with a completely false and rosy picture of the world situaticn?

‘ Before 1eav1ng the topic oi,ecology, I would 1like to refer to

'”one important single fact of relevance in- our attemp*: to present
'fthe student with some understanding of the present world situation
."fgin biological and historical perSpective. It is simply the fact that

) hgman soCiety has come to use quite recently in its daily'interaction

with the enviromment about as mich 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 terrestriai vegetation in the same period
of time, If ever there was an eoologically significant fact, this
is it; and yet I can find no mention of it in any of the'sohool
biology textbooks t..at I have examined. :
I could continue %or some time to lisk biological topics of
special significance in-reiation to modern society, but,which s

receive extraordinarily scant treatment in both school and university

biology courses; they include, for example, the chemicalisation of the
} . B
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environﬁent- the biological implications of the nuclear thfeat 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 summarlse what I feel should be the main aims

and'objectives of biology education in secondary:schools, They
are as follows t=—

(ﬁ) | To assist in providiné the studént with a comprehensive
and balanced picture of the human situation in biological.and
hlstorloal perspective. |

(2) To provide the student with an understanding of the ‘pasic
principles that bave come .to light in biological. science
especially as they relate to the well-being of’ mankind now
énd in the future. |

(3) To'oonveyjan appreciation of the impact of human society
‘on the biosphere and to introduce the siudent to the concept of
£ﬁe constant-and highly significant interplay between cultural
and'biological processes. |

(4)©  To introduce ‘the .student to. an area of study which might
come to represent for him a source of continuing.and intense
interest, and of persanal satisfaction and enlightenment.

(5) ' To deal fully with-important schools of thought’ z-elating-
to the future of the biosphere and the-fubure -Well—-"being -of”

mankind -~.giving fuall treatment,-foi -exampie, to.-the bialc jical

implications..of . the continuing population growth and. the .associated .

" technologieal. revolution.

(6) To stress not only the 1mpo;uant prineiples that have  come-

' o~ oy
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to light, but ¢lso the imporhtaut areas of ignorance that still

exist,

vUp to this point I have been dealing almost entirely with the
first of the thres questions that I assumed we are trying to answer,
namely ~ what should be the aims of education in biology in srhools®
As for the second question — are these aims at present ng
achieved? - my answer to this question (in terms of the aims as I
sée them) is short. In my opinion, they are not being achieved.

As for the third question, what should be dene to improve
the situation? -~ I think it is better to leave this for the
discussion, since in any case you may well not asree 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 corclusion, 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 interplay wirich is taking place con-
tinually between the processes of mature on the one hand and the
processes of culture on the other. T feel that both in schools and
in universities, big efforts shouvld be made as .s»hon a- possible
to correct this very serious deficiency in their education programmes.

I believe that biology, by the very nature of the subject,
offers a very special opportunity for moves in this direction, and
that steps shdéuld be taken now to modify, or in some cases, to
révolutionise hiolo~y teaching with this concept in mind. It would

be in many ways a very difficult task. To begin with, we have to
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somehow overcome the inevitable resistance tf'rom die-hard specilalists,
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 easier 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
neezded 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%e‘matters. On the other hand, I am fully aware that, in
spite of all the regulations, much depecnds on the views and socizal
consciences of ‘he 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 degrr: 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 resulit of immense efforts on the part of
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individual enthusiasts, who have already overcome some vVery
formidable obstac? No one who is aware of the importance of
biological know.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, and we have nothing but admiration for those
whose dedicated efforts resulted in the creation of the excellent
Australian version of the k.3.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 holistic understanding in the community of
the .roblems of society, many of whica have strong bioclogical
components, I personally feel that we have still a very long way
to goe.

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, tc unravel the complex interrelationships
between the forces threatening the total environmenf, and to work
out and implement, before it is too late, plans for protecting
the biosphere, civilisation and future genesrations 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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SUMMARY OF DISCUSSIONS oF 9"AIMS" PAPERS,

The discussion did not produce a set of aims or behavioural
objectives for all biology teaching in Australian Secondary s hools.

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~ presence of independently
developed courses for either junior or senior secondary schools in all
states except New South Wales mskes it difficult to decide on
appropriate aims for either level., This problem is intensified
in States, such as Victoria, where each school is free ‘o decide its
own aimé 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 materisls
for biology teaching should be develcped:

1. Biology courses at al’ secondary levels should be planned and
taught so that man's place in, and interaction with, the
biosphere permeates the whole course, This does not mean
that the course should bs centred on man as an example,
but that the relevan all topics to this theme should
be made clear.

2, Any biclogvy course should show something of the processes
and 1oéic of’ selenc., not as a separate topie, but within

the framuvork of the course conitent.
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SECTION II:

1

CRITICAL FEVALUATION OF CURRENT COURSES

In this session speakers familiar with each of the major courses ;
of'fered at-senior level in Australian secondary schools discussed the
advantages and disadvantages of these courses,

Each apeaker commented on the problems of both time and content in

i
|
H
;
o , T 3
their course. There was not enough time available to cover the material i
i
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. é
A general feeling that emerged in discussion was that the success or

otherwise of any course depended on the individual teacher's competence.

The me=ting also considered the relevance of the various courses in
the light of Dr., Boyden's address of the previous day in which he
eriticised the failure to teach the social implications of biological
principles. It was agreed that perhaps only the West Australian Humen
Biology Course gave adequate treatment to this facet of biology education.

In speaking of the advantages of "The Web of Life" Mr. Hutton
referred to the attractive format of the Text, the usefulness of the
"Peasher'a 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 Stock made a number of points concerning the advantages of
teaching biology as part of an integrated science course. She was
concern=d however, by the fact that much of the N.3.W. material was
highly theoretical and tgo divorced from practical work.

The address by Mr. Stephensan revealed QueenSIand Zoology to be
somethlﬁg of a backwater in terms of syllabus aavelcpment. The course
was tcc much arlentated towards tertiary worki _ .

Mr. Katavatis explalned that the W.A. Hhman B;olagy Ccurae was

8till in the developmental stagea., At the moment it was suffering from

a lack of teaching aids but both teacher and student enthusiasm was high.

428
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AN EVALUATION OF "WEDR OF LIFE?” MATERTIALZ AND COURSES

Deane Hutton

Have you ewver driven your car up a busy mountain road on the wrong

side, in the face of on-—coming semi-~trailers? Of course noti If a
special law were passed today making it legal for you to do so, would
you take the opportunity? I think you would consider the proposal with
the kind of levity with which bioclogy teachers view some of the oppor—
tunities presented to them by syllabus writers and Examination Boards.
Such boards have said to us, "Here is a Biclogy syllabus - a list of
topics. You could use the 'Web of Life', but you're guite welcome to
use any other materials." When driving uphill, nobody wants to run
into a prime-mover coupled to a fully-loaded trailer. And the 'Web
of Life' is a pretty formidable prime—=mover - particularly when firmly
coupled by a syllabus to a fully loaded examination. No wonder few
people have tried using other materials in States whe?e the bliology
syllabus is 30 plainly this book.

In many courses of study, it is true that the syllabus and the
textbook are almost the same thing. However, where the 'Web of Life!
materials are‘csncerned; this relaticnship seems to be even strong?r'

than usual. In faet, the authors of the book knew that they were

.writing'material from which the syllabus would evolve. Consequently,

where the 'Web of Life' materials and the acccm;anyigg derived syllabus

“have been iﬁtroiucei;vthere has been 1ittle_ér~nq ax@erimentatiQﬁIWith

IText Provided by ERIC
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ORIGIN OF ‘WEB OF LIFR!

The 'Web of Life! (1)was; of coursa, based on the American

Biological Sciences Curriculum Study (BSCS) materials, and s'ich a

birth was almost certaiﬁly the main reason for the astrong ayilabus-
text union. American teachers, and Auatralians involved in the

csarly trials of American materials, were confronted with textbooks
which implied the asyllabus. Thus the trial was primarily a trial

of books, and only secondarily of the syllabus. However, experi-
mentation and comparisons were possible at that stage because

teachers were given the choice of covering roughly the same content
areas from three different angles with three different emphases -

the 'blue', 'green' and 'yellow' versions. The small size of student
population in Australia would not have mzde the provision of such

choice econimically feasible in this country. The Australian version
did, hkowever, retain the 'package deal’ format (syllabus,; text,
practical manual and teachers guide) and as with the American materials,
thiz format secems to have been one of the major factors in gaining a
ready acceptance of the '*Web' by téaéhéf5;1 Other factors which have
lent weight to the impact of BSCS materials on teachers and classes
have been the use of anrenqpi:y'appruach-and an emphasia on 1aveis'of
biological 6rganizatigﬁ whichfhave often beenvignﬂréd in the past, E §
by authors¢ In adaltlcn, each of the Amsrlcan versions had a strong :

appeal because of the deflnlte theme ~running through it. J.Jde. Sehwaby

in hls "Blolagy Teachars' Hanabaak" has mades a proflle of level
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2)  Phe biological

-~

enphases in each of the three lLmerican versicns.
level which received the greatest emphasis was given a score of 5 and

the other levels given a value between O and 5 depending on their
relative emphasis when compared with the major level. A gimilar

process was carried out with a number of conventional texts and an
average profile for a conventional text was obtained. Subjective
opinions and obJjective chapier-section counts were combined to give

these profiles. Figures 1 and 2 indicate some significant differences
between "conventional" and BSCS text materdials.

Not only was there a shift in emphasis from the traditional
organ-tissue theme in each of the BSCS texts, but also, each of them
achieved a more even balance of levels.

I have attempted to construct a similar emphasis profile for the
'Wfeb of Life' by making chapter—-section counts. On Gcmpletinggthis
profile, I felt the obvious thing to do was to superimpese it én the
profile from the American Green Version, on which the Australian 'Web'
was so obviously based. Figure 3 makes this comparison.

I was asatounded at thg aiscrépancies between the two and immediately
felt a compulsion to leook ét'tha tileb' profile with that of the "con-
ventional" pre-Sputnik American biology text, Figure L.

Apaxt from the 'Web!'a® éeclcgicai hump, the profiles are remarkably

,similar.' Perhaps this isvnot so surprising When’We remember that the

'"Web' was not simply an Australian adaptation of the Green Vérsion; but

rather'an*adgptive oxpansion of ‘it wbich tépk in some of the character-

~dstic apprcaéhes pf*bgth-Blue and Yellcwrvé:sicﬁs,] It was bound to
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appear, in s£m& regpects, as a sort of compromise. Although it has
very definite themes in parts, the book as a whole has less continuity
in theme than any of the three Amerdican texta. Does thiz matter? Who
can say? After all, with 42 chapters divided into two distinct batches,
it is really two books in one. Its comprehensive nature and sheer
wealth of information would lead me to choose the 'Web' as a shelfl
copy for my library before the American Blue, Green or Yellow. Perhanps
students think similarly = the availability of second~hand copies of
the 'wWeb! seems to be extremely low in schools. However, I think T
have detected among my students a longer time lapse before they feel
they are "in step" with the 'Web' than ever occurred in my classes
using the Green version. Maybe this tentative, highly subJjective
observation has some pasis. Perhaps the time lapse is due to the
difficulty in identifying a theme running from front to back cover.

One thing seems certain - the 'Web of Life' lacks, in part, one of the

features which gave the American texts their initial appeal.

JWEB OF LIFE'! MATERTALS

In a course where the materials govern the syllabus, lay down a
programme and direct teaching methods, the actual hooks and manuals
warrant close examination. I am cexrtain that many of you have made
your own careful analysis and evaluation. I have tried to temper my
own prejudices, by basing this evaluation on diacussions with students

and other teachers. Some of these discussions have involved whole

- classes, some have been individual and many were tape recorded for

0 subsequent analysis 7 7
: LoSAeguensc i E b3 & . e
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When students and teachers compare the *Web of Life! textbook

with other science texts, two things seem to stand out as highly

. significant in their minds., The first is the attractive format of

the book. Pupils are proud to take it home; its photographs, diagrams,

and charts invite perusal; parents, brothers and sisters pick it up
and read it; ailudents from other subjects arxe Jesalous. The second
significant point arises after reading a chépter or two. There scems
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 thias approach to avoid mere verballsm and to accentuate the
importance of experimental work. The text's lack of precision, by
promoting an initial feeling of insecurity in the student, almost
forces class discussion = this interpersonal learning situation
which has been an integral part of all the BSCS courses. I must point
out that geﬁeral;yvthe tex£ imprecisién.ﬁcrries students less as the

year progresses. Semé—stuiénts take a few weeks to become accustomed

';tc the new appraach many reguire a term and some take the best part

of a year. Poas;bly, a- :eascnable compromlse would be the 1nclu51on

of a Eﬁmmary'at thé end ofmeach ehapter-ﬁ as in the early’BSGb.Green

Version. I feel that this would avert some cf the 1n1t1a1 lnsecdrlty,

‘Whlle stzll Prcmctlng the v1ew fhat taxﬁ teacher, practlaa; Work and )

I
¢

dlscu351an are all lmpcrtant sources far lnfarmation and attluudesi,7

, 1{3'?
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Does the different nature of the 'Web of Life' textbook lead to
increased individual reading by students in comparison with other
texts? I expected that it would. My discussions with students
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 of living
things. Perhaps this reflects an comission in our junior secondary
science courses — a failure to instruct pupils in the use and value
of an index.

The Studsnﬁs' Labcrafory*manuals and scmé of' the experiments
have come under fire for a number of reasons. Many teachers objizct
to0 the format. I think it looks like an afterthought - secondary
to the text rather than being of equal importance. Certainly it
could be more compact (by using smaller print and leas empty space);
easier to follow (by using more aiagramsbaﬂd less words); and more
convenient tcbuse in a 1che=1eéf systemi(by starting every experi-
ment on the rightéhéna side of a new page) . These changés areiéﬁly
necessary if we sontend that cafrying out experimental investigations
is more important than dééiphsring éxperimentél instructions. I think
it is; | |

Several students have 1nformsd me that they object to some of the

eiperiments on‘the groundS‘thaﬁ=hay-arE'“ a blt rigged“d This

,suryrlsed me, but they 901nted Qut that the answers to questlcns are

frequently h;nted at that by raad;ng ahea& and ecm;ng back even the

,138
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noviece student con often £il1l in all the correct enswers — without
actual experimentation. Probably this criticism is not well founded
for most of the investigations. ™Hut 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 are providing them

with a science course based on enguiry.

TEACHING METHODS

The introduction of BSCE 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 powerful influences — the Teacher's Guides and
Inservice 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 aims and objectives of 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 pirogressively ignored as
a teacher gains experience. Like the laboratory manuals, perhaps
it is too wordy in parts. In particular it seems to lay such a stress
on “méjﬁr ideas"'anéi?single‘propgsiticnéﬁ ﬁhaﬁ‘many teachérs‘have
misunderstood the authors' intention, and &upiicatéi c@?igs of this
. teacher information fcr.studénté to "learn". |

Initialwinservice'traiﬁiﬁg cf;feachars'invplied3in*gilét §SCS

'%t'éxéhangé of ideas —
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— mutual help, animated discussion and Aesperate grasping for ronssurauce.
A small but enthusiastic group of teachers, lecturers, inspectors and
examiners gradually put more structure into this training until by
the time the 'Web'! was released in 1967 new or uninitiated teachers
were being thirust into Inservice Conferences of a most unusual nature.
They were placed in the shoes of the student and forced to experience
the new materials and teaching methods from his viewpoint - the
practical work, discussions, text interpretation, the highly structured
discussions referred to as "invitations to enquiry", more discussions =
the 1o+t! These conferences almost certainly played the major role in
th% nearly universal adoption of BSCS—adYDcatei enqulgy and discussion
methods of teaching. The old converts were regularly brought back to
conferences to help spread the good word. Efficient evangelism or
skillful brainwashing? I'm not sure - but it was certainly bothr
skillful and efficient. Many teachers in S.A. are now gﬁasﬁianing
the methods which they so eageriy adopted. Some have abandoned 7
"invitationa to enquiry" and now put a limit on frees class dlSGuSE;Dn.
A few have eempletaly reverted to the traditional ieaching methoas of
chalk-andetalksande&uplicataaenates—anaédrllli, Why-have teachers
done this? It seems ﬁo’mé_that many young sclence téachers.are

extremely eonsclentlous énd hiéhly'sglf¥criticai;r An'initial ﬁcér

_respcnse in class dlscu551cn is fr3quently attrlbuted by the teacher -

~to his own 1nablllty tc hanale the novel 51tuat10nn So he revarts

to ccnventlonal teaching msthoas with- Whlch he has had msre “success“

TThere 19 certa;nly a neea fgr ccntlnual help ana encouragemsnt.
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Nevertheiess, let's hope that we don't try to insist that everyone
teaches to exactly the same pattern and programme. In a course where
the teacher is required to £ill such a variety of roles, I thiink it
is dimportant that the teacher be given the right to select the methods,
and balance between them, that best suit his own perscnalify and
abilities. And if he considers that for him some conventional
techniques are neceasary, he should be able to incorporate them into
his programme without being made to feel that he has failed or is

letting the team down.

EVALUATION

New material, new objectives, new approaches and new technigues

make new means of evaluation highly desirable. Objective test items

of the multiple—choice type have become very popular in S.A. for

evaluating the progress of students uaing B3CS materials. The teacher

of a few years standing, with his own test items plus his file of %
awapped tests from other teachers, is in a happy position; buc the i

1ovice teacher is desperate. Sets of high quality obJjectivs test items
covering all rafté of the course are urgently required. Yortunately,

the diagnostio +tests which ACER is preparing will be ready in 1971.

' SCOPE_FOR RECOMMENDED COURSE

A recent meetlng Qf the Blclcgy-Teachers,ASSchatlon of S Ae_'
.QDn51deE& the suitablllty of the 'Wéb cf Llfe‘ part‘l a3 a Leaving
ccurse,'and the 'web cf Lifé' Part TI as a Matriculatlcn ccursa.r It

'5 waa a fiery meet;ng WLth a 1arge Prcpcrtiop Qf the blGlOgy teachers 1n'

O
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this State partiecipating in the disenssions; and 2 pumber of general
and specific 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 %o
insert a slab of human 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 absoluteliy essential and which ones
could be omitted. However, four chapters were the subjects of very
heated debates.

Chapter 28 on "Chemical Co-ordination" was blasted from many
directions. It was claimed the method of treatment was so inconsistent
that the chapter is of doubtful value. Students find the details of
the relatlonshlp between elaatramagretlc SPEGtrum and the response
mechanism in plants extramaly aiffioult ta.ecmprehenaé On thetother
hand, the ﬁreétmsnf éf:the éndgcrine system seemg %aybe very super-—
fieial - all thé glands are dismissed in a page and a- half, It ﬁas o

~suggested that the chaptar néeds Lé be ccmplately rewr;ttea. |
" Chapter 29, “In'temal Regulatlcn“ had as many ardent daféziders

'~fasiit did Gfltl&%;” Sams wars perfeetly happy W1th 1t as it stands

  ccncePt 1ntroducad 1ncldsntally elsevhere in the bcck - perhaps in

Tfsaetlans on pﬁpulatlen regraduetlcn,'evalut;an and the ne“vaua aystem.'“

G SR TCI O
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Many felt that some of the best sections of the book have been
ignored by the S.A. Matriculation Biology syllabus., One such Cinderella
section is Chapter 30, "Scavenging Systems", This chapter covers
important areas of current medical research such as the antigen-antibody
mechanism, problems associated with immunity to disease, and tissue
grafting and organ transplantation. These things are relevant to the
student - they méy touch on him or his fanily directly and they are
certainly brought to his notice frequently by the mass media - yet
we ignore them in the S.A. course.

Chapter ji,r“ReccgﬂitiQn and Learning" had many proponents for
similar reasgné. Some of the topics covered are: interpretation and
experience, innate behaviour and learning, insight, memory and the
significance of language. These things ére closely allied to what the

Vpupil has been doing for a nuﬁber of years, is attempting to do now,
and will be aglﬂg for the rest of his life. ‘Dhce againé relevance -
but we 1gnare the chapter. |
| In my Dplnlon there dre é numbar Df 1mpcrtant SGGlal prcblems
‘w1th 51gn;f1gant bicloglcal cﬁmpanents Whlch are treated superf;clallj
rar 1gnerei in the 'Web'. | One such area 15 +hé effect of man Qﬂ hlS
‘ ;env1rEnment. There 1s an axcellent brief treatment of the Prablems o
" Df pcllutlcn and. ccnservatlcn at tha eni Df part I 1n Chaptar 15 |
 :’Th1s was . prabably adequdte far 1955 when the baak Was ertten, but 1t
' vc§rta1n1y seems 1nadegaate in 197@ lﬂ the 1lght af currant ani grcw1ng
).'r?pubélc awareness 31 theée prﬂblems.: Thls Of Gaurse 15 a publlsh;ng

7zgroblem rather than purely an edltcrlal ﬂne. Sams cantrcver51al scclal

Jé&

A TRER i AE TR I ¢ T i *
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issues 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 vody. However,
many other biology texts include information on these topiesﬁ"(i)
It cannot be denied that in cowmplex twentieth century human societies
these issues are real problems. And scientific research is being
carried out in each of these fields. Perhaps the suthors have ijgnored
the issues because they feel a full discussion of themvwduli involve |
moral Jjudgments - and this ﬁcul& go against the grain of pure science.
Have they acted wisely, or have they made a serious omission?
Should not-a complete science education include discussion of mea's
uses and abUSQS-Gf seieﬁﬁific advances as well as an analysis of the.

advances themselves?

vTHE ﬁUTUEE

Ia Scuth Anstralla tha Public Examlnat;ans Baard Blalcgy Calettee
‘ has establlshed a sub—cammlttee tc 1nvestlgate the need f@r syllabus
~changes ;n the Leaving and.Matriculatlcn ccurses fcr 19]5. The 'Wéb
‘  {icf Life' ealtcrial grcup, heade& by DaVid Mcrgan, 15 Werklng towardsj'v
”'{ifa ma jor rev;s;gn Df their matarlals fcr rélease in 197§¢f Hogefullyi"

tsj:the E;E Bﬁ subsecgmlttee s regommsﬂdatlcna wgll refléct the apinlons"

'}f?{éf teaghers 1n th;g state, and undoubtadly 1t w;ll cammunlcate 1t$
- ',’;.,

'uggestlens tc the ea;tarzal g:l:-c:ml:u._j Presumably, s;ml;ar meehanlsms are~*':
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or will be operating in other states. But the final decisions, of
course, lie with the editors. And these are vital decisions for the
future of biology ednecation in Australia,.because if history repeats
itself, they will not only effect the content of published materials
but will also particularize the actual syllabuses adopted by the
State Examination Boards. Thus it seems imperative thaf each of us
with a concern for biology education should somshow convey our
feelings and proposals to the editorial group.

When a science textbook is being published for the first time,
or being subsequéntly revised, there is a serdious 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 cf‘Lifei, It is to be révised in 1970
and 1971 will be released in 1973 , and fc:r econonic reasons will
probably still be going in 1977. By then, some of the seven-year—
old ideas will alumost certainly beAshawing.theif agas. How can a
'bmk such as t%nis be kept up-to-date? |

As a p6351blé selutlon to thls problem I wauld likE to suggest

vf the publicatlcn of" "Stap Eress Newsheets" ' I am: nct suggest;ng

”ffhlghly Epeclallzeﬂ suPplemsntarF bﬂ@klets ‘nor am I suggestlng an

"ﬁi ; apa1Dgy fbr be;ng baekwara but rather, shcrt, slmply—wrltten news- f57:
-"?”sheets of" parhaps four Qr elght pages, almed atana-dlstrlbuted to the¢ i-

‘f studant and raleasei cnly'whan neaded- Thesa cculi present new.

“ﬂiieas cr updated hypcthases prov1de canfirmatlan data as 1t‘ccmes

5 »n:avallable and wculd;kériﬁthé textback-relevant_by rxpandlng 1tslff?’r“

ummﬂﬁm B e g nmm‘mwmrmmﬁmrn T e T 1 TN )T
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discussion on popular science topiésg If suvch 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 facts,
.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 would alsc emphasize
the emphemeral and progressive nature of science. There are,
unfortunately, several practical problems. The cost of the materials
would have to be‘incfe sed. - but I think they can atand it. Collecting
information, editing the newsheet and distributing it to schools would
be an enormous task and wgﬁld almost certainly régqire permanent
staff. However, I feel that it would be well worth the money and
effort. FI£ would m;ké a good packags deal éven béttar; Pérhpgs
the.Academy'cf,Scienca; the Commonwealth Ga#ernmsnt or State
Education Departments could be encouraged to s@bsiaisa such a

scheme.

: LONGLUSI ONS

lt seams tc ms that the nature of Sclence courses-ln:gréies,11
":and 12 13 axtremely 1m§crtanti; It can prov1&e a basls cﬁ*ﬁhiéh~:7

? future knowledge, QPinanE and attltuies in: the fiald cf Sc$ence

:gf;}are bu;lt - regardless Qf7whether the studsnt goes an w1th furtherx‘

7 ?f$tuiy or ngt.A In my Qplnlanv th%7'W§b Qf,Lle mauerlals d55p1téf'

f~sams shorteamlngs have made atgraater'gcntributlan to sclenca

148




144,
education 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
will feel tgaﬁ the 'Web' has had such an influence in South
Australia or interstate,

However, before we give all the credit for the spread 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
interest in biological science among university students, teachers
college students, and teachers in the early nineteen sixties. BSo,
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 apéroaching
the beach - the 'Web! isvnearing the end of ité first funi *We‘Vé
had an eﬁjéyable'giae on é wave of biélcgical énthusiésm,'but now
many of us are. start;ng to guastlon the ccurse and materials ani
methgﬁs we are u51ng¢ Is tha wave startlng to break up? If there
are fau¢ts in: ccurses, materlals and methcds tﬁis is nat neeéssarlly
:vdlsas*raﬁs becauae we - Wlll Soon ba gélng cut to PlEk up anather -~
“-wave,’and on. the way we w111 have the Gppartunlty tc mgdlfy the |

| lifShapa of our bcard. Let‘s hQPé lt matches the new ané-1Wf1w>;f;Q¥%ﬂ yv
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BVALUATION OF N.S.W, SCIENCE COURSES

J. E., Stock

The N.S.W. senior science courses have a feature in commen
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 geology in them, When I use the word coépcsite however I
use it in two diff'erent ways. The iifference‘is illustrated by
comparing the structure of the 1éve1 3 scieneé course with that of
the level 2 courses. In the level 3 course the phy5i335 chémistﬁy§'
biclcgy and geology camponeﬁts’are_intérwaveﬁ to form a truly
intégratei science cauréea In the level 2 courses, theﬁ iescribei
as multistrand science courses, the physiés, chemistﬁy, Biqlogy‘OR
- geology compcnents (cnly‘cne ﬁf the 1ast twc,is.seléctea'bf thé -

: stud%nt) are set out ;n aePEPate blacks af'maﬁerial %nd 1nfegrat;an,

’,lwhera 1t accurss‘ls in the hanﬂs cf the teacher.»

I wauld 11ke ta emphas;ze that ;n tzylnb ta pravﬁde thls kiﬂd
of sclence gaurse at the senlor 1evel in- N S W’ We have attemptei 'i'

4o do saméthlng that is very dlff;culty ~ some Wau¢d s&y it 15."fa7?

‘f_f1m90331ble. Tida not 1ntend tc underestimate the dl' i

" fwe have faueﬂ aré'lf you reaf the dally papers yaqu1l1 alréady be
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Some of these criticisms come from a detailed survey conducted 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 experienced,
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 re:ther than as a self-
contained course, and secondly in terms of the nature of the biology
component considered as a caﬁfsel Thlrdly, T have seen fit to
include some comments on the future pDSS;bliltléS of teaching
biology in a composite framework, in view of the fact that in N.S.W.
at the moment the senior goursaé‘are in a state of flux. Tt is
proposed to introduce’triél‘cgursés iﬁtc‘scme édﬁdclg‘ﬁéﬁtyear*_
one of these will Eé a new ﬁultistrani séience_cgurse; In aiditigﬁi B
separate courses inthSicséchemisﬁry, biélcgyvani'geolcgy will )
be trialled. " . L

'Phllasophy of teach;ng blology a8 a ecmpDQEnt Df a _course. rather

than as a selfﬁuantained ceurse., .

One very 1mpartant feature Df tha present arrangément 15 that

Eiqlegy., Perﬁcnally I thiﬂk th;s 13 a very ga@d thlng, The iny ,
*students whc da ngt study scme blalogy are thcse th eléct the |

7 Eﬁhgkeﬂlogy campcﬁsnt 1nipraference tolth?ii;?%cgy ggmpgnent 1n the
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level 2 courses and this is a comparatively small number., If I
were designing a course in science For senior years myself I would
design one that had 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 atudents 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 chenistry!
Certainly the interest and involvement of students in the biology
sectiqn 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 biclogy as
part of a course is & limitation in terms of the actual timé given
for teaching it, If yéu think of tﬁa figuréé'given,iﬁ the status
repﬁrf‘jcu will realize that ihe‘time allccatea‘té biology in each
of the éourseé is‘aé follows=— |

| level 3 - approx., 2 periods per week
. level 28 - 1.2 peric&s §er ﬁeék
‘level 2F - 1_8 §ericd§ ﬁerfﬁéek

level 1 - 2 periods pervﬁeék
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I do not mean to suggest that the biology component is strictly
treated 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 irdication of the relative amount of time
that is allocated to the teach. _ of the biology component, The
greatest amount of bioclogy is taken by the student who takes level
1 and therefore level 2F as well ~ he gets a total 3.8 periods of
of biology per week. The point I am trying to emphasize is that
when biolegy 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
apprQPriata content on the part of those who construct the syllabus.

A number of advantages accrue from teaching biclogy in this way.
I have already mentioned the large numbers of students studying
some biology. What is most sigﬁificant,ia that this number incluaes
a high proportion of very able students who under prev;cus systems
would have studieq physics and chem;stry_onlyy. This means that scmef
of the best students iﬁ science are studying biology at»levelbgF
and level 1. Theleésable}student hdﬁevér.has‘notbeen saéfificei
for fhe 1evé1 §7¢§urse is prcviaéa farrhim, as ﬁéll as thé sfudent
whc is pérhans maré 1ntérestad in the humanlt;es but WhD stlll
wishes to take a sciencevaubgectr Blalogy 1n the Past was ‘more often
‘taken hy glrls and/ﬁr tha 1ess ablé stuﬂent Itjwas cften_régariéd o
as a soft Optlén.' It is 1nterést1ng naw ta seé thé ﬁum§ér of bgjs

‘Wha aregstuﬂylng level 1 blalagy but thgy are nct doing ;t at‘tﬁe

ERk(:expEﬂBE of preparation in Physzcs an& ghemlstty.

. 189
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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 regquires a basis of chemistrj
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 component, What he has learnt in one part
of his science course prepares him for satudy in another area.

I agree with other speakers who have expressed the sentiment
that school courses should not be considered preparatory for
university study. Biology has always been a natural sﬁbjéct for
capturing the interest of a student, even when it was taught in
the "bad old way". But what happens to your studentkwhg‘haa been
captivated by his study of biology over two years and ﬁhen 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 eztremelj
ﬂifficult-because further sfuiy demands a knbwledge Qf physics and

chemistry he does not have? I believe we do him a disservice‘ﬁy

—falllng tc prepare hlm in- thls Wéy.r The stu&ent whc goes on to study
” science at a uﬂlver51ty is betfer prepared 1f he has studlea phyg;cs
1rand chemlstny_r A Student studylng blalogy as. Well demands a schacl
 ”course in senlor'years, 1f ;t has ta 1nclu&a all three sclences as
‘fsaparéte subgects, that 15 far th heavllf biased in éclence eépeclally
v ‘ 1f ~as is. 11kely, adequété>préparatlan in. mathématicé is reéﬁirei '

'Vas Well. In Gur 1&?&1 EF sclence caursevthe student 15 preparea ln'W”

Mﬁf;phy51cs ani Ghemlst:y With some Blalagy ani 1f he takes 1evel ZF
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mathematics as well he is given credit of three subjects for the
purposes of matriculation. This I believe provides adequate
pregarati9£ for the student who requires it while at the same time
avoiding undue specialization. 7
composite framework, This would appear to be so for a student
Wishing to Stﬁﬂy biology as a subject without having to study
physicas and chemistry. When these courses were first introduced
~into N.S.W, schools in 1966 some =-hoolspanicked believing that
many girls would not be able‘%c succeed in them Eécause of the
compuls@:y physics and chemistry ccmponents. Some seizeﬂ(upcn the
idea gf offering agr;cul‘ﬁure as an alterna'blve course Wﬂ.‘bh the |
rather surprising result that this subject was introduced into a
number of city girls' schools, I am not'griticising this caﬁrse
as a course in agriculture bﬁf I doﬂBt if it was ever intended
to be a substitute for a blclcgy course as we know. 1t Expérieﬁcé
‘has shcwn that When a stu&y Df physlca and chemlst:y ia tEmperea |
by a@@;ngza.treatmentraf_b;glggy‘ta 1t,<magy studentsfalmast to
 :;théir éurﬁrisehﬁﬁeBeeg-abiafté'adhieﬁe’é sﬁtisfaétDry s§aﬂdara ,
: fcver the Wh@le Ggurse_ | VA _ _ 7
One dlfflculty whlch hﬂs been veqy real 13 +he guestlgn af whc
7{ ;teaches the ccurses.a Ih all 1nstancés I know af thé level 3 ccurse
;;ffls taught by one teacher and thls werks w211, ch the 12?%1 2 cgurses*

:4“are taught depenas veny 1argely Dn the §¢th1 and the staff that 1srsgfé

:savallable.. Tdeally I'bel;eve eachjc urs ”Ehauld be taught EY one ;:.i
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teacher, In many cases however it is not. When these courses are
taught by a number of teachers the courses are rather fragmented.
Teacher competencies should be exploited to the full but‘aften the
specialist in one area better uses his skills and special preparation
to help anoth;r teacher less well prepared in that area, Where

this has occurred in a school, eventually an integrated science
‘teacher has emerged. I do not believe in forcing teachers té 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 special training é
at the university. In Australia we seem to place too much emphasis ;

on the initial training of the teacher ignoring the real benefit :
of subsequent training through expériéncé and inservice courses,

Some schools have aﬂapteé.apprcacheé‘invalving team teaching while
still encauragiﬂg’teaehers to . teach acr@ssréisciglinés.,‘Neverﬁheless
in N.S.W. I‘believe wa_h&ve,nétﬁtackléi ﬁhééprobleﬁ cf fhé'preparafidn
va an ;ntegrateﬂ sclencé teacher at-the preservlce 1evel and I |

think there lS neeﬂ fcr veny cléar th;nklng and cg—gpérative

plannlng on. ﬁhe part of teacher educatcrs in sclénce ani fhe séhpélé;‘

Nature of the,blclaif?campanent can51déred as ;;ceurse f””*”"'

I have alreaay mentioneci ‘thé dlff‘lculfy ai‘,, 11mtatlons

N (r

csed hyﬁtlme ln selectlng app:@prlaté ccnteﬂt ,Yaiimlght well

H\

 ? ask What crlterla Were used ”zselectlnlfbiélagf ccntent fér thé$E  ?tﬁi

The alm of the*level 3 ccurse as stated 1n the syllabus 1s t

;:‘nature and the_lbfzkk? 
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impact of science on man and his culture". The blology content
selected was in terms of its relevance to this general aim. Thus
topic 4 which includes most of the biology describes "the story
of evolution, especially the evolution of man; considers the
adaptive diversity of living things throughout the surf'ace 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 wes
much more difficult. As is pointed out in the introduction to
the biology section of the level 2 syllabuses "the plethora of
facts in modern biology makes a severe selection of topics
necessary, Those selected reflect both the nature of investigations
into problems of bioiogy'an& gomething of the great revolution
that biology is now undérgaing,'pr@bably thé greatest in its history."
The level 1.ccursévin31uaes matérial that grew out from the level
2F materlal and lﬂfén§1f¢%ﬂ the general treatment of tDplGS selected
on the basis of the crlterla Just Dutlln3ii | .
g AE far as the level 2 caurses are. cancernei the seleetlaﬁ of
kccnteni Shoula have beenreven more drastié thaﬁ 1t was.--lh,the .

v survey i h;ve mantlcﬁed 1t was réportei that 82% af ths b;glcgy

'~T 1tems were taught w;thaut belng assaclated Wlth practical wgrk

Aedtpgiapg, H0




This emphasizes iThe need for defining the aims of a course
more clearly. If an aim is to provide opportunity for students to
discover things for themselves 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 material that seemingly

could only be treated theoretically in schools.

Some further results of the survey are worth mentioning -
fields of biology and geology Wefe taught by a significantly
higher proportion of unqualifiei teachers
in general, in the course as akwhole, the least popular items
were those containing matefial new to the schools

Comments by_tgachsrs r§;prdéi -

a very interestingrsgursei

too theoretical for secondary pupils, not enough practical work
to sustaln 1nterést | |

the blﬂlagy course 15 i;sappolntlng because Qf the scarclty

of suitable PTEthGal’Wkai' |

_ p::'aetleal woﬂ: “took taa muﬂh ‘blme,

| qsyllabus is far tco full.tgg>¢' ,7" {;; S
These ggmments, I bellave, reflect twc weaknesses in the 1eve1

 ?»2 ceurses the 1nclus;an gf'tac-much content and the failure of thatﬂ

1 .vtx'lngh' 5! emerged that
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is very significant, It is the general agreement not only amongst
biologists but amongst physcists and chemists as well that biology
has earned a place in a composite science course egual.tc 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 geology)
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
Qppertunlty to prepare a course which I believe w111 1nterest and
challenge puplls‘an&Ateachers aliké,

Tt is unfortunate thatrin:Australia while we hear so much about
the American science curricula like B.S.C.S. biology, CHEM Study
Chemistry, Harvard Project Physics etc., ‘we hear so little
about other 1mpartant currlcula 1n the Amerigan scene. One of

these is the Pbrtlanﬂ Pragéct Wthh prav;des a curficulum in

 1ntegrated sclénce far the 1ast three years af hlgh schcali The

° f1rst progect*attemptea'an 1ntegrat1anraf hyslcs and chemlatry only, :

but encouragéd by 1ts succéss then attempted annther caurse w;th

:the lntegrat;on af phys;cs, chemlstry and blolggy.. While I dQ

“not see the Pcrtlanﬂ Prngect as_ﬁhe ultlmate din 1ntegrated sc;encé

”' -;;?AnDther currlculum uperatlngﬂiacally 1n the Mgnona Grcve ngh Schaol

v"*}aWisccnsin, apprcaches 1ntegratlan 1n an éntlrely dlfferent way by

po1nt a way ta gclng abaut 1ntegratlnn.

‘clence and then ’ 7'~
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developing a course in science through these ideas., The diversity
of programmes in the United States 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,
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AN EVALUATION OF SENIOR Z00LOGY IN 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 examination on the basis of points gained
on a seven point scale, a seven being the highest 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 Syllsbus

~ The eyiiehue covers & breed_renge of topics in considerable
depth. Zoology is by no means hard but it is bulky and demands a
considerable amount of knowledge (useful or otherwise) being amassed
by the students., A synopsis of the eylleﬁus, is as follows:~ |
(2) ‘ Intraiuetlen- Characteristics of living things as a whole.

Piente Vs en;mele.' Geneepte of metabolism, Texonemy brlefly_

(b)) . Cells and tiasues: Funet;ene-efrergenelleeg‘ Main types
| !*._c:f tieeuee; e o -
(e) invertebretee=' Strese on- "typee" ef the main phyle with

_‘;jfeee51dereb1e reference to- 1Deal ePeeiee.

‘(35? _e Vertebretee* Amphlexus, snerk freg end memmel in aeteel,
;ethe theme Eelng eenqueet ef the terreetrlel env1renment end o
.e;evelutlee. k% o B N S | »

(e) g Genet;ee-' DNA, genee, mltcele end meloele, mono~ and

‘ff,?_}dlhybrld ereesee, blen&;ng‘fnheritenee, 11nkege..f
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(f) Evolution: Evidence for and theories of evolution and the
evolution of man
(8) Ecology: Continuation of Junior Science work
(h) Animals in relation to man: Pests, parasites, 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 whers posasibie, instructive and enjoyable extra practical work
can be attempted. In the past, teachers in Quéénslani have been
loath to do much practlcal work on anlmais, p%rhaps because Df lack
of faclllties, or sultable traln;ng, or lnterest.A (nge teachers
are forced lnta teaching chlcgy’because there is no one- else
available),' Practicalrﬁcrk is direatly,examined. This involves
phctogfaphs of animals, séétiéns! disseetiéﬁs étc; ‘Practical books
'have to be submitted tc %he menlgr‘eiaminer ani/ar labaratﬂries have
to be 1nspected QLéSflGns are aftén biased fawards practlcal Wark

:é-r,"ln the mammal Jau d;ssected demnnstrate whe :?;;;;ﬁﬂé°'

(Uhfcxtunately stuients DGGESlonally quaﬁe Hamn saplens - ane chdérs, ;1'

examlned dlrectly ar

'j‘ftlnairectiy e, gi;, an youf excur51an..... : (I Suspect hawever thaﬁ

Bleak1y§ En&ean? ThomPSGn anaﬁKikkawa.; Any su;tablé text sauldﬁbe 1 f'T
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There is a smell section on conservation which is especially relevant
in Queensland at the moment. Most students are avid conservationists;
many of minc belonging to local societies. The course, especially
in the invertebrate section, is written for local animals and this
overcomes the problem of students applyirg structures of "foreign"
species to the wrong animals e.g. confusing different genera of
carthworms., The problem of rote learning (in excess) is probably

one of the worst facets of the Zoology course as it exsits; however,
there is generally an underlying theme or story. For example, nc

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 feel that
there should be more stress on man as an enimal (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 marsupials, the Great Barrier Reef,
animal behaviour etc., all of which I consider to be very important,
Marine Biology as a wﬁcle interests students in'Queeﬁslandg'

Further, the syllabus does not cater for weaker stuaéﬁts who easily
become snowed under early on and can't aeé the wogd‘for the frees.
The coursé as it exists gives students no idea of what a controlled
experiment.is.ar_haw to make use’cf kéys, skills which are very basic
to any life scientist. The:e'are many areas where the'syllébus

can be improved:; as it exists it has many,déficiénciés-whicﬁ.éan :

be reotifiod by good teaching methods end a "iberal" interpretation

of the syllébﬁs_rk
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Student Numbers

It is fairly obvious from figure 1 that Zoology has a healthy
growth rate, especially when cémpared 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 more orientated towards animals, perhaps considering
plants beneath their dignity (a pity, and easily rectified);

(b) & lack of gqualified 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 which the decline
in Zoology will halt can only be guessed ~ I suspect about 1000
candidates. Zoology is the most popular science 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 Attractive

The first step would be to change the syllabus along the lines I
have suggestei (I don' ‘know if other teachers would approve of my

suggéstlans totally, but mcat would agree in part. ) Prsctlcal work
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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 4 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 directly
examines practical work, Almost all questions are of the knowledge
type, often on fairly minor details rather than overall concepts,
€.g8. "what are the main phases in a typical oestruc cycle", "give
four characteristics 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 complainl
Text Book |

The recommended text is "Zoology fér‘Séﬂiar Forms" (Stephenson

iggiggf)' The text is the only one written épecifically'fcr the course

‘but there are many other useful and recommended texts. On the

whole the text can do with considerable improvement; the diagrams

[PTTTa e r——
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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 white 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 (perhaps 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 before 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).
Every year I do attitude tests among my own students 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 fhéy would like to see what
the motor end plate of a neuromuscular joint looks like, I will buy
slides of this, aﬁi; I hasten Yo add, remind them that this is some-
thing they wanted to 1qpk at and it has BéEn ﬁr@viaed. I do not pretend
that my attitude tests are "good" or representative but the results
of some of these tests aré given4be1qw;v |

Why do students take Zaclcgy in the first place?

(1) Many stu@ants take Zaalagy beeause they want to take a Uﬁlver51ty

course whlch involves Zaalagy e, g.rMedlc;ne, Agr;cultural Science,
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Veférina:y,Science etc,
(1i) Many are interested in animals as a hobby and want to learn
more about them
(iii) Some, of course, take Zoology as a sixth subject, because
they have failed in Maths or Science B at the Junior level.
What have Students got out of Zoology?
(i) Most, find it interesting. They can learn a lot about the
sorts of things they see around them and a lot abeﬁt themselves.
(ii) Students enjoy the field trips both academically and socially.
(iii) Some like Zoology because it is not "cut and dried". Many
enjoy the "rave" sessions when we have a free for all
discussion on anything vaguely 2zoological.
(iv) Unfortunately, some students say they get nothing out of
Zoology at all, but I suspect that these students get nothing
out of anything, | N
How could zoology be improved?
Some general student c—ritigisms are:=
(i) Less rote learning |
(ii) Open book exams
(iii) More agpeéling tesxt with colour Plaﬁés.
(iv) More field trips
(v) More work on familiar animals especially man
(vi) . :Perfuméi”air'pumpéd through the 1§bcratat§§'

Igascn between Examiners and Teachers 3

1. Aﬁﬁual ezaminers meetlnggare held for the dlSGLESlQn of the papers

as a whole and the 5prea& cf reaults. After thls,f;nﬂ1v1dual.

examlners critlclsms are glven to taachers 80 that the;r teach;ng

' 1gs f
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methedé can be improved and misconceptions can be iraned out.
Comments are also available on the general Btaﬁdara of the
practical booka collected as a sample,

Ieachgra have a say in what alteratiocns should be made to the
course content, BSo far, this has been done iﬁ a very minor
way. If the examiner took notice of every suggested deletion,
the course would read "Zoology is the study of animals" and

some wouldn't be sure of that.

Vacation schools have been planned but haven't eventuated

‘thrcugh no fault of the examiners.

Evening classes are held in higher levels of Zoology at the
University to give teachers and others an opportunity to get
a degree and more knowledge.

Members of the Uﬁiﬁérsity staff inspect laboratories and give
general advice, | |

Teaching materials are lent by thé University to responsible

. teachers e,z. sampllng apparatus, collectjng materials etec,
iUh;ver51ty staff visit gount:y centres demcns trating suitable

’methcds for particular parts of the ccurse.

teachers if they do not make use of the help avallablé ta thémir

The Future of Zoology in Queensland

[j{}: will be of cgnslderable 1nterest.

Zéclag?raE suéh Wiil ccﬂtiﬁﬁé indefiniteiy in’Quegnslandi As

I have alreaﬂy suggested teacher aﬂd stu&ent numbers w1ll drop due to

N the effect of B S C S The ec@mméndatlcna af the Radfori Cammlttee'

Téache 41 then bé able to deslgn
‘1 |
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their own courses and examine internally. I do not pretend that
designing 'a sultable syllabus will be easy. As a general comment,
the sort of approach I think is requiréa is:=-

(i) To list the aims of Zoology teaéhing (this is fairly easy to

do.)
(ii) To suggest the best ﬁassible method of attainiﬁg'these aims
(not easy at all) |
'i'believe that the best type of ccurse-watld bé one where the student
rather than the teacher is active, where students learn from their
own observations, draw théir own conclusions and imgravé their own

methods. I do not belieye however, that a teacher can expect every-

w

thing from the studenis?éﬁé}think that he should feel free to make
suggestions and throw spanners in the wérks so long.as this is not too
often or too obvious,

Both Zoology and B.S.C.S. in Queensland are good c@ﬁrses in their
own right but will be good only if they are taught by dedicated,

enthusiastic teachers.
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AN EVALUATION OF THE PILOT COURSE

IN _IBAVING HUMAN BIOLOGY IN W.A,

N. Katavatis,

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 participating in our "pilot
course". At this rate I feel I am able to speak on behalf of the
ﬁﬁman Biology teachers of Western Australia.

I will attemét to elucidate on this course and assess the strengths

and weaknesses of Human Biology as currentiy given in W.A,

Therefore, this talk will be divided into four parts =
1. The origin and brief history of the course.
2, The strengths and weaknesses éf the course.
3. Teacher training,fcr'this course. |

4._ Summary.

The - orlgln and’brlef hlstczy.

| In the 1attar part cf ﬂ968 PTQfESSDr Allbrnck ;nlﬁiated
the Human Blalggy caurse by preparlng a ayllabus for the Public
.{ Exam1nat1on3 Board- of W’A and the P E, E. in turn autharlge& the'
' ‘helding of an exam;natlan at Leav1ng 1evel in 1970 for those schcolsrA

¥

3 Wlshlng to partlclpate as "pllet schcol&“ The subgect was ufferei
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as an alternative to Leaving Physiology and Hygiene (P. & H. is not
a matriculation subject.) An in-service course was arranged by the
Adult Education people for January, 1969, 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 successful. However, the outcome was that only 9

government schools and a few independent schools decided to participate

and commenced 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

i b g L

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 bheen larger.

Strengths and weaknesses of the course,

~Thé teaGherSjiﬂfclve& in this experimental course ére very
énthﬁsiasticj They feel Human Biology is é subject fcr.gzggz student.
As indicated in the Qﬁtliné, fcrkpfactical Purpcsés, the course may
be divided into two parts | | |
(a) ‘a study of man
(b) a study of man in his envirenmeﬂt;»hut the whole strength

of this course lies in its ability to draw these two parts into one.

Human Biology is a study of men rather than man.
Ir é_gocd balaﬁéeﬁis>mainﬁainea;Bétween ﬁhése two, thé course tends

| ERik) link the sciences to the bumanitiéé>and.ﬁhis will lead to self

LA : v T 171
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awareness, and to a deeper knowledge of man, of man's responsibilities
towards himself, +. 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 vith his environment and this promotes a modern
dynemic approach to the study of man.

The first part of the course includes femiliar topics such as the
chemistry of living matter, the biology of cells, the structure and
function 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 broad, 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 course;

an appreciaticn of the changes which occur in growth, from birth to

adulthood -~ Bgth physical and psychological; Puberty changes and

the problems of adolescence;

a,resﬁcnsible understaniing of individual differences and sex

differences;

an appfeéiatign of future achievements in medical science.

VPeqple in this maiern-age are still vefy naive about the

‘mechanisms of their own badiés_ Thué;'thevimpcitance Df the study of
,cgnnéf bé»g#érstrSSSEa,

The second part of the course includes the following topics and
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these have been numbered according to the syllabus.
(6) The origins of man.

To develop this topic an absorbing study of the Primates has been
included. This constitutes a fascinating study, hitherto completely
neglected in schools. Briefly the primates are classified and then
specifiic examples are taken and studied for their physical and simple
behavioural characteristics.

Generally such headings as Location, Locomotion, Anatomical Features
(e.g. Brain size, hand shape and relative limb size), Adaptation,
Feeding Habits and Social Beﬁavieur are used,

In the classroom, reference books, magazine articles, 16 mm films

and 35 mm coloured slides are used to introduce this work,

Then for field work the specimens at the Zoo are studied. é
"~ Individual behaviour and social patterns are cbserved. This work is E

closely supervised and feliéWs the observational methods recommended

by théVDiréGtOr’Qf the Zoo, Mr. Spence, whé is a primatologist of note.
Also, the study of “fcss;l man" is included in this topic., This

‘GDnStltEtEE an absorbing and fauulnatlng study for beth the teacher

and the student, The other topics are

(7) Vsriatiéné Eetween_ﬁén.

(8) Scientifiic study of man's ecology.

(9) Mental, bodily ana community'heaith ‘

- The: former twa may ‘be ccnszderei by some as Sﬂclal Studies taplcsér
but thé scientlflc treatment Df them certalnly brinpa them w;th;n the -
SC‘-GP% Qf th;s caurse. L |

 These taplcs w1l1 help the atudent‘s "out of schccl“ llfe by .

' the fact that he w111 aevelcp better att:tuﬂea and values a far

bétter unierstanﬂlng of pecples af thé wc:iﬂ.an& kﬁgwledge of ‘man's

E lC A -
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place in his environment., Topical issues, such as conservation, water
and air pollution, birth control, abortion, piomiscuous behaviour, drugs
and alcohol, smoking, racial problems are all relevant and important
to this couwrse., The conseguence of such studies is that the student is
beginning to take a voluntary interest in T.V. programmes and newspaper
reports relating to these subjects. Some English teachers have even
reported that English expression has improved amongst those students
who are doing Human Biology.

The syllabus covers most aspects of Human Biology. It indicates that
most sections may be tausht at an elementary level, withcut going into too
much depth at any one peint and that there is scope for a teacher to
increase the depth to which any given topic is taken, From the teachers'
point of view the syllabus is too extensive, There is a certain vaguenesa
of terms which may lead a teacher to devote too much time to a particular
topic, at the expense of cther more basic topies. No doubt, this
difficulty will be overconme 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 "“web of life" course which clearly
indicatés 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 subjeét which catches the interest of students of all levels of
intellectual ability and curiosity. Further, the syllabus states that "In
general the opportunity is given for stuienfs to use the scientific methods

of observation and deducation even if they are not 'scientiats'". As g
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matter of fact it may be better to play down the study of 5cientific
methods and laboratory techniques in Human Biology.
0f general interest to all science teachers is the question of
whether all science courses should be geared to the study of
scientific method. Should every branch of science have the philosophy
of science or the logic of science as one of its major aims? Maybe
it should be reserved for physics and chemistry which are pure sciences
and pre-requisites for the biological or applied sciences; or mayhe
scientific method should be taught to the brighter students only as
a separate subject which may encompass the science subjects they
may be studying. Too much emphasis on scientific method is apt to
dampen the enthusiasam of the Qeaker 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 extent necessary to make
the students of today well-educated, adaptable, teler@ﬁt citizens
of tomorrow as well as giving them the necessary detail on the

physiology of their owm bodies.

Teacher Training

Two conferences have bheen 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

lecturers to state precisely vhat is required at this level,

Regular meetings are held., These are useful for comparing
spproaches and progress made. A sub-committee has been set up to
assist the chief examiner in making up suitable examination questions.

o . ) : i , i .
[]{U:ne of the satisfying cutcomes of these meetings is the fact that the
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Public Examinations Board has been persuaded to depart from the
traditional method of assessing candidates by a solitary three hour
examn, It has agreed to allow the teachers to assess L0 of the
candidates' Leaving Examination mark.

Tt is inevitable that teachers of any new subject will complain
and criticize, and teachers of Humen Biology are no exception.
Certainly teachers in the ")ilot Schaalé“ have complains and teachers
who take this subject for the first time in the future will complain
about many things:

lack of assistance and guidance

shortage of equipment, teaching aids ete,

insccessibility cof places to visit - zoo, museunm etc,

the absence of one text book to cover the whole course (It is far

better to use the library oxtensively than to rely on one text

book. )

But surely the hallmark of a good teacher is his willingness to

b i e

take up the challenge of a new syllabus, such as this one - to prepare
mterials, to attend meetings and conferences, to exchange materials
and ideas with others, These efforts can only result in a feeling

of achievement. And of course, there is always the possibility that

gsorie of this zeal and industry mey be reflected in his students' work.

Briefly, an attempt 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 rodern society. It is a subject

of the utmost importance, especially at a time when the whole world is
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stirring and awakening to the danger of allowing cur 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.
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SECTION IV

BACKGROUND _ PAPERS

Modern bhiclogy teaching techniques, in common with those
of the other science disciplines, emphasize discussion methods
and laboratory experience, In aiiitiéﬂ, mach attention is
given to the nature of the inguiry processes in science. To
~ssist conference members in their discussicns, background
papers reviewing the current literature on the topics were
commnissioned by the organising committee., These papers were
not formally read, but were distributed at the commencement
of the conference for participants' information.

The nmajor conclusicn, that can be drawn from these reviews
is thnt "more research is needed'": there is no consistent
evidence that the use of the laboratory or many of the "inguiry
techniques" results in students attaining the abilities that the
techniques are designed to give, and little of the evidence
aviailable on the use of discussion as a feachiﬁg technique has
been obtained from the school élgssrééms- |

Scme of the ambiguity 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 reférréiAta by
both Atkinscn and Johnson.

A second common difficulty faced when reading the research
literature is menticned by Lucas: the imprecise terminology makes

it difficult to compare different studies, One man's "discovery
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learning®™ is another's "guided-discovery" or, even, "inguiry

treining®.

"y

A third imp@itanﬁ difficulty’ﬁhat,Dccurszwheﬂarea&ing the. results
of educational ezperiﬁenﬁs is one of géneralizability: is it velid
to extrapclate the results of a well-controlled, reproducible.study
concerning, say, the worth of laboratory instructicn in senior
high school chemistry in the United States to a junior secondary
school biology class in Tasmania when the cultural background,
educaticnal system and the pupils' stége of canceptrievelapment‘
may all differ? These limitations need to be kept in mind when
the three reviews are read.

Although there are only a few . immediately applicable
conclusions that can be drawn from these re%iews, %hey are a useful
summar& of the Qurrenﬁfresaargh and will iispéixmény of the glib

assumptions often made when teaching techniques are discussed.
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LHE VALUE OF LABORATORY WORK TO ICHi TEACHING OF SCIENCE

IN GEFERAL AND BIOLOGY IN PARTICUIAR - A LITERATURE

JOHN I, ATKINSON

%"The 1abpratc?y is where the work of science is done,
where its Spifit lives within the persons who work
there, where its methods_aré transmitted from one
generation to the next. One d@eé not really learn
Science from books; one learns science.by=askiﬁ§ nature
the right questions. And the laboratory-is the place
where one learns most readily what questions can bé
asked fruitfully, and how they iust be put, It is where
one learns why science insisfs on precisé ﬁéasurements,

accurate observations, and conciseness and clarity in

communication.”

This statement by Bentley Glass (9) is representative of the view

g AN g S g g v o e

% taken by most recent and current viriters about the place of the laboratory
in the teaching of the sciences. ,Authafs of science method texts (10,21,
28329532533) place strong emphasis upon the importance of laboratory
activity for the aftainmént of generally-agreed objectives of science

teaching, and those responsible for the "avalanche" of contemporary

sclence curriculum projects base their courses heavily upon assumptions

of ‘educational benefits accruing from such activity.
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Information about the history of laboratory usage in Australian

sclence courses appears to be scarce, but it can fairly safely be

Y o o T e ey . N

‘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 1ncluied 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 growth in the use of the 1abarato:y at this time stemmed

largely from the "mental discipline" theory of psychological development, :
by which laboratory work was seen as providing excellenﬁ'training in :
@bservati@nr w1ll—power and -memory. (11§ p. 18). Laboratory work in -

"the biological sciences ngcentrated on morphology, whilst in the physical

sciences students performed "experiments" which purported to "verify" the é

laws of PhjSlGE and chemistry. (Sund and Trowbridge (32), p.90, note

ZE U e —

that ne.rly fifty per cent of the one hundred or more exercises in

physics and chemistry which were prescribed in 1886 by Harvard University

é for performance by intending entrants were still retained in the courses ?
z of study of secondary schosls-sixty years later). ;
§ During the decades that followed iﬁtermittént recommendations for g
§ a more truly experimental apprcach to the study of the scicences came i
g from individuals and committees. Despite these suggestions, the biology §

b 3 A

f curriculum committees which sprang into existence in the U.S. following
public recognition of the technological advances of the U.S.S.R. (as

evidenced by the launchlng of the "Sputnlks“ in the fifties) still found

é passive observatian Qf dead Qrganlsms typical of laborat@ry work in the
§ sub ject.
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In Australian schools, until the last few years (and right up to
the present in some cases) laboratory work was commonly isolated out from
the rest of the course in any science as "practical work", often bearing

little or no relationship to the "theory" currently being studied.

R A R A i o e e oy

In the last decade or so science educators in many countries have

1
E

adcpted courses with major objectives in both "content" and "process"

dimensions. In an eff@r; to grapple with the educational problems
occasioned by the vast expansién of scientific knowledge and fhg rapidity
with which this knowledge changes, attempts have been made to identify
the fundamental principles which form the underlying conceptual Fframework
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 must have a real under-

standing of the ways in which scilentific knowledge is acquired and

modified - that is, of the methodologies of the scientist. Thus the

RO R St

present trend is towards an "ingquiry" approach centred on the laboratory, ;
on the assumption that the student will most readily come to an under-

standing of the processes of science by "aciencing" himself. ;

attéinment of science teaching cbjectives there are many questions one

might ask. ©Some are:

1. Is laboratory work in itself essential for achieving certain cbjectives?;

2. Is laboratory work the most appropriate way of providing experienceé ;
essential to the attainment of certain objectives? !

3. lVhat tygé(é) of laboratory work is/are most effective in achieving

desired outcomes?
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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 précess of secience has been outlined
above. Claims which can be argued for laboratory work include the
following:

(i) Science 1s observational and experimental = science courses should
reflect this.

(ii) Laboratory work is a major source of motivation for the student.

(i1i) Laboratory manipulative skills can only be learmt by actually
practising them.

(iv) Laboratory work enables the student to bridge the gap between
abstraction and physical reality.

(v) Concepts 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 tentatively accepting or rejecting a proposition.

The second way of looking for answers to our gpesfians about
laboratory work then is to examine research evidence. At first sight
this would appear to be the most likely approach, but to date it has not
been highly successful in providing firm answers. As will become
apparent, the difficulties of research in such an area are caﬁsidﬁrable,

and research has beenilimiteig
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Remariking on the tzend 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 practically every available
review of research in this area, and in many research papers themselves.

Furthermore, some of the moat defensible research on this topic
has been carried out at tertiary level, and the applicability of the
findings of these studies to science teaching in the secondary school
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
including laboratory work in general education science courses at the
college level. He reports an earlier survey by Cunningham (6) of
thirty-four studies in the period 1930-46 and suggests (p. 60) that the
results of these investigations "justify the view that individual
laboratory method does perhaps develop laboratory resourcefulness and
manipulation of laboratory materials better than the lecture-demonstration
method." The fact that this is all he could conclude is a little
disturbing, to say the least.

Bradley goes on to critically examine six studies (2,12,13,16,34,
35) concerned with the lecture-demonstration vse individual laboratory

Each of the six investigators concluded that the laboratory method

was superior in one or more respects: scientific attitudes and certain

ﬁbilitiés in problem solving for general education in biology (2);
Q ,
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instrumental situation, single measuring techniques and problems
involving apparatus (16): long-range comprehension for high-ability
students (34); exercise of individual differenges-(?z); knowledge
and method of handling nev problems (53); laboratory manipulative
and comprehension skills (35).

Likewise, each investigetor concluded that the lecture-
demonstration method hes sdvantages, particularly in regard to low-
level cognitive performance such as recall of information.

Again, most renorts contained conclusions contending that students
achieve equally well on criterion tests of 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 adegquacy of controls of such factors as instructor
conditions, the use of small UﬂréQIESénfatiVS groups and no
retrial of experiments. There also seems to be no standard
lecture~demonstration or labarﬁtary method. The canglusi@ns
reached by the various studies offer Sugporfkfcr both methods
and are scarcely definitive." | |

Eﬁsfﬁmlcmmhﬁims(Pjééaﬁéasfﬂlmﬁz

" (1) No one method can be considered superior in all

cases., The objectives of seiEﬁcerteaching, the
ability ievel Qf ‘the stﬁients, and the facilities
availgﬁle should largely determine the method used.

(2) Where cost per student is & mhjor concern, the
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lecture-demonstration method seems to offer the best
s~dvantages.
some kind of laboratory method still seem unsolved and
as complex as ever, It appears that there shoule be more
careful experimentation invelving careful control of non~-
experimental factors. More reliable testing is needed
before any definitive answer can be given."
In o study involving twenty biology classes (randomly #selected
from four senior high schools) ani sixteen teachers, Sorenson (31)
investigated the change in critical thinking (as measured on a number
of well-known published tests) in students studying two of the B3CS
Iaboratory Blocks by a laboratory-centred method or, alternatively,
a lecture—demonstration method. He found significant grins in
eritical thinking, understanding of science and dogmatism (or,
rather, the avoidance of it!) in the laboratory-centred group,
but no significant change in the lecture-demonstration group.
Atkin and Burnett (1) in o review of socience education refer to
the work of Kruglak in a number of iﬁvesiigatians into the results
of instruction in college physics employing individual laboratory
work, demonstrations, or neither (14 - 19). Atkin and Burnett
ccmment on the excellence of Kruglak's research designs and suggest
(p. 1197) that
"the fact that, as a whole, little difference in learning
(except for laboratory skills) seems to result from the

instructional approaches used may only indicate the

. 1Re

.
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complexity of research into methodology and the probable

In view of the current emphnsis 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
to the experimental method of problem solving, it is not surprising
to find that o number of recent studies have attempted to
investignte the outecomes of differcnt types of laboratory experiences.

Ramsay and Howe (27, p. 76) comment that studies by Charen (4),
Reiney (26), Mark (23), Merin (22) ond Lennek (29) lend support to
the trend to provide "open-ended" laboratory activities in that they
indicate th-t "students can take a more acctive part in formulating
their experimental procedures without suffering any major
consequences in terms of achievement,"

A study by Montague (25), comparing nine experimental groups of
college freshmen chemistry students experiencing open-ended experiments
with nine control groups experiencing the customary laboratory menunl i
experiments over a period of ten weeks, found the uxperimental szroup
to perform significantly better in tests of both problem-solving in
a laborntory situation and critical thinking about everydsy problems,

There have been many studies of this kind in the area of biology.

Mason (24) investigating the relative effectiveness of & "sclentific-

il ik

thinking method" and a descriptive method of teaching biology, found

that the laboratories of the two methods were equally effective with

respect to the acqusition of factunl information and the development ;

of scientific attitudes, but the scientific-methcd approach was more
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effective in teachiﬁg certain abilities associated with scientific
thinking.

In cnother study Schefler (30) compared ar inductive laboratory
approach to the teaching of genetics to freshmen bilology students with
a traditional lecture and illustrative laboratory approach. There
were 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 measurcs employed (knowledge oé genetics,
understanding of science methodology, interest in and attitudes to
science) was there o significant difference between the gnins of the
two group3. The fact that regardless of method, the students of
one instructor performed better than those of the other instructor
on the test of subéact mrtter points agoin to the difficulty of
controlling the teccher variable in studies of this nature.

Coulter (5) has carried out 2 atudy employing two modes of
laboratory vork in comporison with one mode of demonstration in ninth
grode biology. An inductive laboretory group designed, crrried-~ out
and interpreted their own préblem-scl%ing experiments; an inductive
demcnstration group was treated similarly with the exceptian that
the teacher performed as demonstrations the student-designed
experiments; o deductive laboratory group was "faught" a principle
or generalisation by the teacher, then given a designed detivity
to substantiate or check it., A1l groups were taken by the one
instructor and used the same course of study. Coulter repqrtea
no signifiecant differences between groups other than that "students

who performed experiments were more positive in their reaction towards
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iﬁstrucﬁian than those who watched iémpastratimns" and that there
was "some indication of the induc®: ve appfoach being more conducive
to teaching sspects of scientific inquiry."
A pecent investigntion by Yager (36) attempted to control
some of the variablés which in past studies appeared not to have
been adequately controlled. A laboratory group of Grade 8 stuaentsl
performed fifty of Pifty seven loboratory exercises in the B3CS
Blue Version individunlly or in gr@gés; In the "demonstration
group" only one experimental set-up was employed for each exercisc,
the egperiment being performed by either the teacher or selected
students, (The teacher, however, sometimes supplied conflicting data
. for discussion). 4 discussion group did not observe or perform
any of the exercises but discussed 211 of them as "second hand data.,"
All groups employed an inguiry approach and were similarly
treated with respect to factors such as class period times and lengths,
tests, lesson format, unit sequence, etc, The three teachers involved
were rotated botween groups about every four Wgeks . [ such a
strategem has little effeg% on the outcomes of instruction (7) ]
and are described as markedly similar in background, philosophy
and technique. |
No significant differences were found in any dependent variable
other than laoboratory skills.
The following comments which were made by the inveatigators
in discussing the results of the study are quoted at some length

as they may be of considerable significance.

O
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"This study suggests that aﬁe should be cautious about
insisting on laboratory facilities ond materials with the
idea +that these will insure desired outcomes or even & "good"
science program... This is not to say that all laboratories
should be abandoned... In fact, (for) some teachers (if not
most... it may be easier to approach bivlogy as inguiry wit]

actual work in the laboratory by «~ll students...

"The results of this study indicate that desirable outcomes

result in a science class even though the laboratory is limited.

If _these r

[my émphasis] the implications with 2ll 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 inéividual students., Perhaps instead of an
emphasis upon the laboratory per se there should be an
emphnsis upon the very mnture of the scientific enterprise
which could or could not include the frequent use of the

laboratory for every student...

"This study alée suggests that séience curriculum workers might
well devote some time and elfort tc_the structuring of some new
courses that would deemphasize the laboratory. For cérﬁain
students a verbal (nanlabcfa%cry) approach may be the besi means
of stimulating %hemgtc understand and to épgregiate science,
Some stuienﬁs (especially at advanced 1evels)rmay find the
1ib@ra%cry to be a waste of time and merely a means of slowing

their pursuit of new theories and concepts. The laboratory

1380
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eertainly should not discourage creative work in science."

Yager et al. appear to have conducted their investigation with
considerable sophistication. It must be rembered, 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 ma.jor
decisicns, Furthermore, as in virtually ~ll of the studies which
have been considered, immediate cutcomes have been the only ones
investigated¥ It would seem not improbably that the use of the
laboratory could have long-term implications. Again, students in
all these studies will be affected by their PrE?iQué experiences.
Students in control groups will, in practically all cases, have
had previous exposure to laboratory éctivitiés and this may ﬁéll
affect the results of the investignlions, even when outcomes are
measured in terms of gains over the duration of the study.

An investigoticn which may be significant and which-will
certainly be popular with anti-vivisectionists is that of Fowler
and Brosius (8) in which the effects of varicus immediate outcomes
of performing (o diverse series of four) dissecticns compared with
viewing films of the dissections were studied. No significant
difference between treatments was fernd on tests of understanding
science, science attitudes and even manipulative skills. The film
group was superior on tests of factual knowledge and problem-sol¥ving.
As the published report lacked adequate details of procedure or

statistical data, the reliability of this study cannot be assessed.

193
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Atkin and Burnett (1, p. 1197) summarise the research position
as follovis: |

"It is probably thaﬁ well Qver)?QD studies have been mede Which
attempt to compare the rezaits of lecture -demonstraticns with
those of inﬂividuai labcr;téfy-wark,ﬁ; Most have found no
significant differences in terms of %hé instruments and measures
used; some haﬁe shcwnré éuperiofity of the 1ééture iEmgns%ratién
ﬁechniguag_aﬂaﬂsﬁmexhave shown individual laborntory work to be
superior. Why theré have beeﬁ éuchxﬁariaticns in results is
an @pen’quéstién_ It is'élear that miny of these studies have
been poorly designed. It is equally.cléar that the instruments
and evaluative techniques;émyleyed have varied in nature and
reliability, os well as in what wes assessed ond with what
emphnsis., In ary e#ent, thése studies have left us with little
light on the péssible superiority of one method over the other
even in terms of clearly specified instructional objectives,"
Tt is apparent, then, that research can provide no definite

3 answers ot present to questions like those roised earlier in this -

peper. Although a figure of "well over 100 studies" may appear

| considerable, these investigations have been diverse in kind and-

limited in scaﬁe; many are of questionnble validity and there has

{ been virtually no attempt at replication of results. The difficulties

of research of this nature appear thourghout this paper - ensuring

[ ' control of all extraneous variables, developing valid and relicble
’ , ' -

criterion tests, obtaining sufficiently broad samples of data and

192



190.

establishing replicability are all serious problems confronting

the investigator.

In relation to the guéstigns raised the evidence év&ilable
would appear to suggest tentatively that:

1. Laboratory work may be essential to the attainment of only
relatively minor objectives such as 1ab@f§t@2y manipulative
skills, |

2, Nev&rthgless, laboratory work mﬂy_far many teachers and many
students be the most satisfagf§1y’way of achieving certain

major process goals of sclience teaching,

LY
L]

Leboratory activities which embody an épenaendédrinquity
approach may be more approsriate for attainiﬂg process goals

and appear no less eifective in the achievement of content
objectives than more traditiaﬁgl forms of laboratory work.

In the face of the inconclusive nature of the evidence availéble,
it moy be that it is not so much the type of classroom activity,

in itself, which is the dominant factor in determining educational
outcomes, Rather, it could be the nature of the tencher-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 T TRACHING BIOLOGY.

B. ‘JCHNSON

There has been an increase in awareness of the lmportance
of discussion techniques in education over the last few years. A
groups but most of this has becn directed towards adult groups.
There cppear to have been relatively few research papers published
on the use éf group discussion in universities and schools and
pathetically few on its use in teaching 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
'therapyi But despite the relevance of much of this work to
educati ;i there has been relatively little carry over its results

and implicatious into research in the classroom situation. A number

experiments and methods for discussion groups generally are given
in the blbllagraphy; |
The research ocn gréﬁp dynamics whicﬁ hns the grea%ést relevance

to eaucatlcn is perhaps that conducted on the "T", or training groups,
vi9velaped by'the Naticﬁﬂl Training Laboratcry'in America.’ The

- "P Group"” is a fice—ta—fhce group set u; to ald its members to learn
about sac;al phencmena by anu1y31ng What 15 taklng place in the
'grcupﬁ. The grcups h;ve no 1§ader rules or agenda and thay aim to-'

_'1nfluence the attltudes and behav1aur af the;r members in & nurber

iy
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of viays : by increasing awareness of their own feelings ond
of the feelings of others; by becoming more aware of the
complexity of the communication process; and by generally
increasing interperscnal competence,

The innovators of the "T Group" recognised the overlap
in the values of science and successful soecicl relationships and
anong their objectives they list thiree of the basic qualities of
science: +the obligntion to face all of the facts involived in a
problem and its solution: objectivity toward the collection and
treatment of data; and the obligation to collaborate with otaer
investigators in the pursuit of truth. "T Groups" appear *to have
had considerable success in achieving their aims and their use has E
increased greatly over the last few 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 decision reflecting the ainms of the course. These
are concerned primarily with the aquisition by the students of

attitudes and intellectual skills raﬁher thoan with learning a large

R I A S e A B B L g e

amount of faétual inf@rmatioﬂvabaut biology. It has been shown

§

.repeatedly that attltuies and 1ntellectua¢ skills are aquifei more

éffectlvely in group ﬂlSDHSSlQn than by ather pedagﬂglc methads
Asklng and ﬂnswerlng questhns is a prgcess vhich beglns

yéarly in 11fe and ccntinuea fgr as leng as 1ntéllcctual llfe

"> ;cant1nues;; Fram it aevelaps the give anﬂ take of- chVErsatlan ani :

ﬂﬁhe mare arganised 8153u531on. ﬁmy process which results in

| fquéstlgns b31ng asked, partiﬁaLarly unexpected cnes, rather than

R e, . S T B

ERk(}mPlY sfutlng facts, was fgund by Berlyne (6) to ?esult in
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improved learning and increased interest in the topic. Inhelder
and Piaget (12) belisved that in order to teach others to reason
logically it is indispensable that therce should be established
between students and teachers "those simultanecus relaticnships
which characterise the co~ordination of viewpoints,"

Beard et al. (5) believe that discussion is one of the
most educative processes S8ince it enables students to annlyse
differences in views and opinions and leads them to revise their
position and 4o integrate what they learn with what they already
know. It contributes to the develcpment of new c oncepts from
already familiar ones and from those imperfectly understond
from readirng.

In a comparison of the effectiveness of a lecture demonstration
teaching period with a problem sclving discussion procedure in a
college science course, Barnard (3) found that the discussimm
methad;pravea superior on measures of prcblem’soiving and
scientific attitude, whereas the 1ecture nethod proved superior

on a test of specific 1nformﬂt;cni On the other hand Dawson (9)

~ Pound the two methods to be equally effactive in

céursés in elementaﬁy science as- measured by test of recall gf

_ Sp%clflc information but the aiscu531an method gave Significantly

rsupériar results on tésts‘af pr@blem éclviﬁg abili ti 8.

Barnett (4) found that dlscu551an group act1v1ty led to 1ncregsed

crltloal thlnking Qnd also ha& an 1nf1uencé on. the behav1aur of

‘30me mémbers of the vlass 1n beccmlng 1355 agﬂTESSLVé. He

O

suggested bhat an adm;xture cf free dlacu331gn can - 1mnrave the

202



effectiveness 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 importance and traces the origin of some of the unconscious
preconceptions vhich influence judgement and decisions and which
can be exposed by discussion nmethods. }She gives an account

of & series of experiments in free group discussion and its

use in the training of medical students. Discussion group
participation led to the clerificatiocn of ideas and the developnent
of more critical attitudes, This resulted in the students
perforning significantly betiter in situaticns where they were called
upon to interpret and analyse information ploced before then.

In a recent study of school children comparing the effective~
ness of reading and discussion in additiocn to classroom
instruction, Fisher (10) found that Etudents? attitudes taﬁaiﬁs
a socially deprived sector of the c@mmunity‘were changed most
effectively Wheﬁ discussicn methais Wére used. -

Discussion methods not only appear to be nore effective in
vinfluencing attitudes Eut they are alss prefeffed by students .s a
tecching experience, Hallwcfth (11) fcﬁnd that élth@ugh attainment
.gains were'similér'améng discussicn and control gr@ﬁps; chiléren
in discussion groups éﬁjsyéa the Wcrkvméfa and their attitudes
to the subject studied imgfévéd Signifigantly more than did the
'_cénfrcls, Thé children aléérlearﬂt”tc_éaééperate be%tér,ﬁith one

- another and the number of isolates in the class fell markédly,'
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Rasmussen (14.) also found that students using group discussion
methoeds found their course more interesting and believed they
had learnt more and that it would be of mcre practical use to
them, althcugh when compared with controls vho did not use
discussians, no significant differences were found in the amounts
learnt, In a survey of university students Stcones (16) found
that there wos a Gléar;cut preference among them for the discussion
type of teaching situation. |

A good deal of work has been done on group dynamics and fhs
optimum conditions for conducting group discussicns. The optimum
size of groups for the mgst effective discussion appears to be between
seven and nine; & smaller number than seven limits the resources
of the group too drastically, while = larger number does not allow
for sufficlent active participation by e.ch member and maﬁy nenbers
tend to become shy in larger grcups.

Steinzor (15), Abercrombie (1) and others have stressed the
impcrtance of the spatial factor in gfgup work. It is‘iE@Grtﬁnﬁ
for members of thé‘grcup'ta be seated in a circular pattern so that
-eaéh menmber is aﬁie to see evéry Gther member. Furthermcrev the
acﬁubl paa;tlan in the glcup of peanlg with alfferent perscnalitles
can have a mhrked effect on the nature and degrée of their contribution
to the discussion. People sitting Qpposité eachjother tenﬂ to inter-

iacﬁ more with each other than wi%h £hdséwén eéeh si&e’cf ﬁhéﬁ.

'\ Ste1naar suggests that retlcent members Shauld therefare be placed

_Dppas;te talkﬂtlve anes ani mancp@lists should be qeatéd in a&gacent
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Group discussicn 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
net only to hold the floor too much when they are leading groups
but they may also inhibit the students from participating fully.
If the group is run in the absence of a teacher the purpose of
the discussion nust be well established and adequately under-

stood by the participants, Unlezs the participants can see a clear

purpose in the discussion there is a tendency for interest to
vander and participation to be desultory. Powell and Jackson (13)

cnalysed a series of recorded lenderless neetings of University
students and showed that interaction was vigorous and animated
and there were remarksbly few instances of factual mistakes being
allowed to pass uncorrected. The students enjoyed working in this
way and claimed that their understanding of the subjeot matter wvas
notably improved by ccmparissn with mcé% conventional tut@rialsl
But us Powell and Jackson point out it is quite useless to assign
students to graups and simply tell them to discuss, _Gareful
preparation is absolutely eséen%iﬁl— ;

There is no doubt theat dlscusa;én in small graups can be very
tine ccnsumlng and may appeﬁr ta be. uasfeful. A group dlscusslng a
tGPlG Wlth 1nadequate factual En@wle&ge nsy generate heat but not “
a&d much in the way of 1lghta But if.it 1eadS'thé-méﬁbérs tD

reqllze th31r lgngrance ana search f@r the needed 1nformatlgn, some—
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thing will hnve been accomplished, and students certainly need to
be trained to settle arguments by looking up information in books
instead cof just talking.

For influencing attitudes and sébseguent behaviour discussicn
groups tend to be more effective than other teaching methods. But
it must be remembered that a badly organised group can be both
frustrating and o waste of time as surely as can a bad lecture
[ see Bloom (7)]. Students, on the other hand, enjoy group methods
and thiﬁk they learn mare‘this way than by other methods and they
shew more interest in théir work and become more deeply involved
;n it; As learning is best achieved when teaching methods arouse
most interest and nost activity on the part of the learner, one
would expect more effective learning when discussion methods are
used, That this isvnat,always apparent when different teaching

nethods are compared, does not mean that this is not so, it may

merely mean that our evaluation methods are inadequate. It is

WS T

notoriously @ifficult, as Williams (17) has shown, to control
all variables and dbfain a valid comparison of different teacihing
nethods. |
As the accumulation of scientific knowledge continues it
becomes more and more apparent thot the équisitizn of any particular

knowledge is an insufficient definition ¢f education., Rather, the

major residue of anyone's formal education: may well be téken to be
the attitudes and habits @fbinquiry and 1eérning he hLas developed.
'We need to know much more clearly than we do at present just

‘ haw it is that pecple learn how to learn and how learning experiences
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exert their effect on subsequent® growth and development, There

is 1little doubt however, that discussicn can play a very useful

and productive role in the educative process.

1.

e

o

tbercombie, M, T, J. The Anatomy of judgement (London,

Hutchinson, 1965.)

Bales, R. F. & Borgetta, E. T, "The study of group size"

in Have, A.P., Borgatta, E. F. & Bales, R. F.

(eds) Small groups: Studies in social inter—

action, (New York, Kunopf, 1955, )

Barnard, J. Ds "The lecture-demonstration versus the
problem solving method of teaching a college science

course." Sci. Bdue. 26, 121 - 132, 1942,

Barnett, S.,A "An exper;ﬂEnt w;th free dlEEEESan graups

Uhlv. Quarterly, 12, ;?5 -~ 180, 1950

Beari R Mi, HEaley,_E G. gnd Hallewmy, P J. Dbjegtiyeg'

‘;n higher educatlkn._ (London, Sccleiy far

Reseafch in ta hlgher Educatlan, 1968 )

”_fBerlyne, D E A "&n sxperlmentsl study Df human cu"1331ty

Brlt J- Psychcl. 45, 256 = 2653 19%4,”

>_-Blggm,‘E;~S_; "Ihe thaught procasses_af students_ln discu551an,




205,

8. Bredford, L. P., Gibb, J. R., and Benne, K. D. (ed)

"T" — Group thecry and laboratory method:

Innovation in re-education. (New York, Wiley,

1964.)

9. Dawson, M, D. "Lectures versus problem solving in teaching

elementary soil sections" Sei, Educ. 40,

395 - LOL, 1956,

10, Fisher, F, L., "Influence of reading and discussion on

attitudes of fifth graders toward American

Indians." J., Bd. Res. 62, 130 - 134, 1968.

11. Hallworth, H. J, "Group discussion in ita relevance to

teacher training", 10, 41 - 53, 1957.

12. 1Inhelder, B, and Piaget, J. [The growth of logical thinking

(London,  Routledge and Kegan Paul, 1959.)

[ ———

13. Powell, J. P. and Jackson, P_ "Le%rnlng thraugh unsu3erv1sei

discussion” Hérﬁbthena 97, 9 - 105, 1963¢

~ 14, Rasmussen, G. R. "An evaluation of o student-centred and

.'inStruétor—ésgtrédi@sﬁhcaFﬁftganaﬁétiﬁgaaégraéﬁ&te course

in eaueztion. T Ed hol. 47, 449 - 161, |

1956,

w15, Steinzor, B, :"The Spﬂtial factcr 4in face to face dlscussian

. graups. ,75, bﬂcrmi,Sac Psychcl., 45, 525 -

555, 195@ >"”"

AT L T e o e e o



206.

16. Stones, BE. '"Students attitudes to the size of teaching

groups.” Ed. Rev. 21, 98 - 108, 1969.

17. W%Williamns, J. D. ‘»me problems involved in the experimental
comparison of teaching methods," Educ, Res.

8, 26 - 41, 1965,

BIBLIOGRAPHY: REFERENCES NOT CITED 1IN THE TEXT.

Berne, E. Gomes people pl@gﬁ(Ha rrondsworth, Pénguln Books, 196€, )

Bion, W. R. Experiences in groups (London , Tavistock, 1961.)

Hare, P. A, Hﬂpdbaak of small group research (New York, Free

Press of Glencoe, 1962,)

Horowitz, M. W, "The conceptual status of group dynamics” Rev.

Jensen, G. and Parsons, T, "The structure and dynamics of class-
room groups and educational systems Rev, Ed,

Res., 29, 3ub - 356, 1959.

Kelley, B. C. The workshop way of ;ea;ning; (New York, Harper,

1951.)

':WAﬁiéiﬂ; J. The stu;y of greups. ‘(Lcn&éﬁ, Réﬁt1éage and Kézgan

»Paul 1 956 )

"*ﬁ-“W@fklﬁg w1th grcugs_ The saclal psychclagy cf

d;scusslan (Londans Hutuhlnsen, 1951 )




207.

Lifton, W, i, Working with groups, (New York, Wiley, 1966, )

Maier, N. R. F. Prgblémesglvigg_@iscusgig;s7andugqnferepges

(New York, McGrow Hill, 1963.)

Olmsted, M. S. The small group, (New York, Random House, 1959.)

Ottaway, A. K. C. Learning through group experience, (London,

Routledge and Kegan Paul, 1966,)

Passmore, J. Talking things over. (Melbourne, University Press,

1963 )

Powell, J. P. "Experimentation and teaching in higher education'

Ed, Res. 6, 179 = 191, 196k.

Raven, B. H. "The dynamics of groups" Rev. Ed. Res., 29,

332 - 3435, 1959,

Schein, E. H. and Bennis, W. G. Pergonal and organisational

change through group methods: The laboratory

ach.  (New York, Wiley, 1965.)

Sprott, W. J. H. HQEQE;EEQQDS,,,(HﬁrmandsWQrth, Penguin Bgcks,

1958.)

 Wright, E, W. = "Group procedures" - Rev. Ed. Res., 33, 205 - 213, 1963.)

; 3;4   ;;§;1‘®;{



o g oy B OEA get

208.

WITH PARTICULAR REFERMNCE 70 BIOLOGY TEACHING

A, 1. LUCAS

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 Invitations

to Inguiry in relation to these studies.

WHAT IS VINQUIRY"?

Arnold Grobman, (12) who served as director of the Bioclogical
Sciences Curriculum Study (B.S.C.8.) from ﬂ95§vuntil 1965, defines
"inguiry" as "the processes of sclence which é@nstitutelﬁhe key to
its success. It consista of the techniques of asking questions
of nature and of evaluating thévreplies,“ (p. 291). But this is
not tle ”onlyrusa of the term, Rutherford (21) points oﬁt that

it is necessary tg make a distlnctlcn between "1ngu1ry as it

appears in the sclentlflc énterprise" and "u31ﬂg the methci cf

sclentlflc lnqulry to 1earn same 801ences

Most Df the “new GﬂfblGulS" 1n sclence hav@ uaea inguiry in
5’ .

rﬁhé fifst>af Rutherforirg;senSésg In some cgurses stuients are .

”‘ expec%ed tc~'

"1nq1.11re 1ntc: 1nq_uz,ry 5 _31:133 by d@:.ng this thé 1earner '
becomes aware cf What he kngws, hgw he: knaws 1t and hcw

to ga about acqu1r1ng new. kncWIEdge for hlmself ;Iﬁ% o
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effect, inquiry training shifts the learner from a
consumer of knowledge toward being o producer-consumer (9).

Schwab (25), in his introduction to the Imvitaticns to Equiry

published by the B3CS, mekes it clear that his purpese in teaching
science as inquiry is not to "learn some content". but to "under-
stand enquiry”. That is
to teach science as enquiry means, firstly, to show
students how knowledge arises from the interpretation of
data, It means, second, to show students that the inter-
pretation of data - indeed, even the search for data -
préceeds on the basis of concepts and assumptions that
change as our knowledge grows. It means, third, to
show students that because these principles and concepts
change, knowledge chaﬁges too., It means, fourth, to
show students that, though knowledge changes it changes
for good reason - because We know better and know more
than we knéw‘béfcré (P- 45);
But 1t is 1mpartnnt to realise thut sone very 1mportant
v asaumpt;ens underlle the current ambhacls cn “1nqu1:y as 1t appears
i sc;ertlflc wcrk | Firstly, it is tacltly aasumeu that 311 o
'scientiﬁts w1th1n a glven fleld ?111 use thé same mathads of'-
d831gﬁ1ng expariments-:seccndly, 1t is assumed ﬁhnt there is anly
 Qne 1Dglcal moiel af 1nqu3rv fcr all‘bﬁanches Qf’sclence_{ These |
.'_are Probably nct valld ssumgtlons | Caﬁnelly (5) his analysed
'- research repcrts 1n ecalagy bnd 1dent1fled at 1east eighteer : 

"nutterns Df 1nqu1:y that are used “A pattern :f enguiry is a;'
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process in which principles of enquiry are specified to prcblem
areas giving rise to a set of logical conditions for enguiry" (6).
Connelly (5) identifies four principles common to all biolcgy

(antecedent~consequent, structure-function, homeostatis and

regulaticn) and five problem areas in ecology (classification and

taxonomy, nutrition and metabolism, genecology and distribution)

giving twenty possible patterns of inquiry. However, no rezenrch

papers were found in the categories homeostatis - clessification

and taxonomy and regulation -~ classification and taxonomy. e

points out (5, 6) that statements resulting from work using each
of the patterns of inguiry are not equivalent in logical status.

Similarly, when the implied nceount of the nature of
scientific inquiry in the CBA, CHEM Study and PSSC texts is
anclysed in terms erthe inquiry systems used in thevdisciplines
it is found that

noné of these programmes illustrates the variety of

principles of inquiry end the effects of cheice of such

principles on the furtherance of inquiry; PSSC also

knawledge fB}_A
>§ r '1ew‘by Rubiﬂscn (ED) giVéS ‘a nore dﬂtallea account of
‘)the PhllDSGPhlual nalyses cf the mcde of ;nqulgy used in sé;enee'
  an& their 1mpllcgtlcn5 far sclence teachlng, |
:fIf'theEE»authcrs arE»céfréct— a. Sclence currlculum‘wh;ch
ba%tempts ta shaw stuﬂents haw sclence dse G@Ddﬂ@téd will fa;l 1f ”:
';Dﬂly Qne'“method cf sclencﬁ“ lS ccn51dered“1ﬁ the caurse, Newt@n'

"qlso claims thﬁt the inquiry apprchch to tE1ch1ng is dlshcnest tc

919



the nature of science since it gives the impression that "science

is just & way of attacking problens or a method of understanding

the world", and neglects the fact that science is also an

"enormous, impressive, and extremely useful collection of facts
principles &nd concepts which, because of the way it brings

order to the world is both intellectually satisfying and practically
useful.” (17)

However, Newton is probably knocking down a straw-men in this
eriticism: few, if any, of the new curricula set cut to teach
philosophy or process of science alone, and they 4l te=sch at
least some of the facts, principles and concepts of science.

Even in one of the purest forms of inquiry learning, Suchman's
"inquiry training" technique, the pupil is expected to form

concepts (3).

"INQUIRY" IN BIOLOGY TEACHING.

In common with the other “now" science ccursesrfhe Biclogy
c@urses deveicped bv the BSCS Gmph531se 1aboratcry work so thuﬁ

studenta will hnve fhe anartun;ty tg undertaka 1nqulry in a

"«;Pacsclmlle cf a- résearch SlfLatan. One maaar 1nngvat;cﬂ, the

fInv1tatlcns ta Inqylry were prepared fcr use 1n b;alcgy, and L,;

-pu’bla_shei ’by the BSC.‘; in the Blclogy' Te cher s Hﬂ:s;clback. (2;—:.)

'"An 1nv1tatlcn is essantlgle seml—structured dlscussicn
bﬁsed ugan a blclcglcal prcblemp, It c@nslsts cf a Serlea ‘
of questlcns tc bé pcsed hy the teacher and suggests ta

:;hlm ar varlety af respunses to be.ellﬂltéd and expecféd

f fram the students.;;ﬁ.;rThe gaalbls tg develqp Sklll ln

2149
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orobing or searching as a cugh intellectual game. (12, p. 291)
Schwab (23) claims that

The invitation to Eqnuiry teaches enguiry in two ways.

Pirst, it poses exanple after example of the process

itself., Second it engages the participaticn of the student

in the process. Thus for the les: able student there is
cne chommel toward understanding -~ the Invitations as
examples of enquiry. Tor the more able student there

are two channels - the Invitations as examples of enquiry
and his own contributicns toward solving the problem each

one poses, (p. 47, Schwab's emphasia).

Morgan et al, (16) have prepared Invitations to Inguiry that arc
integroted into the Austrelian adaptation of the BSC3 materials,

Their Invitctions differ from Schwab's in the way in which they are

designed as an integral, but not completely essential, part of a

particular course: Schwab clains his Invitotions are "freed fron
dE§éﬁiéﬂGe on %hé'particular text bock the %eachef may be using®,
(2;, P. 48) o ,
| Hurry hni MacKEan (13) ‘have pr@iuced anulrles in Blrlcgy

Whlch was - 1nsp1red hy Schhab's work but th31r En;u;rleg are

;presenied 1n a fcrmat that allgws students t@ have 1nd1v;aual CDPlES

'_Gf thé relevant infcrﬂst;enj (gChfﬁbjﬂ;JOruut ;51tﬂauéa déglgnEL

to ha rehd uut tc a class, can he aéhpteﬂ ln thls way and mgny teacnerg_' ’

oo in ALFiS 11_ tnlicate +hﬁ relevsﬁt 3ert1un af thc- Lgtrallan
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RESEARCH _ON “INQUIRY TEACHING'.

An ex~mination of the current research literdture unfortunately
bears out Brandwein's comment that
there is little cor no valid evidence that instruction and
practise in the art of investigoation in the dementary or
high school years procduces better students, better
scientists, or better learners. ... Most practitioners
in teaching merely assume that school sciéncévwauld,be
improved if students learncd through investigation, (2).
One of the problems in assessing the literature is thz conflwctlng
terminology used by different curriculum development grcupsi The
terms "creativity", "discovery" end Yinquiry", for example, are
used by different authors to describe essentially the same teaching
techniques (Lﬁcas, unpublished manuscript). Brandwein belicves
that this is due t@'changes in terms which are in vogue: "too
often, in education we‘go from word to word, rather than from work
to work", (2).
This survey is mainly concerncd with'rép@rts eléiming te deal
_w1th "1nq111j scmé rep@rts of rcs;arah on “dlscgvery leirning
“° wni “uﬁdersﬁhnélng the Scl@ntlflg Eﬂterﬁrise" are’ 1ncluded but
:nc specl.l scarﬂ has been mﬁde fcr such reparts.;-"-‘ n': f,,”?vfj'¥%a
Ryan has ShDWn thﬂt elementary schﬁul teachefs can be tralnea B

fi_tc use an 1nqu1ny technique 1n the classrcom by _.ghart 1nserV1ce_ ”_7?*‘7

“;tralnlng course,: Judglng By anglysgs cf the teacher s classramn .

"fbehav1gur after the ccurse the mgst ef;ect1v3fmethfd af 1nSérv1ce

°~:5ftra1n1ng 1s ta f@sus;an>tha teacher s bahQVLDur :ratherrtvﬁn on the
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A number of reports claim that pupils could be taught to
understand and/or use some inquiry techniques after "inguiry treining,"
Barker, in an uncontrolled study, was able to train students to
generate hypotheses by viewing single topic films in chemistry, (1).
Gibbs, in a controlled experiment, showed that using the inquiry
technique outlined in Teachers Guides to BSCS single topic films
improved the quality of hypotheses produced by viewers, (11).
Tn an uncontrolled study using interview results as criteria,
elementary school students were given "a hasis for analysing social
situations and a strategy for innuiry" when inguiry methods were
used in sociology, (10). Ramsey and Howe (18) report that Price
could not detect any transfer of “maniguiative data gathering
activities" to a test situation outside the classroom. In the
same review (ﬂa), Raun is renorted as showing that there were no
consistent chenges in "inquiry strategies” from grade—~to-grade
in students using the tmerican Association for the Advancement of

Science course Science — 4 processﬁ;pprg&eh; however, Ramsey and

Howe also report studies by Scott and Sigel that indicate that

'"1nqu;ry trhlned puplls“ 1e1rn phys;cal sclence cancepts as well
- as or: betﬁer, than normel.classes. Thcmas and Sn;&er taught
_’nlgh%—grhders by twa techn1QLesﬁ' “teacher centred EXPDSltlun and”
__“gu;dei iisccvery“;' Thay fauni that the mare able students taught:

| by thé tradltlonaL 1ppraach Weré bettér able tc 1eqrn thec:cntent  » 5

"j <§f the caurse (1.é;f"haﬂ greaterkfﬁﬁtual conceptubl achlevement“)
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experiment with an accelerated geometry closs used discovery

methods to teach the students to solve problems in logic. One
group was confronted with a problem in logic in which the

conclusion drawn from an argument strongly challenged the pupils’

values., The control group, who Were presented with problems

of the same logical type which did not challenge their values, é
were just as competent iﬁ their ability to "stzte the heuristics |
of the problems" given as a PDSt—uESt but the strong confrontotion :
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 & more conventionally taught class in Mllgram g study of Jewish
elementary school children being tuahgt the cancégts of evil, (15).

In the only study of the use of Schwab's Invitations to Fnquiry

reported in Education Index. in the past four years, Meyer could find

no difference in "understanding of science", "eritical thinking

ability"and "biology knowledge" (using the Test on Understanding

Science, the Watson-Glaser Critical Thlnkiﬂ“gé@pr&isal and the BSGS

Gamprehen51ve Final rES§ect1vely) between one -of hls classes taught

a
-
g
E
-
g
1

in. the same way With the aidlt;an of one- Vééﬂly S%SSlDﬂ using Schwab 5

Inv1tat1enu. However no effort vas made to 1ntegrate the Inv1tntlans

W;th thé apprcprlate topiﬁs and. the testa dla not measure the mbll;ty

)

.;tc ﬂanlpuldte quant;tative d&ta,,; sklll de 1t w1th in the. Inv1tat;cns, (14);

W

‘In cher utuﬂles u51ng TDUS 1t has been shcwn that 3) the CBA
 and GHEW Stuiy ccurses praiuce greater undérstundlng af sc;&nce ﬁhﬂn

courses (Trciel)

gﬁﬁV%ntiQﬁai;Ghéﬁlgtrv, "Fb) History of SGlEﬂGE  ‘ﬁ‘
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greater gains in understanding science than traditional physics
courses (Crumb) althaugh Trent could not find any differences
in his study comparing Physics courses (19). VHQwever,'stuiiés
using TOUS may not be valid tests of students' understanding of
the methods of aciéntists if there are, in fact, diverse

prtterns of inquiry in the different scientific disciplines, (7).

USEFUINESS _OF "INVITATIONS TO INQUIRY",

Since there is no consistent evidence that inguiry methods
produce an understanding of the inquiry process, give the student
the ability to inquire, or help him learn the concepts of tle subect,

ig there any justification of continuing to use Invitations?

They are used in’Saufh'ﬁustﬁaliaﬁ’SGhools,’and'mast of the

IﬁVltﬂfiDnu prenarei far the Vab Df Life Gaurse, (16) viere o téi

twanteaghGTSEJ The camment thv‘

as very useful by more than thirty percent cf the 71 teaghe:s
who réplle& to a quesﬁlcnnwlre distributed to. ﬂll Blalagy teacherskf
in the Sﬁatc at the sﬁi af 1969 (Lucha, unpubllshed data)

Only s;x af the InVltLtanS Jere r t;d a0 of no use by ﬂDrE thzn
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teaching produces greater understanding of' the nature of science
can be replicated, Invitations nay farz one useful "dimension"

even if; in themselves, they ﬁﬂveIthtle effect.

1. Barker, R. H. "Development and evaluation of a method of
structuring inquiry films to elicit hypctheses from

high school chemistry students.”

p;sgérﬁatiangbgtfacta,inﬁerﬁatianal 30, 1327 = A, 1969,

2, Brandwein, P, F.  "Observations on teaching: overload and

'"The methods of intelligence'! ". The Science Teacher,

3. Butts, D. and Jones, H.  "Inquiry treining and problem

solving in elementary school children“. 'Jgfﬁes¢SQi‘:

Tea(:h;sl} ="‘.’;s 21 - 27, '1955111

4, Collins, K, "Impcrtance of & strong confrontaticn in

inquiry mode of teaching." School Science and

-Matheﬁatics,~69jréi5 - 617, 1969,

5. VConnelly, F;?ﬁ;a' “G@ncépﬁﬁéi'étfﬁéﬁufes inéééaiég§ §ith

speclal referenca tc an 1ngu1ny currlculum in eralegy
D;ssertat;cn presentei tc the UhlverSlty Qf Chlcaga

July, 1958

6. ?}n_‘ "Ccnceptual dlsclplln,:y'stfuctures'and ths

" currlculum" nger presénte& to the Amérlcan Educat;cnﬂl o

(9
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Diedrich, M,E. "Physical sciences and procaesses
of inguiry: A critique of CHEM, CBA and PS3C"

J. Res, Sci, Teaching g, 309 - 315, 1969.

Fish, A, S, and Goldmark, B. "Tngiry method: Three

interpretations" The Seience Teacher, 34, Feb.,

13 -~ 15, 1966,

Frasier, V. C.. ™A study of students' ability to use

functioncl imperatives as strategies of inguiry"

Dissertation Abstracts, 29, 3911 - A, 1968.

Gibbs, R. K. '"The effectiveness of the BSCS single topic

films" Am. Biol., Teacher, 31, 241 - 242, 1969.

Grobman, A. B, The changing classroom: The role of

the biological science curriculum study.

(few York, Doubleday, 1969.)

, Hur:y,'S_IWi and MacKean, D_Gg ,qugi;igswig;gig;qu,f

- (Tondon, JGhﬁ}Muffays 1968, )

vMeyer, J;,H! =ﬂInfluengejaf the lhvitatigpgftarfnaui;zﬁ

fm, Biology Teacher, 31, 451 = 453, 1969.
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Milgram, R. M. "A study of the inquiry-discovery method
in teaching moral canéepts.“

Dissertation Abstracts Internatisnal, 30, 1887 - A, 1969.

Morgnn, D.,, Best, E., Lee, A., Nicholas, J. and Pitman, M.

Biological sci.nce, The web of life,  Canberra,

Australinan Academy of Science, 1967. (Reference is

to the teachers guide to this course.)

Newton, D. E, "The dishonesty of inquiry teaching". School

Science and Mathematics, 68, 807 - 810, 19568.

Ramsey, G. A, and Howe, R. W, "An analysis of research
rolated to instructional procedures in elementary

schuol science." Scicence and children, April,

25 ~ 36, 1969,

"An analysis of research on instructicnal
procedures in secondary school science, Part I.

Outcomes of instruction” The Science Teacher,

36, March, 62 - 70, 1969.

" Robinson, J. T. "Philosophical and historical bases

4Qf éciencevteaéhing"'133#;'E@E.RBSQ,,QEF'EAE - 472, 1969,

Rutherfari, F.vJ.'i ""The rgle of . ;nqulry in ﬁCiEnGE %eschlng

J Res. Scl. Teachlng,_g 80 - 84, 1954;,'

'1Ryan; T R, . "An anm1y51s Df an 1nqu1ry GEntred in- -

serv1ce saclal studlés pragram fcr eLementary teachérs;“‘
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23, 8Schweb, J. J. (supervisor) Biology teachers handbook:

(New York, Wiley, 1963.)

2),, Thomas, B, and Snider, B. "Effects of instructional

method upon acquisition of inquiry skills".

J. Res. Sci. Teaching, 6, 377 - 286, 1969.

Additicnal rceferences not cited in text:
Tvany, G. "The assessment of verbal inguiry in junior high

high school science," Science education, 53, 287 -

293, 1969.

Young, D. D. '"BEnquiry: a critique" Science education, 52,

138 = 142, 1968,

The following book was not available until after this paper vas

written, It:éoﬁtaiﬂs a shcrt,sta%Eﬁent-af the raticnole of inquiry

1éafﬁiﬁg in'bjélcgygrextensifé’examples of the use of guiéing

,prlnclnlea of 1nqu1:y, lnd d;sc asicns of the use of behav;gural

Gbgectlves to &ESlgﬁ evaluatian 1nstrugents_ In aaaltlcn

,chuphers refer to ﬁhe use cf clhssregm a;scusulens fcr 1nqu1r1ng

flnﬁa 1nqu;ry§ “n exten51ve blbllcgrﬁphy is 1ncluded

E Elngmﬂn R foy (Ed ) Inqulgy DbgesthbS 1n the te@chjng of

ﬂlﬂ antlnental Reglanal Eiucatlanal

V“ImbérﬁtGEY.PQS;tlgn pager 1 1 1969.‘;V;ff"
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SECTTION v

WORKING GROUPS

Three separate working groups were established to discuss
particular aspects of biological education in secondary schools.
" The reports of these groups were presented to the whole conference

at the last session and the recommendations that they contain

approved., The reports of the working groups on Evaluation,

Mg%erial$ gpd7Mé%h0ds and Content were prepared by Mr. H, D. Batten,

- Mr, L. T. Bamford and Mr. I. R. Mosel respectively.
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EVALUATION OF THE ATIMS

Some confusion surrounded the area to be investigated by this
working group, however it was agreed that it 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 situationsi Two publications from the rscent 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 Education

Project are Evaluation - Perspectives and Possibilities and

ThefKinasrcffsgz%ices'aﬁa Evaluation Procedures that could be

provided flor in the Australian Science Education Project.

Review of forms of Assessment.

1. Biology Readiness Waterials.

A Set Qf'these materials has,alreaay been prepared for the
_'Wéb of L;fe‘ course and is avaiiabie from A.C.E.R. Such
-jmatérlals take the farm af multlplé-ch01cé 1bém5; testlng b331c

'vskllls, 1deas an& cgneepts a grasp Dl which is cénslderéi |
r'deslrahle Befare studsnts beg;n Wark on varlaus sectlcns cf the

- course Assac;ated w1th thése 1tems are remeﬁlal act1v1t1é%

4 Wr;ttgn 1n Prggrﬂmméa f‘Dmn (Séé Gaarémer, Jp BfLOEL., duc. ;, 1969)-

2. Masterv'af~tefms»

'V_,These 1tems Wére 1nﬁemied ta measure a mastéry or ﬁamprehenslcn Df :

a Wcrd cr phrase 1n lts apprapr;ate cantext-'gen;:ally at a
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relatively simple level., e.g., consumer, energy.

A list of suitable words/phrases should be readily availalle
from teachers involved in the subject. It was considered

that these tests should not ordinarily be uéei for grading
purposes. There may be some advantage in these materials
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 Lif'e' course. (Six tests for Part 41; nine for Part 11 -
including an Achievement Test), They are multiple-choice in form

and based specifically on materials just studied.

Generally diagnostic materials require an understanding of
concepts and single prapasiti@nsi Remeaial aide are associated
with +hese tésﬁs, ani they ;nclude langer response 1temsi

Ther: is a lch of théaé mater;als ava;iable far cther courses

'and the cénstructlan cf such materlals was canﬁ;iered a fairly

: urgent task.

AchlevemEﬂt matarlals

(a)The use cf thlS type éf fgzt mateflal may Wel1 be applled ta the'

evaluatlan Df the course 1tself and may, 1n spec;al circumstancés
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in biological materdial, perhaps even from existcat Commonwealth

Secondary Scholarship Examination materials.

(b)The application of achievement type materials to obtain an

absolute measure of a pupil's achievement was considered in

two parts:

(1)

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 éxaminatian can only test a limited

number of aims and therefore is quite unsuitable

as a single total measure of the course achievement.
A further complication is introduced in Grade 12

when the instruments of evaluafion are also used

as instruments of sélection for tertiary institutions.

The splitting of these two functions is already

,unﬂer sericus consideration.

Out Qf the external examlnatlan Eﬁv1ranment the

,:nrgup lel&ei on the neea to retaln these tests to

1acn;eve gradlngs or ranks Scmé mémbers ccnsiaerea

"f[achlevement ﬁestq de51rable fgr the henef;t of ;'.'

v f$tudents'— 51V1ng 1ncent1ve ta 1mprcvam';tfand partly.Q

:ff,fulfilllng the educator s‘duty,to parer s.

Dthers~

"questloned these statements abaut “;ncen'lvss", ~ff]
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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-answer questions, essays,
assignments, laboratory reports, individual or group

laboratory projects, checklists for laboratory work

and skills, 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.

5. 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 of suitable attitude

scales shonld be encouraged.

. G R AT

Forms of Ttems

-Thergrcup-firmiy réeagnizea'that course ébjéctivés can ahly'be
assessed when Egth’multiple?chgicé and 1@n§ér rsspénse queStiDﬁs,are
.In the 1anger resp@nse fgrm, scme mémbers feit thera was value éven o

o 1n kncwleage type essays far a553551ng communlcatign 511115._ Otherr '15ﬁ1 




however, it was recognised that the reliability of marking procedures
of these materials needed careful investigation. There is naw
significant evidence concerning the values of multipie marking

of such pieces of work., Further, two shorter pieces of communic.-tion
provide more reliable evidence of a child's skill in communication than

does one longer essay.

Recommenda tions
The working group were firmly of the opinion that the whole aspect

of evélygtign,cf biclogy courses, 'Web of Life' and others, should

now be considered carefully and a systematic and organized approach
taken in regard to the development of appropriate materials.

It was recognlzed ﬁhaﬁ the A,C,E,R, had administered a prcgect to
aEVélgp Diagnostic Test Materlals which 1ncluaed GDntrlbutlﬂﬂs from
Victoria, South Australia, Queensland, and Tasmania, Thisg s;tuat;cn,
it was felt, could be regarded és a médél for future developments.
Thé matter was‘felt tc'be'urgEEt as'ecﬁfsé mcaificaticns were now.
~b'ing chSldéréi in several States._  | |

‘This Warking group rec@mmends ta the Academy therefgre, that an

f{investlgatlgn be made af 99551ble fund scurces tg establish a programmé;~

‘- mater;a;s,gpp;gprzate“bcﬁh for&whele;;Qupsesjandsscu:se'parts,_}f_'-‘“ 
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MATERTALS AND METHODS

This group spent most of its time discussing the variety éf.
materials that are useful for biology courses at the senior level
of the secondary school, The discussion is reported under the
headings used 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 phenomena being presented. Very few teachers have the’appcrtuﬂiﬁ?
to read the current scientific literature, and they are forced to rely
on the students' and other texts to update their kncwledgei The

'graup Supp@rtei Mr. Huttan‘% suggestion (see page 14.2) Qf a newsletuer

or leaflets being produced for pupils as well as for teachers. Thére

was a sfrong feeling that such leaflets should be diréctly related to
each partigular text and should be the respcnﬁlbllity of the producers
- of the text.

12, Laboratary Manuals.,

?ﬁb_,

Labaratcry manuals were f%lt ta be useful but 1t Was thaught
1 _that tbey shsula ccnta;n a 1arge number of exerclses.. The teach@r"

'“caula.then chccsé Wh;ch exerclses his glaf’ Will perfarm.v“

Many grgup members felt that ;nstructlnns in. 1abaratary manuals”f:

- Qe e o)
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exercises, similar to the B.S.C.S Laboratory Blocks, written for

Australian students would be usgful with the more able or repeating
students. |

The group fel% that the supply of materials for use in the
laboratory exercises was not a function of course designers,

5. Audio-visuel aids.

It was brought to the attention of the group that many visual
aids for senior biology courses are now becoming commercially

available, at least for the Web_of ILife course. However, there is

a demand for locally prgducéd film loops to illustrate and help
develop some of tha‘écﬁcepts of  Australian courses. The pfc&ucticn‘
and s upply of such films should be 1ﬂvest1gated by course ievelopcrs.
Some~ dlscuss;on was g:ven to v1dea—tape and - electrcn;c v1dec
recording, but it was polnted oub When this reyért Was made to the'
thale cenference that the supply of" 1§mm cclouf movie- fllm may be

,(almcst) as cheap as: an& more effect;ve than Prciuctign and d;strlbutlan

-"Df-Vldeaitapés.:i   S

Tape reccri;ngs DT grammcphcne reeords stamped on paper, gf i
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Audio-~tutorial systems (see Aﬁstralian Science Teachers Journsal,
;;é? part 1, 1970 for a aiscussi@n.and description of the methods
used in this technique) were described and the group felt that these
techniques should be investigated in terms of providing individual
instructicn and as a remedial teaching device for slow learners.

4. The group felt that Invitations to Tnquiry were a useful resource,

but that they were more useful for some teachers than for others,

A rigorous investigation of the worth of the present Invitations
was suggested. It was suggested that the proposed leaflets
(see 1, above) could form the basis of an QPEﬁ—enaeé diacussion,
if careful préparei questions were askei in the articles.
5. Professor Johnson's background paper was considered and the
group felt that fhe involvement of the student in the work was
the main advantage of using a discussion technique. This raises
one major probvlem: questions which will invélve an able student
often do not suit a slow learner. The group felt that course
‘designsrs should provide problems aﬁd questions graded iﬁ aifficﬁlty
to cater for the differences in studeﬁt ability. |
6. Since field stations are felt to be a>gajar_assét in biology
teaching,’the”grcup'régéﬁmendéd-that ‘the Australian Acadeqy’af
Science supp 5rt the establishmént‘ of Field sﬁiay céntrestiifcughcut»;
Austrélia. Simllar suppcrt sbauld be glven fcr the establlshmént

of outdoor laboratarles fur schecla.  In 1end1ng such support

»th@ Academy shauid be asked tg ensure that eglleut;ng af specimens L
'ln such centres is actlvely alscouraged It was suggested that SRR

ature Walks mlght be a SUltable meth u31ng such Fleld Stuiy Centres,
EKC e | 3
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CONTENT
The group discussing this subject felt that it would be more

profitable to produce a list of conceptual 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 decided would form a
~ framework upon which to build & course are 1isﬁei below:
DIVERSITY
CONTINUITY
HOMEOSTASIS
EVOLUTION
INTERRELATIONSHIPS
CULTURE
| ADAPTATION
The group meant "Homeostasis" to include cellular, physiological
and ecological mechanisms that cause the systeﬁsvta tend té equilibrium
conditions; "Interrelationships" to refer to the interactions between
different crgaﬁiSms of the same or different s?eciés, and between

arganisms and their abiotic enviranment! “Gultur%“ to be a blalcglsts

view of human cul ture,man's culfuralevcluticn, (1ncluding the
,deveiqpment of 1anguage and tools) and hla 1nst1tutlons and antlfacts,
and “Ad&ptatlan" was seen as thase fﬁatures of marphalggy, behav1cr
and prncesses of Qrgan15ma wh;gh fit %hem far life in their

'fgnvlrnnment- such adaptatlcns may be evalutlcnany or phy31cloglca1.

23.‘3
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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 itreatment to be given to
man's place in the biosphere in & school biology course. As Boyden
points out (p.108) this is one of the interfaces of biology with
other disciplines, and we can treat the role of man from the social
scientists' or the biological seientis%s'viéwpcint; The greup agreed
that important decisions by man are needed if some of the problems
of the world are to be solved. There are biclogical principles
and scientific methods of investigation which can be employed to
solve those problems which are in the province of the biologist,

"agd thers is a whole range of humen interactions, and interactions
between man and the rest of the biosphere that reguire the social
scientists special competencies for study. However, the dividing
line between these two areas becomes blurred in such "problems" as
‘exploitation and pclluticnk‘gf fhe environment, drug usgge, population
growth gni the economics of food production.

There was strong agreement that such topics should be discussed
in the schcol situﬂtlcn, but the group 1n1tlally dlvlded on the
place of such stuiles in a Bioclogy ccurse.'lt was finally agreed'
however, that the rhetarlc used in dlggu551an of these matters is

¢ 'ch that sclentlflc att;tudés and pracesses are often 1gncred or

EKC B S T RS EN
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neglected when discussing such topics as "pollution™, This term

is an emotionally charged word; what man often does is change
certain features of the biosphere, It was felt that Biology

teachers would have the greatest effect in producing citizens aware

of the way man has helped bring about conditions which mey threaten

his survival by retaining an objective, balanced view of thé world,

but at the same time arming their students with reliable, documented
information about the effects of man's activities, ™When discussing

the consequences of addition of DDT to the enviromment, for

example, data on the mortality of insectivorous birds, and on

the effect of cessation of DDT applicaficn on the incidence of

malaria in Cevlon should both be given.
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- RECOMMENDATTONS

The récamméniatién made after each of the discussions have been
collected here for reference. They have_EEEﬁ stated briefly, and
an explanation of them may be found in the appropriate discussion
report, | |

The conference recommends that

1. The following broad objectives shcularférm a framework

within which courses and materials for biology teaching
should be developed:

(2) Biclogy courses at all secondary levels should be
plamned so that=man}s plaée in, and interaction with,
the biosphere permeates the whole course, |

(b) A1l biology courses should show something of the
processes and logic of science, not as a separate
topic, but within the framework of the course content.

'zi - The following intér—relatéd cgncéptual:themés shcﬁld form

+the framéwafkvaf any biél@gy course: i

(a} Diversity

(b) Continuity

(e) Hcmeﬂsfaéis

'(i) Evalﬂtiqn 

(e)' TInterrelationships

(£) Culture

(&) Adaptation.
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A programme for the construction, trialling and iiSSEmiﬁatian
of evaluation materials appropriate for whole courses, and
particular parts of courses should be established.

Producers of Biology textbooks should provide newsletters

at regular intervals for students and teachers using their
course to provide acéurate, current explanations of topics

treated in the texts.

"Laboratory Blocks" be written for Australian conditions.

Course developers investigate ths production and supply

of film~loops and audio-visual aids to illustrate and help
develop concepta in the course,

Problems and questions graded in difficulty should be
provided as!part of biology courses. |

The Australian Academy of Science support the establishument

of Field Study Centres with the proviso that collecticn

of specimens in such centres be actively discouraged.

R e e, A B




