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BACKGROUND

In July 1983 the Board of Advanced Educatiun, Queensland considered the problem of the acuse
shortage of secondary science and mathematics teachers and the role of teacher education in
ramedying the situation. It approached the Board of Teacher Education to investigate matters
pertaining tc the supply and educaticn of mathematics and science teachers within the State.

The Working Party on the Preparation of Teachers in Mathematics and Science was set up by the
Board of Teacher Education, Queensland, under the aegis of its Teacher Education Review Com-
mittee to consider the issue of teacher supply and quality in the areas of mathematics and science.
Under its terms of reference the Working Party was to undertake:

a review of theprojected needs for science and mathematics teachers in Queensland;

an exanmination of the various routes and courses currently available for the education and
training of science and mathematics teachers;

an examination of the quality and quantity of entrants to such courses and possible means
of obtaining sufficient numbers of entrants of the requisite quality;

an examination of the mathematics/science curriculum in relation to the total secondary
curriculum, with specific consideration being given to the attitudes developedin mathematics/
science thicugh the curriculum process and current methodologies;

consideration of pathways in tertiary education for mathematics/science teaching including
in-service education for teachers trained in thesa areas and conversion courses for teaches
whose preparatior was in other areas;

a review of the literature on the participation of students in mathematics/science and
mathematics/science teacher education courses;

such other matters as may be relevant to the provision of an adequate supply of qualified
teachers in these areas.

The Working Party met on 13 occasions between 30 September 1983 and 1 May 1985. Conscious
of the urgent need for action to be taken to alleviate the shortage of mathematics and science
teachers, the Working Party presented an interim Report (Appendix 2) to the Board of Teacher
Education at its meeting on 13 February 1984. That report was circulated by the Board for
comment and action by employing authorities, colleges of advanced education, unwersities, co-
ordinating authorities and other interested parties in Queensland. The response received was
taken into account In the preparation of this report.
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CHAPTER 1
THE TEACHER CRISIS IN MATHEMATICS AND SCIENCE

Abstract

Evidence of a chronic worldwide shortage of mathematics and science teachers s presented and a study of supply
and demand for teachers is recommended. Fundamental causes of the shortage are identified, including. societal
expectatiuns and norms, the developng info-mation and technological culture; status, stress and alternative career
opportumities; support provisions for teachers; and the impact of sex differences

It is pointed out that the recursive nature of the problem will mean that long-term solutions might exacerbate the
current shortage while more superficial short-term measures could be detnimental in the long term. Multifarious
solutions to the shortare are adumb: ated, including: changes to recruiting procedures, changes to the structure
and entry requirements of teacher education programs, improvements to the secondary science and mathematics
curricula; improved teacher support programs; and improved public support for mathematics and science teachers
and programs.

1.1 Overview

In relation to a recent survey of the actual and potential supply of mathematics and science
teachers in the United States of America, Snymansky and Aldridge (1983) wrote:

""Cur nation faces unprecendented problems in science and engineering education, the
most severe of which is the critical shortage of qualified science anu mathematics
teachers. The problem is not new. Studies by the National Education Association
(1981) and Akin (1980} have carried the message for several years. Yet school goes
on. Is the problem not as severe as the data suggest or worse than we realise?”

A similar message echoed in other parts of the world and in Australia. Cockcroft (1982),
reporting on the United Kingdom, noteu that the shortage of good mathematics teachers
had been a matter of concern for many years and, moreover, that mathematics was especially
vulnerable to weak teaching. Characterising the Australian scene Leckey (1934) wrote.

""The serous shortage of physics, maths and chemistry teachers often leads to these
subjects being taught ‘less than perfectly’ by non-specialist teachers in junior high
schools.”

In Queensland the major employing authority, the Department of Education, has indicated
that the present shortage in supply of secondary mathematics and science teachers Is real,
extensive and likely to be protracted. That view was supported by the most recent report
of the committee convened by the 8oard of Advanced Education on the Raview of Teacher
Supply and Demand in Queensland {1982), which called for significant increases in quotas
for all pre service courses in secondary mathematics and science teaching, at least until
1988. Moreover the Working Party was provided with evidence that the current low quotas
were not being met.

The Working Party ‘ound two inte-related aspects of the crisis reflected 1n the reports
before it. One was that the problem had existed for some time so that the discrepancy
between supply and demand was continually worsening. The other was that a ready supply
of potential mathematics and science teachers was not being generated by the school system,

10
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1.2

2.

partly because many able students in those areas were turning to related areas such as com-
puting and other scientific endeavours, but mainly because students were tending to avoid
the study of traditional mathematics and science subjects in their high schoot years. {STEP
REPORTS : 1975— 1977, 1976-1979).

It may be that disenchantment with school mathematics and science reflects the quality of
teaching experienced. If so, thesituation is unlikely to be reversed while the present teacher
shortage remains. The problem is clearly complex and resistant to simple solutions but the
penalty for not acting is frightening for future generations of school-aged children and the
nation at large.

Demand and Supply in Queensland

1.2.1

1.2.2

Board of Advanced Education Review

In October 1982 a committee convened by the Board of Advanced Education (BAE)
presented its Review of Teacher Supply and Demand Situation in Queensland. it
pointed out that, since secondary school enrolments were expected to continue
increasing until the late 1980s, the shortage of secondary school teachers was likely
to be exacerbated in the immediate future. The review also contained a recommend-
ation that universities and colleges involved in secondary teacher education should,
as a matter of urgency, adjust enrolment intakes from the beginning of 1983 to
accommodate the increased intakes in the committee’s projections.

The committee’s proposed pattern of intakes underlined the fact that the most critical
areas of shortage were Iin mathematics and science. At the Brisbane College of
Advanced Education {BCAE), for example, the proposed increase in the number of
mathematics and science students entering the Diploma of Teaching course for 1983
over 1982 was 248%, while in other secondary areas it was generally less than 100%.

Demand and Supply: Science/Mathematics Diploma Entrants at BCAE

The BCAE Diploma of Teaching (Secondary) with principal teaching areas in science
and mathematics is a three-year course. It is one of the largest suppliers of beginning
teachers in those areas to employing authorities in the State. The graph below shows
the intake of science-mathemar~s entrants propos.d for 1983— 987 by the BAE's
Review Committee and the actual ‘ntakes in 1983-1985.

11
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Figure 1.1:  Proposed/Actual Number of Entrants : BCAE Diploma of Teaching
(Sccondary Science and Mathematics)

The very large number of entrants perceived to be needed, and the shortfall that is
occurring 1s obvious from the graph. Overall the number of students entering the
course was less than 50% of the number seen to be required even though there have
been some gains in recent years. Moreover it should be noted that additional entrants
were not available, ever at a minimally desirable 'evel of entry

The median and range of TE scores for entrants into the science and mathematics
strands of BCAE's Diploma of Teaching (Secondary) for 1981 through 1985 are
listed tn Table 1.1.
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Table 1.1:

4.

Median and Range of TE Scores for Diploma of Teeching {Science and
Mathematics : 1981-1985)

Statistic

1981°

1982°

1983

1984

1985

Median

Range

845 (M)
840 (S)

790-980 (M)
780-960 (S)

860 (M)
855 (S)

780-360 (M}
800-950 (S)

860 (M)
830 (S)

780-980 (M)
780-990 'S}

90G (M)
890 (S)

840~980 (M)
840~990 (S)

880 (M)
875 (S)

820-980 (M)
826-990 (s}

Key.

1.23

M ~ Mathematics
S ~ Science
® =~ Kelvin Grove CAE figures prior to amalgamation.

Substantial numbers of students have entered the course with low TE scores and
"uedian entry levels for the science strand and for the mathematics strand have gener-
ally been lower than those for other strands. College staff have usually found that
students with a TE score lower than 820 had difficulty completing the course. In
1984 there was a dramatic improvement in the minimum and median levels of entry.
This was associated w'th a significant increase in the number of non-school-leaver
applicants who were considered to be wel! qualified for eniry. Whether that increvse
was indicative of a sustained renaissance is still at issue, particularly in view of the
slight regression in minimum and median levels of entry in 1985. It appears that
there are a number of unknown factors operati~g from year to year in relation to
the size of both the school-leaver and the non-school-leaver pools of applicants.
Certainly the College has maintained a high profile in marketing the course across
the community at large.

An additional feature related to the issue of supply and demand is that the preferred
science-teaching area of most students entering the course was biology — the area of
least critical shortage for employing authorities. More critical areas of shortage were
physics and chemistry — those least preferred by students.

Demand and Supply: Science/Mathematics Entrants in Pre-service Graduate Courses

The University of Queensland offers a one-year Diploma in Education course for
graduates. That course has traditionally provided a substantial supply of new teachers
in science and mathematics.

The graph below compares the actual numbers of entrants with the acceptable
quotas set for the strands in biological science, chemistry, physics, multist.and
science and mathematics for the years 1960 to 1985. It should be noted that the
quotas set by the University for each of its curriculum . ands were guideline figures
and, in rractice, it would be unusual fer all of the individual quotas to be met, given
the size of the overall intake. The quota figure does, however, give an indication of
perceived needs In relation to curriculum strands.

13
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Figure 1.2: Acceptable Quotas/Actual Numbers of Entrants : University of Queens-
land Diploma in Educativn  {Science and Mathematics Strands)

Key: BS — Biological Sciences
%H ~ Chemistry
Ph - Physics
MS ~ Multistrand Science
MA - Mathematics

Clearly there were considerable fluctuations within each year as well as across years
making it difficult to establish clear trends in the data. Overall, the total number of
students studying the science and mathematics strands has increased, The largest
increases, in 1983 and 1984, were presumably in response to the Review Committre’s
recommendation for adjustments.

Steady increases have occurred in the numbers of students entering the biological
science, chemistry and multistrand science areas while the numbers entering the
physics and mathematics strands have tanded to fluctuate. The University has
attempted to gear the acceptable quota to the demand for teachers. It is therefore
noteworthy that mathematics and, to a lester extent, physics were the areas where
the acceptable quota was most often not atcained.
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The BCAE Graduate Diploma in Teaching is a similar one-year course for graduates
The total entry for the course has varied from 70 to 100 and the quota for the
science and mathematics strands has ranged from 20 to 35.

The graph below compares the actual numbers of entrants with the numbers of
entrants proposed by the Review Committee for the science and mathematics strands
in 19B2 through to 1985.

Yese

~igure 1.3: Proposed/Actual Numbers of Entrants : BCAE Graduate Diploma in
Teaching (Science and Mathematics Strands)

The pattem of entry to the BCAE Graduate Diploma in Teaching is similar to that
of the Unwversity of Queensland Diploma in Education. The availability of qualified
entrants since 1982 has increased and in 1983, 1984 and 1985 the actual number of
entrants was at least as large as the proposed figure put forward by the Board of
Advanced Educz:ion Committee of Review.

In 1984 there were 59 additional applicants for the scierce and mathematics strands
who met the criteria for admission but could not be given places because of the
unavailability of staffing resourcesand pressure on the College to meet commitments
In other pre-service teacher-education courses. No additional applicants were turned
« vay in 1985, indicating that those student; who had been 2mongst the 19B4 surplus
had been lost in the ensuing period. Clearly, tertiary institutions involved in pre-
service graduate courses in science and mathematics teacher education need to be
able to act promptly and flexibly to accept applicants when they are available.

in summary, the apparent increase in the availability of graduates in science and
mathematics who wish to enter teaching through the University of Queensland and
BCAE ¢-usuate progrems offers considerable potential for effecting a short-term
solution to the problem of supply. It is vital that resources be provided so that
quotas can be raised and applicants admitted \ “en they a:c available.

15
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1.2.4 Demand and Supply: Science/Mathematics Entrants to the Bachelor of Education

1.2.5

course at James Cook University of North Queensiand

The James Cr.ok University of North Queensland offers a four-year Bachelor of
Education degiee which naz supplied a small nhumber of mathematics and science
teachers. GrzJuates with suitable degrees may be given advanced standing in the
course: these graduates are then able to complete the degree in the equivalem of
two years u¥ fuil-time study. There is no quota on the number of entrants to the
course. The number of students commencing the mathematics/science strand of the
Bachelor of Education degree is shown below in Table 1.2.

Table 1.2:  Number of entranis to James Cook University of North Queensland
Bachelor of Education degree mathematics/science strand

Year No. of Entrants
1981 2
1982 7
1983 5
1984 26
1985 29

The table shows that there has been a very substantial increase in the number of
swudents entering the mathematics/science strand of the Bachelor of Education
degree in 1984 and 1985. About half of these entrants in 1984 and 19B5 were
graduates required to undertake two years' study in order to complete the degree.

The increase in demand by students for the degree is likely to have been a result of
the publicity given to the shortage of mathematics and science teachers over the last
few years and the particularly high profile adopted by the university in publicising
the shortage.

Demand and Supply: Conclusion

The Working Party wishes to acknowledge the work of the Board of Advanced
Education’s Committee which prepared the Review of Teacher Supply and Demand
Situation in Queensland. Itnoted with pleasure that the Board of Advanced Education
had reconvened that Committee which will review the teacher supply and demand
position in Queensland in the light of actual intakes and of the recently announced
increases in State teaching service staff ceilings.

The Working Party recommends:

R1.1  that annual reviews of teacher supply and demand in Oueensland be conducted
during the first half of each year.

Who is Teaching Science and Mathematics?

Since

employing authorities are expressing genuine concerns in relation to the shortage of

science and mathematics teachers and ‘ ince there is clear evidence that the shortage has not
only persisted over a substantial period of time, but also is unlikely to be accommodated in
ear future, it is appropriate to examine the qualfications and teaching competence of
who are currently teaching mathematics and science n schools.

the n
those
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Shymansky and Aldridge (1982) commenting on the situation in the USA reported that
half of all newly employed science and mathematics teachers were unqualified to teach
science or mathematics. They added: ‘'The number of these emergency teachers is stagger-
ing.”, and quoted figures as high as 84% in some school regicns.

In the United Kingdom, the Cockcroft Report (1982) painted a similar picture based on a
survey of secondary staffing. It stated:

“Cn a national basis, the information provided by the survey suggests that there were
in 1977 some 1,500 (about 35%) secondary schools in wt..ch at least 70% of the
mathematics teaching was in suitable hands; and that these included some 240 schools
{mainly sixth form colleges and grammar schools) in which all mathematics teaching
was by teachers with a suitable qualification. On the other hand, the results of the
survey suggest that there were nearly 1,300 schools (about 30%) in which less than
half of the mathematics teaching was in suitable hands and that those included some
150 schools (mainly modern schools) in which none of the teaching was oy teachers
with a suitable qualification. In the remaining 1,500 schools, between 50% and 70%
of the mathematics teaching wes suitably staffed.”

The United Kingdon: survey showed that, overall, 38% of all mathematics teaching in main-
tained secondary schools was being undertaken by teachers whose qualifications to teach
mathematics were either weak or non-existent; 1 other words, almost two-fifths of all
mathematics teaching was in unsuitable hands.

Both surveys made judgements of suitability in terms of qualifications rather than in terms
of criteria based on teaching proficiency. Teaching proficiency is by its very nature a much
more intangible and subjective criterion but probably of greater value in judging suitability.
This Working Party has examined suitability in terms of both criteria: qualifications and
teaching proficiency.

1.3.1 Survey of the Adequacy of Current Staffing in Science and Mathematics in Queensland
Schools*

In November 1983 the principals of all Queensland government and non-government
schools with secondary studentswere surveyed in order to ascertain their perceptions
of the adequacy ¢f their staffing in science and mathematics.

Two types of information were sought. First, factual information was requested con-
cerning the number of students enrolled in science and mathematics subjects at both
junior and senior levels, and the number of classes in each area. Second, for each
subject area, principals were asked to give their opinions concerning the number of
classes being taught by teachers they considered to be (1) well qualified to teacn the
subject, (2) adequately qualified to teach the subject, and (3) poorly qualified to
teach the subject.

Principals’ comments and responses suggested that some defined well qualified as
simply being a registered teacher, others defined 1t as having post-secondary qualif-
ications in the subject area, while others related it to practical teaching effectiveness.
Some principals suggested thac their rasponses would have been quite different if the
question had sought information on teaching competency rather than adequacy of
qualifications.

The survey was part of a larger study conducted by the Teacher Education Review Commuttee of
the Board of Teacher Education on Future Requiremants for Secondary Teachers: The Views of
Queensland Principals.

17
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Table 1.3 presents the survey results for junior level Board of Secondary School
Studies subjects in Science and Mathematics.

Table 1.3: Perceived Quality of Staffin Years 8—10 Board Subjects in Mathematics

and Science
Percentage of Classes Taught
Subject Number Number by Teachers Considered to be*
Area of of
Sctools Classes Weli Adequately Poorly
Qua"fied Quaisfied Qualified
Science 206 2,737 83 13 4
Mathematics® 206 2,960 82 15 2

Includes core Mathematics in Years 8 and 9, Advanced, General and Ordinary Mathematics.

Thus 83% of the 2,737 science classes and 82% of the mathematics classes were
perceived by principals to be taught by well gualified teachers. While those figures
per se do not suggest any cause for alarm, it should be noted that in relation to the
wider sample of all Years 8 —10 Board subjects, mathematics and, to a lesser extent,
science teachers were perceived to be in the less well qualified subject categories.

Table 1.4 provides the survey results information relating to Years 11 — 12 Board
subjects in mathematics and science.

Table 1.4:  Perceived Quality of Staff in Years 11—12 Board Subjects in Science
and Mathevaatics

Percentage of Classes Taught
Subject Number Number by Teachers Considered to be:
Area of of
Schools Classes Well Adequately Poorly
Qualified Qualified Qualified
Biology 157 736 91 7 2
Chemustry 151 428 91 8 1
Physics 149 375 91 9 0
Multistrand Science 42 109 81 19 0
Mathematecs | 162 608 9N 9 1
Mathematics 11 149 334 96 4 0
Social Mathe matics 127 508 82 16 3

Once again the data based on principals’ perceptions give hittle real cause for concern.
In comparison with all Year 11 and Year 12 Board subjects, Mathematics Il was in
the category of subjects whose teachers are rated most favourably while Multistrand
Science and Social Mathematics were in the category rated least favourably.
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Overall, the pattern of ratings of teacher adequacy differed from junior to senior
school. Teachers at the senior level were rated as being well qualified more often
than teachers at the junior level. This may reflect a tendency for principals to assign
more competent teachers to Year 11 and Year 12 classes.

In addition to providing information on the adequacy of teachers’ qualifications,
principals were invited to comment on the general staffing situation in their schools.
The mathematics and science teachers shortage was the area most frequently men-
tioned by principals. Principals also commented that academic qualifications did not
ensure teachers’ possession of effective teaching techniques or the ability to relate
to adolescents.

Survey of the Qualifications of Science and Mathematics Teachers in Queensland
Schools

The Working Party carried out a survey of the qualifications of science and mathe-
matics teachers in Queensland schools with a view to gauging their level of back-
ground and confidence in content areas. As has already been stated in this report,
the Working Party was aware that professional qualifications do not necessarily
reflect the quality of teaching actually provided.

Poputation and Sample

The population for the investigation was the set of science and mathematics classes in
Queensland Government Secondary Schools, for YearsB through 12, which operated
in the second semester of 19B4. The population of classes was stratified by region
(Brisbane North, Brisbane West, Brisbane South, Darling Downs, South-Western,
Wide Bay, Central, Northern, and North-Western), by year level and/or separate
subject in the case of Years 11 and 12 science subject-.

The characteristics of the 5% sample of classes which was studied are presented in
Table 1.5.

Table 1.5: Sample of Science and Mathematics Classes by Region and Year Level/

Subject

Region BN | BW BS { DD | SW | wB C N NW | Total
Year 8 Maths 13 7 14 4 2 5 9 9 2 65
Years 9, 16 Maths 24 16 30 1" 4 14 16 19 3 137
Senior Maths 17 10 21 6 2 7 Q 13 2 87
Junior Science 29 23 39 13 5 16 23 24 5 177
Earth Science 0 1 0 0 0 1 0 0 0 2
Brological Science 8 6 9 2 1 4 5 6 1 42
Multistrand Science 2 2 2 0 0 0 2 1 0 9
Chemistry 3 4 4 2 0 3 2 4 0 22
Physics 3 3 4 1 0 2 3 3 0 19

TOTAL 99 72 123 39 14 52 69 79 13 560
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Methodology
Each class in the sample was categorized as follows:

Group 1:  Those classes taught by teachers whose qualifications had been obtained
by major curriculum studies and major content studies in that subject. Classes whose
teachers had completed a Diploma in Education, Graduate Diptoma in Teaching,
Diploma of Teaching or a Bachelor of Education course with a principal teaching
area in the subject under consideration formed the major pait of this group.

Group2:  Those classes taught by teachers whose qualifications had been obtained
through minor curriculum studies and minor content studies in that subject. For the
most part teachers of classes in this group were graduates of a Diploma of Teaching

or a Bachelor of Education course with a second teaching area in the subject under
consideration.

Group 3:  Those classestaught by teacherswhose qualifications included substantial
content studies but no curriculum studies in the class subject.

Group 4 Those classes taught by teachers whose qualifications comprised minimal
or no content studies and no curriculum studies in the cless subject. In essence this
group contained classes which could not be categorised under Groups 1 through 3.
Results*

The aggregated results of the survey are presented in Table 1.6.

Table 1.6:  Class Teacher Qualifications by Category, Year and Subject

CUMULATIVE RESULTS

Subject Sample Size  Group 1 (X) Group 2 (%) Group 3 (%) Group4 (%)
Yesr 8 Maths 65 25 (38} 18 (28} 6 9 16 (25)
Years 9, 10 Maths 137 56 (41) 28 (19) 8 6) 47 (34)
Senior Msths 87 58 87) 17 (20) 5 (8} ? (8}
Junior Science 177 18 87) 33 19} 3 (2 23 (13
Earth Science 2 1 (50) 1 {50) 0 0
8ologics! Science 42 35 (83} 4 (10} 1 2) 2 (s)
Muitistrand Saience 9 3 (33) 8 (67) 0 0
Chemustry 22 15 (68} 5 (23} 0 2 9
Phytics 19 10 (53} 4 (21) 1 5) 4 {21}
Maths 289 139 {48) 61 21 19 ] 10 (24)
Science mn 182 87 53 (20} 5 {2) 31 (1)

TOTAL 560 n (57} 114 {20) 24 4) 101 (18)

* Class teacher qualifications by category, region, year and subjects are listed in Appendix 3
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Qverall, science classes appeared to be taught by more highly qualified teachers than
mathematics classes. There were 3lso fewer science classes than mathematics classes
taught by less well qualified teachers (Group 4).

Generally, mathematics classes in Years 11and 12 were taught by more appropriately
qualified teachers than was the case for those subjects in Years 8—10. In science, the
results were less conclusive, although Biological Science classes in the senior school
were taught by more appropriately qualified teachers than science classes in the
junior school. Tne situation in Physics was somewhat surprising where only 53%
of classes were in Group 1 and 21% were in Group 2. This may have resulted from
the {act that Physics has been a senior subject for a long time and has not in actual
\cactice undergone extensive curriculum changes. A complementary explanation
1s that the best qualified and more recent graduates were not given Physics classes
to teach and that those classes were taught by more experienced but often less well
qualified teachers. A third possible explanation is that there was not a sufficient
number of well qualified Physics teachers available.

At the junior level particularly in Years 3 and 10, a substantial number of classes
(34%) fell into Group 4. That situation was not replicated in Junior Science where
86% of classes were taught by teachers in Grcups 1 and 2.

Conclusion

Science classes were generally taught by more suitably qualified teachers than mathe-
matics classes. The situation of Years 9 and 10 mathematics classes seemed to be
particularly serious since those years comprised the formative s.age, both in a
cognitive and in an affective sense, for studies in Senior Mathematics.

Senior classes tended to be *aught by more suitably qualified teachers of Mathematics
and Biological Science than junior classes.

Context of Science and Mathematics Teaching

So far this report has concentrated on issues related to the shortage of well qualified science
and mathematics teachers and the inadequacy of current methods of supply in meeting the
growing crisis. The problem is an international one which has existed for a considerable
period of time. Attempts at resolution when they have occurred were generally short term
and band aid at best.

Consequently, the Working Party considers that the questions raised in this investigation
must be explored beyond the level of a supply-demand response. As a result the Working
Partv has examined the context of science and mathe matics teaching in order to search for
fresh insights into the long-term problem. Areas that appeared most relevant to that examn
ation included. societal expectations and norms, the developing information and techno-
logical culture, status, stress and alternative career opportunities, support provisions for
teachers; and the impact of sex differences.

1.4.1 Societal Expectations and Norms

Bishop and Nickson (1982) writing in the United Kingdom made the foliowing
statements In relation to societal expectations and norms:

"The 1dea of the autonomous teacher guides much of our system's thinking
about planning, teacher education and resource allocation, but the teacher
as slave to everyone else’s good ideas s more akin to the perceved self of
many teachers.”
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"It may be preferable to think of the ideal science and mathematics teacher
as a creative and resourceful curriculum developer skilfully combining the
various ideas he has learnt from courses, books an¢ those in advisory roles, to
create a satisfactory education for each of his pupils. However, the teacher’s
reality may be more unpleasant — a harassed cynic feeling utterly frustrated
in his genuine attempts to help his pupilsby the rigid and unhelpfu conditions,
vreated by others, in which he must operate.”

Newspaper and other media reports bear ample evidence of the constraining forces
that are brought to bear on teachers and schools,e.g. more rigorous standards, the
advocacy of greater time allocation to science, mathematics and technology thus
lengthening the school year, a return to the curriculum of the fifties or sixties, more
emphasis on problem solving and various claims of trivialisation of the inathematics
and science taught in school. Moreover the pressures generated by those societal
forces are often at variance with each other and with the kinds of directions acum-
brated by the profession itself.

If the resulting situation for the science and mathematics teachers is consistent with
the picture described by Bishop and Nickson, and this is then reflected in their
attitudes to pupils and to the community within which they interact, then it has the
potential to be a significant factor in dissuading young people from turning toward a
teaching career.

The Developing Information and Technological Culture

Children are rapidly becoming part of a new technological culture as they interact
with television, video recordings, and to a lesser but growing extent with micro-
computers. Schools on tha other hand often represent a conservative trend in society
to which teachers and parents subscribe. Consequently there 1s a widening gap
between the school curriculum in science and mathematics and the alternative
curriculum of the child stimulated by technology.

The consequence for science and mathematics *eachers may be that they become
frozen in inflexible attitudes which will not change or on the other hand that they
make changes which are at variance with the societal norms described in Section
1.4.1. One alternative to this dilemma is of course to move out of teaching and
there is some evidence that increasing numbers of young science and mathematics
teachers follow this avenue of retreat.

Status, Stress, and Alternative Career Opportunities

Science and mathematics tend to be high status subjects in the curriculum and some
would even suggest that they create a certain elitism among the teachers and students
who are involved with them. Nevertheless failure in these subjects is extremely visible
for both teachers and students and consequently there is often a sharp division made
bewween those science and mathematics teachers who are successful — high status
teachers and those who are unsuccessful — low status teachers.

That teaching is a stressful activity 1s undeniable and many studies illustrate the pro-
blems of the moment-by-moment decision-makir:g required of teachers (Berhner,
1983; Good and Brophy, 1978; Hargreaves, 1972; Jackson, 1968). It would appear
that In the clas,room setting of science and mathematics learning, pupils are quick
to sense when 1t is not just a small number of thein who do not understand what 1s
being taught. They may therefore tyrn on the teacher and exhibit what Blyth (1965)
refers to as corporate hostility. This happens in other subjects as well, but 1t 1s more
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likely to happen in science and mathematics lessons because of their public nature.
Moreover it is especially obvious in the case of teachers who are not confident in
teaching these subjects.

Research into teacher stress ¢ Iso suggests that pressure of time is one of the principal
components leading to stress {Kyriacou and Sutcliffe, 1978). Consequently, in the
secondary science and mathematics classrooms, with limited time available to help
individual students and an extensive curriculum to be covered, teacher frustration
can be great. This may account for research findings which suggest that mathematics
teachers in particular are not rated highly for a personalised approach {Jones, 1983;
Evans, 1981; Cooper and Petrosky, 1976).

Related to the above discussions on status and stress is the fact that alternative
career paths for science and mathematics teachers are available. Besides the within
education career paths in administration, curriculum divisions and tertiary institutions,
there are viable openings in the computer industry and other scientific industries
where shortages of scientists and mathematicians are also being felt.

Support Provisions for Teachers

The subject master/mistress of a science or mathematics department provides
curriculum leadership at secondary level and evidence suggests that the degree of
effectiveness of science and mathematics teaching in secondary schools is directly
related to the quality of leadership they provide (Cockcroft, 1982, submissions, B25,
J61; Neill, 1978). This leadership roie is a crucial one and investigations by Hall and
Thomas (1977} suggest that the post brings with it fealings of anxiety, futility and
mistrust of fellow staff members. They went on to add

"With adverse attitudes to mathematics generally on the part of those teaching
it as well as those taught, it could well be important for the department head
to involve members of the department in more curricular planning in order to
help create a stronger feeling of unity and identification. However, there
appears to be some evidence of reluctance on the part of heads of departments
to hold regular meetings and hience, it would seem, possibly also a reluctance
to encourage such involvement and share the respotisibility.”

Whiie the investigation by Hall and Thomas occurred in the United Kingdom, several
reports read by the Working Party made reference to the difficulties young teachers
experienced during their early years of teaching. Such difficulties were often exacer-
bated by the fact that they were given immediate and full responsibility for teaching
classes where students experienced substantial learning difficulties in mathematics.
In other cases, beginning teachers were given teaching loads which lacked variety,
such as the teaching of mathematics to multiple classes at one year level only. There
were even instances, seemingly incredible in the present situation, where young
teachers of science and mathematics were teaching in curriculum areas other than
science and mathematics. The Working Party considers that subject masters/mistresses
have a wital role to play in the effective and sympathetic induction of beginning
teachers.

The Department of Education and Science (DES 1979) reported that in 78% of all
schools in the United Kingdom there was a need to foster closer links between
science and mathematics departments and other departments within a school. Such
co-operation could be enhanced by school-based in-service programs that brought
staff in science and mathematics into contact with staff in other departments.
Fletcher (1975) noted that science and mathematics teachers were aiso being asked
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to forge stronger links with the science and mathematics professional community.
He concluded that such demands should not be seen as conflicting ones since an
increase in sensitivity to the relevance of their subject to other subjects could only
ac'd to their professionalism as teachers. Otte (1979) supported that position specif-
ically in the case of mathematics teachers.

On the subject of resource materials there have been consistent exhortations for
more appropriate resource materials to be made available for teachers of science and
mathematics. The Working Party’s attention was particularly drawn to the lack of
availability of resource materials for secondary mathematics.

The Working Party therefore wishes to draw attention to the importance of systematic
n-se-vice training, both school-based and systemic and the importance of appropriate
resource materials.

The Impact of Sex Differences

The literature abounds with studies on the differences between boys and girls in
relation to both performance and participation in mathematics and attitude towards
mathematics. While investigations in science have not received the same degree of
interest the findings appear to be similar.

In a series of studies of children between 10 and 14 Fennema (1974) concluded that:

“Girls performed slightlv better than did boys in the least complex skill (com-
putation) ... . In the 77 tests of more complex skills (comprehension, applic-
ation and analysis) five tests had results that favoured girls, while 54 tests
showed significant differences in favour of boys. The conclusion is inescapable
that the boys of the population learned the mathematics measurad by these
tests better than did the girls.”

Fennema anc Carpenter {1981) also analysed the 1978 mathematics test of the USA
National Assessment ot Education Progress (NAEP). Testing was carried out at ages
9, 13 and 17, and the test was analysed into scores on knowledge, skills, understand-
ing and applications. It was found that with the exception of the skill scores of the 9
and 13 year olds, boys did better than quls in all cases and the higher the cognitive
level, the greater were the differences between the sexes. Moreover in items related to
geometry, such as measurement skills, ggometric manipulatiors and items on peri-
meter area and volume, the differences were particularly large.

Although Leder (1984) warned that data gathered in other countries might not be
descriptive of the Australian situation, studies by Moss (1982), Thomas (1981),
Atkins and O’'Halloran (1978), and Clements and Wattanawaha (1977), Kudilczak,
Alaimo and Powell (1979), reflected similar findings in Australia.

It 1s widely believed in the USA that the most important influence nn learning and
achievement :s how great an opportunity the pupil has to learn mathematics; and in
that boys take more advanced courses than girls do, so they have more opportunity
to learn mathematics. Shuard (Cockcroft Report 1982) confirmed that finding in
the United Kingdom, as did Dekkers et a/ (1983), Douglas (1982}, Brown and Fitz-
patrick (1981}, Fiwkin (1981), and Leder (1978). Nevertheless recent writers in tF e
field have suggested that sex typing of mathematics is decreasing and the retention
of girls in advanced mathematics courses n increasing.
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Keeves and Mason (1981) concluded that sex differences in mathematics were related
to societal expectations more strongly than in science. They also suggested from their
findings that generally boys held more favourable attitudes towards mathematics than
girls. Leder (1981) stated that the attr:butional pattern of boys was more functional
than that of girls, and that girls tended to attribute failure in learned helplessness and
the motive to avoid success. Shuard (1982) made a similar comment when she con-
cluded that:

"Mathematically gifted girls fear that achievement will have negative consequ-
ences for their relationships with boys and that girls who under-achieve in
mathematics see intellectual achievement as appropriate for men."’

The implications for this report can be broadly stated as follows:

(i)  the supply of girls entering mathematics teaching and to a lesser extent,
science teaching, is greatly reduced by the prevailing state of sex differences
in relation to performance, participation and attitudes; and

(1))  there is a need for teachers of science and mathematics to be aware of the
manner in which sex factors impinge on classroom learning and teaching in
science and mathematics, so that action can be taken to improve the situation,
particularly in respect of greater participation of girls.

1.5 Summary and Frairework for Analysing the Problem

This chapter has outlined the critical problem facing the nation and this state with regard
to the provision of quality science and mathematics teachers. In subsequent chapters an
analysis will be made of the participation of students in secondary science and mathematics;
the nature of the secondary curriculum in science and mathematics; and current teacher
education programs for science and mathematics teachers. As a consequence of this analysis
the Working Party will make recommendatinns to address the following questions:

1. How can the supply of secondary science and mathematics teachers be improved
through short-term and long-term changes to recruiting procedures, admission require-
ments, and the strecture of teacher-education programs?

2. How can the curriculum in secondary science and mathematics, its teaching and
learning be improved so that teachers find science and mathematics teaching a more
satisfying career and students across the board are stimulated to increased and
successful participation in these subjects?

3. What steps can be taken to support teachers, particularly beginning teachers, through
staff development, in-service and continuing education programs?

4. How can public support for science and mathematics teachers and for science and
mathematics programs be enhanced?
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CHAPTER 2

PARTICIPATION, ACHIEVEMENT AND ATTITUDES OF SECONDARY STUDENTS
IN SCIENCE AND MATHEMATICS

Abstract

Participation patterns of secondary students in science and mathematics in Queensiand and elsewhere n Australia
are examined end a study to determine the reasons for school subject choices 1s recommended.

The literature on achievement and attitudes of secondary science and mathematics students is reviewed and invest-
1gations of factors affecting attitudes and performance are recommended. The development of training packages
to counter scientific and mathematical reluctance in female students is proposed.

2.1

The Participation of Students in Science and Mathematics

The Working Party analysed the participation patterns of secondary students in science and
mathematics in the light of three major data sources: the Victurian STEP Report (1980), a
study by Dekkers, Malone, de Laeter, de Laeter and Hamlett (1983) and the Que=nsland
Board of Secondary School Studies’ Informiation Bulletins.

The data suggested that a swing away frorn more traditional science courses such as Physics
and Chemistry had occurred while the proportion of students enrolled in mathematics had
remained high. Mathemat' s enrolments had been boosted by a swing to terminal courses,
such as Social Mathematics, and away ‘rom more traditional courses, such as Mathematics |
and Mathematics |l. The participation rate of girls in traditional mathematics and science
subjects had remained below that of boys.

2.1.1 Victorian Data: STEP: A Review 1975—79 (Secondary- Tertiary Education Planning)

The STEP study examined Higher School Certificate (HSC) tubject participation
patterns in Victoria.

The k.C science subjects available were: Agricultural Science, Biological Science,
Chemistry, Geology, Physics, Science (general) and Environmental Science; and the
mathematics subjects were: Pure Mathematics, Applied Mathematics and General
Mathematics. Mathematics subjects could be selected in one of three combinations:
Pure Mathematics and Applied Mathematics; Pure Mathematics only; General Mathe-
matics only: alternatively, students need not study any mathematics at all. General
Mathematics was a comparatively wide elementary ¢ *. 'se for students who did not
intend to proceed to a teitiary institution or who intended to enter tertiary courses
in areas such as the biological and social sciences, medicine and primary teaching. Its
advantage was that it met the mathematics requirements for most tertiary courses.

The STEP report contained two main conclusions:

that there had been aswingaway from the two mathemat* s pattern to General
Mathematics; and

that, as a consequence, the choice of tertiary fields was considerably con-
strained, particularly for girls.
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2.1.3

20.
Findings which related specifically to science and mathematics were:

that there was an absolute decrease in the number of students entering tertiary
courses who had studied two mathematics subjects for their HSC;

that there was an absolute decrease in the number of students who had studied
two mathematics, Physics and Chemistry for their HSC and were qualified to
enter tertiary courses in the physical sciences and engineering;

that there was an absolute increase in the number of students who entered
tertiary courses with General Mathematics; and

that there was an absolute increase in the number of students who entered
tertiary courses without HSC mathematics.

Australian Data Relating to Faroiment in Mathematics

Dekkers et a/ (1983) analysed mathematics enrolment patterns of Year 12 students
in Australian secondary schools throughout the 1970s. They classified mathematics
courses into three types. Type 1 courses were described as terminal courses. These
were not designed to provide a foundation for any future tertiary studies involving
mathematics. Type 2 courses involved a level of mathematical competence which
provided a satisfactory background for tertiary studies in whi.n the mathematics
content was minimal, e.g. architecture, pharmacy or eco.tomics. Type 3 courses
involved specialist mathematics leading to tertiary studies in which mathematics was
an integral part of the discipline as in mathematics, physical science or engineering.
Considerable overlaps between the three types of courses existed. For example,
General Mathematics in Victoria was c!=<<ified as both a Type 1 course and a Type 2
course; Mathematics | in Queensland v.s classified as beth a Type 2 course and a
Type 3 course.

The study found that there had beenamarked increase in the number of Year 12 stud-
ents who enroiled in Type 1 orterminal courcas in mathematics throughout the 1970s.
it also found that the male to female ratio in those courses had decreased as more
femaies ciruse terminal mathematics courses. The enrolment patternsin Type 2 courses
varied from state to state. The total number of students enrolled increased in the
years from 1970 to 1979. Approximately equal numbers of the males and females
were enrolled in Type 2 courses. A small increase in the number of students enrolled
11 Type 3 courses was tound, with twice as many males as females enrolled in such
courses.

The authors concluded that the figures reflected a nation-wide trend for girls to
. *main in school! longer.

Queensls-.2 Nata: Board of Secondary School Studies information Bulletin

Students studying mathematics in Queensiand’s secondary schools are streamed,
either at Year 9 level or at Year 10 level, into General Mathematics, Ordinary Mathe-
matics or Advanced Mathematics. Science students are enrolled either in Science
or in General Science. Enrolment trends in science and mathematics subjects for
Queensiand Years 9 and 10 students in the years 1981-84, the only years for which
full details were available, are shown below.
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Table 2.1:  Enrolment Pattarns in Years 9 and 10 Mathematics Courses in Queensland

Year 9
1981 1982 1983 1984
Subject N % N % N % N %
General Mathematics 3848 10 3711 9 3079 7 3606 8
Ordinary Mathematics 18418 47 19,324 47 14,215 32 21,610 47
Advanced Mathematics 12,118 43 12,271 42 22511 51 19,497 43
General Science 1866 5 1,654 4 1,680 4 1,676 4
Science 33,108 84 37,008 90 39,706 90 41,47C 91
Year 10
1981 1982 1983 1964
Subject N % N % N % N %
General Mathematics 4,374 12 4,453 1N 4,775 11 4,840 11
Ordinary Mathematics 12,760 48 18,310 46 19,204 46 19,714 45
Advanced Mathematics 15,117 41 16653 42 17,548 43 18,894 43
General Science 2108 6 2283 6 2493 6 2400 6
Science 29,064 738 32,133 81 34,836 84 37,158 85

The figures show that there was increase in the absolute number of students studying
mathematics and science. At the Year 1G level the percentage studying each mathe-
matics course remained relatively stable while there was a rise of 7% (from 84% in
1981 to 91% in 1984) in the proportion of Year 10 students who studied science.

The Year 9 mathematics figures were complicated by the introduction in many schools
of a delay in specialisation until Year 10. Notwithstanding this difficulty in inter-
pretation, it appears that, apart from 1983, the proportion of students studying
Ordinary and Advanced Mathematics has remained relatively stable. The proportion
of students studying Year 9 Science subject increased by 6% between 1981 and
1984,

Long-term trends in the participation rates for junior science and mathematics
courses were gauged from the proportion of students who sat for the 1970 Junior
examination (taken at the end of Year 10), although direct comparisons could not
be made because of the different nature of subject organisation at that time. The
1970 Junior examination was the last such external examination held for Year 10
secondary students in Queensland. Al Year 10 students studied Mathematics A, 64%
studied Mathematics B, 70% studied Science A, and 74% studied Science B. Mathe-
matics B could not be taken unless Mathematics A was also studied. For ease of
comparison Mathematics B was regarded by the Working Party as being roughly
equivalent to Advanced Mathematics and it was found that the proportion of
students studying the advanced form of the subject decreased between 1970 and
1984. In 1970 two science subjects were offer2d, Science B was the more advanced
ana students who studied 1t were also required to study Science A. The Working
Party was interested to note that the proportion of students who studied science had
increased between 1970, when science was streamed, and 1984 when science was
unstreamed.




22,

More comprehensive data on enrolments at upper secondary school level was available
to the Working Party. The mathematics subjects available in the senior school were
Mathematics |, Mathematics |l and Social Mathematics or Mathematics in Society.
Social Mathematics was a terminal course which did not satisfy the mathematics
pre-requisites of tertiary institutions. It had been designed to provide an extension
of mathematical background for those students who did not intend to pursue a
career in science and technology. Students could study Mathematics | only, Mathe-
matics | and Mathematics !l, or Social Mathematics onlv. Social Mathematics was
therefore incompatible as a subject choice with Mathematics | or Mathematics I1.
The total number of students studying mathematics in Year 12 was determined by
adding the number studying Mathematics | to the number studying Social Mathe-
matics. Figures for the period 1973—84 are shown in Table 2.2.

T! e enrolment figures in the tables below were based on the numbers of students
sitt.ng for the ASAT examination in the various subject areas. The proportion of
Year 12 students studying a particular subject was calculated as a percentage of the
Year .2 English enrolment, since English isa subject virtually all students must study.

Table 2.': Trends in Enrolment in Year 12 Mathematics | and Social Mathematics

1973-1984
Number of Mathematics Students As a Percantage of all Year
12 Students

Year Maths | Soc. Maths Total Maths | Soc Maths Total
1973 7,606 3061t 7,912 76 3 79
1974 7,719 325t 8,044 73 3 76
1975 7,462 416t 7,878 69 4 73
1976 8,186 917 9,103 67 7 74
1977 7,927 2,553 10,480 60 20 80
1978 8,332 3,294 11,626 59 24 83
1979 € 108 4,109 12,517 59 29 88
1980 8,560 4,770 13,330 60 33 93
1981 8,177 5,243 13,420 59 38 97
1982 8,748 5,962 14,710 59 40 99
1983 9,459 7,062° 16,521 58 42 100
1984 10,672 8,656* 19,328 55 45 100

t Generai Mathematics
* Includes students enrolled in Mathematics in Society.

Between 1973 and 1984 the total number and proportion of students studying
mathematics in Year 12 increased. The substantial increase in the proportion taking
Year 12 mathematics courses, from 7%% in 1973 to 100% in 1984, has been attributed
to a large increase in popularity <7 «ne Social Mathematics course, from 7% in 1976
when it was first introduced across the State to 45% in 1984. Over the same period,
there was a marked decline in the proportion of students studying Mathematics 1.
The increased participation in Social Mathematics might partly reflect increased
retention rates. For instance, the retention rate of students from Year 10 to Year 11
In 1976 was 49%, while 1n 1985 it was 63%. The propcrtion of upper secondary
students who aspired to tertiary studies decreased with a concomitant increase 1n
the proportion who opted for a terminal mathematics course.
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The numbers and proportion of Year 12 students who studied Mathematics || are
shown in Table 2.3.

Table 2.3: Trends in Enrolments in Year 12 Mathematics |l 1973—1984

Year N %
1973 3,620 36
1974 3,470 33
1975 3,205 29
1976 3,158 26
1977 3,236 25
1978 3425 24
1979 3,426 24
1980 3,588 25
1981 3,480 25
1982 3679 25
1983 4,011 24
1984 4,304 23

The proportion of students who studied Mathematics |1 in Year 12 dropped from
36% in 1973 to 23% in 19B4. It remained relatively stable from 1976 to 19B4. There
was a modest increase over the eleven-year period in the total number of students
who studied Mathematics I}.

Students chose their upper secondary school science subjec*s from Physics, Chemistry,
Earth Science, Biological Science and Multistrand Science. Multistrand Science, like
Social Mathematics, was generally not considered an appropriate preparation for
those who wished to pursue tertiary studies in science. Students who studied Multi-
strand Science were not permitted to take Chemistry, Physics or Biological Science
until 19B3 when that constraint was removed

The numbers and proportion of students who studied Year 12 science subjects are
shown below in Tables 2.4 to 2.6.
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Table 2.4: Trends in Year 12 Enrolments in Physics and Chemistry, 1973—1984

Physics Chemistry
Vear No. of Students As % of all Year 12 No. of Students As % of all Year 12
1973 4121 41 4,591 46
1974 3,934 37 4,488 43
1975 3,816 35 4,340 40
1976 3,892 32 4,502 37
‘ 1977 4,097 31 4,740 36
1978 4,311 31 5,073 36
1979 4,287 30 5,182 36
1980 4,385 31 5,410 38
1981 4,243 30 5,281 38
1982 4,31 29 5,437 37
1983 4,659 28 5,946 36
1984 5,035 27 6,435 34

Table 2.5: Trends in Year 12 Enrolments in Biological Science and Earth Science,

1973-1984
Biological Science Earth Science
Year No. of Students As % of all Year 12 No. of Students As % of all Year 12
1973 3,789 38 - -
1974 4,705 45 - -
1975 5,424 50 21 *
1976 7,630 62 488 4
1977 8,482 65 656 5
1978 9,308 66 633 5
1979 9,597 67 590 4
1980 9,297 65 610 4
1981 8,842 63 606 4
1982 9,440 63 631 4
1983 10,097 62 741 5
1984 11,658 61 694 4

* Less than 1 per cent.
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Table 2.6: Trends in Year 12 Enrolments in Multistrand Science, 1973—-1984

Year No. of Students As % of all Year 12
1973 - -
1974 - -
1976 40 ¢
1976 214 2
1977 293 2
1978 464 3
1979 518 4
1980 630 4
1981 712 5
1982 764 5
1983 1,07 7
1984 1,349 7

.

Less than 1 per cent.

The Working Party noted that the percentage of Year 12 students who had studied
Physics and Chemistry had declined {from 41% in 1973 to 27% in 1984 for Physics
and from 46% in 1973 to 34% in 19B4 for Chemistry) despite an increase in absolute
numbers of students who had studied those subjects. There was a huge upsurge In
the popularity of Biological Science from 1973, when 38% of Year 12 students were
enrolled, to 1984, when 61% were enrolled. That increase tended to level out from
about 1976. The total number of students who studied Biologicai Science also rose
enormously, from 3,7B9 in 1973 to 11,558 in 1984. The proportion of students
who studied Earth Science remained steady at about 4% over that eleven-year period.
Multistrand Science did not enjoy the same level of increased support as Social
Mathematics. Indeed, only 7% of Year 12 students were enrolled in Multistrand
Science in 1984 compared with 46% enrolled in Social Mathematics.

2.1.4 Sex Differences in Pariicipation Rates
As well as looking at overall participation rates, the Working Party examined partic-

ipation rates in mathematics and science subjects to determine whether any differences
in participation rates existed between the sexes.

{ e
x5

S e v




26.

Table 2.7: Percentages of Year 12 Boys and Year 12 Girls who studied Mathematics and
Science Subjects — Selected Years

1973 1977 1981 1983 1984

Maths |

Male 91 76 70 68 67

Female 58 44 48 48 47
Maths 11

Male 54 38 38 a7 34

Female 16 1 13 13 12
Social Maths

Male - 19 32 36" 39

Female - 20 43 49 53
Chemistry

Mate 61 £0 48 46 44

Female 28 22 28 27 25
Physics

Male 60 47 46 44 1

Female 20 14 16 14 13
Biological Science

Male 3 54 51 50 51

Female 46 76 75 73 n

* Includes Mathematics in Society.

The data in Table 2.7 should be viewed in the light of the diffarential increase in
retention rates between the sexes over that eleven-year period. In 1973, the retention
rate for boys from Year 10 to Year 11 was 48%. It increased to 63% in 1984. The
retention rate for girls rose from 42% to 67% over the same period.

Higher proportions of boys than girls studied Mathematics * and Mathematics 11,
while more girls than boys took Social Mathematics. The gap between the proportion
of girls and proportion of boys taking the non-terminal mathematics courses narrowed
over the eieven-year period.

A much greater proportion of boys than girls studied Physics and Chemustry in Year
12. In 1973, for example, more than three times as many boys as girls studied
Physics but the differences in their participation rates narrowed over the years,
owing mainly to a drop in the participation rates of boys, rather than an increase in
the participation rates of girls. The proportion of girls enrolled in Biological Science
was greater than the proportion of boys.
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2.1.5 Factors which have Contrihuted to Lower Participation Rates in Traditional Mathe-
matics and Science Subjects

The smaller percentage of the school population studying Mathematics |, Mathe-
matics I, Physics or Chemistry has been attributed to a number of factors:

the declining popularity of subjects reputed to be intellectually rigorous
(STEP, 1880);

the quest for relevance by students who saw their futures in Commerce or
Technology (STEP, 1880);

the question of electives and core. Students dropped or changed subjects at
Years 11 and 12 without realising the impact such changes could have on
future job opportunities (STEP, 1980);

sex differentials in job opportunities for females. While more girls than boys
satisfied tertiary entry requirements, girls tended to concentrate on subjects
that were not technologically oriented: ‘‘More than 25% of boys satisfied
tertiary entry requirements with two maths, Physics and Chemistry, but only
about 6% of girlsdid so; about 45% of boys did so with at least General Mathe-
matics compared with less than 20% of girls” (STEP, 1980);

time spent on mathematics. Girlsin Australia spent less time than boys learning
mathematics. The introduction of time equivalence could lead to the disappear-
ance of differences in achievement leve and perhaps to the development of
attitudes which included seeing mathematics as a less threatening problem-
solving activity (Moss, 1982);

attitudinal factors differentiated between those students who continued int»
m: thematics and science and those who did not. Leder (1977) showed that in
Australia female students in particular needed to be made aware of the factors
whici* contributed to mathematical reluctance and counseiled towards more
positive, confident, vocational or.entations; and

teaching methods in mathematics and the sciences which have been severely
criticized for being too abstract, too remote from the experie.ice of the learners,
irrelevant, and not person oriented. Jones {1983) has argued the case for
humanising mathematics teaching. Such an approach could enhance retention
rates, particularly forgirls.

2.1.6 Recommendntions which Arose from Examination of Data on Participation Rates

The Working Party was concerned that, by selecting Ordinary Mathematics in Year 9
or Year 10, students had closed doors to the study of Mathematics | and Mathe-
matics |1 in the upper secondary school. Students who had limited their options for
further secondary and tertiary study in mathematics at too early an age had con-
tributed to the decrease which had been observed in the participation rates for
Mathematics | and Mathematics |l. The Working Party has therefore recommended,
in Chapter 3, that the practice of streaming Year 9 and Year 10 mathematics classes
into Advanced and Ordinary Mathematics be discontinued.
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The Working Party considers that the reasons for subject choices in upper secondary
school need to be examined in detail. Particular attention should be paid to sex
differences affecting subject selection and it should be recognized that subject
choice might be the result of beliefs and attitudes developed much earlier in a
student’s education. The Working Party recommends

R2.1  that alongiturinal research study be undertaken to determine reasons for sub-
ject choice, with particular reference to differences in subject selection between
sexes,

2.2 Student Achievement and Attitudes in Science and Mathematics
2.2.1 Mathematics Achievement

Rosier (1980) examined changes in secondary school mathematics in Austraha from
1964 to 1978. He paid particular attention to curriculum changes, time allocated to
the study of mathematics and changes in achievement and attitudes at the beginning
and end of the period.

Using the IEA (International Association for the Evaluation of Educational Achieve-
ment) Mathematics Test he found a slight overall decline between 1964 and 1978 in
the mathematics achievement of 13 year old students in Australia but no evidence to
support the view that there had been a serious or widespread decline in mathematics
performance for that age group. The mean score in the test increased slightly in
Western Australia and decreased in Queensland, Victoria, New South Wales and
Tasmania. In the various sub-categories of achievement there was no evidence to
indicate improvement at the higher levels of performance in application and compre-
hension, nor was there evidence of a marked decline in computation skille There
was, however, a tendency for the percentage of students with lower scores to increase
between 1964 and 1978 and for the percentage of students with higher scores to
decrease, but this was less marked than at the lower end of the distribution.

The observed changes were attributed to curriculum changes over the period, sex
differences and a change in time atlocated to mathematics. The last factor was con-
sidered to be particularly important since there had been a substantial and consistent
drop throughout the nation’s schools in the time allocated to mathematics for the
13-year-old age group. Data which indicated that more time was spent in class or
mathematics by male students than by female students was also noteworthy.

The situation for Year 12 students was found to be quite different. Year 12 enrol-
ments throughout Australia doubled in the period 1964—1978, and the number of
Year 12 mathematics students increased from 13% of the year cohort in 1964 to
21% 1n 1978. Rosier pointed out that in spite of the increased number of m. 1e-
matics students, the state mean scores on the IEA Mathematics Test increased in
the five states for which comparab'e data were available. In addition the percentage
of Year 12 mathematics students in the year cohort who achieved high scores on
the IEA Mathematics Test was higher in 1978 than in 1964.

Thus, although the overall level of performance in mathematics was satisfactory the
Working Party was concerned by evidence presented by Rosier, and earlier by Keeves
{1977), that a small percentage, but nevertheless a large number, of school leavers
was not achieving even the most rudimentary understanding of the subject. Keeves
wrote:
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"It is clear that the school leavers have handled these jtems competently, How-
ever, when 1% represents more than 60 students in the sample and thus more
than 2,500 students in each age group in Australia, there are still numbers of
14 year old students who will probably leave school (approximately 10,000
each year) unable to subtract and multiply by means of basic number facts
and twice as many who will be unable to perform division at this level.”

Science Achigvement

Studies relating to achievement in science of similar magnitude and extensiveness to
the mathematics studies discussed above do not appear to have been carried out.
Nevertheless, a number of studies have pointed to serious consequences.

Ives (1984) has drawn attention to the fact that both language and illustrations in
scienc: text books imply that beys do science while girls observe. Parker (1984)
also noted that science teachers tended to pay more attention to boys than girls in
science classes. Girls were therefore more likely to opt out of physical sciences in
the upper secondary school and beyond and female school graduates suffered a
serious labour market disadvantage because of the restricted nature of their science
courses at school.

The Working Party identified the place of science in the curriculum as another more
general factor that related to both achievement and participation. Since the majority
of science instruction for most secondary students took place in the lower secondary
school, classes at that level were more frequently exposed to teachers with the least
adequate content preparation.

Wilson (1983) concluded, from meta-analysis of the relationship between science
achievement and science attitude, that increased achievement was likely to improve
interest in and attitudes towards science particularly at the primary and lower second-
ary levels. That finding ran contrary to the general view that increased achievement
in science would result from improved interest in and attitudes towards science. The
Working Party considers that raising science achievement, particularly at the primary
and lower secondary levels, could increase participation, interest and attitudes at the
senior level and beyond. More effective teaching of science in the earlier years could
therefore improve the situation.

Attitudes in Mathematics

Roster (1980) carried out a comprehensive study of changes in attitudes to mathe-
matics which had occurred between 1964 and 1978.

He found that 13 year olds generally consiaered that knowledge of mathematics was
rather important fo. employment or for an understanding ot the environment, but
that it was considered to be less important in 1978 than ir. 1964. There was little
change In relative attitudes to the facility of mathematics between 1964 and 1978.

Despite findings that students generally enjoyed school luss in 1978 than they did in
1964 there was no evidence amongst 13-year-old students of any general deterioration
in their hking for mathematics. Moreover, only a fairly small percentage of students
considered that their results in mathematics were worse than in other subjects,
although the test data indicated a highar percentage of students with low scores in
the 1978 than in the 1964 test.
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Year 12 students perceived that their teachers emphasised an approach that was more
problem solving in its orientation than was the case for the 13 year olds, but the Year
12 group had a more neutral feeling than the 13 year olds with respect to the import-
ance of mathematics for employment and understanding of the environment. The
Year 12 students also saw mathematics as being less important in 1978 than in 1964.

There was little change in relative attitudes of Year 12 students to the facility of
mathematics between 1964 and 1978. Year 12 students did, however, perceive the
subject to be more difficult than their 13-year-old counterparts.

Although there was no general deterioration in Year 12 students’ liking for mathe-
matics between 1964 and 1978, there was less polarization of attitudes in 1978. It
should be noted that that change occurred within the general context of a lower
level of enjoyment of school.

A number of studies on attitudes examined sex-related variables. Leder (1977} con
cluded that the perceived effect of their achievement on others as well as their
academic performance determined girls' long-term career ambitions and the likeli-
hood of those ambitions being realized. Such conclusions were supported by the
overseas studies of Fennema and Sherman (1977).

Carss (1981) investigated the language of the mathematics classroom. Critical differ-
ences in language usage by both sexes indicated differing instructional needs and were
related to the different ways in which boys and girls approached the leaming of
mathematics. Carss concluded that the tendency for most text books and many
teachers to rely heavily on symbolic representation of mathematical ideas appeared
to disadvantage girls. Also, the tendency of most text books to give instructions on
" how to do a problem” rather than "‘why to do it that way’’ did not cater for the
differing preferred mode of most girls. Barnes (1983) noted that recent research
reviews had concluded that sex differences in mathematics achievement and attitudes
persisted even when the data were corrected for the number of mathematics courses
which had been taken. Such differences were not always found, but when they were,
they indicated that boys performed better on higher cognitive tasks.

Despite a lack of research findings which related attitudes and mathematics achieve-
ment (Kulm 1980; Aiken 1970, 1976; Neal 1969), there was & consistent and
prevailing view among educators that attitudes were important for both learning and
continued involvement in the subject. There was also a high level of consensus that
students, particularly female students, neeued to be made aware of the foz.ors which
contributed to ‘‘matheratical reluctance’’ and counselled towards more positive
orientations. Clearly it would also assist the entire cause if parents became highly
involved and more aware of the potent role they played in influencing student
attitudes towards mathematics.

Attitudes in Science

A distinction has been made between attitudes towards science (e.g. interests in
science, attitudes towards scientists, attitudes towards social issues by scientist:* nd
scientific attitudes (honesty, curiosity, suspension of judgments). Gardner '
reviewed student cttitudes towards science and concluded:

that correlations batween attitudes to science and achievement were low across

periods of compulsory schoohrs but tended to increase at the upper end of
secondary schooling;
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that students favourably inclined to science tended to be serious, achievement
oriented, realistic, conventional and conformist;

that boys had a greater interest in science than girls;

that attitudes to science related to teachers’ use of discovery methods and
group work;

that a cluster of home background variables associated with parental interest
in science affected the attitudes of young children towards science; and

that most curriculum efforts to change attitudes were small, and they tendec
to be negative.

Research in physics education by M-ckay (1971) supported the last point even in
cases where non-traditional approaches to physics had been adopted.

Meta-analysis of research in science by Fleming and Malone (1983) revealed that the
mean correlation between general ability and attitude to science (r = 0.15) was
roughly one-thiru as large as mean correlations between general ability and science
achievement (r = 0.43). Furthermore the result was consistent across grade levels
although there was a marked increase in the tendency f. .3 lower-secondary to
upper-secondary, consistent with Gardner’s earlier finding.

Sex was found to be one of the most important variables related to pupils’ attitudes
to science and/or scientific attitudes. Gauld and Hukins (1980) reported that there
were no significantly sex-related differences for curiosity, open-mindedness or
objectivity. However, Fraser (1978) reported that males had higher scores than
females on adoption of scientific attitudes, enjoyment of science lessons and interest
in science outside of lessons. Females, on the other hand, had higher scores than
males on the scale "normality’’ of scientists.

Lawrenz and Welch (1983) concluded that there was some evidence that students
perceved that science classes taught by rale teachers were different from those
taught by female teachers. Ciasses taught by males were perceived to be more difficult
while classes taught by females were perceived to be more formal, more goal directed,
and more likely to involve mistances of friction and favouritism. In a related study
by the same authors, male science teachers were found to have greater knowledge of
science than their female counterparts, while female science teachers scored higher
on interest in science and receptivily to change.

Although these were mainly American studies, and perhaps not completely replicable
in Australia, the extent to which science teachers served as role models for students
considering alternative careers, inclucding science or mathematics teaching, was
clearly of great importance.

A Queensland study by Lucas and Tulip (1980) which employed Fraser's test of
science-related attitudes, reported that mean scores on enjoyment v, szience, leisure
nterest in science, and career interest in science were neutral to slignitly negative,
with only small increases from Year 10 to Year 12. Those findings were supported
by the observation of Hodson and Freeman (1983) that interest or indifference
towards science developed at an early age and that students entered s¢*andary
school with that interest or indifference already developed.
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Given the low retention rate in Australian secondary schools, one would expect a big
increase in interest in ti.z attitudes towards science for senior secondary students
studying science. Sleet and Stern (1980} have provided a partial explanation for the
fact that such an increase does not occur. They reported that, with the exception of
students selecting Biology as their only science, Year 11 students were thinking of
their careers rather than of their interest or ability in the subject when making their
selecticn of science subjects in Years 11 and 12.

In order to improve achievement and attitudes to science and mathematics, the
Working Party recommends:

R2.2 that longitudinal studies of achieveient and attitudes in science and mathe-
matics be 'indertaken to:

identify achievement trends during primary and secondary schooling;
idenufy attitude trends during primary and secondary schooling;

determine factors which influence performance in science and mathe-
matics at various stages of schooling; and

determine factors which influence attitudes in science and mathematics
at various stages of schooling;

R2.3 that research studies he undertaken to investigate the effect of sex-related
variables on attitudes to science and mathematicsat various stages of schooling;
and

R2.4 that training packages be developed to enable students, particularly females,
to become aware of the factors which contribute to negative attitudes towards
science and mathematics and to counse! students towards more positive,
confident, vocational orientations.
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CHAFTER 3

MATHEMATICS AND SCIENCE IN THE CURRICULUM

Abstract

The historical development of Queenstand’s mathematics and science curricula is outlined and the need for further
updating and greater emphasis on concapt acquisition, problem solving and process attainment is emphasized The
introduction of mechanisms which allow syllabuses and their mode of implementation to be changed more rapidly
1s recommended.

3.1

An Historical Overview of the Science and Mathematics Curricula in Queensland: 1964—
1984

The past twenty years have seen many changes in secondary education in Queensland,
the most far-reaching being the introduction of the Radford system in 1970 when external
examinations for full-time students were replaced by schoo! assessment and moderzcion
procedures. The Board of Secondary Schoo! Studies (BSSS) was set up as a statutory
body with responsibilities which included the deveropment of syllabuses for subjects
accredited on the Junior and Senior certificates.

Prior to 1964 the junior science subjects studied were Physics, Chemistry, Physiology, and
Biology while subjects at the senior level included Physics, Chemistry, Zoology and Geology.
In 1964 Year 8 was incorporated into the high school for *he first time and a more multi-
discinlinary approach to science at the junior level emerged in the form of Science A and
Swence B. General Science was also introduced for Yoo |~ and 10 as part of a more general
curriculum,

In mathematics prior to 1964 the two subjects stuaied at, ior level were Mathematics A
{algebra and arithmetic} and Mathematics B (geometry and igonometry). At the senior
level two subjects, Mathematics | (algabra, geometry, trigonometry and calculus) and
Mathematics |1 (analytical geometry, calculus, solid geom vy, and mechanics) were offered.
After 1964 the mathematics curriculum provided 2 common program for all students in
‘ear 8 which focused on three areas; anthmetic, algebra and geometry. In Years 9 and 10
of the junior secondary course, studer,ts could elect to take Mathematirs A or Mathematics
A and Mathematics B. Both subjects focused on the same topic areas, viz. arithmetic,
mensuration, algebra, geometry and trigonometry; however, the depth of treatment and
the expectations in terms of problem solving were grester in Mathematics B. General
Mathematics was also introduced for Years 9 and 10 as an alternative program. Correspond-
ing changes in senior mathematics occurred in 1967 with the introduction of Senior
General Mathematics in addition to Mathematics | and Mathematics I1. In 1967 syllabuses
in Mathematics | and Mathematics || were largely a re-organization of content, but vectors,
matrees and transformation geometry were introduced into Mathematics 11 for the first
tim

The world-wije revolution 1n science and mathematics curricula during the 1960s led to
the adaptation of the United States PSSC, Chem Study, and BSCS as the basis for the
senior syllabuses in Physics, Chemistry and Biology. Biology was also introduced as an
alternative to Zoology at the senior level.
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In 1974 a further curriculum develepment resulted in a consolidated syllabus in science
being trialled at the junior level. It was introduced across the State in 1975 and co.sisted
of two junior science subjects and General Science, the latter being essentially the same as
the 1966 General Science syllabus. In Years 11 and 12 the approach to science remained
for the most part discipline oriented with separate offerings being available in Chemistry,
Physics, Biology, and Earth Science. An exception to the discipline-oriented approach was
the introduction of Multistrand Science, a less rigorous, multi-disciplined subject which
has become increasingly popular with students in Years 11 and 12.

In 197B the Scott Committee investigated the effects of the Radford system. As a resuit of
its findings changes to assessment processes for all subjectswere initiated. Further curriculum
revision occurred as syllabuses were re-written in terms of the process, content and skill
objectives which schools were then to pursue. The Parliamentary Select Committee on
Education in Queensland had reported 1hat action was taken regarding the Scott Committee’s
proposals. Each of the Radford Committee, the Parliamentary Select Committee and the
Scott Committee — Review of School-Based Assessment (ROSBA) has affected the current
curriculum approaches to objectives, content, teaching and assessment of science and
mathematics in Queensland.

Science is now taught more systematically and extensively at the primary school level where
the Primary Science Program is taught by the classroom teacher. That program was developed
by the Curriculum Branch of the State Education Department and was introduced with
attendant in-service courses conducted by advisory teachers. The scope of those in-service
courses was extensive and provided opportunities for all primary school teachers from Year
1 to Year 7 to participate.

In Years B, 9 and 10 Science is now taught as a single subject covering a range of areas over
the three years. Participation data indicates that all Year B students study Science, that in
approximately B3% of schools all Year 9 students study Science, and that in approximately
50% of schools all Year 10 students study Science. {Cooper, Byrne and Maynard 1983).
The number of students studying Science at Year 9 and at Year 10 level is increasing.
Science is recommended as a compulsory core subject within the Curriculum Guidelines
for Queensland State Secondary Schools (Department of Educaticn, Queensland 18B2).

The worldwide revolution in science and mathematics curricula, the Radford Report, the
Scott Report and the Report of Parliamentary Select Committee on Education in Queens-
land have similarly affected the mathematics curriculum. With the emergence of modern
mathematics and the Radford system new syllabuses for Years B—10 and 11—12 were
introduced progressively from 1969. A common core program was retained for Year B
while the students in Years 9 and 10 were streamed into Advanced Mathematics, Ordinary
Mathematics or General Mathematics. For the first time in Queensland students at the
junior level were able to take only one subject in mathematics. At the senior level 11
semester units in mathematics (preparatory mathematics, calculus |, algebra and calculus
11, complex numbers, computer mathematics, financial mathematics, matrices and vectors,
mechanics, probability and statistics, trigopnometry and analytical geometry and modern
clgebra) were offered with students having the option of studying up to a maximum of B
units over the four semesters of Years 11 and 12. In 1976 Social Mathematics was introduced
as a lass rigorous alternative to the 11-unit offering. It was later renamed Mathematics 1n
Society.

Wrth the evolution of changes following from the reports of Radford, Scott and Ahern,
various organizational changes in the mathematics curriculum occurred. Mathematics to
Year 10 is now compulsory in all Queensland schools. It is offered as a single subject to the
end of Year Band at three levelsin Year 10 — ao.anced, ordinary and general. Some schools
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also offer the three levels in Year 9 while others delay specialisation until Year 10. Approx-
imately 42% of Yea, 10 students study at advanced level, 46% study at ordinary level and
11% study General Mathematics. (BSSS 1983).

At the senior level mathematics is now offered as Mathematics !, which consists of 4 revised
units from the original 11 units, Mathematics || which consists of a further 4 units from
the list of 11 units, and Mathematics in Society which was developed from Social Mathe-
matics. Schools have some choice in the units which will comprise Mathematics | and Mathe-
matics {l. In the subject Mathematics in Society tne scope and approach is seen to be Jess
rigorous than in Mathematics | and Mathematics |1. Transition courses and Participation
and Equity programs often include some scientific and mathematical studies.

All assessment of students’ achievement is now conducted within individual schools with
the final results being moderated by the Board of Secondary School Studies.

3.2 Issues
3.2.1 Curriculum Design

At the junior high schoo! level the Curriculum Guidelines for Queensland State
Secondary Schools recommend that Science and Mathematics be compulsory core
subjects for all students. The Board of Secondary School Studies requires 150 hours
of timetabled teacher-student contact time. Many schools now follow the recom-
mendation and offer Science as a core subject. All schools require students to study
Mathematics to the end of Year 10.

Senior high school subjects are preferentially selected by students. The basis for
selection ranges from tertiary e.itrance requirements to peer group influence. Students
are not required to take either a science or a mathematics subject to obtain a Senior
Certificate.

Transition and Participation and Equity programs have a more general structure but
usually include some scientific and mathematical studies which are appropriate to
the scope and focus of the course. Courses are designed by individual schools.

3.2.2 Sylabus — Junior High School

The Board of Secondary School Studies syllabus in Science requires that “the subject
matter of Scieiice should be chosen 50 gs to facilitate the development of the individ-
ual student”. It further states that a Junior Science program must make some con-
tribution to students’ life roles, as citizens, users of technology, consumers in society,
persons, parents and earth inhabitants, The syllabus recognises other more traditional
criteria for selection of subject matter for school-work programs but emphasises
that "science teachers should be aware of the unique contribution that science k now-
ledge, processes, skills and attitudes can make towards education for life roles”.

It has been suggested that the life role emphasis in the Junior Science syllabus provides
the greatest difficulty for teachers who have themselves been educated in the tradit-
1onal disciplines with an emphasis on content and recall,

The Years 8—10 Mathematics syllabus which was implemented at the time of the
Radford Report had two main features:

{i}  Year 8 was to be a year of review and consolidation of Primary Mathe-
matics, and
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(ii)  the Years 9 and 10 course was tobe divided into three levels — advanced,
ordinary and general.

The advanced course was seen as a preparation for further study of mathematics in
Years 11 and 12 while Ordinary Mathematics was designed to equip students for
societal needs when they left school at the end of year 10. General Mathematics
was designed to cater for students with lower ability and involved fewer topics and
more concrete learning experiences.

The streamingwhich took place atthe end of Year 8 in order to meet syllabus require-
ments had serious implications for students’ future careers. Decisions made at that
point with respect to the particular level of mathematics were generally irreversible
and resulted in students closing doors on future courses and careers.

All the syllabuses were written as broad frameworks, and at the time of their release
interested parties were asked to present the BSSS with guidelines to the syllabus. Only
one such guideline was foreshadowed for Advanced Mathematics and it presented a
very formal theoretical interpretation of the syllabus. Unfortunately, it became
accepted by many textbook writers and teachers as the syllabus. Hence the Advanced
Mathematics course taught to many Queensland students in Years 9 and 10 in the
following years included some very formnal algebra at a very early stage. Research by
Collisand Biggs (1979), Low (1977), and Collis {1975a, 1975b), has indicated that this
was inappropriate for many Year 9 and Year 10 students. In England the Cockcroft
Report {1982) also noted that formal a!gebra was a source of considerable confusion
and negative attitudes towards mathematics amongst students in that age group.

The lack of relevance of the new mathematics syllabuses to the needs and interests
of many 13 to 15 year olds probably led to the decline in student attitudes found by
Rosier (1980). At the same time as the new syllabuses were introduced, the allocation
of time for advanced mathematics was reduced without significant reduction in the
content to be taught. This undoubtedly exacerbated problems relating to achieve-
ment and attitudes.

In summary, from the sixties to the eighties schools were confronted with the new
mathematics, they were given less time in which te teach the subject, and student
achievement and attitudes at the junior level declined.

Syllabus — Senior High School

Studies in science in the senior school have a traditional discipline orientation. All
Senior science syllabuses state that those studies contribute to the education of
young people through structured learning exper.ences which aim at further develop-
ing:

knowledge and understanding of man, his plonet, the universe and the relation-
ships among them within the framework of formal sciences,

knowledge and understanding of a number of aspects of science as an intellect-
ual enterprise; and

higher cognitive skills, manipulative skills and attitudes, through direct involve
ment in methods and procedures of science.
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While the aims and approach to science at that level were seen to be commendable,
the Working Party considered that the content of the syllabuses required examination.
A major problem was that attempts by science teachers to cover the content at all
costs even in Multistrand Science often led to a reduction of emphasis on process,
skill and affective areas.

Multistrand Science was introduced in 1975 in an attempt to provide a broader educ-
ation in science for those students not intending to pursue tertiary studies in science.

Under the Radford System the exis.ing Mathematics | and 1l syllabuses were re-
organised from two-year courses into discrete semester units. Some new topics were
introduced and, in all, eleven units were prepared for use in schools, but the mathe-
matical scope of the Years 11 and 12 mathematics syllabuses remained virtually
unchanged.

About the same time there was a marked increase in the retention rate of students
from Year 10 to Year 11. Rosier {1978) stated that the increase w-as largely due to
an increase in the number of students with less ability and less interast in study, who
came from homes rated at the lower levels of the socio-economic scale. It was found
that the traditional mathematics subjects offered at Years 11 and 12 level were not
suited to the abilities and interests of a large number of those students. Thus, in
1976, the Mathematics Advisory Committee of the Board of Secondary School
Studies initiated a new subject which is now offered as Mathematics in Society. As it
was not intended that that subject be stuzied by those who intended to pursue
tertiary studies in science related areas, ;¢ was incompatible with Mathematics | and
Il. Since 1976 the numbers enrolled in Mathematics in Society have increased
dramatically, from about 7% of the Year 12 population to about 46% in 1984.

Of the eleven units available to Mathematics | and {1 students, three particular units
are required by tertiary institutions for entry to science-related courses of study. A
further three are specified for entry to engineering studies. Those requirements have
clearly restricted the freedom of schools to choose appropriate courses of study for
therr students. Schools were permitted to apply for approval to teach a flexible
program in which the content of semester units could be spread across 2, 3 or 4
semesters, or in which they could seek approval to develop extra units. Those options
were not widely taken up because of the tertiary institutions’ pre-requisites.

The re-organization of Mathematics | and 1 into units to be taken over Years 11 and
12 has meant that mathematics was often seen by teachers and students as a collect-
ion of scarcely related topics rather than as a structured entity.

With the introduction of ROSBA (Scott, 1978) In 1982, the Board of Secondary
School Studies stipulated there was to be no change to the process, content and skill
objectives of the mathematics sy'labuses. However, 1t soon became apparent that not
all syltabus requirements were being met because of the lack of time available.

At the time of writing, a Department of Education committee has prepared a P—10
syMabus in Mathematics. This latest curriculum development in mathematics 1s
occurring at a time when the Department of Education is carrying out a review of
education 1n Queensland. The Department has already foreshadowed a preferred
option for the orgamzation of the curriculum program in Queensland schools.
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The far-reaching nature of the changes now proposed suggests that it will be some
time before a new syllabus in Mathematics is implemented at the secondary level.
The likely delay was a matter of considerable concern to the Working Party. Tne
present syllabus guidelines for mathematics in Years 8—10 have been in existence for
13 years and those for the Mathematics syllabus for Years 11—12 for 10 years. The
Working Party received overwhelming evidence that the present syllabus is not
appropriate for the current secondary population. It does not reflect trends in
mathematics education that have occurred since its introduction.

With respect to science, the Working Party considered that the introduction of a
P—10 currictium could result in major advances. [t was possible that the introduction
of such a curriculum could lead to an integration of the sciences in the form of
physical science and life science throughout the school system. In fact the present
Primary Science program lends itself well to continued development into a iunior
high school life roles Science syllabus.

Transition and Participation and Equity Programs

Transition and Participation and Equity Programs are developed independently by
schools and as a result depend upon the teachers in the school at & particular time.
The continuity of such programs can be affected by the movement of teachers from
one school to another. The success of the programs depends on the commitment of
teachers in implementing an integrated approach to mathematics and science with
sensitive reccgnition of the needs and abilities of students in the programs. Many
teachers prefer not to become involved. Transition courses are, unfortunately, often
seen by students, teachers and parents as lower-level courses and, therefore, not
worthwhile.

Curriculum Methodology

Discipline oriented science courses are frequently interpreted as requiring formal
presentation and acquisition of information by students whereas the life role scientific
approach adopted in Junior courses aims at "assisting students o understand them-
selves and their environment and accordingly science is presented in a historical and
cultural context and its social consequences are emphasised”’. (White and Tisher, in
press 1985).

Many teachers aspire to the latter mode in Junior and Senior science courses but
experience difficulty in sustaining that methodology and achieving its educational
objectives. Moreover, teaching methods of student teachers and new teachers beginning
their careers are directly affected by the way subjects are taught by more established
teachers. The Working Party therefore considers it imperative that a wide variety
of teaching methodologies are advocated, not only in pre-service programs but also
in in-service courses, so that a more balanced approach is reflected in all aspects of
teacher education.

in relation to mathematics teaching Jacobs (1982) proposed that ""Teachers must
pay more attention to motivation and less to structure in their efforts to convince
students that mathematics is an important and enjoyable subject".

Bell {1982) also reported that surveys undertaken in the United States of America
and in the United Kingdom indicated that most teaching in mathematics was directed
narrowly towar-'s the learning of particular techniques and concepts. The under-
standing needed to recognise potential areas of application and the ability to apply
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the concepts in a meaningful way was often lacking. From evidence presented to the
Working Party it appeared that less of the mathematics teaching in classrooms in
Queensland could be done via direct instruction, associated practice of large numbers
of similar exercises, and the development of automatic associations and reactions.
Greater emphasis was needed on the use of real mathematical activity to solve
genuine real-life problems and on the development of problem-solving techniques.
The point was also made that students often did not know “why” they were doing
things.

It appears that insufficient emphasis has beea given to relating the theory of teaching
and learning to actual practices in mathematics classrooms. Low (1982) supports this:

“The status of research on achievement in mathematics bears this out when it
concludes that many of the concepts and operations in the curriculum are too
difficult for the majority of children. Research on ‘meaning’ in particular
indicates that one possible source of difficulty is that many concepts are
introduced at a time or in a way which is unsuited to children’s level of
cognitive development.”

3.2.6 Curriculum Resources

Science is a living, developing subject. There is a great need to go beyond textbooks
which are often out of date and somewhat restrictive in their approach. Moreover it
is often difficult to find textbooks which are suited to the emphasis of the syllabus,
and at an appropriate readability level for the students.

In order for science teaching to grow and thrive, the Working Party considers that
efforts must be made to identify and prepare resource packages which will encourage
teachers to venture beyond tight discipline-oriented approaches in science to more
global approaches manifesting scientific thought. Those responsible for school pro-
grams should recognize and accept that the boundaries between the various sciences
are not sharply defined but overlap considerably. Unquestionably the resources of
the community could be tapped more extensively to take scientific learning outside
the four walls of the classroom into a more applied scientific environment which
would allow greater examination of the social effects of scientific pursuits.

In a similar vein the Working Party considers that mathematics needs to incorporate
a greater focus on genuine real-life problems. Such problems and activities could oe
located and developed for classroom use, especially if packages were to be prepared
by a central source and transmitted to teachers through in-service and school-based
work shops and projects.

In summary the Working Party considers that science and mathematics curricula and
resources need to be presented in a more compelling, exciting and relevant context.
While such an emphasis may be seen as a less rigorous approach to the disciplines, it
should not devalue their significance or lower standards of achievement. In fact the
Working Party is strongly of the opinion that a more student-centred, realistic focus
would improve students’ attitudes and achievement.

Consequently, in relation to the curricula in general, the Working Party recommends:

R3.1  that the procedures for developing and implementing syllabuses be examined
with a view to creating mechanisms which will respona more rapidly to changes
in education and society, particulary for those subjects which are affected by
extensive technological change;
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that the examination of upper primary and lower secondary syllabuses in
Science and Mathematics continue with a view to producing a P—10 curric-
ulum which takes cognisance of integrating themes and key concepts in
science and mathematics;

that the syllabuses in Science and Mathematics be examined to determine If
concepts are being introduced at points appropriate to children’s level of
development; and

that the current form of certification adopted at the end of Year 10 be eval-
uated and consideration given to accrediting schools/courses at that level.

In relation to the science curricula the Working Party recommends:

R3.5

R3.6

R3.7

R3.8

R3.9

R3.10

R3.11

R3.12

that more extensive in-service development programs for science teachers in
secondary schools be provided to facilitate changes in science teaching metho-
dologies foreshadowed in recent research and emerging curriculum programs;

that the scope and content of science curricula at all levels of the secondary
school be examined in order to determine whether there isa need to reduce the
body of knowledge perceived to be required and to allow greater emphasis to
be developed on concept acquisition, problem solving and process attainment;

that those involved in ongoing curriculum development in science take account
of differences in background knowledge and learning styles of females and
males and that steps be tanen within the organisation of science programs so
that greater numbers of females may be attracted to study Senior Science;

that, in keeping with trends both interstate and overseas, science be included
as a core subject up to Year 10 in all secandary schools;

that greater integration of key ideas be encouraged during teaching of science
to Years 11 and 12 with an attendant reduction of the boundaries between
science subjects in the senior school;

that greater emphasis on the social effects of science and technology be incor-
porated into the Science curricuium at all levels;

that resources for science teaching beimproved through centrally co-ordinated
developmental projects, so that key emphases in syllabuses are implemented;
and

that the development of a8 curriculum aimed at achieving a balanced and
coherent P—10 Science program continue.

in relation to the mathematics curricula the Working Party recommends:

R3.13

that available mathematics textbooks be continually reviewed and evaluated
with a view to providing advice on those that may best suit teachers and
schools, keeping in mind their appeal and relevance to girls. Improved mech-
anisms are needed to evaluate and provide information to schools on text-
books so that those which are inert, out of date and alienating students will
be discarded;
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that in ongoing curriculum development in mathematics, greater efforts be
made to:

(i)  ensure more appropriate selection and sequencing of learning in topics
such as algebra, geometry, ratio and fractions;

(ii) encourage the use of meaningful learning experiences with calculators
and computers;

(iii} eliminate unnecessary use of logarithm tables and trigonometric tables;
and

(iv) de-emphasize the range of content and emphasize acquisition of con-
cepts, applications, processes and problem solving;

that the amount of content in Senior Mathematics units be reduced and in
collaboration with tertiary institutions the Mathematics curriculum in Years
11 and 12 be reviewed in conjunction with the P=10 curriculum review;

that the practice of streaming Year 9 and Year 10 mathematics classes into
Advanced and Ordinary Mathematics be discontinued and that one mathe:
matics sub) .t be available for all students in Years 9 and 10;

that all groups including administrators, subject masters and other teachers
associated with the education of teachers of mathematics affirm the nead for
mathematics learning to take place in an active, exciting and caring environ-
ment characterised by a variety of approaches and organisational strategies;

that resources for mathematics teaching be improved through centrally co-
ordinated developmental projects, so that key emphases in syllabuses are
implemented;

that in view of the strong evidence that time is a significant variable in mathe-
matics learning, more time be allocated to the teaching of mathematics and
that mathematics teachers be better prepared to manage time more effectively
in classroom learning experiences;

that those involved in ongoing curriculum development in mathematics take
account of the distinctive background knowledge and learning styles of females
and that steps be taken within the organisation of mathematics to attract
greater numbers of females to Senior Mathematics and place greater emphasis
on the development of spatial abilities in female students;

thatall teachersbe encouraged to place greater emphasis on diagnostic teaching
strategies wherein specific emphasis is given to assisting students to recognise
their own learning problems and to facilitate improved learning, by their own
initiative; and

that schools be encouraged to provide support mechanisms for inexperienced
teachers of mathematics, particularly through organisational processes which
would allow inexperienced teachers regularly to consuit with and teach with
highly competent colleagues.
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An associated recommendation {(listed in Chapter 5) is that employing authorities
ersure that extensive and on-going in-service education support is provided to
rz-orientate teachers’ understanding of how children learn science and mathematics
given the continuing growth of knowledge in the field of cognitive learning.
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CHAPTER 4

THE EDUCATION OF SCIENCE AND MATHEMATICS TEACHERS

Abstract

The programs currently available in Queenstand for the preparation of science and mathematics ! eachers are out-
tined and a review of the mimmimum qualification for entry into science and mathematics teaching 12 recommended.
It 1s suggested that the possible introduction of a Master’s degree course in Science Education at one of the colleges
of advanced education be canvassed. Ways of attracting people to science and mathematics teaching as a career
and of promoting desirable personal and professional qualities in teachers are described.

Desirable Characteristics of Science and Mathematics Teachers

In 1976 the Royal Society's British National Committee for Mathematics wrote: “Good
teachers of mathematics are among the must valuable resources of an educationa) system."
In arguing that position they took the view that mathematics was a vital part of the educ-
ation of all young people. It was an essential requirement for everyday life in a modern
society and was aiso a fascinating study which provided pupils with a means of better
understanding their environment and developing their powers of problem-solving, reasoning
and conceptualization. The importance of the availability of quality mathematics teachers
is emphasized as follows: "'All of this (vital education for young people) depends on the
continuing supply of good teachers of mathematics, both specialist teachers of older pupils
and generalist teachers in primary schools, who are responsible for the laying of mathe-
matical foundations for all pupils.”

The Working Party considered that the situation of science teachers and of science as a
subject was similar to that described for mat* °matics and that the desirable characteristics
of quality teachers of science and mathematics snould be identified.

Such charactesistics could be delineated into two categones — personal qualities and pro-
fessional qualities. The tormer were common to teachers of all subjects and levels w'ile
the latter incorporated qualities specific to science and mathamatics teachers.

The Working Party considered that the importance of personal qualities in science and
mathematics teachers had generally been overlooked. Jones {1983) wrote of mathematics
teachers:

"Students are acutely conscious of their mathematics teachers as persons; not
as unpersonal purveyors of information and skills. They are more concerned
with how interesting and sympathetic the teacher wi!l be.”

Studies by Evans (1981) and Cooper and Petrosky (1978) concluded that mathe-
matics teachers did not rate highly on variables such as personalised teaching, teacher
warmth, respect for students built on understanding and humaneness and student
autonumy. Jones (1983) commented on the implications of those findings for the
personal relationship between teacher and pupi! as follows:

"I believe that we cannot be too sanguine about the performance of mathe-
matics teachers in relation to ‘humanising’ teaching environments.”
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The need for responsiveness to the social and natural v-orld was considered to be
another personal characteristic of growing importance for the teacher of science and
mathematics. Reference has already been made, in Chapter 1, to the "hidden curric-
ulum of daily experience” that children have gleaned from their encounters with
computers, television and other technological aspects of the new culture. Teachers
should be aware of those experiences so that they can be mutually shared. in essence
teachers of science and mathematics have to facilitate a coherent partnership between
formal and informal elements of the curriculum if their credibility with the children
they teach is to be maintained.

Personal Qualities
As a guideline to those involved in the admission, pre-service education, employment
and in-service education of teachers of science and mathematics, the Working Party
noted the following personal qualities listed by Meade et a/ (1984) as highly valued
in all teachers:

personal autonomy, the quality of seif direction;

well educated, with a high value for excellence and scholarship;

humane, with a genuine respect and liking for each individual and an ability to
relate to and communicate with other persons;

responsible, with a regard for the social and natural environment;
resourceful and creative, with the flexibility to respond to changing situations;
critical with the power to evaluate the relative merits of proposed changes; and
industrious, with an awareness that effort is essential.
Professional Qualities
It 1s significant that the nature of the professional qualities of teachers of science
and mathematics has been a growing area of interest for educators in the field of
teacher education. Proposals and investigations of the professional qualities of
teachers by Chr's iansen (1985), Howson (1985), Jones (1983/84), Cooney (1980),
Otte (1979) have included a number of consensus qualities.
A.  Teaching learning management

understanding ciassroom dynamics and qualties;

understanding the relations and relevant difficulties between theones
of instruction and tneories of learning;

recognising the need for systematic observation of children at work and
the importance of diagnosis and remediation of learning difficulties,

adopting a problem-soiving approach to te.ching and learning which
includes an understanding of the structures of scientific and mathe-
matical tasks; and
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recognising the contribution of research and development so that the
practitioner can operate simultaneously on the basis of comprehensive
epistemological understanding {(meta-knowledge) and also with specific
and appropriate ‘rule’ knowledge.

B. Curriculum qualities

understanding the structure of science and mathematics so that the
curriculum emphasises ‘relational’ aspects of science and mathematics
in the sense of Skemp (1976), and de-emphasises the current p1™
disposition towards ‘instrumental’ aspects of science and mathematics;

relating science and mathematics to other areas of the curriculum so as
to enhance integration of key concepts and principles;

understanding methods and techniques of evaluation so that there is 8
meaningful interplay between aims and atta:nment;

developing curriculum experiences that are relevant for students and
attuned to their cognitive and affective levels of development;

understanding the valiie, function and limitations of resources, especiaiiy
those originatir  ‘rc.n new technologies; and

being aware of the relations between cognitive, affective and social
activities as they occur in the context of the curriculum and the class-
room.

C. Social qualities

understanding the influence andimpact of societal norms which includes
the ability to respond constructively to such influences;

recognising that themental and emotional lives of the teachers inside and
outside the classroom interact with their actions in the teaching process;

understandirg the importance of co-operation with professional colleag-
ues, resource personnel and professional organisations;

recognising the importance of iheir own commitment to life-long learn-
ing and scholarship so as to avoid 'freezing’ of ideas and approaches; and

developing powerful inner convictions that contemporary methods and
new approaches to curriculum will be more successful and more reward-
ng for students than those often espoused within the community and
given acquiescence by schools.

The 8risbane College of Advanced Education in its Rationale and Guidelines for
Teacher Education Courses (1983) has described an approach to the education of
teachers through which those qualities might be attained:

"The pr »aration and in-service education of teachers must therefore provide
learning experiences which initiate, support and enrich those (listed in 4.1.1
above) personal and professional qualities.”
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The Working Party considers that school leavers and other persons who may be
interested in science and mathematics teaching should be made aware of the personal
and professional qualities that are desirable in science and mathematics teachers. It
recommends:

R4.1 that employing authorities and tertiary institutions involved in teacher educ-
ation be encouraged to co-oparate in the development of pamphlets and broc-
hures which promote science and mathematics teaching and describe personal
and professional characteristics of science and mathematics teachers;

R4.2 that actions be taken through in-service education to acquaint science and
mathematics teachers with the importance of various aspects of their personal
and professional roles.

Quality and Quantity of Entrants to Pre-service Coursas

As stated earlier, difficulties have been encountered in attracting students of appropriate
quality in sufficient numbers into courses of preparation for secondary science and mathe-
matics teaching. The shortage of mathematics and science teachers is a world-wide pheno-
menon and has been exacerbated by the fact that it has existed for a protracted period.

In Queensland it has been particularly difficult to attract ..udents into the State's only
three-year Diploma of Teaching {Secondary) course at the Brisbane College of Advanced
Education. For several years entry numbers have been well below quota and the quality
of entrants, as measured by the median TE score and its range, has been a matter for
concern. There is little evidence from participation trends in science and mathematics
at Years 11 and 12 that the situation will be reversed, even though the overall school-leaver
population has increased substantially in recent years.

The problem of attracting students into the Diploma of Teaching {Secondary) course has
been heightened by the growing need in industry, particularly in technological areas, for
qualified scientists and mathematicians. The Working Party was of the opinion that insuff-
icient emphasis had been given to the encouragement of school leavers to enter science and
mathematics teaching. There was also a need for the teaching profession to be made more
attractive since teachers themselves played a significant role in maintaining the quality of
their profession and in attracting young schoof leavers to enter teaching.

Accordingly the Working Party recommends:

R4.3 that science and mathematics teachers be made more aware of the importance of
their role in attracting persons with high academic abilty, especially school leavers,
to enter science and mathematics teaching.

Data before the Working Party on graduates who entered the University of Queensland’s
Otploma in Education course and the Brisbane College of Advanced Education’s Graduate
Diploma in Teaching course indicated that larger numbers of higher quality entrants might
be avaitable. Unfortunately entry to the teaching profession via postgraduate study was being
hampered by the fact that universities and colleges lacked the flexibility and the financal
resources to respond quickly to changing patterns of graduate interest and employer needs.
There was also evidence that appropriate graduates in the workforce could be attracted to
pre-service graduate programs in teaching if these were avatlable by various combinations
of part-time and external modes. The matter of incentives, enhancements and financial
support during training were other features that affected the attractiveness of teaching
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careers in science and mathematics for graduates in the workforce. The Working Party
considers that the implementation of anumber of recommendations that will be considered
in Chapter 5 would facilitate the entry of graduates into courses of preparation for science
and mathematics teaching.

Current Programs Available in Queensland for the Preparation of Science and Mathematics
Teachers

The Working Party noted that there were four categories of pre-service programs currently
available in Queensland for the preparation of secondary science and mathematics teachers.

the three-year Diploma of Teaching course which incorporated studies in science
and/or mathematics and professional studies in education, curriculum studies and
field studies outlined in Appendix 4A;

four-year programs which integrated undergraduate studies in science and mathe
matics with professional education studies outlined in Appendix 48;

one-year graduate programs in teacher education for students who already possessed
a degree in science and mathematics outlined in Appendix 4C; and

other programs which prepared secondary science and/or mathematics teachers out-
lined in Appendix 4D.

Unfortunately graduates were not always allocated a teaching timetable commensurate
with the areas of specialisation in their teacher education. 1t was possible for a number
of undesirable teaching combinations to occur: e.qg. a teacher who had studied the principal
teaching area/second teaching area (PTA/STA) subject combination of a PTA subject other
than Mathematics or Science and a Mathematics or Science STA could be given Science or
Mathematics classes at the Senior level; or teachers who had studied PTA Mathematics or
Science and an STA subject other than Mathematics or Science could be expected to teach
Science when 1t had been neither a PTA nor an STA study for them or they could be
expected to teach Mathematics when it had been neither a PTA nor an STA study for them.

The Working Party was cognisant of developments in other states and overseas where
a four-year degree in education/teaching was now the minimum requirement fcr entry into
secondary science and mathematics teaching. Accordingly it recommends:

R4.4 that the raison d'etre for Diploma of Teaching courses as the minimum qualification
for entering science and mathemiatics teaching be reviewed.

The Working Party noted that a wide variety of channels of entry into pre-service graduate
teacher education programs had evolved in Queensland during the last decade and that
those programs had had some impact in ameliorating the shortage of science and mathe-
matics teachers. It was impressed by the fact that tertiary institutions had already adopted
more flexible and varied entry requirements for their courses.

It was not part of the Working Party’s mandate to examine the provision of master's degree
courses in science and mathematics education, however, during its deliberations the Working
Party had become aware that provisions for master's degree courses In science education
were not as extensive as those in mathematics education. Both the universities and the
Brisbane College of Advanced Education offered master's degree programs in mathematics
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education but only the universities offered master’s programs in science education. A pro-
posed course put forward in 1980 by one of the former colleges of advanced education in
Brisbane was not supported. Given the major commitment of the advanced education
sector in Queensland to the preparation of science teachers, the Working Party recommends:

R4.5 that further consideration be giver to the need for a Masters degree course in Science
Education at one of the colleges of advanced education.

60




O

ERIC

Aruitoxt provided by Eic:

Christiansen, B.

Cooney, T.J.

Cooper, C.R.
and
Petrosky, A,

Evans, G.T.

Howson A.G.

Jones, G.A.

Jones, G.A.

Meade, P.H.
(Chairperson)

Otte, M.
Shuard, H.B.
{Chawperson)

Skemp, | R.

{1985}

(1980)

(1976)

{1981)

(1985)

{1983)

(1985)

(1983)

11979)

(1576)

(1976)

52.

REFERENCES
“A Reaction to A.G. Howson's Paper” in G.A. Jones (Ed), Papers on Pre-service
Teacher Education, Action Group 6, ICME V Adelaide.

“Research on Teaching and Teacher Education”” in R J. Shunway {Ed), Research in
Mathematics Education, Reston Va, NCTM.

~Secondary School Students’ Perceptions of Math Teachers and Math Classes™,
Mathematics Teacher, March.

“Classroom Activities of Teachers at Lower Secondary Level”, ERDC Report,
Brisbane, University of Queensland.

“Basic Components of Mathematics Education for Teachers”, in G.A. Jones (Ed),
A Collection of Papers on Pre-service Teacher Educstion, Action Group 6, ICME
V, Adelaide.

“Teacher Education — Where Humanising Mathematics Begins”’, MELA Conference
Proceedings, Toowoomba.

“A Reaction to A.G. Howson'sPaper”, in G.A Jones {(Ed), A Collection of Papers on
Pre-service Teacher Education, Action Group 6, ICME V, Adelaide.

Rationale and Guidelines for Teacher Education Courses in Brnshane College of
Advanced Educstion, Brisbane CAE

“The Education and Professional Life of Mathematics Teachers”, New Trends in
Mathematics Teaching, 4, UNESCO.

"“The Training and Professiona! Life of Teachers of Mathematics”’, The Royal Society
of British National Committee for Mathematics, London.

""Relational Understanding and Instrumental Understanding”, Mathematics Teaching,
29, pp 20-26.

61




| ERIC

%
v .

53.

CHAPTER 5

FUTURE DIRECTIONS IN THE EDUCATION OF SCIENCE AND
MATHEMATICS TEACHERS

Abstract

A number of actions to attract quality applicants into pre-service teacher education courses in mathematics and
science are recommended, including  greater publicity, offering scholarships, bursaries and special financial
incentives; and implementation of mechanisms to ensure that qualified applicants are not turned away. Ways of
attracting greater nutnbers of students into pre-service courses are outlined, including. alternative entry routes,
part-time and external offerings; reduction in the number of areas of specialization required, and the promotion
of a personalised approach to mathematics and science teaching.

Actions by employing authorities to enhance recruitment and employment are recommended, including. advert-
sement of positions in specific schools; offering permanent part-time employment, and provision of career paths
which allow quality teachers to remain in classroom teaching positions. A number of measures to assist beginning
teachers and encourage continuing teachers are recommended, including. extensive and on-going in-service educ-
ation, and enhancement of classroom environments and resources. A number of ways in which public support for
science and mathematics teachers and programs could be enhanced are suggested.

It 1s recommended that a group or person be appointed to oversee the implementation of the Working Party’s
recommendations,

Kilpatrick and Wilson {1983) speakingin the United States at a conference on the teacher shortage
in science and mathematics stated

""The current shortage of mathematics teachers reflects the negative attitudes of society and
the educational community towards mathematics, its teaching and those who teach it. In
fact, most people do not take the teaching of mathematics seriously.”

Their statement is a forceful one and couid be considered as an over-reaction to the situation. It
does, however, reflect some of the gloom that the Working Party found in relation to the whole
ambit of mathematics and ts teaching. That same gloom does not appear to prevail as extensively
in the case of science. Accordingly the Working Party considers that, if the situation is to be
improved, steps must be taken to create a better image of science teaching and particularly of
mathematics teaching and hence to encourage more able young people to consider mathematics
and science teaching as a career. Ways to achieve that end are outlined in this chapter.

5.1 Encouragement of Quality Applicants into Pre-service Teachsr Education Courses in Science
and Mathematics

Kilpatrick and Wilson touched 3 sensitive nerve when they commented on the negative
attitudes of society and the educational community towards mathematics. The Working
Party considers that such negative attitudes, often reinforced by the media, professionals,
and teachers themselves, can deter able school leavers from entering programs In science
and mathematics teaching.

Accordingly it recommends:

R51 that the Ministe, release further press statements drawing attention to the current
shortage of mathematics and science teachers and stressing within a period of rapid
technological change the importance of sound teaching in mathematics and science
for all pupils and encouraging school leavers, new graduates in mathematics and
science and other suitably quahfied persons in the community to enter appropriate
courses with a view to becoming teachers of mathematics and science; and
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R5.2 that tertiary institutions, employing authorities and schools adopt a more active role
in encouraging suitably qualified people to enter courses in science and mathematics
teaching and in raising the image of science and mathematics teaching as a career.

Incentives were discussed extensively by the Working Party and were the subject of numer-
ous communications to the Working Party. Higher saltaries for science and mathematics
teachers had been the subject of considerable discussion in the United States of America
and the United Kingdom and were regarded favourably by the Working Party &s 3 means of
alleviating the teacher shortage in those areas. Such a solution would, however, raise the
problem of finding money to increase salaries and the problems associated with providing
differential pay for a particular group of teachers. While the Working Party would support
additional salary scales as a means of keeping high quali\ty and experienced teachers in the
classroom, whatever their teaching area, it is not in favour of differential pay scales for
science and mathematics teachers.

On the other hand, additional financial incentives to encourage students into teacher educ-
ation courses in mathematics and science (or other areas of teacher shortage) do not present
the same degree of difficulty as differential salary scales. The Working Party therefore
recommends:

R5.3 that, while the shortage of mathematics and science teachers continues —

(i)  the number of scholarships and bursaries offered by goverament authorities
for pre-service teacher education courses in mathematics and science be sub-
stantially increased;

(i) that such bursaries be offered during the first year of study as an added
incentive for students to undertake mathematics and science teacher education
courses;

{iii) that bursaries also be made available in the final year of a Bachelor’s degree
to students who intend to undertake a Graduate Dipioma course in Teaching
or a Diploma in Education course leading to a career as a mathematics or
science teacher.

Simifarly additional incentives might appropriately be offered to allow persons who already
possess qualifications in mathematics and science to transfer into teaching without undue
financial penalty. It is recommended:

R5.4 that, while the shortage of mathematics and science teachers continues, persons with
suitable qualifications in mathematics or science and appropriate experience be
encouraged to undertake a graduate diploma n teaching or diptoma in education by
means of special financial incentives including:

(1) living allowances and other financial support to enable them to engage in full-
time study;

(1)  modification of the conditions on TEAS which prevent students from supple-
menting their income; and

(in) recognition of all or some of any prior industrial experience they may have in
determining commencing salaries within the appropriate scale.

63
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The Working Party also considers that more tertiary science and mathematics students might
be encouraged to proceed to postgraduate teacher education courses if they were aware
early in their initial degree courses of the pre-requisites for those postgraduate courses,
particularly the requirements relevant to the selection of subjects in their undergraduate
courses. Briefings in these matters would also help to avoid the occasional instances of
undergraduate students who intend to undertake teacher education rendering themselves
ineligible through inappropriate subject choice.

It is recommended:

R5.5 that institutions publicize to undergraduate students in mathematics and science
courses the requirements and procedures pertaining to entry to pre-service post-
graduate teacher education courses.

As there have been instances in recent years of suitably qualified candidates not being
accepted nto mathematics and science teacher education courses, the Working Party
believes that more effective policies need to be adopted by all concerned to respond more
quickly to shortages or potential shortages.

The Working Party notes with pleasure that the Board of Advanced Education has recon-
vened its Committee to Advise on Numbers of Entrants Required for Pre-service Courses of
Teacher Education to review the teacher supply and demand position in Queenstand in the
light of the actual intakes and increases in State teaching service staff ceilings. While the
recommendations of this committee can assist teacher education institutions to prepare for
longer term changes in intakes, there is a need for flexibility within institutions to respond
during the enrolment period to unexpected surges jn the numbers of candidates presenting
for entry to courses in areas of teacher shortage. Accordingly, the Working Party makes the
following recommendations:

R5.6 that universities and colieges closely monitor the offering of places in pre-service
secondary teacher education courses through the Queensland Tertiary Admissions
Centre with a view to ensuring that all suitable applicants wishing to become mathe-
matics and science teachers are admitted;

R5.7  that additional resources be provided for tertiary institutions to z'low the intake of
scicnce and mathematics teacher education siudents to be increased at short notice,
particularly in the Graduate Diploma in Teaching and the Diploma in Education;

R5.8 that tertiary institutions consider the need for greater flexibility in staffing through
the use of secondments, the employment of part-time staff and other means so that
they can respond quickly to the availability of extra students in areas o teacher
shortage; and

R59 that all employing authorities be encouraged to continue to second suitably quahfied
teachers to tertiary institutions to provide additional teaching resources to accom-
modate extra student numbers.

In discussing the difficulties experienced by tertiary institutions 1n accommodating un-
expected increases i numbers of suitably qualified entrants in areas of shortages, the
Working Party noted that flexibility in staffing had become increasingly difficult over the
past decade. in volume 2 of its Report for 1979—81 Triennium, the Commonwealth Tertiary
Education Commission (CTEC) foreshadowed reductions in funding for facilities and schools
of education because of an alleged oversupply of teachers. The Commission indicated n
paragraph 3.27, that:
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universities and colleges should fill vacanciesin teaching staff in education only when
the filling of such a vacancy is essential to the oroper provision of an existing course
and then with temporary appointments; only in the most exceptional cases should a
position be filled on a permanent basis.”

This directive appeared not to have been withdrawn and was thought to be a major cause of
the lack of flexibility in staffing for teacher education.

It was clear to the Working Party that the supposed general oversupply of teachers, which
had prompted the CTEC's embargo on additional staff appointment, no longer applied in
Queensland, if indeed it ever did apply, and there was no evidence that any significant
numbers of “surplus” teachers from other states were moving to Queensland to meet
increasing needs. The Working Party therefore recommends:

R5.10 that, inview of the restructuring and reallocation of higher education resources which
has taken place over the 1982~84 triennium and having regard to the current short-
age of teachers in areas such as mathematics and science, the Commonwealth Tertiary
Education Commission be requested formally to withdraw its policy on the filling of
vacancies in teacning staff in faculties and schools of education by universities and
colleges.

Pre-sarvice Teacher Education Courses

The Working Party did not attempt to evaluate the substantive content and objectives of
pre-service teacher education programs. That was seen as the prerogative f iertiary institut-
jons and accrediting authorities. It did, however, examine the structure and modes of oper-
ation of courses and the paths by which students entered pre-service teacher education
courses.

The Working Party does not support any easing of the entry requirements for pre-service
teacher education courses. Such action could lead to a lessening of teacher quality and
would therefore be a short-term solution at best. It was considered sufficient that tertiary
institutions were already experimenting with alternative admission procedures in order
to enhance the selection process and to address the Commonweaith Government'’s Partic-
ipation and Equity policy. The Working Party has, however, formulated a number of
recommendations relating to altemative entry paths to courses and reinforcing actions that
tertiary institutions have foreshadowed. It therefore recommends:

R5.11 that tertiary institutions consider amending their admission requirements and course
structures to provide ar alternative pre-service science and mathematics teacher
education course for able students who lack the presently required entry subjects in
those areas.

Implementation of the above recommendation would enable institutions to tap a pool of
able students who lacked the necessary background requirements in science and/or mathe-
matics, but had the potential, commitment, and achievement 0 other areas to succeed as
science or mathematics teachers. Tertiary institutions might consider stratching the present
course to include background units in the needed area so that students could successfully
complete the necessary teacher education course — albeit 1n a longer time period.

The Working Party also endorsed the offering of bridging courses which would allow stud-
ents who lacked the normal entry requirements in mathematics and science to qualify for
entry to pre service programs for the preparation of mathematics and science teachers. It
noted that such a course had been proposed by the Advanced Education Council in 1981.
Bridging courses could become the initial tier of a two tier course, or UG3 courses, or could
be similar to the stretch courses referred to previously.
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Accordingly, the Working Party recommends:

R5.12 that consideration be given to the possibility of offering suitable bridging courses in
science and mathematics for underqualified school leavers seeking entry to teacher
education courses in those fields.

The Working Party also noted that in Queensland pre-service courses were offered only by
full-time study. While that approach was clearly desirable from thu point of view of practical
teaching studies, it restricted the entry of a number of well qualified and experienced grad-
uates whose financial commitments required them to remain in full-time employment. The
approach could also be restrictive from a geographical point of view. The Working Party
realised that a restructuring of the modes of operation of courses might present some
difficulties but nevertheless recommends:

R5.13 that early consideration be given to the offering of pre-service graduate diploma
courses in science and mathematics teaching by part-time evening or external study.

The Working Party considers that close co-operation between employing authorities and
tertiary institutions in relation to the development of pre-service teacher education course
structures is vitally important. The concurrence of employing authorities is necessary if
desirable developments such as greater flexibility in course structures are to be implemented
by tertiary institutions. In particular the Working Party considers that the general require-
ment for mathematics and science teachers to be capable of teaching at least two subject
areas to Year 12 level and both mathematics and science to Year 10 level places unrealistic
demands on pre-service courses. The Working Party considers that mathematics and science
teachers could be much better prepared if they were able to concentrate on either mathe-
matics or science throughout the secondary school or on both mathematics and science at
the junior secondary level. Again, while many beginning teachers were both highly compet-
ent and confident in teaching subjects of th..r principal teaching areas, there were numerous
instances of their being asked to teach subject areas in which they lacked competence.

The Working Party therefore recommends:

R5.14 that employing requirements for mathematics and science teachers be reviewed
with a view to reducing either the range of content areas or year levels of the school
curriculum which teachers are required to teach;

R5.15 that provision be made for a limited number of students to undertake secondary
teacher education courses specializing In only ong teaching area, mathematics or
science;

R5.16 that, wherever possible, teachers not be required to teach in areas of mathematics and
science for which they have had not received an adequate professional preparation.

Research evidence considered by the Working Party suggested that mathematics teachers
and to a lesser extent science teachers need to be more cognisant of the effects of sex-
related factors on the teaching/learning process and to be aware of the importance of a
personalised approach n teaching. In fact the evidence collected suggests that mathematics
teachers rate poorly in areas such as teacher warmth, personalised teaching, and respect for
students buiit on understanding and humaneness. Consequently the Working Party recom
mends:

)




5.3

5.4

ERIC

Aruitoxt provided by Eic:

s

=
R S

58.

R5.17 that tertiary institutions include in their pre-service teacher education courses in
science and mathematics studies that make students more aware of the importance
of sex-related factors in the teaching/learning process and stress the importance of a
personalised approach in teaching mathematics and science.

Recruitment and Employment

The current shortage of science and mathematics teachers inevitably places pressures on
employing authorities to seek alternative means of meeting school needs for teachers in
these areas. In its deliberations the Working Party noted policies and proposals relating to
recruitment and employment which are being used overseas and in other parts of Australia.
Those policies included the advertising of vacancies in particular schools, rather than on a
system-wide level only, the use of part-time teachers, and the provision of salary and status
rewards which do not require high quality teachers to withdraw from classroom teaching.
The Working Party believes that these have potential for Queensland employing authorities
at this time and accordingly recommends:

R5.18 that employing authorities be encouraged to advertise through local and State news-
papers positions in science and mathematics teaching associated with particular
schools;

R5.1¢ that the establishment of permanent part-time positions for science and mathematics
teachers be encouraged; and

R5.20 that further consideration be given to the possibility of providing status and salary
rewards for high quality teachers in science and mathematics which do not require
them to withdraw from classroom teaching.

Beginning Teachers

Even after an ideal preservice education the needs of beginning teachers in science and
mathematics during their first years will be significant. Moreover, in their early years
beginning teachers start to shape their own teaching styles and methods and their attitudes
to the teaching and learning of science and mathematics and the entire educative process.
Accordingly the Working Party recommends to school authorities:

R5.21 that close attention be given by principals and subject masters/mistresses to the pro-
vision of an effective and sympathetic induction to the teaching profession for
beginning teachers, particularly in science and mathematics;

R522 that beginning teachers of mathematics and science not be given full and immediate
responsibility for teaching classes where students experience substantial learning
difficulties,

R5.23 that beginning teachers be given realistic and carefully considered teaching loads.
Too little variety such as the teaching of science or mathematics to multiple classes
at one year level only could be just as detrimental as too much variety; and

R524 that subject masters/mistresses, advisory teachers and consultants consider further
ways of assisting beginning teachers to overcome problems of class management,
classroom and laboratory organization, assessment, and lack of student motivation
in fearning that are so characteristic of the early teaching years
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The Working Party also recommends:

R5.25 that employing authorities be encouraged to assist beginning teachers by providing
greater numbers of advisory and consultant teachers, both in schools and via tele-
communication links; and

R5.26 that subject associations in science anc mathematics be encouraged to place greater
emphasis on the needs of beginning teaciiers and to identify among their members
teachers who could organize in-service and continuing education programs especially
for beginning teachers.

in-service Teacher Education

The Cockcroft Committee (1982) believed that the need for in-service support was self-
evident. Their argument was as follows:

""Even if greatly increased numbers of teachers who are well equipped to teach mathe-
matics were to enter teaching in primary and secondary schools in the next few years,
it would take many years to have a significant effect on the overall quality of the
matl.iematics teaching force. It follows that any improvement in the standards of
mathematics in schools must come largely as a result of the efforts of those teachers
who are already in post; they must, therefore, receive all possible support to enable
them to improve the effectiveness of their teaching.”

The Working Party found the situation in Queensland to be similar to that in the United
Kingdom and the Cockcroft argument to be valid here also. Cockcroft identified a number
of forms of in-service support; viz. school based support, meetings with other teachers,
visits to other schools, involvement of professional associations, the use of mathematics
advisory staff, contributions from higher education, in-service and continuing education
courses, use of rudio, television and teleconferencing programs, and the provision of
information on science and mathematics teaching and learning drawn from centres for
research. All of those forms of in-service support have been used to varying degrees in
Queensland during recent years and will continue to be used in the future. The Working
Party wishes, however, to make a number of specific proposals in relation to in-service
support for science and mathematics teachers. It therefore recommends:

R5.27 that in-service training be provided by appropriate bodies to enable teachers to keep
up to date with multistrand and life-role approaches to science teaching as well as
advances in their discipline areas;

R5.28 that extensive and on-going in-service education support be provided to re-orientate
teachers’ unde.standing of how children learn science and mathematics, given the
continuing growth of knowledge in the field of cognitive tearning;

R5.29 that employing authorities take steps to expand both school-based and systemic
in-service teacher education programs in the areas of science and mathematics as a
matter of urgency;

R5.30 that science and mathematics teachers be encouraged to collaborate and engage In

discussions with other staff in schools in the areas of curriculum development and
implementation.
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In addition to in-service education for current teachers of mathematics and science, the
Working Party believes that there is scope for courses for primary teachers or secondary
teachers of other subjects who may have some background in mathematics and science to
become teachers of mathematics or science at the junior secondary level. Such courses may
allow some teachers who may not currently be teaching to return to teaching on a full-time
or part-time basis to help alleviate the shortage of mathematics and science teachers, at least
at the junior secondary level. They might also allow more fle cibility for movement of
teachers between the upper primary and 'ower secondary levels.

At the suggestion of the Working Party, a survey was undertaken of rcgistered teachers not
currently teaching to gain an indicat.on of the number who might be willing to undertake
further studies to prepare them for mathematics and sqience teaching. The results of the
survey suggest that courses of this nature could make a useful contribution to reducing the
teacher shortage. The Working Party therefore recommends:

R5.31 that tertiary institutions be encouraged to mount non-award continuing education
courses in junior secondary mathematics and science teaching and that the support
of employing authorities and teachers’ unions in giving such programs high recog-
nition be sought.

In summary the Working Party believes that expenditure to achieve an expansion of in-
service training is a necessary investment in the future quality of the teacning force, especially
at this time when all indicatioiis are that such expansion is essential for children’s survival
in a scientific 2nd technological age.

Similarly, to ehanrcs the quality of teaching in mathematics and science, the Working
Party believes that every effort should be made to ensure that teachers have the facilities
and resources to make mathematics and science classrooms exciting and stimulating for
young people.

Tne Working Party recommends:

R5.32 that, within existing resources, school authorities, principals, subject masters/mis-
tresses and teachers explore ways of making the typical mathematics or science class-
room a more attrative place in which to work;

R5.33 (a) that additional staffing and financial provisions be made by employing author-
ities for the assessment of available resource mater:als for the teaching of
mathematics and science, for the production of additional resources and for
the necessary in-service programs to enable teachers to use such resources
effectively in their classrooms

(b)  that, ir particular, resources be supplied to encourage and support initiatives
In mathematics teaching.

Public Support for Mathematics and Science Teaching

To sum up the bu den of this report, the Working Party would identify the roo: problem
underlying the present shortage of mathematics and science teachers as a critically low leve!
of public support for mathematics and science teaching The Working Party believes that
this level of support must be significantly enhanced if the teaching and learning of science
and mathematics are to be improved.
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The United States Agenda for Action (1981) underlines concern there as follows:

""Few school systems have truly adequate supervisory and materiai support for the
teachers in the maintenance and improvement of the instructional environment.
More and more, teachers feel the lack of parental understanding of the complexity
of their task and the lack of parental co-operaticn and support in their efforts to
instruct children. Furthermore governmental support for improving the quahty
of mathematics teaching has dwindled.”

The Agenda for Action Report also states:

"At present, there are too many unnecessary obstacles to the effective functioning
of teacher and student in a true teaching/learning interaction. These include more and
more time required for unproductive record keeping; many unmotivated, undiscip-
lined students; a lack of parental support; ambivalence and vacillation in government
regulations; shifting societal priorities; and the lack of home and school agreement
on out-of-school study assignments."’

Tne Working Party considers that those sentiments mirror opinion in Queensland and in
the rest of Australia. Such impediments to children’s learning in science and mathematics
need to be removed. In this report, numerous ways have been suggestea for increasing
public support for mathematics and science teaching and for removing impediments to
effective teaching and learning. In commending these recommendations to all those con-
cernied, ihe Working Party would make a general appeal for public support for mathematics
and science education by recommending:

R5.34

R635

R56.36

R5.37

R5 38

that Government and private funding agencies collaborate more widely with science
and mathematics educators in relation to needed research into science and mathe-
matics teaching and learning;

that additional funds be made available for research and development in science and
mathematics education;

that community organizations and the media be encouraged to be supportive of
science and mathematics teachers so that the attractiveness of the profession will be
enhanced;

that parents, teachers, and school administrators establish new and higher standards
of co-operation and teamwork in the interests of attaining the common goal of
educating students to their highest potential in science and mathematics; and

that governments at all levels facilitate the attainment of goals in science and mathe-
matics agreed upon co-operatively by parents, mathematics and science teachers,
teacher educators, professional mathematicans and scientists and other interested
and invoived parties.

in particular, inrelation to its recommendations the Working Party would also recommend.

R539

that the Board of Teacher Education consider appointing an independent group to
raonitor the implementation of the recommendations in this report
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Appendix 1

LIST OF RECOMMENDATIONS

that annual reviews of teacher supply and demand in Queensland be conducted
during the first half of each year.

that a longitudinal research study be undertaken to determine reasons for subject
choice, with particular reference to di ferences in subject selection between the sexes;

that longitudinal studies of achievement and attitudes in science and mathematics
be undertaken to:

dentify achievement trends during primary and secondary schooling;
identify attitude trends during primary and secondary schooling;

determine factors which influence performance in science and mathematics at
various stages of schooling; and

determine factors which influence attitudes in science and mathematics at
various stages of schooling;

that research studies be undertaken to investigate the effect of sex-related variables
on attitudes to science and mathematics at various stages of schooling; and

that traiming packages be developed to enable students, particularly females, to
become aware of the factors which contribute to negative attitudes towards science
and mathematics and to counsel students towardsmore positive, confident vocational
orientations.

that the procedures for developing and implementing syllabuses be examined with a
view to creatingmechanisms which will respond more rapidly to changes in education
and society, particularly for those subjects which are affected by extensive techno-
logical change;

that the examination of upper primary and lower secondary syllabuses in Science and
Mathematics continue with a view to produring a P— G curriculum which takes
cognisance of integrating themes and key .oncepts in science and mathematics;

that the syllabuses in Science and Mathematics be examined to determine if concepts
are beng introduced at points appropriate to children’s level of development;

that the current form of certification adopted at the end of Year 10 be evaluated
and consideration given to accrediting schools 'courses at that level;

that more extensive in-service development programs for science teachers in secondary
schools be provided to facilitate changes in science teaching methodologies fore-
shadowed n recent research and emerging curriculum programs;

that the scope and content of science curricula at all levels of the secondary school
be examined ir order to determine whether there is a need to reduce the body of
knowledge perceived to be required and to allow greater emphasis to be developed
on concept acquisition, problem solving and process attainment;
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R3.13

R3.14

R315

R3.16

R317
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that those involved in ongoing curriculum development In scicnce take account of
differences in background knowledge and learning styles of females and males and
that steps be taken within the organisation of science programs so that greater
numbers of females may be attracted to study Senior Science;

that, in keeping with trends both interstate and overseas, science be included as a
core subject up to Year 10 in all secondary schools;

that greater integration of key ideas be encouraged during teaching of science to
Years 11 and 12 with an attendant reduction of the boundaries between science
subjects in the senior school;

that greater emphasis on the social effects of science and technology be incorporated
into the Science curriculum at all levels;

that resonrces for science teaching be improved through centrally co-ordinated
developmental projects, so that key emphases in syllabuses are implemented;

that the development of a curriculum aimed ¢t achieving 4 balanced and coherent
P-10 Science program continue;

that available mathematics textbooks be continually reviewed and evaluated with a
view to providing advice on those that may best suit teachers and schools, keeping in
mind their appeal and relevarce to girls. Improved mechanisms are needed to evaluate
and provide information to schools on textbooks so that those which are inert, out
of date and alienating students will be discarded;

that in ongoing curriculum development in mathematics, greater efforts be made to:

(i)  ensure more appropriate selection and sequencing of learing in topics such as
algebra, geometry, ratio and fractions;

(i) encourage the use of meaningful leaming experiences with calculators and
computers;

(i) eliminate unnecessary use of logarithm tables and trigonometric tables; and

{iv) de-emphasise the range of content and emphasize acquisition of concepts,
applications, processes and problem-solving;

that the amount of content in Senior Mathematics units be reduced and in collabor-
ation with tertiary institutions the Mathematics curriculum in Years 11 and 12 be
reviewed in conjunction with the P—10 curticulum review;

that the practice of streaming Year 9 and Year 10 mathematics classes into Advanced
and Ordinary Mathematics be discontinued and that one mathematics subject be
availabie for all st. ‘ents in Years 9 and 10;

that all groups including administrators, subject masters and cther teachers assaciated
with the education of teachers of mathematics affirm the need for mathematics
learning to take place in an active, exciting and caring environment characterised by
a variety of approaches and organisational strategies;

that resources for mathematics teaching be improved through centrally co-ordinated
developmental projects, so that key emphases in syllabuses are implemented,
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that in view of the strong evidence that time is a significant variable in mathematics
learning, more time be allocated to the teaching of mathematics and that mathematics
teachers be better prepared to manage time more effectively in classroom learning
experiences;

that those involved ir ongoing curriculum development in mathematics take account
of the distinctive background knowledge and learning styles of females and that steps
be taken within the organisation of mathem atics to attract greater numbers of females
to Senior Mathematics and place greater emphasis on the development of spatial
abilities in female students;

that all teacners be encouraged to place greater emphasis on diagnostic teaching
strategies wherein specific emphasis is given to assisting students to recognise their
own learning problems and to facilitate improved learning, by their own initiative;

that schools be encouraged to ptovide support mechanisms for inexperienced teachers
of mathematics, particularly through organisational processes which would allow
inexperienced teachers regularly to consult with and teach with highly competent
colleagues.

that employing authorities and tertiary institutions involved in teacher education be
encouraged to co-operate in the development of pamphlets and brcchures which pro-
mote sctence and mathematics teaching and describe personal and professional
characteristics of science and mathematics teachers;

that actions be taken through in-service education to acquaint science and mathematics
teachers with the importance of various aspects of their personal and professional
roles;

that science and mathematics teachers be made more aware of the importance of
their role in attracting persois with high academic ability, especially school leavers,
to enter science and mathematics teaching;

that the raison d’etre for Diploma of Teaching courses as the minimum qualification
for entering science and mathematics teaching be reviewed;

that further consideration be given to the need for a Masters degree course in Science
Education at one of the colleges of advanced education.

that the Minister release further press statements drawing attention to the current
shortage of mathematics and science teachers and stressing within a period of rapid
technological change the importance of sound teaching in mathematics and science
for all pupils and encouraging school leavers, new graduates in mathematics and
science and other suitably qualified persons in the community to enter appropriate
courses with a view to becoming teachers of mathematics and science;

that teruary institutions, employing authorities and schools adopt a more active role
n encouraging suitably qualified people to enter courses in science and mathematics
teaching and n raising the image of science and mathematics teaching as a career;
that, while the shortage of mathematics and science teachers continues —

(1) the number of scholarships and bursaries offered by employing authorities

for pre-service teacher education courses in mathematics and science be sub-
stantially increased;
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(i) that such bursaries be offered during the first year of study as an added
incentive for students to undertake mathematics and science teacher education
courses;

(in)} that bursaries also be made available in the final year of a Bachelor's degree
to students who intend to undertake a Graduate Diploma course in Teaching
or a Diploma in Education course leading to a career as a mathematics or
science teacher;

that, while the shortage of mathematics and science teachers continues, persons with
suitable qualifications in mathematics or science and appropriate experience be
encouraged to undertake a graduate diploma in teaching or dip!loma in education by
means of special financial incentives including:

(i} tliving allowances and other financial support to enable them to engage in full-
time study;

(i) modification of the conditions on TEAS which prevent students from supple-
menting their income; and

{(in}) recognition of all or some of any prior industrial experience they may have in
determining commencing salaries within the appropriate scale;

that institutions publicize to undergraduate students in mathematics and science
courses the requirements and procedures pertaining to entry to pre-service post-
graduate teacher education courses;

that unwversities and colleges closely monitor the offering of places in pre-service
secondary teacher education courses through the Queensland Tertiary Admissions
Centre with a view to ensuring that all suitable applicants wishing to become mathe-
matics and science teachers are admitted;

that additional resources be provided for tertiary institutions to allow the intake of
science and mathematics teacher education students to be increased at short notice,
particularly in the Graduate Diploma in Teaching and the Diploma in Education;

that tertiary institutions consider the need for greater flexibility in staffing through
the use of secondments, the employment of part-time staff and other means so that
they can respond quickly to the availability of extra students in areas of teacher
shortage;

that all employing a horities be encouraged to continue to second suitably qualified
teachers to tertiary institutions to provide additional teaching resources to accom-
modate extra student numbers;

that, in view of the restructuring and reallocation of higher education resources
which has taken place over the 1982—84 triennium and having regard to the current
shortage of teachers in areas such as mathematics and science, the Commonwealth
Tertiary Education Commission be requested formally to withdraw its policy on the
filhing of vacancies in teaching staff in faculties and schools of education by univer-
sities and colleges;

that tertiary institutions consider amending their admission requirements and course
structures to provide an alternative pre-service science and mathematics teacher
education course for able students who lack the presently required entry subjects in
those areas,
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R5.12 that consideration be given to the po.sibility of offering suitable bridging courses in
science and mathematics for underqualified school leavers seeking entry to teacher
education courses in those fields;

R5.13 that early consideration be given to the offering of pre-service graduate diploma
courses in science and mathematics teaching by part-time evening or external study;

R5.14 that employment requirements for mathematics and science teachers be reviewed
with a view to reducing either the range of content areas or year levels of the school
curriculum which teachers are required to teach;

R5.15 that provision be made for a limited number of students to undertake secondary
teacher education courses specializing in only one teaching area, mathematics or
science;

R5.16 that, wherever possible, teachers not be required to teach in areas of mathematics and
science for which they have had not received an adequate professional preparation;

R5.17 that tertiary institutions include in their pre-service teacher education courses in
science and mathematics studies that make students more aware of the importance
of sex-refated factors in the teaching/leaming process and stress the importance of a
personalised approach in teaching mathematics and science;

R5.18 that employing authorities be encouraged to advertise through local and State news-
papers positions in science and mathematics teaching associated with particular
schools;

R5.19 that the establishment of permanent part-time positions for science and mathematics
teachers be encouraged;

R5.20 that further consideration be given to the possibility of providing status and salary
rewards for high quality teachers in science and mathematics which do not require
them to withdraw from classroom teaching;

R5.21 that close attention be given by principals and subject masters/mistresses to the
provision of an effective and sympathetic induction to the teaching profession for
beginning teachers, particularly in science and mathematics;

R5.22 that beginning teachers of mathematics and science not be given full and immediate
responsibility for teaching classes where students experience substantial learning
difficulties;

R523 that beginning teachers be given realistic and carefully considered teaching loads.
Too little variety such as the teaching of science or mathematics to multiple classes
at one vear level only could be just as detrimental as too much variety;

R5.24 that subject masters/mistresses, advisory teachers and consultants consider further
ways of assisting beginning teachers to overcome problems of class management,
classroom and laboratory organization, assessment, and lack of student motivation
in learning that are so characteristic of the early teaching years;

R5.25 that employing authorities be encouraged to assist beginning teachers by providing
greater numbers of advisory and consultant teachers, both in schools and via tele-
communication links;
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that subject associations in science and mathematics be encouraged to place greater
emphasis on the needs of beginning teachers and to identify among their members
teachers who could organize in-service and continuing education programs especially
for beginning teachers;

that in-service training be provided by appropriate bodies to enable teachers to keep
up to date with multistrand and life-role approaches to science teaching as well as
advances in their discipline areas;

that extensive and ongoing in-service education support be provided to re-orientate
teachers’ understanding of how children learn science and mathematics, given the
continuing growth of knowledge in the field of cognitive learning;

that employing authorities take steps to expand both school-based and systemic
in-service teacher education programs in the areas of science and mathematics as a
matter of urgency;

that science and mathematics teachers be encouraged to collaborate and engage in
discussions with other staff in schools in the areas of curriculum development * .d
implementation;

that tertiary institutions be encouraged to mount non-award continuing education
courses in junior secondary mathematics and science teaching and that the support
of employing authorities and teachers’ unions in giving such programs high recog-
nition be sought;

that, within existing resources, school authorities, principals, subject masters/mis-
tresses and teachers explore ways of making the typical mathematics or science class-
room a more attractive place in which to work;

(a)  that additional staffing and financial provisions be made by employing author-
ities for the assessment of available resource materials for the teaching of
mathematics and science, for the production of additional resources and for
the necessary in-service programs to enable teachers to use such resources
effectively in their classrooms

(b) that, in particular, resources be supplied to encourage and support initiatives
In mathematics teaching;

that Government and pr.vate funding agencies coliaborate more widely with sctence
and mathematics educators in relation to needed research into science and mathe-
matics teaching and learning,

that additional funds be made available for research and development in science and
mathematics education;

that community organizations and the media be encouraged to be supportive of
science and mathematics teachers so that the attractiveness of the profession will be
enhanced;

that parents, teachers, and school administrators establish new and higher standards

of co-operation and teamwork n the interests of attaning the common goal of
educating students to their highest potential in science and mathematics;
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R5.38 that governments at all levels facilitate the attainment of goals in suience and mathe-
matics agreed upon co-operatively by parents, mathei. atics and science teachers,
teacher educators, professional mathematicans and scientists and other interested
and involved parties;

R5.39 that the Board of Teacher Education consider appointing an independent group to
monitor the implementation of the recommendations in this report.
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Appendix 2

INTERIM REPORT OF THE WORKING PARTY — DECEMBER 1983

The Working Party recognised that its terms of reference were far reaching in scope and would
involve not only an investigation of teacher si-oply and quality in the areas of mathematics and
science but also consideration of various aspects of the school mathematics and science curriculum.
Accordingly, while it has not yet been able to address all aspects of its terms of reference in detail,
the Working Party has agreed upon a set of interim recommendations which it believes may assist
in alleviating the current difficulties.

1.

Teacher Supply

Information that we have received from the major employing authority, the Queensland
Department of Education, indicates that the present shortage in supply of secondary mathe-
matics and science teachers is real, extensive and likely to be protracted. The most recent
report of the committee convened by the Board of Advanced Education on the ""Review
of Teacher Supply and Demand in Queensland” {1982) reflects this critical situation in its
provision for significant increases in quotas for all pre-service courses in secondary mathe-
matics and science teaching at least until 1988.

The Working Party is further aware that the 1983 entry quotas were not met in mathe-
matics and science teacher education. For example, in the Brisbane College of Advanced
Education, Diploma of Teaching {Secondary : Mathematics/Science) a quota of 195 was
proposed but only 80 students were enrolled. The universities report similar difficulties in
filling quotas for mathematics and science teacher education courses. Both colleges and
universities have expressed disappointment that the students seeking entry to these courses
did not include many with the highest entry scores. Indeed, experience would suggest that
some of those admitted may be expected to experience difficulty in completing the course.

The situation in Queensland is reflected in other states in Australia and is, in fact, indicative
of the world-wide shortage of quality teachers in mathematics and science. {Cockcroft 1982,
Report of the Commission on the Teaching of Mathematics, Science and Technology at
Pre-coliege Level, National Science Board, U.S.A., 1983).

In order that the situation in Queensland can be continually and sensitively monitored, the
Working Party recommends:

1.1  that the Board of Advanced Education reconvene the Special Committee to Advise
on Entrants Required to Pre-service Courses of Teacher Education as soon as pract-
icable to review the teacher supply and demand position in Queensland in the light
of the actual intakes in 1983 and of the recently-announced increases in State
teaching service staff ceilings.

At the same time, however, given the present evidence of critical shortage in the supply of
mathematics and science teachers for Queensland secondary schools, the Working Party
believes that immediate action should be taken to encourage more, and more able, students
to enter mathematics and science teacher education courses and to develop a broader range
of courses in this area.

Firstly, we believe that much more needs to be done to improve the public image of teach-
ing in general and of mathematics and science teaching in particular.
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Accordingly, we recommend:

1.2 that the Minister release press statements stressing the importance of sound teach-
ing in mathematics and science for all pupils and encouraging school-leavers, new
graduates in mathematics and science and other suitably qualified persons in the
community to enter appropriate courses with a view to becoming teachers of mathe-
matics and science;

1.3 that school authorities review their present facilities and conditions for mathematics
and science teaching and give consideration to the provision of additional resources
with a view to making the typical school mathematics or science classroom a more
attractive place in which to work.

The Working Party noted that there was some evidence that the number of applicants for
entry to pre-service mathematics and science courses in 1984 might be somewhat higher
than in recent years although still below the projected entry levels suggested in the 1982
Review of Teacher Supply and Demand in Queensland. It was suggested that, as resources
may have been allocated within institutions on the basis of entry levels predicted from pre-
vious years’ intakes, there may be some difficulty in accommodating all eli:ble applicants.

The Working Party would therefore recommend:

1.4 that the Board of Advanced Education and the Brisbane College of Advanced Educ-
ation closely monitor the offering of places in pre-service secondary teacher education
courses through Queensland Tertiary Admissions Centre in 1983~84 with a view to
ensuring that all suitably qualified applicants for the mathematics and science strand
are admitted.

Despite the somewhat hopeful indications of an increase in the numbers seeking entry to
these courses, the Working Party still b uves that the intakeswill fall short of needs for a
number of years to come. Therefore, in order tc encourage more school-leavers and new
graduates to enter pre-service mathematics and science teacher education courses the
Working Party further recommends:

1.5 that, while the shortage of mathematics and science teachers continues, the number
of scholarships and oursaries offered for pre-service teacher education courses in
mathematics and science be substantially increased.

The Working Party also has reason to believe that there may be a significant number of
persons in the community who possess suitable qualifications and axperience in mathe-
matics and science who may be attracted into teachirg if the transition could be achieved
without undue financial penalty. To top this additional source of supply, we recommend:

1.6  that, while the shortage of mathematics and science teachers continues, special
financial incentives be offered for persons with suitable qualifications in mathe-
matics or science and appropriate experience to undertake a graduate diploma in
teaching or dipfoma of education, including —

(i) living allowances and other financial support to enable them to engage n full-
time study; and

(1) recognition of all or some of any prior industrial expertence they may have in
determining commencing salaries within the appropriate scale.
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Again, persons already employed in other areas may be interested in undertaking teacher
education on a part-time basis if suitable courses were available. Arrangements could be
made for them to undertake school experience during periods of leave from their regular
employment. To enable this possibility to be explored, we recommend:

1.7 that the Board of Advanced Education, the Brisbane College of Advanced Education
and the universities give early consideration to the offering of graduate courses in
mathematics and science teaching by part-time evening or external study.

It is noted that the availability of such part-time courses would also enable teachers without
recent teaching experience to re-enter teaching better prepared to meet the needs of today’s
secondary school students. In addition, it would becqme possible for teachers of other
subjects to move into mathematics or science teaching.

The Working Party i3 aware that some graduates who, in their first degrees, have specialised
in mathematics or a single area of science, are presently ineligible forentry into postgraduate
teacher education courses or are dissuaded from undertaking such courses because of the
requirement that they prepare for teaching in two subject areas.

Similarly, the Working Party noted the heavy workload in the Diploma of Teaching {Second-
ary) for mathematics and science students brought about by the need to cover a very broad
area of content in order to meet the requirements of two subject areas. 1t was suggested
that this heavy workload might deter school-leavers from applying to enter the course and
many contribute to the withurawal of some students from the course.

The requirement noted above stems from the policy of the major employing authority to
employ for service 1n secondary schools only teachers who are prepared to teach in two
subject areas where science and mathematics are each regarded as one subject area only. The
Working Party had before it, however, the results of a survey which suggested that, once
employed, the great majority of beginning mathematics and science teachers were rarely
required to teach in their second teaching area. It was further noted that non-government
schools are prepared to employ teachers who have a single teaching specialisation in
mathematics or science or, indeed in a single area within the scientific field such as biology,
chemistry or physics. In the light of these considerations, the Working Party recommends:

1.8 that the major employing authorities review their employment requirements for
mathematics and science teachers with a view to reducing the range of content
areas and year levels of the school curriculum for which they are required to be
nrepared to teach; and

1.9 that secondary teacher cducation institutions make provision for a limited number
of students to undertake teacher education courses specialising in either mathematics
or science.

A related difficulty noted by the Working Party was the tendency of employing authorities
to assume that teachers who have any science or mathematics teacher preparation are able
to teach any science Or mathematics throughout the secondary school. Thus teachers who
have mathematics and one senior science, say physics, as their teaching areas are expected
to be able to teach junior science including aspects of chemistry, biclogy, earth science and
astronomy. Similarly, teachers who have one or two senior science subjects together with
junior science or multistrand science as teaching areas may be assumed to be able to teach
mathematcs.
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Finally, we are aware tnat some teachers with no background in either mathematics or
science are required to teach these subjects at the junior secondary level.

The Working Party is concerned that the detrimental effects of mathematics and science
teachers being required to teach in these areas may be one of the factors which is contrib-
uting to thecurrent lack of enthusiasm on the part of secondary school students for mathe-
matics and science and to their consequent lack of interest in mathematics and science
teaching as a career.

We are also concerned that some admirable teachers of senior science and mathematics
subjects may be lost to the service as a consequence of their having been required to teach
in areas for which they do not feel adequately prepared.

While recognising the special problems of staffing small secondary schools and secondary
departments in primary schools, members of the Working Party felt that it must recommend:

1.10 that every effort be made by employing authorities to avoid requiring teachers to
teach in areas of mathematics or science for which they have not received an adequate
professional preparation.

On a more positive note, the Working Party would expect that some of the teachers who
lack formal qualifications in mathematics and science who are currently teaching these
subjects would be willing to undertake in-service non-award or continuing education
courses which might provide them with a more adequate background for teaching junior
mathematics or science, for remedial teaching in mathematics or for teaching basic mathe-
matics in transition programs.

Similarly, there may be secondary teachers in other subject areas or primary-trained teachers
who have some background in mathematics or science who might be prepared to undertake
an in-service course of this kind in order to transfer into junior secondary mathematics or
science teaching. Accordingly, the Working Party recommends:

1.11 that universities and colleges be encouraged to mount non-award continuing educ-
ation courses in funior secondary mathematics and science teaching.

The offering of courses such as those proposed above might also prove attractive to teachers
not currently teaching who might see their chances of regaining employment enhanced by
gaining qualifications to teach in an area of high demand. Some of these teachers, and
others already qualified in mathematics and science, may not be able to return to full-time
teaching, but may be prepared to teach on a part-time basis. We feel that this possibility
should be further explored and recommend:

1.12 that employing authorities give consideration to the increased use of suitably qual-
ified part-time teachers to help overcome the current shortage of mathematics and
science teachers; and

1.13 that the Eoard cf Teacher Education consider undertzking a survey of registered
teachers who are not currently teaching to ascertamn the numbers of such teachers
who are qualified mathematics and science teachers who might be prepared to return
to teaching on a full-time or part-time basis and the numbers who might be willing
to undertake a “conversion’ course to prepare them for mathematics or science
teaching.
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A number of overseas reports noted by the Working Party indicate that numerous excellent
teachers of mathematics and science move out of the classroom to gain higher status and
salary. We believe that a similar situation exists in Queensland. It seems to us ironic that to
gain the greatest recognition or reward for cxcellence in classroom teaching, teachers must
move out of the classroom, particularly when there is a shortage of suitably qualified
replacements. While recognising the difficulties involved in implementation of such a pro-
posal, the Working Party recommends:

1.14 that employing authorities give further consideration to the possibility of providing
status and salary rewards for h gh quality teachers who do not require them to with-
draw from classroom teachisg.

Routes of Entry and Courses Available for the Education and Training of Mathematics and
Science Teachers

The Working Party is aware that a number of able students in mathemat:cs and science have
closed doors to areas of tertiary study as a result of their selection of subjects of their
educational experience in secondary schoois.

In 1981, the Advanced Education Council proposed a one-year bridging course in mathe-
matics and science for school-leavers who are interested in these fields but did not qualify
for college or university p 2grams. In our view such a course of action is most timelv and
we believe that preference should be given to school-leavers who are desirous of entering
a teaching course in mathematics and/or science following surh a bridging course. The use
of packages such as SPIM or Polymath in these bridging courses would appear to have high
potential for success.

Similar opportunities might be provided to allow schoot-leavers with the approgriate tertiary
entrance score who lack the required entry subjects in mathematics and science, to under-
take teaching courses in these areas by taking bridging units as part uf an extended diploma
course or an alternative diploma course which prepares them for teaching junisr secondary
mathematics and science subjects.

There are also students whose achievement in mathematics and/or science in Years 11 and
12 has been quite acceptable, but who have failed to gain a sufficiently high T.E. score to
meet entry requirements. It is the Working Party’s belief that more flexible entry require-
ments should be appiied to enable students in this category to enter a teaching course in
mathematics and/or science. The development of alternative forms of the T.E. score, e.g.
a T.E. score based on a science-mathematics cluster, would appear to be helpful in assisting
colleges and universities to develop more flexible admission criteria.

We therefore recommend:

2.1 that tertiary institutions pursue the possibility of offering bridging courses 1n mathe-
matics and science for school-leavers seeking entry to teacher education courses in
these fields who lack the formal tertiary entry levels in these subjects; and

2.2 that colleges consider amending their admission requirements and course structure

to provide an alternative pre-service mathematics and science teacher education
course for able students who lack tie presently-required entry subjects in these areas.
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Additional Provisions for Mathematics and Science Teachers in their Early Yearsof Teaching

The Working Party is concerned that a number of newly employed teachers of mathematics
and science give up the profession early or do not reach their full potential because of
inadequate support in their initial teaching experiences. Several reports read by the Working
Party made reference to the difficulties young teachers experience during their early years
of teaching. This is often exacerbated by the fact that they are given immediate and full
responsibility for teaching classes where students experience substantial learning difficulties
in mathematics. In other cases, beginning teachers have been given teaching loads which
lack variety, such as the teaching of mathematics to multiple classes at one year level only.

The Working Party endorses the Board of Teacher Education’s policies on the induction of
beginning teachers and we believe that much more can be dore by schools to assist young
teachers of science and mathematics. Team teaching with highly competent teachers and
more appropriate timetables for young teachers were two suggestions dentified by the
Working Party.

Accordingly, we recommend:

3.1 that particular attention be given by school authorities, principals and subjec: masters
to the provision of an effective and sympathetic induction to the teaching profession
for beginning *eachers, particularly in mathematics and science.

In this context, comment was also made by members of the Working Party concerning the
need for a greater variety of resource materials for secondary mathematics teaching such as
RIME. Although the Working Party has not pursued this matter to any depth at this stage,
we feel it appropriate to recommend:

3.2 that additional provision be made for the assessment of available resource materials

for the teaching of mathematics and science, for the production of additional
resources where appropriate and for the purchase of such resovrces by schools.
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Appendix 3

CLASS TEACHER QUALIFICATIONS BY CATEGORY*, REGION, YEAR AND SUBJECTS

*Each class in the sample was categorized as follows:

Group 1: Those classes taught by teachers whose quahfications had been obtaine¢ by major curriculum
studies and major content studies 1n that subject. Classes whose teachers had completed a Diploma 1n Education,
Graduate Diploma in Teaching, Diploma of Teaching or a Bachelor of Education course with a principal teaching
area in the subject under consideration formed the major part of this @roup.

Group 2: Those classes taught by teachers whose qualifications had bgen obtained through minor curriculum
studies and minor content studies in that subject. For the most part teachers of classes in this group were graduates
of a Diploma of Teaching or a Bachelor of Education course with a second teaching area in the subject under
consideration

Group 3: Those classes taught by teachers whose qualifications included substantial content studies but no
curriculum studies 1n the class subject.

Group 4: Those classes taught by teachers whose qualifications comprized mimimal or no content stucies and

no curriculum studies in the class subject In essence this group contained classes which could not be categorised
under Groups 1 through 3.

BRISBANE NOR H REGION

Subject Sample Size  Group 1 (%) Group 2 (%) Group 3 %) Group & (%)
Yerr 8 13 4 3 6 {46} 2 (15) 1 (8}
Year 9, 10 Maths 24 10 42) 6 (25) 1 4) ? (29}
Sensor Maths 17 4 {82) 2 (12) 0 1 (6}
Jumor Saence 29 20 (69} 4 {14, 2 {7) 3 (10
Biotogical Science 8 5 {63) 1 (13} 1 (13) 1 (13)
Multistrand Science 2 0 2 {100} 0 0
Chemistey 3 3 {100} 0 0 0
Physics 3 1 {33) 0 1 {33 1 (33)

BRISBANE SOUTH REGICON

Subject Sample Size  Group 1 (%) Group2 (%) Group3 (%) Group4 (%)
Year 8 Maths 14 5 {a3) 3 {21} 0 5 (36)
Years 9, 10 Maths 30 10 {33 7 23 2 7 1 {37
Senior Maths b3l 12 57) 4 19) 3 {14) 2 (10
Junior Science 3% 25 (64) 6 (15} 1 (3) 7 (18}
Multistrand 2 2 1100} 0 0 0
Biological Scence 9 8 89 ' an 0 0
Chemustry 4 2 (50} 2 {50) 0 0
Physics 4 2 150} 0 0 2 {50)
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BRISBANE WEST REGION

Subject Ssmple Size Group 1 (%) Group 2 (%) Group 3 (%) Group 4 (%)
Year 8 Maths 7 3 {43) 1 (14) 2 {29} 1 {14)
Year 9 10 Maths 6 7 {48) 1 {6 2 13) 6 {38)
Senior Maths 10 6 {60} ] 10) 2 (20} 1 {10}
Jumor Science 23 14 61 5 (22} 0 4 an
Eanth Scrence 1 0 1 {100} 0 0
Biological Science 6 6 {100) 0 0 0
Muftsstrand Scrence 2 0 2 {100) 0 0
Chemustry 4 3 {75) 1 {25} 0 0
Phynics 3 3 {100) 0 0 0

CENTYRAL REGION

Subject Ssmple Size  Group 1 (%) Group 2 (%} Group3 (%) Group 4 (%)
Year 8 Maths 9 5 {56) 3 {33} 1 an 0
Years 9, 10 Maths 16 7 (44) 4 (25) 0 5 31
Semor Maths 9 8 (89) 1 (1R H] 0 0
Junjor Saience 23 20 87) 3 (13} 0 1]
Bwlogical Science 5 4 (80) 0 0 1 {20)
Multistrand Science 2 0 2 {100 0 0
Chemutry 2 1 (50) 0 0 1 {50}
Physics 3 2 67) 0 0 1 {33)

OARLING DOWNS REGION

Subject Ssmple Size  Group ! (%} Group2 (%) Group3d (%) Group 4 (%)
Year 8 Maths 4 1 (25) 0 0 3 79
Year 9, 10 Maths " 3 (27 1 {9) 1 3 6 (55)
Senzoc Maths 6 5 83) 1 (17} 0 0
Junior Saience 13 7 (54) 3 {23) 0 3 23)
Biologrcal Science 2 v {50) 1 {50} 1] bl
Chemistry 2 2 (100) 0 0 ¢
Physics 1 0 1 {100) 0 0
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Subject

Year 8 Maths
Years 9, 10 Maths
Senior Maths
Junior Science
Buwlogicsl Science
Multistrand Science
Chemistry

Physics

Subject

Year 8 Maths
Years 9, 10 Maths
Senior Maths
Junior Science

8iological Science

Subject

Year 8 Maths
Years 9, 10 Maths
Senior Maths
Junior Science

Biologicet Science

Subject

Yeae 8 Maths
Year 9 10 Maths
Senior Maths
Junior Science
Earth Science
Biological Scence
Chemutey

Physics

Sample Size Group 1 (%)
9 4 (44)

19 8 (42}

13 8 (62}

24 19 79)

[ 5 83)

1 1 (100}

4 3 (75)

3 2 67}

Group 2

NORTHERN REGION

(%)

an
21
23)
(13}

an

(25}

33}

NORTH-WESTERN REGION

Sample Size  Group 1
2 0
3 2
2 0
5 3

Sample Size  Group 1

2 1
L] L]
2 0
5 1

%)

67)

(60}

(100}

Group 2

%)

(50}

(20}

SOUTHWEST REGION

%)

(50)

(100}

20)

{100}

~roup 2

(%)

{50}

(100}

(60}

WIDE BAY REGION

Sample Size¢  Group 1 (%)

5 1
14 5
7 5
16 9
1 1
4 4
3 1
2 0

(20
{36}
(YAl
(56)
{100)
(100}

Qan

87

Group 2

1

2

(%}

(60
2n
129}

3

33

(100}

Group 3

1

Group 3

Group 3

Group 3

%)

1y

5)

%)

%)

%)

n

Group 4

3

Group 4

2 t

1

Group 4

Group 4

(%)

(33)
(32)
(15}

8)

%)

100)
(33}
50)

20}

(%)

(20)

(%)

{20

{36}

(13

33)



79.
Appendix 4

CURRENT PROGRAMS AVAILABLE IN QUEENSLAND FOR THE PREPARATION
OF SCIENCE AND MATHEMATICS TEACHERS

A.  Diploma of Teaching {Secondary) — Brisbane College of Advanced Education
{Kelvin Grave Campus)

The Diploma of Teaching (Secondary) course offered by the Brisbane College of Advanced
Educaticn was the only program of its type currently available in Queensland. Between 90
and 100 students were enrolled annually. The major characteristics of the course are
summarised 1n Table A.

Table A: Characteristics of the Diploma of Teaching (Secondary) Course in Science and
Mathematics

Characteristics

Quztkine

Level
Length (years)

Entry Requirements

UG2
3

Entry 1s based on TE score and a general requirement of 4 semesters

in English with a mimum of sound achievement (16 points)
Specific requirements for Science include 4 semesters of at least
one science with a minimum of sound achievement (16 points);
preference s given to students who have studied more than one
sctence. In Mathematics 4 semesters of mathematics {including
preparatory mathematics, algebra and calculus 1 and geometry and
calculus 11} with minimum of sound achievement (16 points). Some
students may be accepted with less than the minimum specific sub-
Ject requirements providing their TE scores are sufficiently high
Course Requirements as to One principal teachingarea (PTA), one second teaching area (STA).
Teaching Areas

Science and Mathematics As PTA © Mathematics or Science
Curriculum Studies As STA . Mathematics, Scierice or Science Studies
(Teaching Areas Available) Science covers a range of areas including Junior Science, Muit:-
strand Science and a Senior science. STA Science Studies 1s avail-
able only to students whose PTA 1s Science. It extends the stud-
ents’ course to include two Senior Sciences

Course Pattern of Studies Credit Points
Strands and Credit Points Studies in Teaching/Learning Process . 30
Studies in Education 60
Curriculum and Disciphne Studies
(a) PTA 120
(b} STA 70
Liberal Studies 20
Field Studies 65

w5 |

The Working Party noted that there were a number of principal teaching area/second teach-
tng area (PTA/STA) combinations which led to science and/or mathematics teaching.

(a)  PTA : Science or Mathematics
STA : Mathematics or Science

18
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(b} PTA : Science or Mathematics
STA : Subject area other than Science or Mathematics

(¢} PTA + Subject area other than Science or Mathematics
STA : Science or Mathematics

(d} PTA = Science
STA : Science Studies.

Combination (a) wasdesigned to provide a science teach. (with 3 specialization in biology,
chemistry, physics or earth science} who could teach science at the senior level of the school
and both science and mathematics at the junior level or a mathematics teacher who could
teach mathematics at the senior level of the school and both mathematics and science at
the junior level.

Combination (b) was similar to (a) except that the science teacher would have a second
teaching area other than mathematics at the junior level and the mathematics teacher
would have a second teaching area other than science at the junior fevel.

Combination (c) was designed to provide a teacher who could teach either science or
mathematics at the junior level and a subject other than science or mathematics across all
years of the secondary curricutum.

Combination (d} was designed to provide a science teacher (with a specialization in two of

biology, chemistry, physics and earth science) who could teach science across all years of
the secondary curriculum.
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Four-year Programs which integrate Undergraduate Studies in Science and Mathematics

81.

with Professional Education Studies

Two four-year programs which integrated undergraduate studiesin science and mathematics
with professional education studies were available. James Cook University offered a four-
year Bachelor of Education degree and Brisbane College of Advanced Education (Kelvin
Grove Campus} and Griffith University offered a joint program which led to a bachelor’s
degree and a Graduate Diploma in Teaching. The major characteristics of those courses are

summarised in Table B.

Table B: Characteristics of tha Four-year Programs Integrating Undergraduate Studies in

Science and Mathematics with Professional Education Studies

Institution James Cook University Brisbane CAE — Griffith University

Program Bachelor of Education Bachelor’s degree + Graduate Dip-
toma in Teaching

Length 4 4 (2 years) (GU) +

Entry Requirements

Course Requirements
as to Teaching Areas

Science and Mathe-
matics Studies
{Traching Areas
Available)

Pattern of Studies
{Credit Points)

Appropriate TE score and
a general requirement of 4
semesters in Englishwitha
minimum of 12 points.

Three teaching areas {one
studied to third year level,
two or three to second
year level, three at first
year level).

Mathematics, Chemistry,
Physics, Botany/Zoology,
Geology and Biochenustry.

Education Studies:
Foundations  — 540

Curriculum - 210
Non Education

Studies - 690
Plus

Field Studies

1 year KG) +
1 Year (GU and KG)

Satisfactory completion of the first
two years of a bachelor’s degree at
Gniffith Unwversity provided that
the student’s Griffith University
program includes sufficient units
in each of two curriculum areas:
Sewence Lunior)’ Mathematics and
Science (Senior) Seience (Senior)
could include Agriculture, Biology,
Chemistry, Earth Science or
Physics.

Sufficient background in each of
two years normally consists of a
minmum of one-fourth of the
total course and not less than one-
sixth of the total course in these
studies should be at second and/or
third year level.

Mathematics; Junior Scrence*;
Senior Science (Agriculture, Bio-
logy, Chenustry, Physics and
Earth Science).

* Junior Science must be studied +f
Science s chosen, and special pro-
visions are made for those, who do
not select Senior Science as one of
their two areas, to take elective
workshops in Senior Science over
two semesters.

Griffith University Studies: Plus
Education Studies 40
Studies 1n Teaching 10
Curriculum Studies 40

Etective Studies 10
Field Studies 40
140

30
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The Queensland Education Department has informed institutions that students undertaking
those courses might restrict their employment opportunities significantly if their academic
background was confined to biology and chemistry. It has also advised that geology and
mineralogy was not an advisable subject to study at an advanced level.
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One-year Graduate Programs in Teacher Education for Students who already Possess a
Degree in Science and Mathematics

The Working Party noted that one-year programs in teacher education for students who
already possessed a degree in science and mathematics were currently available. The Uni-
varsity of Queensiand offered a Diploma in Education course while Brisbane College of
Advanced Education (Kelvin Grove Campus) and McAuley College each offered a Graduate
Diploma in Teaching (Secondary) course. The characteristics of those courses are outlined
in Table C.

Table C:  Characteristics of One-year End-on Graduate Programs in Secondary Teacher

Education
{nstitution University of Queensland Brisbane CAE McAutey College
{Kelvin Grove Campus}
Program Dipfoma in Education Graduate Diploma in Graduate Diptoma in
Teaching {Secondary) Teaching (Secondary)
Length (years) 1 1 1

Entry Requirements  Completion of a recognised Possession of a degreeor  Anappropriate Bachelor’s
degree with studies indepth eo'..valent and adequate degree or 2 Diplomaand a
In at least two different academic background to  strong sequence of studes

teaching areas {i.e. about  enable the student to In two curriculum areas.
one-sixth of the entire undertake two curricufum  The curriculum areas
degree course should be studies from: Science include Mathematics and
devoted to studies at a (Junior), Mathematics and  Science. Students arealso
level above first year in Science (Senior). Science  required to have com-
each of the areas). (Senior) could include pleted some study of
Agriculture, Biology, Theology at a post-
Chemistry, Earth Science  secondary level.
or Physics.
Course Requirements Two teaching areas. Two teaching areas. Two teaching areas and
as to Teaching Areas the teaching of Religion
Mathemat:zs and Mathematics, Logic, Chem- Mathematics, Junior Mathematics and Science
Science Curriculuin  istry, Phyiscs, Biological Science®, Senior Science, which includes General
Studies Science, Multistrand {Agricutture, Biological Science In the junior
{Teaching Areas Science. Science, Chemistry, Phy-  secondary school as well
Available) sics and Earth Science) as a specialist area In

Biotogy, Chemustry, or

* Junior Science must be  Physics.

studied if a Senior Sci-

ence Is chosen, and spec-

1al provisions are made

for those students who

do not select a Sentor

science as one of thr

two areas, to take elzct-

e workshops in Senior

Science over two

semesters.
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Brisbane CAE
(Kelvin Grove Campus)

McAuley College

Institution University of Queenstand
Pattern of Studies/ Foundation Studies 56
Credit Points Curriculum Stud:es 44

100

Studies tn Education 40
Studies in Teaching 10
Cu.niculum Studies 40
Etective Studies 10
Practice Teaching 40

140

The program s "'school
based’ with three dom-
inant learning modes.

, the ntensive present.
ation mode at college;

b)  the college- school
learning mode; and

¢) the school obsery-
ation and block practice
teaching.

Contact Hours

Rehigion Studies 72

Foundation Studies 97

Curriculum Studies 339

General School 374
Experience

The Queensland Education Department’s advice outlined in Section B in relation to the
Biology-Chemistry combination and advanced level studies in Geology and Mineralogy was
equally applicable here. The University of Queensland had recommended that prospective
BA students take majors in at least two different subjects from a list which included
mathematics and a science subject (not Geology), and that prospective BSc students take
about 60 credit points in each of three of the following areas: Biology, Chemistry, Geology
and Mineralogy, Mathematics, Physics and Earth Science if they intended to enrol in the

Diploma in Education.
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Other Programs which Prepare Secondary Science and Mathematics Teachers in Queensland
Other programs which prepared secondary science and mathematics teachers in Queensland
included the University of Queensland’s Bachelor of Agriculture {Teaching Stream) and the
James Cook University’s two-year postgraduate Bachelor of Education. Those programs are
described briefly in Table D.

Table D: Characteristics of Other Relevant Teacher Education Programs

Institution University of Queensiand James Cook University
Program Bachelor of Agriculture Bachelor of Education
(Teaching Stream) (Post-graduate)
(1)
PG/UG UG PG
Length (years) 4 2
Entry Requirements . Appropriate TE Score Possession of a degree of a
. English university, CA = or Institute
. Mathematics of Technology with at least
. Chemistry and Physics  a major and a sub-major 1n
or one of these plus separate subjects taught in
another subject from the secondary school, Priority

Agriculture, Biological 15 given to students with
Science, Earth Science/  majors in Science, Mathematics
Geology, Mathematics.  or Janguages.

Program Description Al ztudents do a common  Students complete the Education
course of study in the first  Studies sectionof the 4-year B Ed.
two years and have achoice course which includes 540 points
of speciaisation in the 3rd of field studies and 210 points of
and 4th years. Each of the curriculum studies.

seven specialist streams (one

of which is denoted “teacher

training’’) contains certain

prescribed subjects as well

as a s/ection from a range

of recommended subjects.

For the teaching stream,

the prescriberd education

subjects are the two first

level B.Ed.St. subjects {2),

two second level B.Ed.St.

subjects (3), and a Dip.Ed.

foundation studies subject

{4). Teaching stream stud-

ents are also required to

take two other second levet

B.Ed.St. subjects (chosen

from a st of four) (5}

and two Dip.Ed. curric-

ulum subjects (chosen
from a hist of four)
(Bio1.S¢, Chem., Mults
strand Sc., Economcs).




