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TECHNICAL REPORT SERIES

The TechniCal Repbrt Series of the Science and Mathe tics:Education Centre.

(SMEC) _was initiatedin-1980. The series provideaa- chanism for communicating

repultsOf research and developmental projects to others in stienceand
mathematics education. The reports include details and information not
often,included in publiehed papers.

fr
The ScienCe and Mathematics Education Centre was established in 1978-as

a separate unit within the DivisiOn.of Engineering. and Science. The

'functions of the SMEC areito Serve science and mathematics educators within
=. the community and within WAIT by acting as:

. ,
.:0. a centre, for graduate' studies in science and mathematics educationi

o a focal point for research and development activities' in science
and mathematics education; ,

o an information and dissemination centre for scienceand mathematics
education literature and resources;

o a,focal point for contact between science and mathematics'educators,
professional organisations, industry perscinnel and the general

community.

Thiel SMECdfiers two graduate courses, the,Graduate Diploma inAlScience
Education and the Master of Applied Science (Science Education).- Both

.

courses.are primarily intended to enhance science and mathematics

educators'professional development. This is achieved in the Graduate
Diploma through the provision Of courses of study that include science
and/or mathematics and science and mathematics education. The Master of

-Applied Science (Science Education) is examined entirely by thesis. Research

projects.and.theses undertaken by graduatestudents emphasize=the
applications of 'science eduCation, mathematics education and computer
education relevant to their professions.

Information concerning the Technical Report Series. can be obtained, from the

Head of'the Science and Mathematics Education. centre.
,

Di John Dekkers
Head
SCIENCE ANDAMTHEMATICS EDUCATIONXENTRE'.
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INTRODUCTION

A recent survey of hiversitY and school science edubatore in, the

United States' ident fied a number of problems facing sci&pce

efttation.,in that co ry (Gallagher and Yager,. .1981). These

problems'included a lack of vision and leadership in schools and

Universities, ca. lack of teacher motivation and conA tinuing

professional' growth, limited scholarlY'.dialogue-between researchers

anftractioners and, inappropriate avenues for continuing education of

science teachers. Power's '(1979.), ten year review of developments in

science

P.

similar Problems to those_ in' the Uni

education community in Australia.'

education research in Australia world tend to'iMply t

States apply to the sc

Gallagher and Yager (1981) suggest a number of areas where action is
,,

needed to overcomethe' problems facing science education. One. area

of action is the provision of continuing eduCation programmesrior

z -

practicing science teachers which have aclose relationship with the

schools anc which encourage dialogue between researctierS and

practioners. Indeed, it is conceded by many educators that:

.continuing education for practicing science and mathematics' eachers_

is a necessity (De Rose, Lockard 6ind Paldy, 1980; Gallagher, 1982,

Gehrke, 19793..

Continuing professional development' programs" for science and

mathematics teachers can include workshoPs, short courses, seminars

and conferences organised by either teacher employing authorities,

:professional associations or tertiary institutionp. In .this way



teachers 4-1 be introduced to new developments and ideas for

.refresher purposes (Betjeman, Dymond and Schock, 1979; Betjeman,

.1281). HOWever science and mathematics' teachers seeking to

,develop more Substantial skills and knowledge relating to subject

contentinstructional processes in teachingg curriculum development,

evaluation; etc. it seems neCessary t ndertake a sustained course

of study such as &poet gradua edegree a a tertiary institution.

The range of continuing prbfessional development activities alluded

to above is rarely the locus of a single organisation. This paper

'describes a centre which conducts graduate course's, and holds
: t
workshops',

O

eminars short courses and conferences, fOr the

continuing,profesSional development of science and mathematics

teachers:V ::The authors contend' that: the overall approach to
.

professional development at thevCentre, which is iescribed here, has

contributed

researchers

Australia.

toyromoting dialogue between practitioners, educatiOnal:.

discip*ine expertsand the wider community in Western

THETS'C1E CE -AND-MATHEMATICS EDUCATION CENTRE (SMEC)

The SMEC was established in 1979 in the. Division of Engineering and

Science at the Western AUStralian Institute of Technology (WAIT).

_This tertiary institution .has, an enrolment of over 12,000 students.

and is located in Perth, a city with a population of approximateY,Y,.
t

three quarters of a million people. The Centre offers post-graduate

courses irrscience and matheMatics education, is actively.involVed in

science and mathematics education research and development and in



outreach activities for science and mathematics educators within the

Institute and elsewhere.

RATIONALE AND CHARACTER OF THE SMEC

In Western Australia, typically elsewhere in Australia, a gap has

0 traditionally existed between, secondary science/mathematics teachers

and the specialists in science and .mathematics disciplines at

tertiary institutions (Power, 1979). Part of the reason forthis.gap,

is that .once in the teaching workforce, -a science or mathematics

teacher has little opportunity to interact with%tertiary.sCiende or

mathematics specialists and identifies more-with.education than with

the science or mathematics disciplines. The establishment of an

autonomous .SMEC physically located in a science/mathematics

environment -is helping to bridge the gap between ..Secondary

science/mathematics teachers and specialists by a) involving
,

tertiary discipline Specialists in secondary school based research.

and development activities, b) sponsoring .activities such as

discipline oriented workshops and seminars for science/mathematics

teachers and students,. c). sponsoring visits by science/mathematics

education specialists' from within, Australia and overseas,. d)

Providing 'avenues for tertiary discipline experts to become inOlved
P

in school activities such as field,Xrips and extension activiti4 for

intellectually gifted students.

GRADUATE TEACHING

Thegraduaie courses -7 a Master of Applied Science Degree and a
st.

Graduate Diploma in Science Education " are regarded as the focus of..

a



the Centre's ,activities. Both courses are designed to enable

students to develop expertise in the field of science/mathematics

education and provide students with an opportunity to extend their

knowledge in science Or mathematics and in education. Both courses

are intended for experienced teachers who. possess an undergraduate

degree, in science and/or' mathematics together with teaching

qualifications and several years teaChing experience. Thecourses

are described 'in greater detail elsewhere-(Boud & de Laster, 1978).

The current enrolment is in excess of one hundred students and

includes persons from private and state high schools, dilleges of

advanced education, technical colleges, the State Education

Department and. nurse education institutions. Almost all SMEC's

graduate students are practicing teachers and, therefore, .coursework

units are offered in the evenings. As well, .since teachers. in

Western. Australis and within Australia are often situated An regions

,remote from tertiary institUtions:both the'Graduate Diploma and the

Master's Degree are offered by the external study mode (distance

education)., While instruction for external'students is performed by

SMEC 'staff, the external, programme Is administer0,03y the External

.
. .

Studies Departmentwhitch provides support services for this group of
4 , .

.students. External students represent approximately 30% of the

enrolments and are located in Western -Australia- outside the

metrOpolitari area of Perth as well as other States of Australia and

Papua New Guinea.

4, \
.

DiScipline specialiSts from Within the Division.of Engineering and

I

,Science are directly.involved in the SMEC programme by teaching the '



science'and mathematics electives. Similarly, those science or
4. e

mathematics specialists with a background and interest in education
, -

teach units in education, chemistry, education, physics-

-

'education, mathematics eduCation and computer education. .-Many of

those same staff assist in the supervision of research and

c development activities and help conduct workshops 'and seminars.

The instructional strategy in, both' cpurses and particularly in the
-,

tintroductory units .of the Gra uate Diploma involves instructor. and --'

students in collaborative planning, teaching and evaluation and is

Consistent with recommendations of social theorists such as Glasser

1965) and Rogers (1969).. By incorporating this learning-philosophy

in the :unit's, it is possible to both- acknowledge and, utilize the

considerable expertise which students bring to the course. These

\.
authors believe that the traditional highly - structured,

content-oriented, teacher-centred approach often used in graduate

programmes ,in Australia is incompatible with the needs and learning

styles of professional educators; further, we believe that such a

. _

traditio71.,approach and is equally incompatible'withthe concept of

professional deVelopment and renewal. 6In brief, the basic:underlying

assumptiong of this learning philosophy are that gradUftte:.StudentS

should become self- directed and self-motivated (Knowles, 1970'. This

is ;facilitated by a procedure where, in collaboration with their

.instructor, students determine the instructional, goals and objectives
\'

for the unit and later jointly,.plan and implement groupbased

learning activites. Students also are directly involved in judging

the extent to which their goals have, been met and are encouraged to



draw upon the resources they need bothvithin and outside educational

institutions (Lunetta, Dekkersi O'Loughlin, Treagust, 1981). The

introductory external science education units 'also use a

`,collaborative coursework design; feedback from external students

indicates that this aspect of the learning process is well 'received.

RESEARCH AND DEVELOPMENT ACTIVITIES

While there is considerable evidence that the'findings of research in

teaching and learning in science and mathematics, have.had little

impact on everyday classroom practice (Gallagher, 1982; Power, 1979),

there is a growing awareness among educational researchers that at

least a dialogue has started between educational researchers and

practioners (Verma and Beard, 1981). However, by involving graduate

students who are practicing science and mathematics teachers in' the

',SMEC's research and development activities and by' designing these

activities to meet, the specific needs of the teaching profession in

Western -_iNiastralia it is our intention that the above gap will be

further reduced. For example, the marine physics curriculum project
,

(Dekkers, Penrose, Thorley and Young, 1980) arose out of anexpresSed"

need for optional units within the eAisting upper ,secondary school

physics syllabus in Western Australia; research into the use of

concept mapping as a tool for student evaluation at the SMEC

currently involves a grout) of chemistry teachers Who are seeking

alternative ways of identifying student learning difficulties

(Cronin, Dekkers and Dunn, 1982); a research study on the'state of

the art of. astronomy teaching in Western Australian schools

(O'Loughlin, 1980) identified a number of :specific, needs for

10



astronomy instruction in secondary schools -- subsequently the SMEC

developed and produced an astronomy resources book for teachers.

Specifid examples of staff and graduate investigations at the SMEC

currently in.progress are as follows:

Applied education research:

educational use of simulation;

aids for primary schools;

science; problem solving

creativity, in the science classroom:

library science skills; mathematical.

misconceptions in learning secondary.

in physics;' the Rasch technique of

measurement in mathematical problem solving; cognitive styles and

cognitive preference of student nurses; models for school-industry

liaison; secondary students knowledge of and attitudes about energy.

Curriculum developments: marine physics for upper secondary schools;

science learning resources. for student nurses;

Packages for teachers;

astronomy resource

solar energy for secondary science students:,

a forestry curriculum for technical colleges; a computer education,

curriculum for lower secondary studgnts.,

.Evaluation studies:. ',evaluation of 'distance education studies in

tertiary solence and mathematics; self evaluation of :teacher,.

effectiveness; evaluation Of school'science assessment strategies;

whole-school evaluation; ,evaluation of individualized learning

programmes in secobdary science.



OUTREACH ACTIVITIES

Afurther role of the SMEC is to enhance the links. between the

Division of Engineering and Science, science/mathematics teachers and

students and the community. This is facilitated by several on-going

'outreach activities which include:

Science and .Mathematics Workshops for Secondary Teachers: The

programme of workshops for secondary and tertiary science and

mathematics teachers is organized by the SMEC and is presented 'by

staff from the Division of Engineering and Science. These workshops

are primarily intended to provide teachers with an opportunity to

improve their knowledge of recent developments and advances in the

subject disciplines as well as to provide ideas for using this

knowledge in teaching sciences and/or mathematics at the secondary

and tertiary, level. The workshop programme has received strong

support by way of large attendances. Feedback from 'workshop

attendees has indicated ,an appreciation for the practical.jiaison

generated between the Division and the classroom teacher. / Some

recent workshops have been "Actiiiify-oriented Teaching in

Mathematics", "Chemistry and Energy% "Marine Physics", "Solar

Energy", ."The geology and biogeography,of.the Swan. coastal Plain",

"Geneticq and Genetic Engineering", "COrrosion Chemistry",

"Ilitroducing Computer Education 1.t.o the SChoW.

Science and Mathematics Amation Seminars: The seminar series 4s a

major avenue for graduate"students and other educators in secondary

0-and tertiary institutions to keep abreast, With some recent

1 12



,:leVelopments in science/matheMaticaeducation .Speakers are drawn

from local, interstate and overseas tertiary institUtions, aecondary

. schoolg; education_authoritiea'and'induatrY,
.

Science and Mathematics Education Newsletter (SAMEN)::- A 25-30 page
,

.
_ _

,

,

neWaletter., prodUced four times per year by gradUate stUdentg, is

editoredi by.SIMEC-stafCand is circulated to the,student body 4Ad,
- -

intereated.-"persong.:4circUlation-. 200) The published materialg

specifically releteto....theinterests of science and:mathematics'

teachers and educatora;:and'serve as a vehiclefor'graduate students

to- .acquire. the skills necessary' for preparing manuscripts for

publication and as means pf sharing ideas generated in the graduate

programme

S71=LINK: Information, oadsheets compiled by the ISMEC staff

highlight activities and events within te Division of Engineering
, -

and Science that may be of interest to Silence 'and mathematics

teachers. SCI -Link is sent three times per. year. to 411-secondary'

schools in Western Australia.

Visiting Fellowships: Since its inception in 1979 the SMEC hag

yearlY sponsored a visiting fellow in science or matheMatics

edUCatinn'for a period of up to three months. TheseVisits are
1

beneficial in the Centre's effOrts:tO develop links between science

eduCators in Australia and science educators in othericountries.



IndUttrv-Education Links; In recehtleart there has been evidence of

growihg links between ,education, industry-and business and the

community Western Australia; in part this is due to the trend,n

te.Australian secondary school curriculum towards the Moreyapplied..

or socially -relevant aspects Of the curriculum especially in.the

areas of science and.technolOgy. In addition career and Vocational
(

programmes lave develOped rapidly ihrecent years with many of these

having a:- tubstekial Compollentof work expOripnce or work

observatOn. SMEC staff and students have been involved `fn many of
/

Ah
these indUttry-education activities 'including curriculuMAtveloPment,

evalUatiOn and teacher: inservice.

CONCLUDING REMARKS

The 'approach to.. Continuing science and thathematids teacher.

professional development that has evolved at the SMEC could be

readily adopted by other tertiary institutions: Furthermore, We

believe that the key to the, continued/impact of the SMEC on the

science and mathematics teaching fraternity is the fact that the

majority. of SMEC's activities are focussed towards teacher

professional developmeht and towards research and development in

science and mathematics edUcatibh that is relevant to the needs of

the practicing teacher in Western Australian schools and other

institutions.

Teacher participation in the SMEC's activities has made it a

successful agent for continuingfeduCation. .This 'is enhanded by the

presence of regular visiting specialiatt from within:Australia and



overseas who are seen as essential. in 'broadening the outlooks and

perspectives of both the staff and gradyate body towards science and

mathematids education. \Visiting specialists also proyide opportune

occasions to bring together the immediate community of science and

mathematics 'educators, throUgh-workshOps/seminars presented by the

specialist.

Finally, the location of the SMEC within the Division of Engineering

and Science provides not only the obvious contacts between discipline

specialists and graduate students who are practicing teachers, but

also provides 'the opportunity to develop a graduate studies program
.y

relevant to the needs: and interests of practicing. scj.ence and

mathematics teachers. There is considerable evidence.to-suggeSt that

since the establishment of the SMEC that its activities have achieVed,

much to promote .dialogue between 'secondary science/mathemati

teachers and discipline specialists in sCience/matheMatics.

15
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Stage 1 Stage 11
Graduate Diploma Master's Degree

Science/ Thetis'
Mathematics
Education' Core

Master of
Preparation --t. Applied ,Science

Science/ Graduate AwardMathematics --N Diploma.
Electives Award
Education
Electives

Duration
2 years part time

,
2 years

1 year full time 1 year

Figure 1

-The structure of the Master of Applied Science, (Science

.Education) and Graduate Diploma in Science Education

offered-by WAIT,
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