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A NOTE FROM THE GENERAL EDITOR

At the time I accepted appointment as Editor of RISE for three years at the Perth
ASERA conference in 1990, I expected to be taking study leave in the first half of
1991, which would have mecant my absence from the Surfers Paradise conference.
However, I expected to be back in Australia in time to supervise the editorial process
in the latter half of the year.

My faculty curiously decreed however that the staffing needs of Menash were somehow
more pressing than the editorial needs of RISE, and I had to postpone my travels for
six months. This meant that I was able to attend the ASERA conference. (I flew
overseas out of Brisbane immediately afterwards). It also meant finding somc willing
colleagues to deputise for me while I was away.

Fortunately, two very able people, Helen Forgasz and Jeff Northfield, readily took on
the work. 1 did not anticipate, and neither did they, the magnitude of the task awaiting
them. Although the number of papers published in RISE has grown steadily over the
years, in 1991 it took a quantum leap upward to an amazing new level. I, and all of us
in ASERA, therefore owe a tremendous debt of gratitude to Helen and Jeff for the
very demanding work they have done, and to the expanded Review Panel whosc
contributions have belped ensure that RISE remains a quality publication.

Paul Gardner
February 1992.
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EDITORIAL COMMENTS

During Paul Gardner’s absence on leave, we took on the task of puiting together this
issue of RISE. Our task was greatly facilitated by our secretarial and technical
assistants whose previous experienc. proved invaluable.  We also gratefully
acknowledge the cooperation of the contributors and reviewers who, on the whole,
provided copy in the correct format and met our strict deadlines.

The very large number of papers submitied to RISE this year tested the limits of the
publication. We attempted to publish as many as possible. In so doing we decided to
extend the reviewing panel and drew heavily on the membership of ASERA to spread
the load; in al!, 78 people reviewed the papers contained in the following pages.

During 1991 the first monograph derived from RISE was produced:

Northfield J. R. & Symington, D. (Eds.) i i i s
construction: An Australian perspective, Curtin University of Technology.

A second monograph, focusing on primary science education is in preparation. An
updated cumulative index, RISE 1971 - 1991 has also been prepared and is available
from Jeff Northfield, Faculty of Education, Monash University, Clayton, Vic. 3168.

The contents of this issue provide a good indicator of the level and scope of research
activity in science education across Australasia. Amongst the papers several common
themes are evident: pre-service teacher education, primary science, professional
development, and effective pedagogy. Research direction would also appear to have
been influenced by the findings of the 1989 DEET Discipline review of tcacher
education in mathematics and science, Science education in Australasia should be
strengthened by the research findings, successful innovations and promising initiatives
reported in these pages.

Helen Forgasz
Editor,

Jeif Northfield
Assistant Editor.
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PAPERS AND DISKS FOR RESEARCH IN SCIENCE EDUCATION

SUBMISSION TO CONFERENCE ORGANISERS
Hard copies only are required for submission to the ASERA conference organiscrs.
Setting out can be in the same format as required for publication, or in some other format
if you prefer.
SUBMISSION TO EDITOR FOR PUBLICATION IN RISE
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TABLE 2
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MATURE-AGE STUDENTS - HOW ARE THEY DIFFERENT?

Ken Appleton
University of Central Queensland

ABSTRACT

Mature-age students have formed a significant proportion of pre-
service students in primary teacher education over recent years.
Academic staff have reported a difference between mature-age
students and school-leavers, particularly in motivation and
achievement. This report examines part of a study which explored
mature-age students’ views about aspects of teaching science and
technology, compared to the views of students who came to university
straight from school. It examines, in particular, students’ personal
feelings of adequacy in teaching science and technology in primary
schools.

INTRODUCTION

Universities in Australia consistently reserve at least ten percent of places in primary
teaching education programs for students over the age of twenty-one years. In some
years, this percentage has risen as high as thirty percent. These students are typically
called mature-age students, although their ages may range from twenty-one to around
forty-five years, sometimes greater. They are typically selected using general aptitude
tests and interviews. The remainder of the students are drawn from school-leavers using
selection criteria based on school performance (normal entry). They generally fall into
the seventeen to nineteen year age range.

This report examines the differences between mature-age students and school-leavers,
in their beliefs and feelings about teaching primary science. Academic staff have
noticed differences between mature-age students and school-leavers, and some
differences, such as greater motivation, and higher levels of achievement (Skamp, 1989)
have beca reported. Skamp (1989) found no differences between mature-age students
and normal entry students in attitudes to teaching rrimary science, an aspect
investigated in this report.

BACKGROUND

Al students enrolled in their first year of a three year pre-service primary teacher
cducation coursc at the University College of Central Queensland were surveyed in the
first week of the second semester. There were 139 respondents, 41 (29.5%) of whom
were mature-age cntrants to the course. There were 31 (75.6%) female mature-age
students, and 82 (83.7%) female school-leaver students. The students had not studied
science or technology education units at this time, and had completed ten days
practicum. The majority of students were drawn from Central Queensland.

1o



2
PROCEDURE

The survey used was adapted from that developed by Kirkwood, Bearlin and Hardy
(1989) for the Primary and Early Childhood Science and Technology Education Project.
Most items were Likert-style rating scales, with space to write comments, and explored
the students’ perceptions about primary science and technology. Perceptions explored
included the students’ own interest in, and competence to teach, these curriculum areas;
the importance of science in primary and early childhood; desirable teaching strategies;
and gender issues. An attitude to teaching science scale (Note 1) was also included.

Student responses were scored, and the non-parametric Mann-Whitney U-Wilcoxon
Rank Sum W test was conducted to identify items where mature-age students’
responses were significantly different from the responses by school-leaver students. To
facilitate interpretation of results, means and standard deviations are presented in the
tables of results.

RESULTS

The mean and standard deviation for selected items, for each group, are presented in
Tables 1 to 4, with levels of significance indicated. Table 1 includes items related to the
students’ personal perceptions of their own teaching of science or technology. In Table
2, students’ opinions about the importance of science to different year levels of school-
ing, and to boys and girls, is indicated. Table 3 summarises the students’ views about
the frequency with which particular teaching strategies should be used in sciencc
teaching. In Table 4, the perceived importance of a range of reasons for including
science and technology in early childhood and primary curricula is indicated. All these
tables compare the mature-age students to school-leaver students, showing me 1s and
standard deviations for each group on a five-point rating scale, with one the highest
rating. The attitude to science teaching scale also reveals a significant difference
between the mature-age group and the school-leaver group, as shown in Table 5. The
mature-age students, with . lower score on the scale, tend to show a more positive
attitude to teaching science than their school-leaver colleagues.

From the tables of results it can be seen that, for this sample, mature-age students
compared to school-leaver students:

* are more interested in teaching life and earth topics;

* are less confident regarding the adequacy of their background knowledge for
teaching both science and technology, particularly the science areas of energy,
matter and space;

feel more competent to teach technology;

attach greater importance to teaching both science and technology to all year
levels, except for technology in Years 5-7;

attach greater importance to teaching both science and technology to both girls
and boys;
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would put less emphasis on teacher-led discussions and teacher explanations in
teaching science;

would put greater emphasis on providing practice in problem solving, and on
showing how science is related to everyday life;

have a more positive attitude to teaching science.

Table 1 also reveals that, for both mature-age students and school-leavers, students’
confidence in their background knowledge to teach the physical sciences is lower than
their confidence to teach the life/earth sciences. This finding is consistent with other
reports (such as DEET, 1989).

TABLE 1
COMPARISON OF GROUP RESPONSES
PERSONAL VIEWS OF TEACHING SCIENCE/TECHNOLOGY

Survey Item Mature-Age Sch.-Leavers “
Mean; St Dev Mean; St Dev

Level of interest in teaching life topics 1.5:07 19:08° “
Level of interest in teaching energy topics 23:;09 26:08 !
Level of interest in teaching matter topics 26:09 28:07 :“
Level of interest in teaching earth topics 1.5:06 20:08
Level of interest in teaching space topics 20:09 22:10 Jl
Background knowledge for teaching science 40:1.1 3408 _u
Background knowledge for teaching technology 41;1.1 38:09*
Background knowledge for teaching life topics 30;10 30:08
Background knowledge for teaching energy topics 39:09 3409
Background knowledge for teaching matter topics 40:08 36:09*
Background knowledge for teaching earth topics 33:11 31:08
Background knowledge for teaching space topics 37:10 33:09*
Competence in teaching science 24:11 26:08
Competence in teaching technology 26:1.2 30:08* |

*P< 001; *P=0.05
‘The ratings were on a five point scale. with one the highest rating,

Q ..‘. J
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TABLE 2

COMPARISON OF GROUP RESPONSES
YEAR LEVELS AND GENDER

Survey Item - The Mature-Age Sch.-Leavers
importance of teaching: Mean; St Dev Mean; St Dev
science to Years P-2 23:11 3111
science to Years 34 18:10 24;08
science to Yedrs 5-7 1.4;09 1.6; 1.0
technology to Years P-2 28:12 33:11°¢
technology to Years 3-4 21:10 2.7;10
technology to Years 5-7 1.6:08 19;11
science to girls 14:06 18:08
science to boys 1305 18;08°
technology to girls 15;06 1.9:09*
technology to boys 1.4;06 1809

‘P< 0.01; *P=0.05.

The ratings were on a five point scale, with one the highest rating.

TABLE 3
COMPARISON OF GROUP RESPONSES
TEACHING STRATEGIES
Survey Item - ‘The amount of time teaching Mature-Age Sch.-Leavers

science should involve: Mean; St Dev Mean; St Dev
teacher led discussions 29;08 25;09°
teacher demonstration 23:10 20:09
teacher explanation 23:1.1 19;09
media presentation 27;08 27:09
guest speaker 3.0;09 31:09
children doing teacher-led activities 25:10 22:10
children doing own activities 1.7;06 20:;08
children discussing in small groups 18:;08 19:07
children doing directed written work 34:;09 31:09
children doing own assignment/project 2.1;06 23;09

*P=0.05

The ratings were on a five point scale, with one the highest rating.

ey,




TABLE 4
COMPARISON OF GROUP RESPONSES
REASONS FOR INCLUDING SCIENCE/TECHNOLOGY IN THE CURRICULUM

Survey Item - the importance of these as reasons to Mature-Age Sch.-Leavers '1
include science/technology in the curriculum: Mean; St Dev Mean; St Dev
to interest children in science 17:08 1.9:09
to provide scientific knowledge 21:10 2.1:;09
to provide practice in manipulative skills 23 ;08 24:;09
to provide practice in verbal communication 22:10 24:09
to provide practice in written communication 25:1.2 27:09
to provide practice in problem solving 16:08 2008
to develop social skills 20;09 21:09
to prepare children for further science education 19:08 19:09
to show how science is related to everyday life 13:05 16:0.7

‘P< 0.01

The ratings were on a five point scale, with one the highest rating.

TABLE 5
COMPARISON OF GROUP RESPONSES
ATTITUDE TO TEACHING SCIENCE SCALE

“ Student Group Mean St. Dev.
Mature-age 210 74
School-leaver 243° 7.0

‘P=0.02
Possibie score range was 8 to 56, with a lower score showing a more positive attitude.
DISCUSSION
The results can be summarised by focusing on three main issues:
* attitudes to teaching science,
* self-confidence in teaching science and technology,

the perceived importance of science and technology to an overall education.
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With respect to the first issue, compared to school-leavers, the mature-age students
show a more positive attitude to teaching science overall, and are more interested in
teaching obviously environment-based areas of science (life and earth). Regarding self-
confidence in teaching science and technology, the mature-age students tend to be less
confident about their background knowledge than the school-leavers for both science
and technology, and show less confidence in the specific areas of energy, matter and
space - the areas not obviously related to the environment. Finally, the mature-age
students attribute greater importance to science and technology in the curriculum than
do the school-leavers.

Mature-age students generally tend to show signs of uncertainty about commencing
tertiary studies after several years away from schooling, so their lack of confidence
about their background knowledge to teach science and technology could be anticipated.
Conversely, in the course of daily life, they would have had contact with environmental
issues. Further, many would have their own families, and could understandably have a
concern for, and interest in, environmental issues. They therefore could be expected to
be fairly confident about environmentally-related content areas, compared to content
areas they may not have touched since their own school days. School-leavers, on the
other hand, would have had more recent contact with most science content areas.
Because of concern for their children’s welfare, those students with families could be
expected to more highly value the inclusion of science in the curriculum compared to
students who have not yet started their own families.

Implications for r ion
Mature-age students appear to have some advantages over school-leaver students with
respect to science teacher education:

* they have a greater interest in teaching certain aspects of science, specifically,
the life and earth sciences.

they recognisc the importance of science and technology education to all
children.

A disadvantage for them is that, compared to the school-leavers, they lack confidence
about their background knowledge in the physical sciences. However, as noted above,
Table 1 also shows that the school-leaver students feel less confident about their
background knowledge in the physical sciences compared to the life/earth sciences. This
overall weakness in the physical sciences has also been noted by others (DEET, 1989),
who suggest that science teacher education courses need to target the physical sciences
as an area in which all students need to develop confidence. These findings suggest that
this should be done particularly for mature-age students. Similarly, technology >ducation
needs to be specifically targeted. Both groups of students were less confident about
technology education than about science education; though the mature-age students felt
more competent to teach this than the school-leavers.

Within the limits of regional cultural differences, the students in this survey would be
typical of students entering pre-service early childhood and primary courses. Within this
context, the data provide some indications as to how to maximise the science education
opportunities for mature-age students in particular, and perhaps for school-leavers as
well:

o
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a_focus of students’ study in science and technology should be on a

al deve ent based on the ical sciences, which is fai
HAR 1\ The most obvious examples weuld be
household objects which use principles of physics, such as cookers, irons,
toasters, light bulbs, heaters and so on. This point is inferred from the mature-
age students’ greater feeling of competence in teaching technology, compared
to their feelings of lack of background knowledge to teach it. As part of their
everyday lives they use many technological developments successfully, even
though they know littie about how they work. The point is also supported by
the high rating put on science being related to everyday life by the mature-age
students (Table 4).

the impo: mature- D ien

should be capitalised on. Because these students see science and technology as
important inclusions in the curriculum, they could be expected to be more
highly motivated in science and technology education classes. This motivation
could be "tapped" in class and used to help the school-leavers develop their
views of the importance of science and technology. However, there would also
need to be 3 focus on how to include science and technology in the curriculum,
so that they fulfil the important roles that these students ascribe to them.

problem solving skills, and on science that is related to evervday life. The
mature-age students saw these “life skill" aims as being important
considerations for including science in the primary school, and they could be
expected to identify with similar aims for their own science and technology
education. Therefore, the study of traditional science concepts in an extended
high school context, or normal tertiary science degree form should not be
attempted for these students; a conclusion also reached by Skamp (1989), and
supported by findings by Dooley and Lucas (1981). Follow-up interviews with
some students reveal that the problem solving should involve students working
on problems that seem "real” to them rather than on students choosing algor-
ithms to calculate numerical solutions to problem exercises. '

teaching strategies emploved in science and technology education classes should
avoid excessive use of r_explanations and teacher-led discussions. This

statcment is based on the assumption that students would expect their own
teacher education to model, where possible, the teaching approaches they are
learning about. The mature-age students do not consider teacher-centred strat-
egies to be as important as others such as children doing their own activities,
and children discussing their work in small groups. While the school-leaver
students also tend to show a preference for child-centred strategies over teach-
er-centred omes, the difference is not as marked. As revealed in foilow-up
interviews, the school-leavers believe that the teacher-centred strategics should
be used more frequently because of their common use in the secondary school.
This view needs to be countered, and in the classroom the mature-age students
provide a ready source of different ideas from peers. It is worth noting that the
strategies nominated by the students as those which should be used most fre-
quently are those which would also be nominated by most science teacher

—
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educators, and are advocated in primary science curricla (e.g Deptartment of
Education, Queensiand, 1981).

A science and technology education unit in a pre-service course for mature-age students
should not be a traditional science unit, but should focus on the students working on
technology based problems felt to be real by them. The problems should preferably be
drawn from the physical sciences, but selected from everyday life experiences and the
students’ own familiar environment. The most common teaching strategies to be
employed should be student-centred, with a lower frequency of teacher-centred
strategies. The perceived importance that the students ascribe to science and technology
in the curriculum should be built on, where the school-leavers can benefit from the
views of their peers. Students should be assisted to recognise how science and
technology can be made an integral part of an effective early childhood or primary
education.

The above points have been argued for mature-age students, but for practical and
pedagogic reasons, could not be used exclusively for them. There is also evidence from
aspects of the study not reported, and from similar work reported by Kirkwood et al.
(1989) and Bearlin (1990), that these points would apply to all students, not only ma-
ture-age studeants. :

CONCLUSION

The above points about scicnce and technology education may appear familiar to some
teacher educators, who have already begun to implement such ideas (e.g. Kirkwood et
al, 1989). Aspects of them also run counter to recent trends in higher education, where
there are demands for greater efficiency in teaching (usually meaning more lectures to
larger groups), and for greater emphasis on discipline studies (usually interpreted in
science as traditional degree level units). If science and technology education in the
early childhood and primary areas are to progress toward the outcomes advocated by
DEET (1989), then these trends need to be resisted, and conclusions such as those
above incorporated into teacher education programs.
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PROFESSIONAL DEVELOPMENT AND
PERCEIVED NEEDS OF SCIENCE TEACHERS

Peter Aubusson, Joe Relich and Dan Wotherspoon
University of Western Sydney

ABSTRACT

About 100 science teachers in the Sydney Metropalitan West Region
were surveyed to determine their professional development needs and
the ways in which these needs could be met. The findings provide a
ranking of science teacher perceived professional development needs, a
list of possible incentives to motivate science teachers to complete
inscivice programs (in priority order) and an indication of the
preferred modes of presentation to meet professional development
needs, In general, science teachers stated a preference for
professional development related to modern trends in science
education directly related to classroom practice. In contrast to
recommendations from DEET, science teachers indicated a preference
for traditional models of inservice. Data related to preferred mode of
inservice indicated significant gender differences.

INTRODUCTION

A number of recent national reports have commented on the need for the professional
development of teachers and science teachers in particular (sec eg. DEET, 1989;
Boomer, 1986, 1988). These reports have identified a variety of issues, including why
there is a need for professional development, what constituted appropriate professional
development programs, how these may be effectively delivered and what incentives
should be provided to encourage participation. Professional development nceds that
have been identified include updating knowledge and skills in curriculum, science
disciplines and pedagogy and the implementation of these.

Short term withdrawal methods of inservice fail to bring about in-school change (Balla
& Gow, 1988). FEffective means for delivering professional development for teachers
involve adult learning principles such as action research and clinical supervision, which
require time for interaction and reflection (Eltis, 1987:171). Tertiary institutions have a
major role to play through the provision of both award and non-award courses, to meet
the need to extensively retrain existing science teachers.

Studies of the possible incentives for participation in professional development include:
a desire for associate staff status for cooperating teachers in teacher education programs
(Korinek, 1989); exemption from HECS fees (DEET, 1989:135); study leave from the
employer (DEET, 1989:139, Mattock, 1989:183); payment of course fees and provision
of grants (Mattock, 1989:183).

The concept that the teaching profession will generally hold Masters degrees is being
raised. Knapp, McNergney, Herberet and York (1990) suggest that it is too early to
require teachers to hold a Masters degree for continued certification, but Turner (1990)
sees that it 1s an inevitable feature of the continuing education of teachers in the future.
The effectiveness of extended inmservice training, as opposed to ome-off activities, was
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surveyed by Koballa, Crawley, and Shrigley (1990), who found that cooperative
action-research type seminars and courses developing reflective practitioners produced
positive change in teachers.

Collaborative action research as a means of delivering teacher professional development
through universities (in the context of a Masters degree) is supported by comments by
Clift, Veal, Johnson, and Holland (1990), Tobin and Fraser (1987) and Boomer (1988).
The Discipline Review sees value in universities giving credit for non-award inservice
courses to higher degrees (DEET, 1989). Soms copditions need to be met in order to
ensure viability of these ideals. The intention of universities to provide award courses in
science/science education "are unlikely to come i fruition unless teachers are involved
in the planning so that the awards mect their needs, and unless the employers provide
funding and/or incentives to teachers to participate” (DEET, 1989:133).  Such
co-operation may be essential, since inservice providers have not always understood the
needs of classroom teachers (Kurger, Summers, & Palacio, 1990).

The purpose of this research was to establish the needs of science teachers in the
Sydney Metropolitan West Region. The teachers were surveyed for their perceptions
of their professional needs and the optimum manner in which those needs could be
met,

METHOD

Subjects

Fifty schools were randomly selected from among all government and non-government
high schools in the Metropolitan West Regjon as defined by the Department of School
Education in Sydney, Australia. This represents approximately 50% of high schools in
the region. Five questionnaires were forwarded to each school and Science Head
Teachers were requested to distribute the questionnaire among all members of staff
involved in teaching Science. While the authors do not know the total number of
teachers of science who would therefore have had access to the questionnaire an
estimate of four to five teachers per staff would suggest a total sample of approximately
200-250 teachers.

Ninety-nine responses were received, almost half of the total sample. Fifty-six percent
of the respondents represented government schools and the remainder, non-government
schools, a representative sample of schools in the region.

Instrumentation

A questionnaire was devised based on the review of relevant literature and the advice
of a panel of experts consisting of:

* The regional science inspector and science consultant,

executive members of the Science Teachers Association of Western Sydney,
lecturers in science, science education and research methods

*
*

The questionnaire was developed to obtain information in four major areas: personal
details; perceived needs; preference among a variety of models designed to cater for
these nceds; and, factors perceived to influence participation in professional
development. Personal information included the respondent’s age, gender, experience,

J
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academic background in education and science, position in school and subjects taught as
well as the type of school in which they were employed.

The second arca included academic, professional and personal needs. Academic needs
referred to additional content and curriculum exposure to science subjects. Professional
needs probed for issues related to professional advancement and development and how
these might be achieved in part through further training. Personal needs addressed
preferences for working individually or with colleagues, preferences for modes of
subject delivery and attendance and time requirements to complete modules.

Course types, inservice models, postgraduate degrees and various other models for
professional development as well as the likelihood of such models influencing choice on
whether or not to proceed were also solicited. Factors such as the location of resources
and classes, the scheduling of classes, accreditation for promotion, employer support,
intrinsic rewards and availability of leave and release time for professional
development were offered as possible desirable options.

The final questionnaire required a number of revisions before it reached a level of
clarity and detail which was judged as adequate by the review panel.

Procedure

The questionnaire was posted to fifty randomly selected high schools in the
Metropolitan West Region with a request to the Head of Science to distribute the
questionnaire among teachers of science subjects. After two weeks, a follow up letter
was forwarded encouraging the participants to respond. One final reminder was given
by telephone four weeks after the initial request. The Head of Science was asked to
coilate all School responses and to forward them to the researchers. Data collation and
analysis proceeded after eight weeks.

Data Analysis

Each question was initially analysed descriptively to determine the percentage
distribution for categories within questions. Cross tabulations were then used to
analyse the relationship among selected categorical dependent and independent
variables. For example, age, gender and teaching experience may influence the
preferred mode of presentation of professional experience programs and the type of
formal qualifications sought. This analysis was carried out using SPSS - x (Nie, 1983).
Only the significant X* values are reported here, and in cases where only dichotomous
values for variables are used the corrected Yates formula value is reported.

RESULTS AND DISCUSSION
The sample

The majority of teachers in the sample (52%) had more than 10 years science teaching
experience and just over a quarter occupy an executive position in the school. Every
teacher surveyed had tertiary qualifications in education but a few (4%) had no tertiary
science qualifications. Only a minority had qualifications at the Masters level or higher
(in education 5%, in science 5%). Since beginning teaching, about 21% of the sample
had completed some qualification in education compared with about 12% in science. In
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the last 10 years, 35% of the sample had not completed any qualifications in education
and 52% had not completed qualifications in science. The teachers sampled varied
considerably in the depth to which they had studied the different branches of science.
In particular, they are most highly qualified in Chemistry and Biology, less well
qualified in Physics and least weli qualified in Geology.

The data also support the assertion by DEET (1989:123) that "the majority of teachers
who will be in schools in the year 2000 are already there and they need to be given the
opportunities to update their knowledge and skills".

The teachers were asked about their professional development needs on the following
dimensions:

* Catering for the needs of students who may be disadvantaged in science.

* Implementing New South Wales Department of School Education (DSE)
policies and initiatives.

Major trends in science education.

The role of the science teacher in school.

*
x*

There was a marked variation in the extent to which teachers in the sample perceived
they nceded professional development to cater for different disadvantage? _.oups and
the implementation of DSE initiatives and policies. For exampie 60% indicated a need
for professional development to cater for the needs of students with non-English
speaking backgrounds but only 27% perceived a need for assistance with Aboriginal
students. However, the "perceived needs" related to disadvantaged students and DSE
policies and initiatives should be interpreted with some caution because:

* although they represcnt the perceived needs of science teachers across the
region, individual schools could be expected to have professional needs which
vary markedly from those of the region;

they should not be interpreted as an indication of a lack of concern for, or
commitment to particular groups of students or policies. Some schools may
‘have successfully addressed the particular requirements of some disadvantaged
groups or implemented specific DSE policies.

The majority of teachers sampled perceived a need for professional development in the
major cience education trends: science, technology and society (84%), science for all
(68%) and children’s science (67%). Most teachers indicated a clear preference for
professional development in aspects directly relating to the classroom teaching and
learning of science.

By contrast, professional development relating to working effectively with members of
staff, promotion and management were less desirable. Inservice relating to self
evaluation/appraisal/reflection was unpopular but as these are areas of contention
between the union and the DSE, the responses may reflect their attitude to specific
DSE proposals. Therefore, their responses may not be an accurate reflection of the
perceived value of evaluation, appraisal or reflection.
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When asked to raie their interest in attending an inservice course in 30 different topics
these tren’s were clearer and the pattern was repeated. The vast majority of teachers
were inter- ‘ed in attending courses on recent trends and new ideas. The next most
popular courses tended to be those directly stating a relationship with senior or junior
secondary science. This further emphasises the desire for inservice directly relating to
new ideas in teaching and learning with demonstrable applications at the ‘chalk face’.
Teachers showed only moderate interest in teaching ski'ls not specific to science. The
only exceptions to this trend were methods for motivating pupils /.,2%) whick was the
second most popular choice and basic science teaching skills (337%) which rated secor:d
last. Courses relating to management aspects not directly involving classroom teaching
were least popular.

The teachers sampled believe that they have the basic mechanisms of teaching mastered
to their satisfaction but that they are interested in motivating pupils to ensure a greater
engagement of pupils in learning. Yet this aspect of teaching should be a fundamental
component of undergraduate programmes. Even ideas which may be directly addressed
in preservice courses sbould be the basis of valuable inservice if they provide an
opportunity fc: teachers to refine and apply strategies and approaches which they deem
useful. It may be that only through teaching experience can teachers recognise and
internalise some issues which are examined as an undergraduate. Such issues, once
identified, may be better targeted in professional development programmes than in
preservice courses, Whatever the general implications, teachers specifically feel they
need guidance in order to provide ihe motivation which is essential to meaningful
learning.

Modes of Prescutation

The teachers sampled clearly indicated that traditional modes of course presentation
were most preferred. External studies and evening classes were ranked as desirable by
70% and 62% of respondents respectively. Presentation of some classes in local
schools was also regarded as desirable by 70%. Weckend classes and heliday classes
were rated as desirable by only 31% and 37% respectively.

The vast majority of teachers sampled indicated a willingness to attend an inservice
presented to science staff by a consultant in their school (91%) but fewer teachers were
willing to attend an ‘all school staff’ consultancy (64%) Teachers were very willing to
attend inservice courses presented within their region (90%) but were less willing
(30%) to attend inservices outside their region.

Consultancy is the most favoured form of inservice. Inservices are most desirable if
they are presented locally and address specific subject needs. Clusters and Education
Resource Centres may present an ideal forum for such programmes.

Incentives
Teachers were asked to comment on incentives relating to the four main dimensions of
costs, course factors, career and school based factors.

All but one of the items listed were positively regarded as incentives by more than 60%
of the respondents. The survey respoascs have been used to rank the 14 listed
incentives in order from most to least popular (see Table 1).

<
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TABLE 1
RANKING OF INCENTIVES FOR COMPLETION OF AN INSERVICE COURSE

% indicating ~ Ranking
Incentive offered itisa

great

incentive

Expectation that the course will help you to keep

abreast of new ideas in science education 93 1
Payment of your HECS fees by the University or your employer 91 2
Expectation that the course will help you to be a better teacher 90 3
Intrinsic interest in particular course 89 4
Course is located at a2 venue near you 89 5
Increased salary 80 6
Follow up and support for implementation of idcas

developed during the course 77 7
Credit towards promotion 76 8
Relief days/time for attendance 71 9
Credit towards a higher degree 68 10
Reputation/expertise of course presenter 67 11
Payment to do course 63 12
Overt support of principal 61 13
Attendance by other members of your staff 41 14

The data appear to indicate that the teachers sampled did not wish to have to pay to do
a course but had little expectation that they should be paid to do a course. This is
evidenced by the fact that, the second most highly ranked incentive was payment of
Higher Education Contribution Scheme (HECS) fees by employer whereas ‘payment to
do course’ was ranked only twelfth.

The DSE already contributes to some inservice programmes and this practice would
appear to be valued by teachers. The extenmsion of these contributions to other
inservice courses would provide a highly valued incentive, particularly if they were
directed towards pregrammes which teachers perceive to have intrinsic value.

The nature of the course itself provided the greatest incentive with the three statements
about the perceived intrinsic value of the course for becoming better teachers being
ranked 1st, 3rd, and 4th. The relatively low ranking (7th) of "follow up and support
for the implementation of ideas developed during the course” is surprising since such
follow up is arguably an essential component of a successful inservice course (Reid et
al. in press). However, anecdotal evidence indicates that the quality of inservice ‘follow
up’ within the region for inservice courses has, in the past, been poor. It may be a case
of once bitten twice shy!

Increased salary, opportunities for promotion and credit towards higher degrees, all
career related factors, provided only moderate incentives. With the exception of the
provision of release time (9th) school based factors provided the least incentive with
‘overt support of principal’ and attendance by other members of staff being ranked last.
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Yet, the support of the principal may be essential to the implementation of some
inservice ideas. Furthermore, the benefits of another member of staff with a similar
inservice experience and local school knowledge could also be regarded as an important
ingredient for the successful application of new strategics in the school environment.
The attendance at inservice of a number of staff members may provide the ‘critical
mass’ and basis for productive in-school interaction which may be required to bring
about in-school change.

Only a minority of teachers expressed an interest in enrolling in higher degrees.
Degrees in science were of marginally greater interest than degrees in education. Their
ranking in order of interest was M Sc (34%), M Ed (29%), PhD (science 17%), PhD
(education 15%).

Intrinsic course characteristics provided incentives for more teachers than extrinsic
career or school based factors. The fact that only a minority of teachers indicated an
interest in higher degrees may suggest that they perceive that they do not meet their
needs. Yet it has been argued that "the need for the continuing education of teachers
throughout their professional lives is no longer disputed... The problem is to move
from an agreement in principle about the need for continuing education to turning the
principle into effective practice” (DEET, 1989, 123).

This effective practice might be achieved by targeting specific needs indicated by
science teachers. In simple terms this means that higher degree subjects must provide
an opportunity for the practising teacher to explore modern ideas in teaching and
learning with an emphasis on their direct application and evaluation in the science
classroom.

The data indicate that if teachers are to regard higher degrees as valuable means of
professional development then they must be intrinsically valuable and should be
financially subsidised by the employer. Higher degree subjects designed cooperatively
by teachers, employers and lecturers with a strong action research component may
provide the basis for atiractive and effective professional development. Such programs
would require a significant time and financial commitment on the part of employers,
universities and participants but they represent an opportunity to bring about significant
change in school science education. The hitherto typically short inservice prigrams
with limited follow up which have tended to dominate professional development, have
been unable to provide such change.

Nevertheless, even providing the perfect professional development programme through
higher degrees in itself is not enough. Given that only a minority of teachers are
interested in such degrees, it is essential that the benefits of the degrees relating to
improving science teaching in the classroom be effectively communicated to clients.
This may well prove to be the most difficult task.

Relationships A Variabl
There appears to be a marked inherent similarity within the population sampled in
terms of their responses to the items in the questionnaire. Opinions diverged on few
items. For example, respondents were in general agreement in their responses to 70 of
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the 82 items. Given the fundamental similarity of the sample few significant
relationships were anticipated.

Cross tabulations were used to:

determine relationships among teacher personal characteristics and the
teaching of specific senior science subjects.

identify any relationships among teacher, school type or gender and the
dependent variables.

identify relationships among the independent variables and the items where
opinions seemed diverse.

Experienced teachers are more likely to teach the physical sciences than less
experienced teachers (Physics: X? = 86, P < .05; Chemistry: X = 126, P < .01).
This is perhaps not surprising since other data indicate that older teachers (>35 years)
tend to have studied physics in greater depth than younger teachers (X* = 129P <
05).

Although there were no significant differences between males and females in their
depth of study of the major branches of science, women were significantly less likely
to teach physics than men (X* = 108, P < .01).

These results point to two major problems in the future teaching of senior physics.
Firstly, there is an aging pool of physics teachers and these are not being adequately
replaced by recent graduates. Secondly, although there are no significant differences in
their depth of study of physics, men are more likely to teach physics than women and
this can only encourage its already masculine image.

The first problem could be addressed through inservice programs designed to provide
teachers who do not have a strong background in physics with the knowledge and skills
to teach senior physics. The second suggests a need for changes in attitudes which will
be more difficult to bring about.

There was no significant differences between government and non government schools
on any items except in the area of catering for the needs of physically disabled pupils.
A significantly higher proportion of government school teachers (X? = 110, P < .05)
expressed a need for professional development in this area.

There were no significant difference between males and females in their stated
perceived professional development needs, including needs related to gender issues.
However, women differed from men in their ratings of the mode of inservice
presentation. In particular, although women did not favour holiday or weekend classes,
they found them more desirable than men (Holiday: X2 = 7.9, P < 05; Weekend: X* =
1011, P < .01).

If, as the data suggest, women prefer modes of presentation of professional
development which are different from men, they may be less able to participate in
professional development. This has serious implications for their equal employment
opportunity, particularly where promotion may be influenced by the acquisition of
higher degrees. Further research is required to cxamine the particular needs of women
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to ensure that they are not disadvantaged by the delivery of inservice programmes in
ways which they find unattractive.

The position in school and years of teaching experience were significantly correlated
with some of the responses to the professional development needs items. As might be
expected, executive staff indicated a greater willingness to attend inservice in the areas
of staff leadership (X* = 9.1, P < .05) and supervision of trainee teachers (X* = 8.5, P
< .05).

Relationships between professional development needs and years of teaching experience
were less predictable. Teachers with more than 10 years teaching experience tended to
be more interested in an inservice course on career motivation and satisfaction in
teaching than less experienced teachers (X! = 9.9, P < .05). Teachers with 2 to 10
years experience were more interested in attending inservice courses related to
classroom management for effective learning and motivating pupils than were teachers
with less than 2 years experience or more than 10 years teaching experience (effective
learning: X*> = 10.3, P < .05; motivation: X* = 9.6, P < .05).

Teachers with moderate (2 - 10 years) experience, tended to be more interested in
some inservice courses than beginning or very experienced teachers. This finding is
difficult to explain. Perhaps inexperienced teachers are too busy surviving to consider
further professional development in their first few years and that experienced teachers
may be set in their ways and no longer readily open to change.

CONCLUSION
There appear to be some significant issues affecting the professional development of
science teachers. Those teachers who have passed the survival stage, but who are not
yet set in their ways appear to be open to new ideas and willing to invest personal time
and energy in courses perceived to have intrinsic value. Courses appear to be most
desirable if they contribute directly to improved classroom teaching and are financially
subsidised by the employer.

Whatever the reasons, it is apparent that it may be easier to market professional
development programs related to improving pupil learning to teachers with more than
two but less than 10 years of teaching experience. However, teachers with more than
10 years experience are more likely to be attracted to inservice aimed at providing
greater satisfaction in their work. These programs may only requirc variations in
marketing since it is arguable that similar professional development might provide for
both; that is, provide job satisfaction by enabling teachers to improve pupil learning.

The stated preference for local and/or in-school course delivery is consistent with
comments in the literature supporting collaborative action research as a mode of
delivery. The differences indicated by the data between men and women in their
preferred mode of delivery of professional development requires further investigation.
There is a clear role for university staff to work with high school science teachers.
However, in the context of award-bearing courses, universities need to address an
image problem. They need to ensure that higher degree courses are not only relevant
to clients who wish to improve the quality of their teaching, but also communicate this
to them.
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A SYSTEM TO EXPLOIT THE SPREADSHEET ‘EXCEL’ FOR
ENHANCING LEARNING IN SCIENCE

Richard Beare
University of Warwick, UK.

ABSTRACT

A sprcadsheet system is briefly described, that enables students,
teachers and curriculum developers to rapidly and easily make use of
Microsoft Excel’s unique database and graphics capabilities in the
Science classroom. This system (known as the Warwick Spreadsheet
System) uses Excel’s inbuilt macro language to provide a range of
facilities that are tailor-made for science applications (rather than the
business applications for which Excel was originally designed). These
include the automatic drawing of graphs of various sorts and the ability
to rapidly write mathematical models of scientific phenomena, using (if
desired) ordinary words rather than algebraic symbols. Examples of
applications in physics, biology meteorology and astronomy are given.
These examples are chosen to illustrate different types of application
(e.g. data exploration, simulation, modelling, interactive diagrams).
Educational advantages of the system are discussed, particularly as
they relate to the possibilities of more open-ended investigations, more
problem-oriented activities and a more active learning situation.

INTRODUCTION

The Warwick Spreadsheet System is designed to make the most useful features of the
spreadsheet and graphic database, Microsoft Excel, immediately available in the Science
classroom with the minimum of familiarity with computers on the part of both student
and teacher. At first sight, Warwick spreadsheets look much like fairly normal
spreadsheets with three graphs or charts linked to them, but in fact there is much more
to them than meets the eye. Instead of the usual Excel commands there are specially
written commands, organised into pull-down menus and selected using a mouse. These
enable things that would ncrmally take several operations to be done with just one
command from the user, (or sometimes two), for example, drawing graphs or bar charts
of one quantity plotted against another, superimposing different graphs one upon
another for comparison purposes, setting up a quantitative model or simulation using
formulaec. The whole system is based on Excel’s in-built programming language (or
‘macro language’) that enables large numbers of individual commands to be strung
together (and made more general) so as to form a short program (or ‘macro’);
however, the user is not a vare of this, as macros are hidden in memory and only
evident by the functions that they perform.

New spreadsheets are set up starting from a ‘template’ that appears to be a blank
spreadsheet, but in fact contains a lot of hidden formulae and cells that are needed for
calculating such things as the ‘last values’ of formulae (see below) and for linking data
to graphs and charts. Formulae and numerical (and text) data is cntered on the
template and a single command then causes the spreadsheet to be automatically set up
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so that formulae and graphs or charts are calculated correctly using the names assigned
by the user for different quantities. In the case of phenomena such as predator-prey
interactions and planetary orbits that are calculated step by step as they evolve with
time, the usual spreadsheet procedure, of copying the same formulae onto successive
rows of the spreadsheet, each new row corresponding to another interval of time, is
used. However in the Warwick system, the process is automated.

Rather than explaining the system any further in che abstract, it will be easier to show
its capabilities and educationa! possibilities in the context of specific examples. These
examples are all taken from the Warwick Spreadsheet System ‘National Curriculum in
Science’ package, shortly to be published in Exngland by Longman Logotron (Note 1).
This contains a range of about thirty applications, as well as the system itself and is
aimed mainly at the middle to upper secondary level. The biology examples were
written by Dr. John Hewitson of Oundle School (Note 2) and the physics, astronomy
and meteorology examples are by the author. Examples in chemistry (not illustrated
here) were written by Dr. Mike Stephen, also of Oundle School.

Analysing published data

Obvious applications in this category include data on the chemical elements of the
periodic table and climatic data for different locations. Data on the Solar System also
make a good example of this type of use (Fig. 13). This shows sections of a
spreadsheet that contain numerical and text in ‘ormation on the planets and major
moons of the Solar Sysicm and on the largest of the asteroids, Ceres. The student is
able to explore these data on screen using the mouse to scroll to different parts of the
data and to highlight cells containing text so that their contents appear at the top of the
screen. In conjunction with suitably written worksheets, he or she is able to go on a
guided voyage of discovery around the Solar System. Some of the things he or she will
discover are of a fairly straightforward nature, for example how large the various
planets are and how locg it takes them to orbit unce around the Sun. Others are much
more exciting: for example that Venus has such a pronounced greenhouse effect that
lead would melt at its surface; that o, the satellite of Jupiter, orbits so close to its
surface that it is continually being flexed by Jupiter’s gravity and so heated up
sufficiently to have enormous geyser-like volcanoes of molten sulphur and sulphur
dioxide gas. Putting the exciting information about the planets and their moons which
has recently been discovered by space probes on a spreadsheet gives students a more
interesting and active way of ‘discovering’ it than simply listing it in a book.

However, the rcal benefit of the system becomes apparent when one is looking at
numerical information. Because it can be displayed in a graphical way, students have
immediate access to a visual representation of any information that they are interested
in. Furthermore, since up to three quantities can be plotted against any other tbree,
either as a bar chart or a graph (or pie chart), correlations are easy to spot between
different sets of data. For example, in Fig. 1(b) the first two charts show that in
gencral the mean surface temperatures of the planets decrease as one gets farther from
the Sun. However, there is something anomalous about the temperature of Venus.
The last two charts, on the other hand, show that the dates at which the different
planets (and Ceres) were discovered correlate exactly with their maximum brightnesses
in the sky, (a large visual magnitude meaning a small brightness). Questions can be
asked to encourage students to discover relationships like these for themselves, and to
get them to think of reasons for them. For example, ‘Why is Venus so much hotter
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than one would expect from its distance from the Sun? This provides a more active
involvement in the learning process and a more problem oriented approach, both of
which fit in well with a constructivist view of learning science, in which students are
seen to be active in constructing their own scientific views of reality, rather than as
sponges passively absorbing information from books and teachers.

Well designed worksheets written to accompany spreadsheets can put more onus on
students to find out for themselves and in their own way than is possible with static
information in books or with most conventional computer programs. These are often
more restrictive in the information they provide and the order in which it can be
accessed. The Warwick system is intended to transfer more ownership of the learning
process to students so incrcasing motivation and a sense of personal achievement. It is
even possible to frame questions in such a way that the learning process becomes
completely open-ended, c.g., ‘Find the most unusual object that you can in the Solar
System’, or, ‘Imagine that you are the owner of a company some time in the distant
future that runs tours around the Solar System. Devise the tour that you think wouid
be of most interest to prospective clients and write a brochure describing what people
will see on your tour.

)

The system can be used to store, display and analyse any numerical data that a student
may obtain, whether it be the results of a laboratory experiment or field data such as
weather measurements. All the student needs to do is to give names to the columns
that he or she wishes to use for different measurements and for any calculated
quantities, together with any formulac that are required, and the system will
automatically do the rest, calculating quantites and drawing graphs and charts as
required. In the case of weather recording, this might mean having columns for daily
readings of maximum temperature, minimum temperature, wind speed, wind direction,
cloud cover, rainfall and atmospheric pressure. A further column could then be set up
to calculate daily temperature ranges. If the maximum and minimum values were
labelled ‘max’ and ‘min’ the required formula would simply be ‘=max-min’. Formulae
can use algebraic symbols, ordinary words, or abbreviations (as here). Without the
Warwick system one would either have to use so called ‘cell references’ (e.g. ‘C4-C6’ or
‘$C$4-$C$6’) or give each cell its own name separately. The system automates the
process so that the student has only to enter the required name in the cell above the
quantity or quantities to which it refers.

As well as looking at simple charts of daily variations in weather, students could also
look for correlations, e.g. compare charts of temperature range and cloud cover to see if
clear skies give rise to large daily temperature variations, or plot a scatter chart of
temperature range against cloud cover to sec if a correlation is apparent. In
applications such as these where students are analysing their own data the power of the
sysiem is in enabling them to rapidly and easily look at a large mumber of different
aspects in a graphical way. There is no need to spend time either mastering
spreadshect techniques (important though that may be in other contexts) or in carrying
out these techniques, which are relatively time consuming and in any case tend to divert
the student’s attention from the subject matter in hand and onto the computer. With
the spreadsheet, system activities that would otherwise require a lot of time and effort
on the part of the student become quick and easy to carry out.
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Simulati | Modclli

Figure 2(a) shows a spreadsheet that calculates predator-prey interactions and Figure
2(b) some specimen graphs produced. This is a good example of a simulation or
mathematical model of a scicatific phenomenon. There is a spectrum of sophistication
in the way that such a spreadshect can be viewed. At one extreme it can be used as a
straightforward simulation, in which students have no idea of the scientific principles on
which it is based. By analogy with electronic equipment which often used to be
concealed from the user in a black box, such uses are somectimes called ‘black box’
simulations. At the other extroime it may be the result of a modelling exercise in which
students gradually build up the scientific model for themselves by writing suitable
formulac with help from the teacher. In between these two extremes students may
understand the principles on which a spreadsheet is based without having examined the
actual formulae, or they may have examined both the principles and the formulae that
have been used (although someone clse has actually written them). The exact mode of
usc on the spectrum between ‘black box’ simulation and modelling activity depends on
the sophistication of the students, their mathematicai ability and the aims and
philosophy of the course they are following. For further discussion see Gorny (1988).
However, it is arguable that for students to have no idea of how the computer is
making its calculations is rarcly a good idea educationally. Instead the aim should
always be for students to understand the scientific processes underlying the phenomena
that they are studying. Some simple idea of the assumptions and principles contained in
a spreadsheet model is therefore always to be recommended. This can then promote
discussion of whether the computer model is a good one and whether it can be
improved. Spreadsheets can be written which actually enable the student to examine
the consequences of different models. For example in the spreadsheet shown in figure
2 the model can be modified to incorporate the idea that prey often have places where
they can hide safe from their predators. These are called ‘refuges’ on the spreadsheet.
This gives rise to quite a different prediction as the lower threc graphs show. See
Hewitson (1984) for further discussion of predator-prey models.

Educational advantages of simulations and models (with some student understanding of
the model at least) include a more active learning style and a greater student ownership
of the learning processs as well as the possibility of more open-ended investigations and
more problem-oriented activities. These should result not only in greater motivation
but also in more effective learning than would be the case where information is
absorbed passively from teachers and books alome. A further advantage is that
simulations and models can often enable a greater range of phenomena to be studied
and in a more realistic way than would otherwise be the case. This is particularly so
where there are either experimental difficulties, (any phenomena that are too difficult,
too dangerous, too costly, too slow, too fast, or simply impossible in the laboratory), or
mathematical difficulties, (for example: ecology, genetics, planetary orbits, projectiles in
‘real’ situations involving air resistance and winds).

The specific advantages of modelling activities as learning tools have been discussed by
many researchers, (for example Ogborn, 1987; Gorny, 1988; Webb & Hassell, 1988;
Schecker, 1991), but centre around the idea that constructing models forces students to
state their ideas in an explicit form so that predictions can be made and compared with
reality. This forces a re-formulation of these ideas by students themselves where they
are found to be inadequate.

3J




26

p ine Vi . cati
Graphical hard copy is useful for students who may wish to include it in their project
work and for teachers who may wish to use it for handouts to students or for making
overhead transparencies. The advantage of using spreadsheets to produce such
materials is that they can be created to illustrate very specific points and tailor made
for a particular situation. Often such hard copy may not be available by other means,
or it may show ideas in a new light. Fig. 3, for example, gives an instructive view of
the relative sizes of the planets’ orbiis and was produced by a spreadsheet based on
simple cafculations involving Newton’s Sccond Law of Motion and his law of
Gravitation (Beare, 1983). The system allows charts and graphs to be printed out in
the usual way, but also has provision for copies to be saved on disc under any name the
user may choose, while the original stays on screen with the same name. At a later
date, these saved charts and graphs can be recalled and examined on screen, printed
out, or possibly copied and pasted into a word processor such as Microsoft Word
(which is how most of the figures in this paper were processed).
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Int

Spreadsheets can be created which draw interactive diagrams such as the optical
diagrams shown in Fig. 4. Altering any of the following parameters on the spreadshect
results in an immediate change in the optical diagram: object distance, focal length,
diameter of lens, height of top or bottom of object. Similar spreadsheets can be written
to show light passing through more complex instruments such as telescopes and
microscopes and to show rays rather than the edges of beams of light as here. In some
ways this type of use overlaps that of a simulation, except that in this case there would
be no intention of the student understanding how the spreadsheet works: it would
simply be an interactive diagram which would help intuitive understanding to be built
up of how light beams behave on passing through a lens.

Different menus of commands appear according to whether the ‘active’ window is the
spreadshect or one of the three charts, or whether no spreadsheet or chart is currently
open. Up to three pairs of x-y data on a spreadsheet can be plotted at once. Normally
these are dynamicaily linked to the parent spreadshect so that changing data on the
spreadsheet causes an immediate change in the associated graphs and bar charts. The
user has the option of plotting these on separate ‘charts’ or of plotting them all on one,
e.g. for comparison purposes. A ‘Fix plot’ command allows the currently plotted data
to be fixed’ on the chart(s); subsequent changes on the spreadsheet then result in the
new data being plotted on top of the fixed data. A large number of plots can be fixed
on one chart in this way (as with the planetary orbits in Fig. 3). Also a facility is
provided for drawing a least squares linear or exponential fit through a set of data
points, this being particularly useful when students need to analyse their own
experimental data.
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Figure 5. A simple population growth spreadsheet, showing formule(top), graph (centre) and values (the normal view - bottom)
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An important feature is the ability to refer'to the values of quantities in the row above
the current one by preceding their names by the four letters dast’. This enables step by
step calculations (like those for predator-prey interactions and planetary orbits) to be
carried out without needing to use cell references. This is illustrated in Fig. 5 which
represents & very simple model of population growth in a smal! town, (some values
chosen are unrealistically large in order ¢o make the changes large on the graph for
demonstration purposes). Notice how formulae have been copicd down to the bottom
of the spreadsheet by the ‘Initialise formulae’ command, but not constants as in the
migration column. (The formulae in the first column simply number the rows in the
spreadsheet and do not need to be entered by the person writing the spreadsheet.)

Two useful features are provided for spreadsheets based on mathematical models such
as the predator-prey ane mentioned above. ‘Make chosen row new starting row’ allows
the values in any row to be copied to the first row so that calculations can be continued
‘beyond’ the bottom of the spreadsheet, for example if one wanted to continue the
predator-prey eycles in Fig, 2 for a further 25 years. At the same time constants and
formulae can be altered before proceeding, allowing different conditions and models to
be used for the continuation. ‘Make changes from a chosen row dowr’ is similar in that
it allows constants and formulae to be altered part way down a spreadsheet.
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‘1 KNOW ABOUT LISP BUT HOW DO I PUT IT INTO PRACTICE?

Beverley F. Bell and Jobn D. Pearson,
University of Waikato, New Zealand

ABSTRACT

This paper outlines some initial findings of the Learning in Science
Project (Teacher Development) on the process of teacher development
with respect to implementing the findings of the previous Learning in
Science Projects. The findings on course components, the ‘pay-ofis’ for
the teachers, reflection and support for the change process are
discussed as are the implications of these for further research.

INTRODUCTION

The Learning in Science Project (Teacher Development), which is funded by the New
Zealand Ministry of Education has as general aims to develop and investigate teacher
development courses that help teachers of science implement the findings of the
previous Learning in Science Projects, and that are based on a construciivist view of
learning for both teachers and their students. In taking into account the findings of
previous Learning in Science Projects, teachers are encouraged to use new teaching
approaches and adopt mew roles in the classroom, and to clarify and change their
implicit theories of how students learn, the nature of knowing and knowledge, the role
and function of schools (Claxton & Carr, 1987). A broader statement of aims, the
research questions, design and method for 1990 are outlined in Bell, Kirkwood and
Pearson (1990).

Two teacher development courses were specifically set up for the research project in
1990: a course for teachers from several intermediate and secondary schools in the local
arca (called the regionally-based course), and a course for the science staff in a single
secondary school (called the school-based course). Both courses were based on the
known rescarch findings on teacher development (Bell, Kirkwood & Pearson, 1990) and
aimed to help teachers implement the findings of the Learning in Science Projects,
related to learning and teaching science. The Interactive Teaching Approach (Biddulph
& Osborne, 1984) was used as a vehicle for teachers on the courses to learn about the
Learning In Science Project findings and to change the teaching and learning activities
in their classrooms. This teaching approach was developed as part of the primary
project (Biddulph & Osborne, 1985) and is a constructivist approach, Laving as its main
emphasis, learners finding answers to their own questions.  Furthe: details of the
courses are given in Bell, Pearson and Kirkwood (1991).

SUMMARY OF THE RESEARCH FINDINGS OF 1990

The findings of the research in 1990 are documented in the papers titled ‘Course
Components’ (Bell, Pearson & Kirkwood, 1991) and ‘Changing’ (Bell & Pearson, 1991).
Reported here is a summary of the factors that helped or hindered the intended teacher
development.
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‘Feeli m acher’

In a survey completed before the courses began, the teachers indicated that a major
reason for their volunteering to be involved in the courses and the research project, was
to improve their teaching. The courses acknowledged this and focused at the beginning
on helping the teachers to trial a new teaching approach in their classrooms.
Discussions in the course sessions were largely about the advantages and problems of
implementing the Interactive Approach. One factor that helped teachers use the new
approach, despite the problems, was that ‘they felt better about themselves as
teachers’:

1 hated school. T did well at school but T was so frustrated..I was bored... I
ended up doing teaching because I felt there had to be something better than
what I got...] get so frustrated when I see me doing what 1 got (at school).
And so for me, this is some way of helping me become what 1 think a teacher
should be. (16/M2)

[The first number in the transcript code indicates the number identifying the teacher
interviewed, the second indicates the number of the interview with that teacher. ‘M1,
M2’ refer to comments made at full day meetings in November, 1990 and in March,
1991. ]

The positive aspect of the change was not just the new teaching approach itself but the
new roles of the teacher as well (Bell & Pearson, 1991). These new roles for the
teacher were considered a pay-off to keep changing despite the difficulties. The role of
the teacher as a facilitator of students’ learning was seen to involve the teacher in:

helping students find answers for themselves and ‘petting them to think’.

finding out what students are thinking and helping them clarify, reflect and
change their ideas through challenging them

promoting discussion in the classroom and organising social groups for learning.
being a co-researcher, giving feedback and providing resources that are
motivating and stimulating for students to learn.

accepting of students ideas and creating a supportive, caring atmosphere for
learning.

Another factor that was perceived by teachers as helping them to change their teaching
in ways consistent with the Learning in Science Project findings, was that the new
teaching approach enabled ‘better learning’ (Bell & Pearson, 1991). During the
courses, the teachers tended to talk about what they had done in the classroom in trying
out a new teaching approach. Although the talk was often on teaching, many of the
teachers also talked about the ‘better lcarning’ that was occurring, in terms of the
classroom feedback they had received on the new teaching approaches. That ‘better
learning’ was occurring, was perceived by the teachers as a reason to continue to
implement the LISP findings, despite the difficulties described in Bell, Pearson and
Kirkwood (1991). The ‘better learning’ was perceived as a pay-off.
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Because it makes us enjoy our job much more. I can justify my being at
school and enjoying my vocation if I sec kids learning and enjoying learning,

(14/M2)

The comments made by the teachers indicated that what they called as “oetter learning’
included the establishment of better conditions for learning and better learning
outcomes. The better learning conditions included:

Increased enjoyment
Teachers commented that there was more enjoyment of science and implied that better
learning was occurring:

Well, there was better learning, there was more enjoyment.... (17/1)

Social co-operation

Increased cooperation was perceived between students with the introduction of the new
teaching approach, and was related by teachers to improved learning. In one situation,
where experimental equipment had to be shared, the teacher noted:

The groups really worked together, although they were doing different things
to make sure the other group wasn’t impeded.... I didn’t expect that would
happen.... People in suck a hurry to get their experiment done, usnally became
aggressive to someone in their space. (4/5)

Ownership

Teachers saw that when students were able to follow their own research interests,
ownership of work was enhanced. A relationship between ownership and improved
learning was suggested in the comments of teachers:

That they were keen!..Another indicator would be that people who didn’t
normally carry out experiments, .were actually doing something. Some of the
kids who don’t normally do anything at science or get very little out of it were
actually becoming involved because they were able to choose their own thing,
and they saw it as their problem..One of the girls said that she enjoyed this
type of approach because she can find out things for herseli, the things she
wanted to do. (9/2)

Students’ confidence
Teachers stated that using the new teaching approach resulted in increased confidence
of the students in themselves and implied a link with increased learning:

I've seen quiet kids respond to this change in emphasis...to the taking
responsibility for their own learning...And 1 can think of one really good
example...when asked to defend their theories,...one girl who at that point had
hardly said boo all year, stood up ... and said, ‘this is what I think and this is
why’..It gave her the courage to be able to stand up and say ‘I disagree with
ninety percent of the class. (13/1)
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Motivation

Interactive teaching was also secen as improving student motivation generally and
therefore, learning:

I think the big difference is perhaps the motivation where because they are
actually finding out and finding answers for themselves, there is maybe an
increase in motivation and that would therefore aid learning. (1/5)

Learning Outcomes _

Enjoyment, social co-operation, ownership, confidence and motivation were aspects of
the students’ learning commented on by the teachers as feedback that the new teaching
approach was worth continuing with. They are conditions or prerequisites for learning
consistent with the model of learning developed by the Learning in Science Projects
(Osborne & Wittrock, 1985). In terms of learning outcomes, many teachers indicated
that the strength of the teaching approach was in developing students’ learning skills.
The skills men‘ioned included answering and asking more questions, being engaged in
debates and conversations about the work in the class and writing down more. These
are skills required for conceptual change as rescarched in the Learning n Science
Projects, along with those of investigating and exploring ideas, developing explanations
that are sensible and useful and broadening their experiences of science and technology
(Osborne & Freyberg, 1985).

The one topic that I tried it on the fifth form, I know now that they did learn
more because I got them to write down what they now know about metals and
I was absolutely stuaned with what they wrote down there. (17/1)

The teachers also commented on learning outcomes in general:

I must admit [ was really happy with my fifth form. When I just had last years
lot that I kept dabbling with and thinking ‘well, I will try this and see if I can
squeeze this around the exam paper’. And then we get that curly exam paper at
the end of the year and my kids did pretty well. With C2 material, we were
getting B1’s and B2’s at the end of the year and I was really happy with what
they had achieved. I was actually quite stunned with some of them. They
coped better with the strangeness of the paper. (12/M2)

Co Com

The course consponents were also perceived by ihe teachers as promoting professional
development, with respect to impiementing he LISP findings (Bell, Pearson &
Kirkwood, 1991) and in summary are:

a) Feeling and experiencing the interactive teaching approach as a student:

At the start of the regionally-based c~-se, the participants became learners of science
and technology when the facilitator medelled the Interactive Teaching Approach. The
teachers experienced and felt what it would be like for their students when they
themselves used the teaching approach in their own classrooms:

Q
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The thing that got me going, initially really put me off, was the fact that the
beginning of the course seemed really woolly. You didn’t sit down and say to
us ‘we are going to do this, we are going to do that, and it is just a workshop
session we are setting up’ and you made us go through the process of - you
gave us a starter material which was the iron and told us to get on with it.
And you made us go through the process that the students have to go through
to be able to accept this approach ...it was great because at the end of it, and
when I mentioned about the confidence to try that with students, I said to them
‘I know what you are going through, I did exactly the same thing, just give it a
bit of time, give it a try and I know it is going to work. And they went
through the same process. That was the initial thing that got me on to it. The
role play, or whatever, I don’t know what you officially term it in the jargon.
(17/M1)

b) Knowing about nature of the interactive teaching approach:

Articles on kecping journals, the interactive teaching approach, Learning in Science
Projects, science and technology, gender issues and teacher change were given to course
members to read in-between sessions. The readings were to provide an input of new
ideas and overviews:

The thing that started me thinking about teaching attitudes was the handouts,
the reading matter. And really through that I realised I was not thinking of the
education philosophy side of what I was doing. But the reading pointed that
out and made me think more why I was doing what I was doing. (11/M1)

¢) Doing;: using and evaluating the approach with their own students:

Both courses included componenis of learning about different aspects of the interactive
teaching approach, for example, students’ existing ideas, students’ questions, and
students finding answers to their questions. The courses also included opportunities for
the teachers to try out and reflect on different aspects of the interactive

approach. For some, the opportunity to trial the approach was important:

I've probably heard enough of the bits and pieces from Learning in Science
and that sort of thing, not to have had to worry too much about taking that
part on board. It is more the actual teaching method that I needed to look at.
So I haven't had too much difficulty, i think, in accepting the concept. It is the
actual putting into practice that I think I may have more difficulty with. (1/9)

d) Developing a unit of work based on the interactive teaching approach.

In the school-based course, the staff of the science department negotiated with the
facilitator to develop a unit on plants for the school programme. This work was in fact
curriculum development. Comments were made about the curriculum development as
teacher development:

Well I think the biggest plus I see is that the whole staff have been involved
which means that we have either all taken it on board or we all throw it out.
That is something we can discuss anyway but I get the general fc ling that the
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staff has pretty much taken the idea on board to a greater or lesser degree.
That, of course, is going to make things a heck of a lot easier in terms of
planning and making schemes and that sort of thing, If everyone has taken the
idea on board we can start writing units in the way that we have done with the
plant unit, it is designed for interactive learning. We can work together in
resource preparation, whereas if we were in a situation where one, or perhaps
two people, on the staff, particularly the bigger staff, have this you may have a
lot of difficulty actually actioning the programme. Either because it doesn’t fit
in with what the scheme is in the school or the actual work they are doing on
their own just becomes too much. (1/9)

e) Reflecting on aspects of the approach with respect to teaching and learning,
assessment, role of the teacher, curriculum development, the nature of science, gender
and equity issues, problems in using the approach, and establishing a supportive
classroom atmosphere.

In implementing the Learning in Science project findings, teachers are challenged to
change their view of teaching, the role of the teacher, learning, the learner, the nature
of knowledge, the nature of science and the science curriculum, Thinking, beliefs and
actions are interwoven. Reflection on one’s thoughts and beliefs is linked with changing
one’s actions. Comments were made by members about the role of the courses in
aiding reflection with respect to reviewing and evaluating current teaching activitics,
clarifying ideas, thinking about learners and learning, developing a critical awareness,
aspects of science and science education, putting knowledge of teaching and learning
into action, and thinking of new teaching activities. An example of a teacher’s
comment about reflection is:

Whereas before I was probably pretty cynical about, say, Teachers College and
education generally speaking and new modern ideas about how you should
teach and things like that, I was probably pretty wary or cynical of those.
Which wasn’t helped by the other teachers around the place, they would say
‘oh yes, all this modern education rubbish’. So I have really changed my tune
as far as those go and I can see that there is - well I am certainly able to see,
in this particular, probably partly with assessment procedures and inservice
courses on assessment and also with the LISP course especially that there is
quite a bit that you can do and also the TET business. I found that quite
interesting as well. So I began to realise that I would have to make up my
own mind about them rather than listen to other people’s opinions of them. I
went to this with a pretty open mind, quite keen, and so I think that was a
good way to go into it and I have gained a lot out of it. (9/2)

f) Supporting each other in the process of change and the need for on-going support
was acknowledged:

I think that is an area where we can share more, particularly if we are looking
at developing interactive teaching, then I think that is becoming even miore
important. We are going to be doing things like that together. And the other
thing is if we are developing a new method of teaching then I think we are
going to all need support from each other and I can turn around and say ’that
didn’t work for me, it was a disaster and I reaily don’t want to do it again’ and
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somebody will say ‘well I went well, I did this and this’ and maybe you will sce
something that they have done that might be different that may change it.
(1/5)

This support was felt to be valuable in dealing with the change process, including taking
small steps; being in control of the pace of change; coping with the feelings of
insecurity; being willing to give it a go, perhaps make mistakes and learn from them;
maintaining control in the classroom; getting students to accept the change; having to
change within the school system; and keeping a commitment to and opportunity for
change.

Summary

Five main factors were perceived by the teachers to facilitate teacher development with
respect to implementing the Learning in Science Project findings. One factor was that
of the course components of feeling, knowing, doing, developing, reflecting and
supporting. Amnother two factors, ‘better learning’ and ‘feeling better about myself as a
teacher’, were seen as valuable pay-offs by the teachers in the uncomfortable process of
change. These two factors are significant in terms of highlighting the need for teachers
to collect classroom information to answer the questions ‘Am I teaching in a way
consistent with the findings of the Learning in Science Projects?’ and ‘Are the students
learning?’. Two other factors, support and reflection, are important components of the
teacher development process and are seen as central in achieving the outcomes of
change in classroom practice and ideas on teaching and learning.

RESEARCH PLAN FOR 1991

Reflection, support and indicators of constructivist teaching and learning have been
chosen as the foci for the research in 1991, for the following reasons:

* Most existing courses in preservice and inservice teacher education on the
Learning in Science Project findings, contain the components of feeling,
knowing, doing and developing, although to varying extents. The development
and evaluation of such courses (Biddulph, 1990a; Bell & Pearson, 1991) was
felt to give sufficient information for the development of course modules and
resource material. However, the thinking and course development with respect
to promoting reflection and support was felt to be less advanced.

Reflection may be seen as involving both thinking about our ideas of teaching
and learning and thinking about our classroom activitics. It also may be seen to
involve both thinking and taking action. In terms of the teacher development
required to implement the Learning in Science Project findings, reflection can
be viewed as a central part of the process of this teacher development. It is
also consistent with a constructivist view of learning.

During the sessions in 1990, the teachers were encouraged to reflect, both
publicly (in the sharing sessions and in the interviews with the researcher) and
privately (in the journals). It was felt that the kind of reflections required to
achieve the desired teacher development often occurred in the interviews,
which were not a part of the course but part of the data collection. The quality
of reflections that occurred in the interviews needed to be encouraged as part
of the course itself.
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The public reflections in the sharing sessions, tended to be describing, recalling,
or recounting what the teachers had done in their classrooms, and the problems
and successes with the new teaching strategies. It is hoped that with further
opportunities, time and support, the teachers would be able to reflect in ways
to promote the teacher development (with respect to ideas and practice)
required to implement the previous Learning in Science Project findings. This
includes reflection as critical analysis and reflection as critical inquiry.

Reflection as critical analysis involves thinking about practice in the light of current
educational ideas, concerns and issues at both the school and system level. For
example, reflection could involve thinking about new ways of assessment and reporting
when using the Interactive Teaching Approach. It may also involve thinking about
ethical and moral concerns, for example, gender and equity. Reflection as critical
inquiry involves systematic investigation and intervention, and in this sense is similar to
action-research with the cycle of collection of classroom data, thinking about the data
and suggesting changes to classroom activities. A teacher who is able to reflect in these
ways is more likely to change her or his beliefs and practices to implement Learning in
Science Project findings. While most of the teachers were reflective to start with, (Bell
& Pearson, 1991) further opportunities and support appear to be required if the
teachers are to continue developing their skills of reflection, in terms of critical analysis
and inquiry.

"*7"  The data (Bell & Pearson, 1991) indicate that the support, confidence and trust
in the groups bad developed to enable public reflection to occur. More
detailed data on the kind of support required by teachers to reflect in terms of
critical analysis and inquiry and by teachers undergoing change would be
helpful.

Teachers require feedback as to whether their new teaching activities are
consistent with the Learning in Science Project findings, or as one teacher
asked ‘How do I know if I am a LISP teacher?. This question may be
answered from the research findings but the answer is from an academic
viewpoint. There is little to answer the question from a practitioner’s
viewpoint and in the professional language of teachers.

The teachers looked for feedback from their students as to whether the new
teaching activities were improving learning. The indicators attended to by the
teachers, tended to be conditions for learning, rather than learning outcomes.
More research is required to describe indicators of conceptual change in the
classroom.
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THE TREATMENT OF SCIENCE DISCIPLINE KNOWLEDGE
IN PRIMARY TEACHER EDUCATION

Malcolm Carr and David Symington
University of Waikato Victoria College

ABSTRACT

Whilst there is general agreement that primary teachers have a rather
limited understanding of science, as Symington and Mackay (Note 1)
have shown there is no universally accepted view amongst teacher
educators in Victoria about the steps that need to be taken to improve
their subject matter competence in science. This paper addresses the
issue by taking a topic which is widely included in primary science
programs, namely floating and sinking, and asking what knowledge
primary teachers should have to enable them to handle the topic in a
primary classroom in a way consistent with constructivist ideas. The
paper will also address the issue of how that knowledge could be
assessed.

RESEARCH INTO CHILDREN'S IDEAS ABOUT FLOATING AND SINKING

Biddulph and Osborne (1984) have conducted and published research into children’s
ideas about floating and sinking which has provided valuable insights into pedagogical
issues associated with introducing these concepts at primary school level. They
developed a procedure, utilising a set of pictures representing instances (Figure 1),
which facilitates exploration of children’s ideas. Biddulph and Osborne asked students
to examine each of the instances and say whether, in the way they thought about
floating, the object portrayed was floating. This procedure, and responses to it, provide
a vehicle for reflection on the way science operates and how this should be taken into
account when dealing with primary teacher education students.

REFLECTIONS ON THE NATURE OF SCIENCE
The framework for the reflection on this issue will be provided by five questions:

* Does nature contain a definition of floating which can be uncovered through
appropriate experiences?
How does science deal with an idea such as floating?
Is there a single explanation for a phenomenon such as floating?
Can science always provide an answer to a question?
When a "better" explanation is suggested do scientists readily accept it?

Question 1: Does nature contain a definition of floating which can be uncovered
through appropriate experiences?
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The implied view of much primary science writing in texts and teacher guides is that a
word such as floating has a meaning which exists in the natural world. This meaning is
seen to be independent of people, unambiguous, and apparent to the trained and careful
observer. Through a process of exploration of their world learners are therefore
expected to unearth this true meaning of the word, provided that a teacher guides the
process with skill,

The reality is that the word ‘floating’ does not have an obvious and exact meaning. The
understanding of the word which we have constructed from the rich world of our
experience is challenged seversly when we think carefully about the instances Figure 1).
The first example, the apple, may secem obvious and uncomplicated. Surely the apple is
floating. Yet if you discess even this apparently straightforward example with young
people some of them will say ihat the apple is partly floating and partly sinking (Which
makes sense if your idea of floating is to be above the water and of sinking is to be
below the water). The second example might also be thought to bc a clear case of
sinking, but if the illustration showed one of the stones partly above the surface then
the logic of this view would be that some of the stones arc sinking but that one is

floating,

Consider now the person under the water looking at fish. Is the person floating? If our
concept of floating is for something to be above the surface of the water, then the
answer is no. But we may bring to this decision other experiences. What if we know
that an apple when pushed under water will bob up again when we release it? Then we
may decide that floaters can be submerged temporarily, but that they remain floaters.
How would this affect our response to the survey guestion about the underwater
swimmer? We know that divers can swim back to the surface, unless something goes
wrong (and the person illustrated does not look distressed). By this argument perhaps
the person is floating. There is anothes view of floating which involves the common
experience of feeling supported by the water. From this viewpoint the diver is floating,
even although submerged. The same considerations apply to the submarine.

Further complexities arise when we turn to the yacht in trouble. In our normal usc of
language the yacht is sinking but in the illustratiou it is still floating, if only just! The
responses to the instances depend on the construction of meaning for the words, and
these meanings come from our prior experiences. In thinking about the instances some
interesting ambiguitics and puzzling issues to do with meanings for the words have
arisen.

The person swimming may set off interesting associations with our own experiences.
For some people water is a dangerous environment, raising fears of drowning. To them
this illustration may show a person who is going to drown if he/she stops swimming,
because he/slic cannot float.

Other responses may arise from a personal experience of comfort in the  water,
knowing that when you ceasec swimming you caa float. Each association could lead to a
different response. This picture has introduced a puzzling new dimension, that of
movement. We are likely to hold a static view of floating and sinking, which means that
m.ovement is a confusing distraction. The same problem applies to the stone skipping
along on top of the water, We know that the stone would sink if it stops moving. Does
that mean that it is floating? The same difficultics apply to the speeding boat!

D0
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If complications seem to be piling up endlessly then the point that we wish to make can
now be stated clearly. The idea of floating does not exist sharply defined in nature. We
obviously need to make decisions about what the word can be taken to mean, that is
we need to construct a meaning for it. This is just what scientists have done. They have
constructed their concept of floating and sinking by building up a lot of experiences,
and then trying to make better sense of their observations. In the process they have
invented theories: at times have had to change these theories and therefore the
meanings of the words involved.

Question 2: How does science deal with an idea such as floating ?

Consideration of the instances if Figure 1 gives some clues to the answer to this
question. Development of a construct of floating is hindered by the complexity of the
rich world of experience. Scientists, for very good reasons, aim to reduce this richly
complicated world of experience to a more manageable, tidied-up one. For science to
‘work’ concepts need to be in sharp focus. In the case of floating and sinking the
scientists’ comstruct first seeks to make these two possibilities mutually exclusive
(something is either floating or sinking, and ambiguities su:h as partly floating and
partly sinking, floating now but about to sink are avcided). How does this work?
Consider some examples.

The iceberg is viewed by science as floating. Although many peocple will teil you that
part of it is sinking (the part below the water) and the rest is floating, this is too
complex for science: the total system is defined as an instance of floating. By reducing
the complexity of the real situation simpler and tidier statements can be made. The
instance of a person in a life jacket provides a further illustration. We might think that
the person needs the life jacket to survive so that in a way the person is sinking and the
life jacket provides support so that the sinking person can float! Again by treating the
system as a whole a simpler, more reduced view of the world offers a clear response.
So the first strategy is to treat systems as a whole.

The next decision about floating is to shiit the focus from the surface of the water. The
new construct considers something to be floating if it is supported by the water (even if
it is under the water). The yacht in trouble is therefore considered to be floating since
it is still supported by the water.

This example raises a further aspect of the way that meanings for words are
constructed in science. The situation is treated as it is at the moment, regardless of what
may happen next or what may have happened before. Science often takes this view of
the world, disregarding the past history of an event and the possible future. This
provides a sharper focus, even though information from our prior knowledge is now
ignored. Of course in everyday language the yacht is sinking, but the scientists’
construct is that at the moment it is floating. It is valuable to think about how this
construction of meaning does not always remove some difficulties.

Consider now the empty plastic bottle tied to a rock. The bottle is described by science
as floating aithough many people would describe it as sinking or sunk since it is beneath
the water. Is the scientists’ response based on the understanding that if the bottle is
released it will float to the surface? This is not the case. The scientist is not using
knowledge of what might happen in the future. The decision is based on seeing the
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bottle as being supported by the water (experiencing an upthrust) and therefore
floating. Notice that this decision is affected by the change to the concept of floating
from ‘being at the surface’ to ‘being supported by the waier’.

This reduction to a simpler, more amenable situation is typical of the way that science
works. Focussing on the moment and using the concept of support provides a sharper
analysis than being above or below a surface. The idea constructed is more powerful.
In attempting to make sense of the world science tidies it up, discarding as
unnecessarily complicated a number of the attributes of the real world. By this process
science has been developed as an interrelated set of comstructs about the world, in
which carefully defined ideas work together to inform us about much of our experience
of the physical world. When scientists decide to confer onto a word a particular, more
exact, definition this is an act of construction from the world of experience significant to
scientists.

This reduction of the world to manageable aspects should be understood for what it is.
Rather than science being thought of as a ‘given’ feature of the world around us the
learner needs to appreciate that science has been constructed by people as a way of
making better sense of the world.

This has obvious implications for primary science teaching and learning, If the language
of science develops by taking decisions about what would make better sense of the
world then teaching approaches could well model this procedure. Much current practice
in primary science teaching is modelled on the idea that science is a body of knowledge
which exists independently of people and which can be transmitted as indisputable facts.
Teaching approaches which assist students of primary science to construct new ideas
from their prior understandings, and acknowledge that science is a human construct
would provide a more accurate picture of science.

The implication of this for primary teacher education is clear. We would want the
student teachers to appreciate that:

* words used in science have changed their meanings with time as scientists have
constructed more powerful ideas;

the language of science inevitably ignores some of the complexity of the rich
world of our experience;

science often has meanings for words which differ from the use of the same
words in our familiar world.

Our next focus explores the reduced world of science irom a different perspective by
asking another question.

Question 3: Is there a single explanation for a phenomenon such as floating?

A common view of science is that there is a single, scientifically acceptable explanation
for any phenomeaon such as those represented in Figure 1. Many current teaching
practices reinforce this idea and student teachers are often concerned that they don’t
know the "correct " explanation. To say that the apple floats because it is held up by
the water is not as detailed an explanation as one invoking Archimedes’ Principle but it
is appropriate none the less. The reality is that there are many levels of explanation of
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any of the phenomena represented in Figure 1 which are in accord with the scientists’
view.

A scientist is unlikely to disagree with any of the following explanations of why the
apple floats:

it is held up by the water

the upthrust of the water is equal to the weight of the apple

the weight of water displaced is cqual to the weight oi the apple

the apple’s density is less than the density of the water

the difference in water pressure below and above the apple results in a net
upward force equal to the weight of the apple.

The level of explanation that scientists use at any time depends upon the purpose of the
explanation, the background of the person for whom the explanation is being provided
and the scientist’s own background. It is quite inappropriate therefore that science
education should give learners the impression that there is a single correct explanation
of any patural phenomenon.

The consequences for primary teacher education are that we would want the teachers
to:
* understand that there is ro single acceptable explanation for a phenomenon;
* be willing to accept that children in the same class may have different ways of
explaining phenomena all of which may be valid;
be able to provide multiple explanations of a phenomenon.

Question 4: Can science always provide an answer to a question?

There are at least two instances in Figure 1 which test the scientific view of floating
and sinking to the limit. The spider standing on the surface of the water and the stone
skipping on the water show a water surface and objects associzted with it, yet we have
real difficulty in answering the question ‘Is the object floating?” and so does the
scientist. Some scientists would say that the spider is floating because it is supported by
the water. Others would say that the phenomenon involved here is surface tension and
that the spider is not floating but rather supported by a ‘skin’ on the top of the water.
We can support a needle on a water surface by carefully lowering it onto the surface,
but this needle will sink if the surface is disturbed or some detergent is added to the
water. The concept of floating held by most scientists requires that water is displaced,
but in the case of the spider this has not happened.

The stone skipping on the water is a tricky one since the movement of the stone is vital
to it remaining on top of the surface. When its speed drops sufficiently the stone sinks.
Science cannot answer the question ‘Is the object floating?’ in the spirit in which it was
asked, even though it looks like a perfectly reasonable one. (There are similar problems
with the speedboat, though in this case the boat may well float if it stops moving). The
scientific idea of floating and sinking is embarrassed when objects are in motion
because the idea then becomes too complex for a straightforward analysis.
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The implications of this for primary science are clear. Young learners are very likely to
ask questions which do not fit tidily into the constructs of science even though they look
to be simple ones. The apparent simplicity of the language often conceals a very
difficult problem. A teacher who understands that science does not have all the answers
may feel more comfortable about helping a student to explore the world than the
teacher who feels threatened by the challenging questions that students will sometimes
ask. It should not be considered unprofessional for a teacher to acknowledge that some
questions are unanswerable at the level of knowledge of science of the learner.

The last question we should look at as we consider the instances about floating and
sinking at the beginning of this paper comes to the heart of the construction of language
and ideas in science. We need to explore the process of change in the constructed
meanings of words and ideas.

Question 5: When a "better" explanation is suggested do scientists readily accept it?

If science is not a set of truths which exists independently of neople, then in the
construction of this structured complex of ideas there will often need to be changes
made to ideas which have seemed to explain the world of experience. We can argue
that this process of changing prior ideas is the core activity of education. The issue of
acceptance or rejection of a new idea is therefore an important one for this discussion
of language in science. We now know that learners often retain their prior meanings for
words rather than taking on new meanings and we also know that this situation is often
not apparent to the teacher. If your idea of floating was based on an object being
above the water surface then introduction of the ‘better’ idea that floating involves
support by the water will have caused problems. You would need to have explored the
new idea and found it to be more helpful and to offer better explanations before you
would feel comfortable with it.

Scientists have frequently had to face this difficulty. Although a popular image of
scientists is that they quickly accept new discoveries the history of many ideas in
science shows that many scientists have continued to disagree with developments in
their field for very long times (one commentator on the history of ideas has remarked
that new theories in science are finally accepted when the last opponent dies of old
age!). When an idea has become part of the way that you think about the world
changing that idea will mean overcoming barriers which can be very difficult to break
down.

The important point for our discussion here is that although the language of science
may appear to be exact there are likely to be many different constructions for words in
a classroom. The process of changing these meanings requires more than statements
which outline the new meaning, perhaps followed by some exercises. Learners need
time to consider their prior meanings, to explore new ideas, and to comstruct new
meanings. The false view of science which holds that scientists are rapidly converted to
new ideas has resulted in classroom approaches to science which too often assume that
changing ideas is an easy procedure.

The most important feature of an approach to science classes which addresses the
difficulty of changing ideas is conversation. Science lessons which continually seek
learners' ideas, which help to clarify them, and which provide an open and
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unthreatening environment for changing these ideas through conversation are classes in
which learning in science can be improved.

The false idea that science is exact and that therefore the language of science is
unproblematic can be argued to have trapped science teaching into an approach which
regards teaching as the transmission of knowledge and learning as the absorption of this
knowledge. This approach does not value conversation.

IMPLICATIONS FOR PRIMARY TEACHER EDUCATION

In response to concerns about the lack of confidence of primary teachers in science the
Discipline Review of Teacher Education in Mathematics and Science in Australia has
recommended that all students preparing to be primary teachers should have the
equivalent of one unit of science discipline knowledge (including physical science} which
is explicit and assessed. The purpose of this paper has been to establish the approach
which it is hoped that such a unit would take. "Science discipline knowledge” should
be taken to include the nature of science itself. Further the analysis of floating and
sinking suggests that such an understanding can be derived through a program iz which
the student teachers explore concepts and processes related to primary school curricula.
Such an approach seems more appropriate to the interests and the needs of those
preparing to be primary teachers.

The understandings which students can be expected to develop from such a program
can be explicitly stated, as has been illustrated throughout this paper. Further, since
they can be so expressed they can be assessed. It is to be hoped that responses to the
recommendations of the Discipline Review will reflect the ideas presented in this paper.
This would imply that students will enrol in programs which are not hamstrung by the
traditional view of science discipline knowledge.
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TOWARDS TEACHING SCIENCE FOR SOCIAL RESPONSIBILITY:
AN EXAMINATION OF FLAWS IN SCIENCE, TECHNOLOGY AND SOCIETY.

Roger T. Cross and Ronald F. Price
La Trobe University

ABSTRACT

In this paper we continue our search for a socially responsible science
education by an examination of the trends in the Science, Technology and
Society movement. These trends reflect differing ideological perspectives
and result in courses which serve different ends. We identify two major
flaws in the movement that inhibits the realization of a schooling in
science dedicated to democracy. We propose skills necessary for citizens
to participate in debate over issues surrounding the irapact of science and
technology on society and a teaching stategy to help develop them.

INTRODUCTION

In the past two decades there has been increasingly widespread concern over
environmental damage and the deleterious effects of much of current technology on the
one hand and need for a technologically literate workforce on the other. This has been
expressed in schools, and particularly in curriculum development, in the movement called
STS (Science, Technology & Society). We emphasize the word movement here, as it has,
we believe, influenced much science teaching and curriculum development, whether it is
labelled STS or not. While this movement has generated a large literature and a number
of special courses in schools, there has been regreitably little recognition of its two major
failings. One is that in spite of its wide range and lack of precise definition, major aspects
of social responsibility are neglected. The other is that in the materials we have examined
the approach has tended to continue the ‘rhetoric of conclusions’ (Schwab, 1963, pp 39-40)
which has been one of the major failings of traditional science courses. Such courses must
fail to empower future citizens, though this is often expressed as one of their aims. Here
we shall briefly survey the STS movement to bring out these flaws and then propose
alternatives. Curriculum materials examined for the purposes of this paper are listed in
Note 1.

THE STS MOVEMENT

Many of the ideas informing STS can be traced back into the Britain of the nineteen
thirties, and perbaps beyord that (Aikenhead, 1990, citing Hurd). Courses teaching STS
began in the universities after World War II (Spiegel-Résing & de Solla Price, 1977), but
there is little evidence of it before the early 1980s in secondary schools. At the 1979
International Symposium on World Trends in Science Education, held at Halifax, Canada,
there appeared to be little interest in it (McFadden, 1980). However in 1980 Ziman
published his proposals for STS and discussed science for the specialist and the
non-specialist and as the decade advanced calls for STS courses appeared more and more
frequently. Writers such as Dorothy Nelkin (1982), P. James Gaskell (1982) and Judith
and Tony Hargreaves (1983) suggested ways of developing STS and reviewed the
emergence of STS in schools in the UK. The extraordinary range of interpretations of STS
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can be appreciated by an examination of the proceedings of the Bangalore Conference,
held in 1985 (Lewis, 1987). These interpretations stretch from vocational training that
serves industrial and technogical needs at one end of the spectrum to ecological
preservation at the other. Certainly, many important social issues are introduced but the
force of social criticism is all too often blunted.

The vocational training emphasis is found in 2 number of the items in Education, Industry
and Technology, the third volume of Bangalore Conference materials (Lewis, 1987, vol.
3). The introduction specifically mentions ‘the needs of industry’ and the importance for
development M ‘the supply of technicians’ rather than the professional scientists and
engincers normally considered (Lewis, pp 3, xviii & xvii). A Queensland Department of
Education discussion paper juxtaposed more enlightened rationales for S & T studies with
another expression of the economic imperative, saying ‘any failure to maintain a flow of
these innovators and technicians would have detrimental effects upon our agricultural
production, communication network, national defence and general industrial capacity’
(McAliister, 1985). A particularly disturbing formulation regarding the curriculum and
the ‘world of work’ is to be found in the recently circulated draft of the Natiopal Statement
Qn_S_cmnsz_f_Q_Anamhag_S_chmls_(DEET 1991). This speaks of ‘(w)orkers (who] need
to be adaptable to and comfortable in an environment of change as new scientific
discoveries are made and new technologies developed. Science education can help to
prepare students for this.’ (p.7). This is to assume that current industrial practice is one
with which human beings can be comfortable by adapting to it. Alas, all too often this
is not the case and what an STS course should be doing is exploring why and what might
be done about it. In another volume of the Bangalore Conference materials  different
agenda can be recognised when it speaks of ‘a science and technology education which
promotes sustainable development’, or of ‘the evolution of non-harmful and adapted
“intermediate” technology’ (Lewis, pp. 8, 9 & 86). Here, rightly, it is the technology, not
the workers, which must adapt!

Teaching materials, too, reflect the ideology of ‘autonomous technology (Winner, 1978),
the need for people to cope with, to be responsive to changes in and to accept the
inevitable consequences of technology. The Star Wars’ section in

(Brunning & Hely, 1988) is an example of the glonficatxon of technology to the neglect of
discussion about the societal structures that give rise to technology and encouragement of
students to evaluate evndence The UNESCO resource entltled Edngmgmlmmh

1988), has many worthwh:le aspects: alternatlve encrgy sources usxng high and low
technology, such as photovoltaic cells and windmills. But these are portrayed without
giving students the sort of information that would enable them to make judgements. The
recently published Stryctures and Machines (Snape, 1990), part of a series dealing with
science and technology at work, is a simplistic celebration of the power of scientific
knowledge applied to the general good of people. Finally, Science, Technology and
Society (Perin, 1989), a complete junior Australian science course, tends to deal with
issues, e.g. acid rain (Book 2, pp. 26-38), as a simplistic two sided issue, rather than
considering the weight of evidence for all ‘sides’.

At the ecological end of the spectrum of STS materials there is a tendency for the
emphasis to move towards the protection of the ‘matural’ environment without
consideration of the human and social (Price & Cross, Note 2) Examples of this are some
of the courses of Environmental Studies/Science which have been established in different
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countries, courses which we regard as part of the STS movement, though they do not .
employ that acronym. While these may have the objective of ‘describ(ing) the effects of
human activity on the way environments function’ or ‘understanding the environmental
consequences of the interaction of natural systems and technology’ (VCAB, 1990), they
often direct attention in quite other directions. The same Victorian example suggests as
suitable environments for study ‘alpine, aquatic, arid, coastal, riverine or volcanic’.

Aikenhead (1990) has recently tried to categorise STS according to the proportions of
‘standard school science’ and ‘STS content’ involved. By STS content he means:

interactions between science and technology, or between science and society, and
any one of the following or combination thereof:

a technological artifact, process or expertise,

a societal issue related to science and technology,

a philosophical, historical or social issue within the scientific community.

As well as not helping to clarify problems of teaching for social responsibility this
formulation suffers from the common confusion about the meaning of technology, a
confusion which we avoid by directing attention to the nature of the theoretical processes
involved (Cross & Price, Note 3). The interesting and useful distinction, we argue, is that
between theories to explain and theories (recipes) to make or do something (Price &
Cross, Note 4). Furthermore, STS courses seldom reveal the multitude of influences that
determine the construction of knowledge. Without this, students are ill-equipped to deal
with the social issues that arise. In this regard there is little doubt that science teachers
themselves gain little understanding of cither the construction of knowledge or the nature
of science during their training (Blank et al., 1988) and that this is a major difficulty. To
sum-up here, in spite of some more encouraging examples - the PLON materials (1984)
for physics in The Netherlands,, the CEPUP materials for chemistry in the USA (Thier,
1991), The Salters’ Chemistry Project (1987) and the SATIS (1986) projects in the UK -
the problem of whether the movement will provide citizens with the skills and knowledge
for understanding and participating in informed discussion about issues is still to be
resolved.

TOWARDS TEACHING SCIENCE FOR SOCIAL RESPONSIBILITY

The social responsibility movement today is much broader and deeper than that of the
thirties and forties. It has been enriched by the women’s movement. Names like Rachel
Carson, Ruth Bleier and Barbara McClintock spring immediately to mind, but there are
many more. The other major force has been the ecological movement, the ‘Greens’ of
differing persuasions. The thirties generation working in the period of the Great
Depression and the clash of Fascism and Communism gquestioned Society but tended to
take Science as they found it. The social responsibility movement today questions both.
Writers stress that Science is a human production, constructed by individuals working
within the pressures of institutions, influenced by ideologies, interests and values, some
conscious and some mot. It is not surprising, therefore, if many Science teachers feel
unsure how, and even unwilling, to proceed.  Yet, as Bernal saw so clearly (in a paper
originally given in 1939), the Science teacher ‘if he (or she) is to fulfil his responsibilities
must understand the complex “social and economic organisation” which forms the context
of Science’ (Bernal, 1949, p. 143). He went on to make an interesting distinction between
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impartiality and objectivity, a distinction we would see perhaps more deeply today, arguing
that the Science teacher:

must concern himself with immediate practical social problems. . . To do
less would be to admii that science was just a play of words and would
inevitably create in the minds of students the idea that it was an
ineffective adjunct to life, instead of one of the major agents of social
change.” (Bernal, 1949, p. 143)

While the spread of scientific literacy is much greater than when Bernal was writing
science teachers still represent a large body of trained people with a significant potential
for action. Their potential comes from their relative lack of ‘interests’ that so often thwarts
the possibility of action. Indeed Bernal quite specifically appealed to science teachers to
be especially responsible for the ‘study and the criticism of the attempts to modify the
social and material structure of the community in which he works’ (p.137). STS opens a
way. If it can strengthen its critical approach towards Society and Science/Technology
itself, more Science teachers may support it. There are encouraging signs in curriculum
statements of several countries. The UK'’s National Curriculum signals the need to
understand the ‘power and the limitations of science in solving. . . problems’ (DES, 1989,
pp. 75 & 80). The rationale for scientific liieracy in the American Association for the

Advancement of Science Project 2061: Science for All Americans (1989) states:

Scientific habits of mind can help people in every walk of life deal
sensibly with problems that often involve evidence, quantitative
considerations, logical arguments, and uncertainty; without the ability to
think critically and independently, citizens are easy prey to. . . purveyors
of simple solutions to complex problems (p.13).

Technological principles relating to. . . assessing the use of new
technclogies and their implications for the environment and culture,
without an understanding of those principles, people are unlikely to move
beyond consideration of their own immediate self-interest (p.13).

Making both Society and Science /Technology problematic will not be difficult, though for
some it may be painful. But other questions remain for which the answers are not so
clear. But they will need answers if teachers are to be willing to teach and studeats are
to learn a socially responsible approach. These questions include:

How to make Science problematic without further weakening students’
confidence in it?

How to make questions fresh and interesting which the mass media have
done to death (shades of ‘the convicts’ in Australian history here?)?

How do we handle problems involving science which is regarded as
beyond students’ level of understanding? Or, if STS is only a part of a
science course: how do we maintain the sequencing of science theory
while handling the science necessary for understanding the STS issue?
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How do we maintain a stress on evaluating evidence in the case of those
many important problems involving statistical proofs, often beyond the
teacher’s critical competence?

WHAT WE ADVOCATE

At the outset it should be understood that our concern is with the great majority of
students who will not go on to become scientists or technologists, but will require an |
understanding of science if they are to play their part in the democratic process. We also
see no conflict between secondary school courses in science which make social
responsibility-STS their focus and the preparation of students for tertiary schooling.
Rather the reverse, they will, in our opinion, be better prepared. In this we take comfort
from a number of studies, including those referred to by Aikenhead (1990, p. 27).

Teaching science for social responsibility requires resources and information much of which
is available, though not organised in a suitable manner. It also requires attention to
certain skills, These are:

for understanding the arguments;

for judging the experts;

for carrying out independent investigations in the literature and in the field;

a knowledge of and ability to participate in democratic ways of influencing
decisions.

* * * *

At the present time there is an acute shortage of materials in a form which would enable
teachers to fulfil these objectives. However, we feel there are certain steps which
teachers can take which would help to iransform the usually large quantities of materials
which do exist, whether popular or too technical, and however biased they may be. These
steps are as follows:

* Defining the project: this involves choosing the topic, whether a general topic like
radiation or chemical waste, or a more specific topic like genetic variation.
Ideally choice will be made with regard to the current situation, the interests of
the particular students and what is relevant to their lives. But this will depend on
the extent to which social responsibility permeates the syllabus and is tied to
external assessment. Where one or both are high choices may be predetermined.
But in most cases there will be definitional work to perform, clarifying the major
questions and slant of the project. Starting from the general topic of radiation
teachers may decide to focus on ionising radiation, or more narrowly, nuclear
power generation; or they may choose non-ionising radiations, the efiects of
magnetic fields, radar and micro-radiation on living things, about which concern
is increasingly being expressed (Dalton, 1991).

* Sorting the questions: having sclected the project teachers must then brain storm
and sort as many questions as possible relating to the chosen project. Particularly
important at this stage is to consider which are the key controversial questions.
These may be controversial simply in a political sense because of differing
interests. Or, and more importantly for science teaching, they may be questions
about which there is controversy among scientific experts. It is the latter where
science teachers have a particular responsibility and an important job. In such
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cases it is often difficult for the general public to understand what is happening,
yet in the democratic process they may be called on to take sides. Science
teaching must be able to provide guidance in such situations, revealing precisely
why it is that the experts disagree. Amnother part of sorting the questions will be
distinguishing and relating the scientific from the social (whether ethical, political,
economic or whatever) and considering the way in which these are related.

Handling the arguments: one of the first steps in this stage will be to decide how
to handle the essential social questions, whether these lie within the competence
of the science teacher or whether they should be dealt with in other school
subjects or by other teachers. Secondly, it is important to avoid reducing the
arguments to a simplistic ‘debate’ between two sides, ‘for’ and ‘against’. Rather,
it is a question of clarifying the question and examining evidence on all sides of
what is usually a many-faceted question. Debate should be encouraged about the
nature of evidence required and the weighting to be given to different evidence,
and value-free analysis may be useful here (von Winterfeldt, 1986). Teachers
must consider how to develop understanding of the general problems of proof and
the nature of scientific belief through handing the particular arguments of the
project.

A number of other steps are important, but need not be discussed here.  Careful
consideration must be given to the concepts involved and just which will be taught and
how. Particular teaching methods may be chosen for particular projecis and resources,
both for the teacher and the students, will have to be assembled.

CONCLUSION

In the past two decades the STS movement has made a contribution in bringing into the
schools many of the major problems which face humankind (Solomon, 1988). But it is
still weak at the classroom level, and by and large has failed to endorse a democratic vision
for science education. The lack of critical attention to which we have pointed is a major
failing, Society and Science are too often taken as given when it is preciscly here that the
STS approach can be challenging and genuinely educational. In a world where current
technology produces overwork for some and unemployment for many, and where the
endless stream of gadgets seems more to provide profitable employment than to soive
genuine human need, it is surely time to demand social responsibility. There are, we
believe, many risks to the environment and human well being and it is, we believe, the task
of the movement to come to grips with these issues.
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GENDER DIFFERENCES WHEN CHOOSING SCHOOL SUBJECTS:
PARENTAL PUSH AND CAREER PULL.
SOME TENTATIVE HYPOTHESES.
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ABSTRACT

The literature has made us all aware of large gender differences in
students’ attitudes to science, in enrolment statistics in upper high
school and tertiary level science courses, and in different spheres of
cmployment. What have not been looked at in detail are the factors
which are influential when students begin to make choices in early high
schiool, choices which may well set them on a particular pathway from
which it is difficult to turn.

This preliminary study identifies factors which students in a8 Year 9
class believed were influential on the limited subject choices they had
been able to make in Years 8 and 9, and the factors they believed
would be most influential on choices to be made later in the school. In
addition the students’ views of science, of the separate sciences, and of
their anticipated caseer patterns were sought.

Several interesting findings were made which, if validated in further
work, could lead to strategies which would support other approaches
designed to reduce gender imbalances related to science.

INTRODUCTION
While much is known about gender differences in students’ attitudes to science, and in
enrolment statistics at upper high school and tertiary levels (for example, de Lacter,
Malone & Dekkers, 1989), very little research has focussed directly on the factors which
are influential when a choice of school subjects is being made, especially in carly high
school, despite the fact that these choices probably create a ‘flow-on’ effect into the
later years.

Pitt (1973) reviewed the literature on a range of factors which might be influential, and
concluded that early choices sre liable to be made following a cursory reflection on
perceived small differences between options. However initial small differences teaded
to become magnified by the nature of the subjects chosen. For instance, while some
stndents had slight initial preferences for syllabus-bound subjects, and others preferred
syllabus-free subjects, this eventually led to distinct science and humanities cultures in

the English 6th form.

Woods (1979) examined how choices were made by Year 9 studcnts in an English
school. He suggested that two major groups of factors influcnced their decisions; firstly
an affective compoment (liking/disliking), and secondly a utilitarian component
(career/ability). He noted that girls tended to be more influenced than boys by the
liking component, while boys had a stronger career oricntation, and were less swayed
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by likes and dislikes. Parental influence ranged from compulsion to nil, and showed a
heavy uti%itarian focus, especially amongst parents of top stream students. Teachers’
involvement was low, and tended to be aimed at ensuring that the students entering
their classes would be in some way ‘acceptable’ academically or otherwise.

In an Australian study, Sleet and Stern (1980) invited Ycar 11 students to select from a
list of twelve options no more than three which they believed had influences their
choice of particular science subjects. For those who had chosen one of the two courses
which involved the study of chemistry and physics, the most important factors were
both career orientated - ‘choice of career’, and ‘keeping one’s options open’. This was
true for both the girls and the boys in these two cousses. For those taking the biology
course, ‘interest’ was listed as the single most important factor. Significantly, ‘interest’
was rated more highly by girls than by boys in every course, as was the relatively
minor factor ‘advice from the family’.

Since thesc reports, little research seems to have been focussed on these matters. But
in view of the recognised importance of the eventual imbalance between girls and boys
enrolling for certain subjects, including the different science subjects, this appears as a
major omission. In a small way this study begins to fill this gap, by focussing on the
factors affecting the choices made by 21 students (13 girls, 8 boys) at the beginning of
Year 9, and their view of how these same factors will influence future choices.

METHOD

The study was conducted in June with one Year 9 mixed ability class in a metropolitan
Catholic High School. While the initial intention was to sclect about 30 students
randomly from across the four Year 9 classes, the school found this impossible to
organise, and this lack of randomness served as a constraint on the design of the study.
The students bad chosen one language from Italian, French and Japanese at the
beginning of Year 8, and in Year 9 had chosen firstly whether to continue their
language study or take a course in Asian Studies, and secondly from a range of
electives including a one year eclective in Music, and semester electives in Applied
Science, Drama, Extended Art/Design, Extended Mathematics, Typing, and Physical
Edcation Skills Development.

For several reasons, the major one being the opportunity to personalise questioning, an
open-ended interview schedule (Burns, 1990) was used to identify students’ views about
the factors which had affected their decisions in the immediate past (at the beginning of
Years 8 and 9), and also those which they would expect to influence decisions at the
end of the year (for Year 10).

The interview was designed with sufficient time allowed to follow up an individual’s
response when it was idiosyncratic, unclear, or perceived to contradict an answer given
earlier in the interview. The following factors, which were culled from the literature,
and from the researchers’ own expericnce, served as focus points for each interview:

the influence of mother, father, peer group, teacher(s)

perceived difficulty of the subject

the amount of homework expected

the teacher’s reputation

interest in the subject

career expectations
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Because a major emphasis of the study was to identify factors which might lead to the

selection or rejection of science subjects, a second set of questions addressed the

following.
* interest in year 9 science lessons

memories of the first semester’s science course

comments on the most/least interesting sections of the course

suggestions about the ways science lessons might be improved.

understanding of the probable content of semior biology, chemistry,

geology and physics courses.

how Year 9 science compared in difficulty and interest with English,

mathematics and social studies.

perceptions of the relevance of science to their future careers

knowledge of, and attitudes towards, senior science courses

feelings about the relative involvement of boys and girls in senior

science cCOUrses.

attitudes to the place of science in our community.

RESULTS
Influences of choice

Influence of parents

Parents were reported as being more influential on year 8 and 9 decisions by more girls
than boys (10 girls (77%) and 3 boys (38%): this pattern accords with Sleet and Stern
(1980). Parental influence ranged from rigid compulsion to ‘talking over’. All the boys
had talked with both their fathers and mothers, but only 4 girls had done so, with 6
receiving advice from only their mothers. Their expectations were that when making
choices at Year 10 level, parents would be rather more involved (12 girls: 6 boys), but
again, while most suggested both parents would be involved, 3 girls expected to consult
with their mothers only. The general pattern ¢+ med to invelve parents in solving
dilemmas, giving approval, and making helipful suggestions for the long term (for
instance several students had been given advice to sclect Japamese because of its
expected long term value), and only one case of virtual compulsion (to take Italian) was
reported. Students seemed to seek, and value, parental advice more than that of
teachers or friends.

r

8 girls and 4 boys stated that peers had had some influence on Year 8 and 9 choices,
but fewer (7 and 2) expected them to influence Year 10 choices. Rather they believed
that career interests and personal relevance would be more important.

Influence of teachers.

Few students had consulted with teachers before making their choices (3 girls and 2
boys), and 6 girls and 1 boy expected they would do so for Year 10 choices. 7 girls
and 3 boys considered that the teacher’s reputation had been somewhat influential, but
the expectation was that it would be less so for Year 10 choices (3 girls and 1 boy).
One view seemed to be that a student may simply have to put up with bad teaching
once a definite path had been chosen. Current teachers of a subject appeared to exert
an indirect influence by affecting whether or not students like a particular subject.
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Percei iffi f bj ount of

7 girls and 3 boys believed that perceived subject difficulty had dissuaded them from
enrolling in certain subjects in Years 8 and 9, and 6 girls and 4 boys thought it might in
Year 10. However some believed that they might have to put up with a difficult
subject to reach their goals. Japanese was seen to be difficuit, but useful, and so
presented something of a dilemma for students making choices. The anticipated
homework load affected few studeunts: they were generally inclined to accept its
necessity as part of future school life.

I in the subiect
Interest in the subject permeated many of the interviews and as an influential factor it
seemed to rate below career and parental influence, but above friends, teachers, subject
difficulty or the amount of homework. However the concept took on different
meanings for different students, therefore providing an area which should be more
deeply researched in the future.

Car iderati
Almost all of the girls (12), and the majority of che boys (5) were able to state their
career orientation (Table 1)

Career interests had a strong influence on subject choice even in Years 8 and 9 (8 girls
and 6 boys), and it was expected to be much higher in Year 10 (12 girls and 7 boys).

Attitudes to science

Students had just completed their Year 9 first semester course in science, and had all
been taught by the same teacher. 10 girls and 4 boys expressed a liking for what they
had done, whereas the rest were negative. 7 girls had enjoyed the environment topic,
but only 1 boy had, with one believing that "you sort of feel like you are hammered
about the environment by everyone." 1 girl had enjoyed ‘chemistry’ and 3 ‘rocks’,
whereas 4 boys and 1 boy had enjoyed these same topics. ‘Rocks’ had been found
"boring" by 4 girls and 5 boys. Overall the girls had been more interested in this
particular science course.

TABLE 1.
EXPRESSED CAREER ORIENTATION OF YEAR 9 STUDENTS

Girls

Boys

fashion designer
journalist

‘perhaps a secretary’

P.E. teacher or tourism
secretary

career in tourism
‘something to do with art’
veterinarian

air hostess or teacher
‘something to do with animals’
a business carcer
gardener.

lawyer

computing career
electronic engineer
pilot

computing technician
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Both girls and boys belicved that the course would be more interesting with the
addition of more practicals and activity. Girls also believed that more discussions and
projects would make it more enjoyable.

Perceived relative difficulty and i

Students were asked to compare science with mathematics, English and social studies
with respect to both difficulty and interest. Table 2 presents a summary of responses.

TABLE 2
PERCEIVED DIFFICULTY AND INTEREST OF SUBJECTS
BY YEAR 9 STUDENTS.

Difficulty/interest Girls Boys
level
Difficulty Maths/Science English
Increasing English Maths/Science
Social Studies Social Studies
Interest Social Studies/ Maths
Increasing English English
Maths Science
Science Social Studies

For girls science was seen as both more difficult and less interesting than English and
social studies, even though, it will be remembered, some aspects of the first scmester
science course had been found quite interesting, Boys saw science only slightly more
positively and, while they saw English as being more difficult, they were more
interested in it. A similar low interest, steadily declining throughout school years was
reported by Yager and Penick (1986) who somewhat flippantly suggested that if we
want students to consistently report their enjoyment of science, we would stop teaching
it in thard grade.

A particular factor which several students associated with the perceived difficulty of
science was the need to obtain the correct answer, whereas in English and social studies
some marks at least could be obtained for giving an opinion. Yager and Penick (1986)
also commented on the exactaess of science and the fact that few students make the
highest grades.
} (=

Students were asked to say what is meant when the terms biology, chemistry, etc. are
used. Boys scemed to have rather more knowledge about each area, though oversll
understanding was not high, and it was particularly low for physics (Table 3)

(Y]
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TABLE 3
PERCENTAGE OF YEAR 9 STUDENTS WITH AN UNDERSTANDING
OF THE SCIENTIFIC DISCIPLINES.

Chemistry Physics Biology Geology

Girls 9 11 6
(n=13) 69% 85% 46%

Boys 7 8 4
(n=8) 88% 25% 100% 50%

It has to be said that while some of these percentages are relatively high, attribution of
some understanding was given relatively easily. For instance, 57% of the girls and 50%
of the boys described biology as "something to do with dissecting animals”, even though
they had neither conducted nor seen a dissection in their science classes. It was
interesting to note that plants were never mentioned.

Predicted Y. fizst choi
When asked which science subject would be their first choice in Year 11 (in this school
students must select at least one science from biology, chemistry, physics and general
science), major differences between girls and boys were again observed (Table 4). In
order that these selections were somewhat informed, students were given a brief
description of each area about which they were unclear before the question was asked.

TABLE 4.
YEAR 9 STUDENTS’ ANTICIPATED FIRST CHOICE FOR A
YEAR 11 SCIENCE COURSE.

Chemistry Physics Biology

Girls 2 1 7 3
(n=13) 15% 8% 54% 23%

Boys 2 4 1 1
(n-8) 25% 50% 13% 13%

Evident in Table 4 are the anticipated gender differences. Of particular interest are the
boys’ responses to physics. As seen in Table 3 only 25% could initially say anything
about what it is, but on being given the information, 50% said they would make it their
first choice. The girls tended to favour biology as their first choice and believed it
would be interesting, though their ideas about it were rather hazy.

[
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Perceived difficul { rel { seni .

11 girls (85%) and 4 boys (50%) believed that senior science courses would be difficult,
some having been led to that view by other students. Students were not yet thinking of
these courses in terms of gaining high marks in public assessments as probably tends to
be the case later.

All the boys, but only 6 (46%) of the girls, believed that the study of senior science
would be of some relevance to them. For most of the boys this was of career
relevance, but relevance for the girls was to life in general, not to careers. More than
half the girls thought senior science would have no relevance of any sort: the junior
science course, together with a compulsory Year 10 health unit, would be quite
sufficient.

Altivud girls i €ers studyi i

Virtually all the girls and boys believed that there should be equal opportunity as far as
the choice of careers is concerned, and believed that males and females would be
equally capable in any career. However, both girls and boys believed that the sexes
would have different interests, particularly when it came to careers, and hence would
choose different school subjects, including different science subjects. There was a
strong attitude reflecting "women can, but don’t want to" (Dillon, 1986).

While students were well aware of the negative side to science, they chose to emphasise
the positive: the contribution science is making to the solution of environmental
problems, and the outcomes of medical research, were cited often. The positive nature
of their responses is in harmony with Schibeci’s (1986) study.

DISCUSSION

The way in which individual students make their subject choices, and the factors which
ultimately affect subject enrolment patterns, career interests, and eventual career
patterns are highly complex. Much has already been written elsewhere about various
aspects of gender imbalances, including those related to science, however little work has
previously focussed on the factors which are taken into account when subject choices
are being made. While this study is only a small one, and its results require replication
and extension, possibly through use of a questionnaire based on its findings, it does
shed some light on how students make their choices. From it a few tentative
suggestions will be made about strategies to ensure that the process of making choices
is made in a more information rich climate.

Before going further, it is important to identify the problem being addressed, and to set
it within a broader perspective. It would seem to be totally inappropriate to mount an
argument, or to suggest strategies, aimed solely at encouraging more girls into the areas
of physical science and technology or, on the other hand, to encourage more boys to
take up nursing or typing, or other currently female dominated careers. Students
should be in a position to make their choices, from the early years of high school
onward, in a climate which makes them fully aware of where those choices might lead,
and of the implications involved when some subjects are dropped.

The interview data from this study shows the Year 8 and 9 choices had been taken
seriously, but had often been made when the information available was limited, and

(o
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similar choices might have been made for different reasons (for instance, one girl had
selected typing because of her intention to become a secretary, but a boy selected it to
help with his computing).

A major feature was the difference in the ways in which the girls and boys saw their
future, and the place of science in it. While more girls were able to state their carcer
interests than boys, the differences in interests of the two groups were marked by
major stereotyping. While the girls scemed to have gone beyond the very traditional
stercotypes, and a business/commercial career was quite a popular one, few of the
careers mentioned require scientific or technical qualifications. Even the girl who
wished to become a vet had seen no relationship between this and a need to continue
to study science. For the boys the career interests were more scientific/technical.

Not surprisingly, this gender difference was matched by the overall attitudes to science.
It is of concern to note that the interest in science expressed by both girls and boys was
below other commonly taken subjects, however the boys secemed to be kept on a
physical science track by a strong utilitarian, job related, interest. 6 of the 8 (75%)
boys anticipated that either chemistry or physics would be their first choice for Year 11
science, despite their knowledge of these subjects being relatively low: only 22% of
girls selected onc of these. This selection by boys matches data from other studies (for
instance, Harvey & Stables, 1986; Dawson, Note 1) showing that many boys think
biology (or biology and chemistry) is more interesting but seclect chemistry and physics
because they are seen as more useful for careers: what Woods (1979) has named
‘instrumental compliance’ (see also Sleet & Stern, 1980). While it was not evident in
the data from this study, it is very likely that, in contrast with the long term carcer

orientation of boys, girls consider future home commitments as one component of long
term plans. Compatibility of these plans with any future career is of importance (Birke
ct al. 1980). In this regard a career in science does not rate highly amongst the
possibilities.

In a scnse, making these subject choices, within the framework of both current interests
and long term plans, becomes an attempt to solve an ill-structured problem, and, as
Chi, Glaser and Fan (1988) point out, there is no single correct answer to such a
problem. Instead the solution favoured depends on how the problem is presented and
perceived. In the matter of subject choice, many factors can be influential, and
individuals tend to weight them differently but the trends observed amongst this small
group of students will, it appears, in due course lead to traditional enrolment patterns in
senior school science, and in eventual career choices.

What are the possibilities for changing these patterns if a school wishes to actively
intervene? Douglass (1985) has suggested that the decision to pursue science is
probably made during childhood, and, if interests can be used to judge the situation, it
is evident that even in middle to upper primary school, boys’ and girls’ views of science
can be quite different (e.g. Dawson & Bennett, 1981). So is a high school in a position
to do anything?

Evidence from high school intervention studies in several countries has demonstrated
that some change is possible, primarily through strategies which utilised gender inclusive
tcaching methods, and attempt to change the image of science itsel, and of science

IS ¥a]
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based careers (sce Kahle, 1985; Stage et al., 1987); this approach needs to be continued.
But are there additional possibilities?

Two features of the current data bear on this matter. Firstly, while Year 8 and 9
choices had been taken seriously, there was evidence that for some students at least this
was done in an information poor climate. Secondly, the girls in the study were more
dependent on advice from others, especially their mothers, than were the boys. Similar
results to this have been reported by both Kahle (1985) and Woods (1979).

Using this information, together with the knowledge that interests in science and in
future career patterns tend to be developed relatively early in life, two additional tactics
are proposed. Firstly, high school career programs should be introduced much earlier.
Currently, in South Australia at least, programs are very variable. Thev are usually
offered in Years 10 and 11, and may include work experience, careers evenings, use of
computerised data bases and so on. In the new South Australian Certificate of
Education pattern, a work related aspect is a compulsory component of sl Stage 1
(Year 11) courses. However, in the context of this study, much of this seems to be too
late. Early programs are needed, not primarily to focus on particular jobs, but to
introduce all students to broad areas of possible employment, what each offers, and
what requirements have to be met. This early information, given at lower secondary
level, could be more influential than the usual Year 10 and 11 programs in making
information available at a critical time.

A second tactic would be to attempt to ensure that the individuals with whom girls are
likely to consult are themselves well informed. This would include school personnel
and parents, especially mothers. Remick and Miller (1978) suggested that counsellors
can easily become a negative factor in girls’ choice of science subjects, due to lack of
knowledge of career structures in technical areas. The influence of many mothers on
girls is likely to be similar. School programs, which actively involve parents, especially
mothers with their daughters, could emphasise the gender differences in educational and
career patterns, and provide an information base for a range of careers, including
technical ones, while ensuring that examples of women pursuing both career and family
interests are made available.

Interestingly, while this paper was being finalised, a ‘Career Expo for Young Women’
was held in Adelaide. This was organised by the Department of Employment,
Education and Training for Year 9 and 10 girls. Its aim was to "assist the girls in
making vital career and subject choices necessary for the achievement of their personal
ambitions”, and based om the knowledge that ‘womens’ employment is primarily
restricted to a narrow range of occupational groups” (DEET, 1991). This demonstrates
a movement in at least some of the directions suggested above.

REFERENCE NOTE

Note 1. C. J. Dawson, (1989). An evaluation of the biology and chemistry
departments at Pulteney Grammar School, Unpublished.
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EVALUATION OF A TECHNOLOGY UNIT IN A GIRLS' PRIMARY SCHOOL

Marion Eke and Paul L. Gardner
Toorak College, Mt Eliza Monash University

ABSTRACT

Rapid advances in technology are changing the structure of the workforce. There
are elite highly-paid hi-tech occupations and low status poorly-paid jobs. Women
are unfortunately more likely to be found in the latter category. To allow them
to qualify and compete for the higher-status positions, girls need to participate in
the physical sciences and in technology studies. However, they are rarely
attracted to them in secondary school, possibly because they are already alienated
from them by the time they leave primary school.

This paper reports some of the cutcomes of a curriculum unit taught in two
primary school classes in an independent school for girls. The umit was
cross-curricular, involving technology, science and other fields of knowledge; it
made extensive use of LEGO Technic materials. The evaluation of the unit,
based on observations, a teacher journal and pupil questionnaires, focussed upon
the issue of whether it assisted the girls to feel happier about working with
unfamiliar technology and feel more capable of doing so.  Implications for
teaching technology are also discussed.

INTRODUCTION

Most societies are experiencing rapid technological change, resulting in changing lifestyles
and restructuring of the workforce. This will advantage some workers, but may bewilder
many others whe will start to lose their chance to compete in the workplace. Populations
will probably divide into the technologically wealthy and the techmologically
poverty-stricken, and women are unfortunately more likely to be included in the latter
group.

The workforce of the 1980’s has many well-educated professional women, but many others
have been relegated to dead-end or part-time jobs which offer lower incomes and fewer
prospects of promotion. Management bas remained closed to them (Connell, Ashenden,
Kessler & Dowsett, 1982). Women tend to be clustered in community service, in
lower-level jobs in the finance, property and business sectors or in leisure industry
occupations. Many jobs have little female participation, e.g. mining, where women
comprise 9.7% of workers in the industry, electricity, gas and water (114%) and
construction (12.3%) (Note 1). Without education in technology for girls, this situation is
unlikely to change.

Technology and technology education
Technology is a vast ficld of human endeavour which encompasses

the goods and services which people make and provide to meet human needs and
the knowledge, organisational systems and processes used to develop and deliver
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those goods and services. Technology meets human needs through a marriage of
thought and action, a combination called technological capability. (Gardner, 1990,
p. 125).

Technology education is important if individuals are to undesstand the rapid technological
development in their world and if they are to compete in the workforce to gain economic
independence. A highly-skilled workforce is also necessary if Australia is to compete
successfully in world markets to repay its massive debts (Note 2).

Technology education includes the learning of skills in the technical arts, the making of
links with knowledge drawn from variovs fields (science, mathematics, computing...) and
the consideration of the broader context e.g. how technology affects us as a society, its
benefits and disadvantages. Technology makes extensive use of scientific knowledge and
also generates scientific knowledge; although obviously linked, science and technology are
also distinct (Gardner, 1990).

The Technology Studies Framework P-10, (Victorian Ministry of Education, 1988, p. 12)
considers technological knowledge in three categories:

* knowledge that has "special significance for application and production - materials,
energy, engineering, systems”;

knowledge ‘"associated with the technological process -- concept, design,
manufacture, evaluation”; and

* knowledge from other areas of the curriculum.

Sirls in technol ucati

Subject choices made by many girls seriously limit their chances of employment and the
range of tertiary study open to them, which in turn narrows their career options. They
show under-participation and under-achievement in the mathematics/physical science
combination, making them ill-equipped for entry to tertiary courses in computer science
(Commonwealth Schools Commission, 1984). Similarly, girls are not being attracted to the
technical arts (Black, Harrison, Hill & Murray, 1988). Fowler (1987) believes some of the
reasons for this under-participation include societal gender expectations; sexual harass-
ment; girls’ unfamiliarity with technology; teacher attitudes; courses and teaching
methods; and lack of female role models. Girls do not have the same chance to develop
some of the understanding of systems and machines that boys learn through tinkering with
mechanical toys. By the time they have left primary school, most girls bave already
developed the attitude that technology is not for them. Girls may lack the confidence to
participate in technology studies, inhibiting their chance of eventually competing in the
workplace against men for high status, highly-paid, high-tech occupations.

THE PRESENT STUDY

In the hope that girls could be helped to feel kappier about working with unfamiliar
technology and more capable of doing so, a cross-curricular technology unit was designed
by the first author for students in Years Four and Five at Toorak College, an independent
school for girls. A detailed study of the effects of this unit (Note 3) forms the basis of
this paper.

U




The students

The students came from middle to upper class families. There were 25 Year Five students,
belonging to the class taught by the first author. The Year Four class (27 students)
belonged to another teacher, who willingly allowed the first author access to her class.

The video Transport and Society was used to introduce the unit; it emphasises the value
of machines in our society. The central resource used in the unit was the LEGO Technic
1 kit. The kit contains twenty cards, each containing comprehensive pictorial instructions
for building various systems and machines. The kit includes all the parts needed to build
them. The LEGO kit was complemented by a book, Work and Machines (Simmons,
1985), which contains worksheets for developing ideas about simple machines, levers,
pulleys and friction. The computer software, The Factory, simulates a machine assembly
line and makes use of geometric concepts.

The girls learned how to build systems from components and tested them to see if they
would work. They learned to recognise how a system worked by tracing what happens
from the source of energy through to the final output. Relevant science concepts were
introduced when the appropriate stage of technology was reached. For example, after the
children had built a wheelbarrow, the principles of levers were studied. Mathematical
concepts, language work, art/craft work, music aad drama were included to make the
learning experience a cross-curricular one.

The children worked in groups through the LEGO cards and the appropriate worksheets
from Work and Machines. The unit was taught in weekly lessoas; each group of children
could use the LEGO before school and at lunchtime if they wished. The unit was divided
into sections. The first section developed ideas of stability, movable and rigid structures.
In the second section, the purpose was for children to recognise levers and examine a
variety of ways in which they are used. The third section was concerned with sliding and
rolling. The stated purpose is "investigating friction and resistance, and explaining ways
of overcoming friction when moving loads” (Note 4, p. 16). Slides, rollers, conveyor belts
and cables were included. The models offered many opportunities to initiate discussions
of factory technology and how large machines are used in the course of construction. The
inclined plane was discussed here together with the principle that the longer the board (or
equivalent) the less the steepness, with less effort therefore required.

The purpose of the fourth section was to study "the notion of gearing and how it makes
work easier in a variety of machines” (Note 4, p. 18). Learning the rules applying to using
gears or pulleys to transmit movement is an important objective in this section. The fifth
section, on lifting, aimed to examine "pulleys (both singly and in the block and tackle) and
their application, together with gears and levers, in machines that lift heavy loads"” (Note
4, p. 26). The sixth section was about steering. One of the models was a two- wheeled
barrow which can also be changed so the wheels are fixed to the same axle. Onc
intercsting model in this section represented the steering in a motor car, where the front
wheels arc mounted on a split axle and turn through differing angles.




Curriculum ar ‘ated with the ui

Many other curriculum areas were linked to the unit. Some of the science concepts have
already been noted. It is worth emphasising that the overall goal here is not to teach a
clearly identifiable unit on science, but to allow relevant scientific experiences and ideas
to emerge through interactions with the technology. Mathematical concepts included the
measurement of angles through the computer software on The Factory; this also
contributed to the students’ computer education. Social studies were introduced through
videos and discussions about how machines have affected the development of society; this
helped to place technology in its historical context.

Drama work assisted the children to express their ideas in forms such as mime, an activity
which they greatly enjoy. Miming machines, copying actions of specific components such
as gears, added a new dimension to the unit. In line with the thematic approach often
adopted in primary schools, there were opportunities for language work, such as poetry and
creative writing, e.g. inventing a story about how a machine caused chaos. Such activities
allow children to use their new vocabulary and experiences as a basis for their written
work.

The Year Five Unit

For the Year Five unit, the major resources were LEGO Technic 2 and LEGO Technic
Buggy 1, used in conjunction with the LEGO Technic Manual Controller. Some of the
more advanced girls used the computer-driven TC LOGO. Some of the girls linked
model-making with art and craft, by designing motor-driven ballerinas, complete with
backdrop scenery! All other resources and cross-curricular work were similar to Year
Four, except that The Factory was replaced by other computer software, Machines and
Force; this explores the concepts of the lever, inclined plane, pulley wheel and axle.

The Year Five unit was taught as a whole block, instead of once a week for an hour. The
girls were allowed to move at their own pace. Once they had all passed a point, such as
levers, on their machine building, the whole class lesson on the group of worksheets was
completed.

One scssion was spent cross-age tutoring the Year Fours to explain their machines, which
included cranes, front-¢nd loaders, cars and trucks. There was also a useful session when
the Year Fours played with and then dismantled th> machines built by the older girls.

EVALUATION
Ev ion issues
The two focus questions were:

* Will learning about technology in a cross-curricular technology unit assist girls to
feel happier about working with unfamiliar technology; and

Will they feel more capable of doing so?

N




69

The ecvaluation study utilised both quantitative and qualitative methods. The former
comprised a pre- and post-unit questionnaire, designed to provide data on the students’
feclings of happiness with which they viewed the possibility of working in eighteen
different occupations and their feelings of capability in these occupations. The response
options for the former were very happy, happy, don’t mind, unhappy and very unhappy;
students were asked to tick the appropriate smiley face on a five-point scale. Students’
feclings of capability were assessed on a tkree-point scaie (yes, unsure or no); they were
asked to circle the word which best answered whether they thought they could do the job.
Included among the 18 items was a six-item Heavy Machinery scale comprising the
occupations of tow truck driver, tractor driver, crane driver, cement truck driver, bulldozer
operator and front-end-loader operator; this scale is the focus of this paper.

In addition to these quantitative data, obscrvations of the classes were made continually
by the first author; a jouraal was kept while teaching the units.

RESULTS AND DISCUSSION
Perceived bili
The pre- and post-unit responses to the six Heavy Machine:y items are compared in Table
1. The total number of responses was 162 (27 respondents x 6 items) at Year Four, and
150 (25 x 6) at Year Five. The data show a marked swing to ‘yes’ answers to the question:
‘Are you capable of doing this job?’ at both year levels. (incidentally, although this

superficially resembles a chi-square probiem, that statistic is quite inappropriate here, since
the 162, or 150, responses are not statistically independent.)

Happincss

Ratings of happiness at working with heavy machinery are shown, separately for each year
level, in Table 2.

TABLE 1

PERCEIVED CAPABILITY TO WORK WITH HEAVY MACHINERY

Year 4 Year §
Yes Unsure No Yes Unsure No
Pre unit 48 64 50 35 60 55
Post unit 104 38 20 132 12 6

Change +56 26 -30 +97 48 40

T
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TABLE 2
DEGREE OF HAPPINESS TO WORK WITH HEAVY MACHINERY.

Year 4 Year S
+ 0 + 0

Pre unit 67 43 29 0 1 31 64 54
Post unit 69 36 24 1 19 75 39 16
Change +4 +2 7 -5 +1 +18 +44 -25 -38

++ = Very happy + = Happy 0 = Don’t mind - = Unhappy -- = Very Unhappy

At Ycar Four, the data show a slight but obviously insignificant shift from the ‘unhappy’
to the ‘happy’ category. In Year Five, in contrast, there is a marked swing, mainly from
‘unhappy’ and ‘very unhappy’ to the ‘Gon’t mind’ category.

Comments expressed by the girls during a class discussion just before the unit was
completed provide supportive evidence of an increase in confidence and capability:

Pleased with myself because I actually built something and made it work.

I found it easier than I thought it would be.

You feel more capable of working them, now you've seen how they work.

It’s fun!

I learnt how to control my nerves..when I build something and it falls apart, I
don’t give up. 1 just kecp going.

When you put things together, you learn how they work, so when things fall apart,
it’s interesting to find out what’s wrong, why they don’t work.

I just learnt how to read pictures to build things.

When asked if the unit had affected the way they felt about working with big machincs,
like trucks and cranes, the comments included:

I didn’t think I'd have anything to do with machincs, but now I wouldn’t mind.
I'd like enginecring or to become an architect.

I'd like to work with machines.

I'd work with machines some of the time. (There was a general nod of agrecment
to this comment).

Feel better now, because it always seemed a man’s joo. The machines looked big
and complicated. T wouldn’t have wanted to work on them, um ... in case they
broke down. Now that doesn’t worry me.

I feel I can handle them now, they don’t scem too big and frightening to me now.

When asked if there were any other comments, the following answers were volunteered:

I enjoyed inventing.

Ycah, and we improved on each other’s inventions.

Yes, we sharcd ideas and inventions and had a really pood tinse playing with
them,
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Asked if there was anything they disliked about the unit, some students said they wanted
more equipment, more advanced equipment and more spare parts. There were no
comments reflecting dislike for the activities.

The Year Five unit was particularly successful; the girls appeared to enjoy the activities
and spent a great deal of time inventing their own machines. Although each student did
not complete every model in the series, students discussed each other’s machines and
inspected them to sce how they worked. The atmosphere was one of excitement and
enthusiasm.

In general, there were improvements in the girls’ feelings of capability in tackling
heavy-machinery occupations (and also in some of the other occupations in the
questionnaire). This is important, becausc they may now be less likely to reject carcers
which involve technology usually associated with "men’s” work. There was also an obvious
improvement in the degree of happiness to work in technological occupations, but only for
the Year Five girls.

Possible reasops for differences between Year groups

Sevcral explanations may be offered for the better outcomes at Yecar Five. First, the Year
Five girls were taught by their own classroom teacher, so both the teacher and students
understood what was expected from each other from the start of the unit. Second, the
Year Fives had more time to relax and enjoy their machines. About 60 hours were spent
on it in class, apart from the time spent on building machines before school and at
lunchtime. The Year Fours had only 26 hours and did not have the same amount of
equipment for all girls to have unlimited time with "hands-on" cxperience. However, it is
not simply a difference in the relative amounts of time. The Year Five unit was taught as
a block, while the Year Fours had brief weekly lessons.

A third possibility is that there are developmental differences, with the older girls being
more receptive to learning about technology. Fourth, the Year Five girls built powered
machines, while the younger group built only hand-operated models. The Year Four girls
enjoyed playing and investigating the powered machines the Year Fives had made and
shared with them, so perhaps when they build their own powered machines, there will be
improvements in their bappiness ratings. Finally, the smaller shift in the happincss ratings
at Year Four may reflect the fact that their pre-unit ratings were more favourable to start
with: most responses on the pre-tcst were already in the Don't mind/Happy categories,
while at Year Five, most were originally in the Unhappy/Very Unhappy categories.

IMPLICATIONS FOR TEACHING TECHNOLOGY

The study supports the value of the cross-curriculum approach, to allow the concepts being
learned to be explored and explained in many differcat ways. Strategies include story
writing and drama, factual writing about what they are doing, and opportunities to study
associated ideas from social scicnce, science, computer technology, language and
mathematics. Art and craft are also important for exploring materials and design. This
arca may also be extended to make moving characters for plays or pocms, thus linking
art/craft with literature as well as technology. Thesc strategics were used in this study and
it helped the girls to draw together, in many ways, the practical knowledge they were
gaining, Verbalising about what they were doing orally and in writtcn form consclidated
their concrete learning., Furthermore, using the knowledge they had gained to design
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something utilising art and craft methods helped them to recognise that technological
knowledge is valuable for various activities, not just for building machines.

Observations made during the study point to the value of small-group work for reinforcing
knowledge, solving problems and allowing students to build upon each others’ ideas. Some
who felt insecure at the beginning of the unit were given valuable help and support from
a peer and they cventually experienced success, which led to increased confidence in their
ability.

The experience with the Year Fives suggests that technology should be taught in a large
block of time, rather than as a once-a-week specialist "subject” on a time-table. It seems
reasonable to argue that the Year Fives became "totally immersed" in technology, a
teaching procedure which allows potentially favourable learniny experiences fo have a
greater impact. Working in this way also allows children the opportunity to stay with a
task until they have completed it, rather than having to dismantle and pack away
equipment in accordance with the arbitrary dictates of a timetable. Block time also allows
for time to “play” with the machines. "Play” is in inverted commas because sometimes, in
the course of play, the machine stops working properly. The study showed several cases
of valuable learning occurring as students explored how to rectify the problem. This can
lead to consolidation of mechanical knowledge and skills, and a feeling of being in control
of the situation.

The curriculum unit wouid almost certainly rot have been :introduced without the presence
of a tcacher with a specific interest in initiating technology studies. Sprcading the idea to

other classrooms requires planning and working in a co-operative fashion between the
initiating teacher and other classroom teachers because of the latters’ better knowledge of
the class.

The most important implication of this study is that it has shown that primary school girls
can be taught to build modrl systems and machines. Discussion with the girls revealed that
they had felt afraid of using heavy machinery, but now felt they could work in an
nccupation which involved it. This could possibly lead to wider career choices for them.
If girls are not given such opportunities early in their schooling, they are likely to avoid
post-primary technology studies becausc they perceive that technology is alien to them.
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STORIES TELL BUT WORDS CONCEAL - ASPECTS OF
HISTORIOGRAPHICAL RESEARCH

R. A. Fawns
The University of Melbourne

ABSTRACT

The author has been invited to write a history of the Science Teachers
Association of Victoria which celebrates its 50th year in 1993. He
explores the idea of a useful history which addresses present-iuture
concerns which persist, and contrasts this with an authentic history of
the past commiited to understanding a period. What can be enlisted to
help us respond to our current dilemmas are the emblematic characters
amongst the agents of change to whom we can speak, and there are
the artefacts and their meaning in contemporary discussions abstracted
from the record of their past which is not restricted to their contingent
circumstances or to their authentic utterances.There remains the
question of how to write the history. ls it to be essentially a narrative
constructed from stories or a history of ideas based on words of the
ongoing conversation amongst those engaged in it, about science
teaching?

i f Science. ion?

There are advocates of historical research who argue that curriculum histories of the
past uncover the buried potentialities of the present. They argue that while the
histories of textbook reforms are contemporary, the traditions of the disciplinary subject
matter and of schooling are older and reflect traditions that have been laid down over
many years, even centuries. William Reid (1985, p.290) for instance, in arguing against
the managsment view, claimed that "the proposition, that plans will be accepted if ihey
can be shown to lead to desirable ends was tested and found wanting", in the sixties
and seventies. Kliebard (1975) has criticised the limited intellectual framework of
curriculum workers who were pre-occupied with the production-line model and
utilitarian criteria. From Reid’s and Kliebard’s perspectives, history is to the curriculum
workers the problem rather than the solution and the curriculum they are inventing is
scen as a design to amcliorate the cnrrent state of affairs which has been produced by
mistaken plans of the past.

These historians of the curriculum also criticise the institutional histories which they say
have assisted in the projection of a "managerial” view of curricular change. Educational
history, they claim, has been scen as the study of successful policy making and planning
through centralised agencies that have emphasised in their Whig history the evolution of
current practices and the extinction of other cxotic species in the ascent to the present.

Drawing upon distinctions that Schwab (1978) popularised, Reid argucs for practical or
dcliberate, rather than technical curriculum work, and would value the assistance that
history or past action can give curriculum workers. Historics, he says, firstly, can deal
with change of actions and not merely plans. Action is something for which someone is
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accountable and to give an account is to place the action within both the context of the
persor’s individual history and that of the setting in which ¢ is played out. Rather than
in the assessment of the technical merit of the plans or purpose, Reid sees recognised
value in historical assessment of the context in which action is proposed. From this
perspective we should assess, for instance, the success and failure of the general science
movement in Australia in the human context of the professionalization of science and
democratic forces in the war years rather than against the inadequacy of textbook
schemes in the supesbureaucracy of University Schools Boards.

Secondly, he says historical research can be concerned with modification of the
particular and not merely general purposes. He would prefer an historical
understanding drawn from analysis of the particularities of individual’s motivations and
actions in an attempt to draw guidance from universal explanations, such as Piaget’s
stages of cognitive development. The notions of story and the exercise of virtue which
Reid (1987) calls from accounts of reform are drawn from a complex analysis of moral
philosophy and the modern condition. In our actions and practice, as well as in our
fictions, we are defining something for which we are accountable.

Thirdly, he says historical accounts can reveal limitations, due to implicit assumptions,
in theories of change, and hence lend themselves to pragmatic evaluation. He would
arguc that Piaget’s stage theory or theories of th> function of the reader of science texts
for instance, which are held by curriculum workers to aid practical action, should be
und . rstood pragmaticelly rather than by their internal logic.

Reid (1985) argues for history as in "understanding” over social science as in
"explanation”. He is interested in stories rather than words. However the problem in
research in science education is not only that it has often lacked the historical insight
Reid admires, but that it has aiso lacked that technicai and institutional analysis which
he does not. It has attended neither to the stories or the words of science educators. It
seems to me that the history of the potential in the present of science education must
shed light on the quality of what Westbury (1983) calls "invention" by attending to the
detail in the practical reasoning. In the service of invention, rescarch should be
engaged. as Hamilton has put it, in an analysis of the available material and ideological
resources. In general 1 have found that whilst stories tell of peoples’ commitments
words conceal thought as much as they reveal it; at best they may signal the presence
of submerged thought. The history of science cannot be simply the recovery of
"experience”, siressing the active making of Australian culture through human agency.
What has also to be sought is an analysis of the text both oral and written for both
experience and structuring rales, assumptions and commitments. The analysis should
lead to an understanding and explanation of the conditions of both stability and change.

In discussions with authors, 1 rejected the assumption that the writing in science
text-books and syllabi, for example, can be seen either as independent of the author, in
some way controlled by the language or conventions of science texts, or the product of
the author’s personality, whim or fancy. Rather, I assumed that there is a zone of
freedom between or convention language and style which is neither strictly historical,
technical nor irredeemably personal. It was assumed that therc is an a-nect of their
analyses which is concerned with th' moral form of the text which reflects the power of
association or the influence of networks. The "unity of Scicnce” is here far raorc a
unity of comparable dedication than 4 unity of common total understanding,
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Historiographical studies can-help us understand the transformation of ideology and
function in important texts which have been used in science teaching. They can present
a more satisfyingly cemplex view of the writing or utterances of those who invented
them. The focus can be on the writers’ consideration of the social use which they have
chosen for their text and their commitment to this choice. However, the authors have
argued that they cannot generally put their writing at the service of a social group or
ethical end as is implied by some social scientists: that is to say, they do not decide
matters of consumption. In this account the writer’s choice, which amounts to a way of
conceiving science education, is a matter of conscience as much as efficacy. The history
is therefore not concerned to attribute bad faith or moral delinquency to the authors
who have guided, they say serviced, science teaching. Neither has it presented reality
in a prejudged form. Much of the technical writing could not be lastingly revolutionary:
each scheme appeared to degenerate to dogma and pedantry, although many of the
authors quoted were proposing radical change in their time. The committed writing
quoted will illustrate an ambiguous reality. On one hand, the statements
unquestionably arose from a confrontation of the writers with the classroom realities of
their time; on the other, writers were often referred back by a sort of tragic reversal to
the conventions of the classroom text which they saw to be the practical instrument of
creation of classroom reality.

My interest is in the practical past-present of science education in Australia rather than
its historical past. This distinction needs to be developed and the historiographical
essays of Michael Oakeshott (1983) and Laurence Stenhouse (1978) have been of
assistance in this regard. In short, Oakeshott argues that the practical past is composed
of artefacts and utterances which are alleged to have survived from the past and been
recognised in terms of their worth to us in our current engagements. This he
contrasted with an historical past, composed of passages related to hisiorical events,
which have not survived into the presert and that are assembled as answers to
historical questions about the "authentic' past. Stenhouse argued for sustained field
work leading to the creation of "case records" tl.at could be made available for scrutiny,
verification and cumulation. By such a strategy, he sought to overcome weaknesses in
case study work which he felt often paid too little attention to detail, and exhibited
premature theoretical closure.

The form and content of old General Science texts, or attempts in the Web of Life to
teach about the scientific imagination or ASEP’s prescriptions for a commonsense
science, may each be recognised by their design which to the instructed may indicate
the makers’ names, an event, or a place (Fawns, 1988). Without any great sense of
oddity we recognise another text, syllabus change, or examination reform as belonging
to this past of schemes which have survived. Many ideas, expressicns, conventions,
common places, have survived, embedded in the vernacular of ordinary discourse
amongst those engaged in it, about what science education for all is, and what it ought
to be. Oakeshott’s metaphor for culture is a conversarion to which history and utility
are only coutributing voiccs. Cultural objects, he argued, can provide us with words of
the conversation but our individual interpretation and sense of them is crucial.

By contrast, in historical enquiry an artefact or uttcrance is a puzzling survival from the
past. Historians commit themselves to their period of study. The practical past of
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science education in respect of what is studied, its contents, procedures and meanings is
different from but related to, historic questions about official pronouncements about the
curriculum or the administrative machinery delivering it. There are however other
historical enquiries into the present artefacts and utterances of science education which
are more likely to be confused with the purposes of this study and which also need to
be distinguished from it. An historian may connect the surviving records of the origins
of General Science for instance to a somewhat obscure reference in the preface to a
current text, and in a critical enquiry seek its authentic utterance. The historian may
thereby seek to convey to us whatever advice or wisdom those utterances may contain
or the true vision of the General Science movement. However, the proposition that
such advice comes to us from a past composed of historically authenticated
performances which have survived can hardly be accepted.

What is capable of being enlisted to help us respond to our current dilemmas is
something quite different. There are emblematic characters amongst the agents of
change - the school teachers and university professors to whow we can speak. Then
there are the artefacts - textual materials, examination syllabi and papers - and their
meaning in current reasoning which are in contemporary discussion abstracted from the
record of their past in an understanding of them which is not restricted to their
contingent circumstances, or to their authentic utterances. Stereotyped individuals,
materials and situations #.¢ all implicated in the persistent problem of settling the place
of school science in general education. This is the past of science education with which
historical enquiry begins. My study is pot a collection of heroic exploits but of
schemes. My interest in the ASEP Guidelines Conference (Fawns, 1989, 1990) is not
evoked in a spirit of a quest for the original ASEP but ASEP is recalled as symbolic
propositions and values, not as an historically understood past which may be
understood from them, but for their present usefulness in describing the prospects for
reform today. The different social functions sought or ascribed to the textbooks; the
different roles of the reader of the text; and the different claims to represent the aatire
of science are three themes which connect the studies of e practical past to the
contemporary context.

Edgar Jcokins (1978) and David Layton (1973) have sought an authentic hiztory of
ideas, such as "nature study” and "a science of common things". The whole history of
science education as an important aspect is seei to be encompasscd in each idea and t
posit certain fundamental historical trajectories. Waring (1979), on the other hand,
tendered processes of social change in an instance of curricula innovation. Like Jenkins
and Layton, however, she described the social changes and the achievements of
pressure groups not as entities but as the products of the efforts of men and women
with distinct and differing attitudes who perceive and select from the milieu not only
what is the case but what they take to be the case. Waring characterised the processes
of social change in the Nufficld Science Projects as a cultural context between
mobilising and conservative ideologies of the sixties.

Oakeshott, like Waring, argued that the relationship between antecedent historical
cvents and a subscquent event that is recognised as their outcome must be a contingent
relationship; (hat is, it must be rcinterpreted in the contemporary contcxt. This
rclationship can be distinguished from the notion of historical "chance” adopted, for
cxample, by Bronowski (1960), in which sclected events from the past are used to
describe the cvolution of current cultural practices, thereby atiempting to derive from
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history a transcendent rational judgment. The contingent relationship between past and
present ca * also be distinguished from a relationship that is claimed in snapshots from
the past of science education to support theory called in to explain general causes, or to
appeal to normality.

What then is this so called "past” which hovers over us when we recognise these
artefacts and utterances to be objects which have survived somehow to account for the
potentiality of the present? Certainly we may acknowledge ourselves to be indebted to
the makers and authors of science education, but this may be no different from the
debt we owe to a contemporary who provides us with a new text or an example of how
we should behave, or a piece of sage advice about how a topic may be better taught. If
we ascribe some merit to what has survived in texts or as operating principles, we are
not attributing t: it a significant location in the past; we are accounting for its present
uscfulness in terms of its durability. Were we to infer from these surviving utterances
and artefacts a past composed of lessons we now believe ourselves to have learned
from them, then the inference would be false. Ia short, this practical so-called surviving
“past’ is not past at all. My research is to contribute to a conversation about the
present-future of science education which is composed of schemata that aze recognised
by practitioners broadly defined to have survived from a near or distant past and
recalled to use, from their resting places in the present, to be understood and valued for
what they have to offer in the current practical engagements of science education.

Passages of Change

Oakeshott argues that an assemblage of historical events, which are recognisably
different, may be understood as a passage of change because of their inherent
continuity. This continuity may be distinguished from some changeless item such as a
particular text, or an enduring purpose such as science for all. Continuity can also be
seen as other than the normalities or the "laws" of a process of change that are
provided from historical or sociological thcory. The coherence in my accounts of the
three schemes I have investigated - General Science, The Web of Life and ASEP - has
been sought in their continuity; that is, in their circumstance rather than in an imported
framework. In the historical passage the differences or distinctions between them are
noted and discussed to compose yet another subsequent difference. In this way,
continuity is recognised as a continuity of practical theory.

It could be argued :hat such an account of the practical past cf science education would
admit of no surprices and be devoid of great changes. It could also be argued that this
approach would be unable to accommodate or reflect "revolutionary" changes. On the
other hand, the idea of a revolutionary new form of text belongs more to the
vocabulary of a practical understanding of the past, rather than to that of history which
has no place for such a judgment.

A general social history of which education is a part may assume “at any given date the
political, the economic and the artistic do not necessarily occupy the same position on
their respective curves' (Oakeshott, 1983, p.115). The waxing and waning of such
influecnces on science education must be given precedence in what is primarily an
cducational study. The investigations are concerned to explicate, through schcmata
invented to maintain and transform science in schools in different historical
circumstances, the practical conversation that is science education. It attends to what
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the schemata may be alleged to say of interest and instruction to current circumstances.
Neither the words (people have used to characterize the task) nor the stories (they tell
about their past actions and those of 6thers) can be subordinate to the other.
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ABSTRACT

One set of measures of the quality of courses for the preparation of
science teachers stems from the perceptions exit students have of their
knowledge with respect to that teaching. The Discipline Review of
Teacher Education in Mathematics and Science surveyed these students
late in 1988 on three broad types of knowledge -science content
knowledge, curriculum knowledge, and pedagogical knowledge. Some of
these findings of the Review are described. In addition, the base for
developing items to measure these three types of knowledge is discussed
in this paper. The variety in the da.. that emerged is also presented and
the consistency of the findings with other measures of quality is
described.

INTRODUCTION

The National Disciplinary Review of Mathematics and Science Teacher Education in 1988
was charged with reporting on the quality of the teacher education courses in the then 52
autonomous Australian institutions offering such programmes. The Review Panel
responded to this and its other terms of reference in a three volume report that became
available early in 1990 (Speedie et al. 1989). Fensham and West (1990) have discussed
the complexity of the task such reviews face when charged with the obvious and
straightforward request for a quality assessment. They mention, among the sources of data
that contributed to the Panel’s senses of quality, the responses of exit students (students
about to complete their course of teacher education) to questions which asked them to
assess certain knowledge they had gained that related to teaching. This paper is concerned
with some of the issues that were involved in seeking such student measures.

n I k i w

The Review began in July 1988 and the Panel quickly realised that if any systematic data
were to be collected from exit students it must be a high priority since these students
would become inaccessible during October. It thus needed a conceptual framework that
would enable appropriate sets of questions to be devised quickly. The framework it chose
to use involved three sorts of knowledge - discipline (or science content) knowledge,
curriculum knowledge, and pedagogical knowledge. This framework to a considerable
extent encapsulates the view of teacher education the Panel had throughout the Review.
That is, it is the framework which its members used to enquire about and to assess what
they heard about the actual leatning experiences students had as they were prepared for
teaching. It was not, of course, the framework the Panel used when it was investigating
the factors associated with the provision of such courses. The framework for that purpose
was very different and it involved the staff, the resources, the institutional opportunities
and constraints, and the schools and school systems with which each course was
cooperating. Volume 1 of the Report deals extensively with these aspects of provision,
which also have major effects on quality.
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The separateness and linearity with which the three sorts of knowledge have been listed
above do not do justice to the sense in which they were a framework for the Panel. Figure
1 sets them out in a manner that indicates that the sorts of knowledge were not
independent in the eyes of the Panel.

discipline Although each of the sorts of
knowledge knowledge (the nodes in the Figure) can
be described scparately and each had its
/ own set of questions in the survey
questionnaire, the Panel had sense of
curricudum pedagogical interaction between them that requires
knowledge knowledge the connecting links in Figure 1 to be
addressed as well.

Fig.1 The framework of knowledge and the
, —y . D di o f

The Panel thus saw a science teacher as a person (a) who has acquired, and knows how
to acquire a body of scientific knowledge, (b) who understands that a curriculum for
science is drawn up from a number of sources including as its major source, the content
knowledge of the disciplines of science, and (c) who has acquired a range of pedagogical
strategies that relate to the teaching of science as it has been represented in the
curriculum.

Some of the sensc of linkage between the three sorts of knowledge can now be indicated
by the following connecting propositions and examples (in italics).

Curriculum - Discipline The bits of disciplinary content knowledge of science that are
included in a curriculum are a selection only and are included for certain ressons. The
curriculum for any science course is a deliberate set of choices to include and emphasise
certain sorts of science disciplinary knowledge at the expense of others. The inclusion of
some sorts of disciplinary knowledge in the curriculum has advantages and disadvantages
for different groups of learners. A study of hurnan movement is rarely included in school
science despite its relevance, whereas the movement of inert bodies under ideal conditions
is extensively studied.

Disciplinary knowledge of the sciences is often not in the form that it takes in techne! gy
and hence for curricula that emphasise science in society. Disciplinary science tends o de-
emphasise Australian aspects of science whereas curricula may wish to emphasise them.
Disciplinary science is open to gender critique that may be impoxtant for curriculum. What
counts as "pure" water in many Austratian contexts is quite different from the sense of
"pure" water than school science usually develops.

Curriculum - Pedagogy The real world context of science and technology can be included
in pcdagogy in a number of different ways. Excursions, debates, newspaper analyses and
practical investigations can lead to the learning of the broader science of these contexts and
provide anchorage for learning the narrower science concepls in any curriculum.

Assessment requirements in the curriculum can reinforce or destroy good pedagogy for
lcarning. Test items that have only "correct” answer are not conducive to a science course
that sets out to encourage real world problem solving. Pedagogy should be a response to
the demands and intentions of the curriculum. A curriculum has many components and
aspects and hence there need to be many pedagogical strategies if optimal learning for all
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is to occur. Groups among the learners will respond differently to parts of the curriculum
but pedagogies are available to avoid this leading to differential learning. Creative writing
responses may make an otherwise uninteresting topic an exciting one for some students.

Discipline - Pedagogy Science uses concepts in special ways that need to be recognised
in the teaching of science.

The interrelationship between concepts and processes in science needs to be recognised by
pedagogy (and curriculum). Science phenomena, concepts and processes in pedagogy can
take on quite different character and relationships in the pedagogical situation from what
they have in disciplinary science. The espistemological status of "chlorine is a green gas"
in chemistry as a discipline can be very different from what it is in classrooms where it is
never available for obscrvation. There is a wealth of pedagogical knowledge among
teachers that relates to quite discrete and specific phenomena and concepts in science. The
right to left convention for writing organic formula is of no concern in the discipline. It
needs care and attention in pedagogy for new learners. The historical dimension in science
has great potential for pedagogy. Pedagogical strategies are needed that can deal with the
well established alternative conceptions learners have compared with current scientific
orthodoxy. Co-operative group work and predict (observe) explain (p.o.e) have proved to
be t'seful pedagogies for teachers wishing to take these research findings seriously.
Unfortunately the clarity of our understanding of these linkages was not great when we
had to construct the instruments for the survey so ea: s in the Review. We thus defined
the sorts of knowledge almost entirely in terms of the nodes of Figure 1 and these
processes are now described.

Digcipline Knowledge It was assumed that students wishing to teach in secondary
programmes and who have studied science over several years in higher education should
acquire some broad understandings of science as well as much specific knowledge of the
content areas that are particularly represented in most curricula up to year 12. For early
childhood and primary teaching students, only questiorns abcut the specific content areas
were asked and these in relation to teaching up to year 3 and from year 4 - 6 respectively.

The broad aspects of science are listed in Table 1. They were defined from the profiles
of a well prepared science teacher the Panel set up from various sources (existing practices,
the literature and research). They are reported in Chapter 3 of Volume 1 as realistic
targets for science teacher education. The specific knowledge areas listed in Table 2, were
derived from the Panel’s knowledge of school science curricula in Australia.

Curriculum Knowledge The same items were used with all respondents but the confidence
in them was related to teaching at the specific levels for which particular respondents had
been prepared . They were derived from contemporary curricuium theory and concerns
and from the Australian interest in teachers’ role in the development of curriculum within
broad state outlines. Table 4 below lists these aspects of curriculum knowledge.

Pedagogical Knowledge

Again the same sct of items concerning pedagogical knowledge was used with each set of
respondents. These were derived from contemporary Australian curricular emphases, from
recent policy documents (about computers, calculators, gender, disabilities), and from
current knowledge of the relation between teaching and learning. (Table 5).
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If we had been constructing the sets of items later in the Review we would certainly havs
tried to include more items that addressed the linkages between the three sorts of
knowledge discussed above. Our failure to do so severely limits the extent to which we
have contributed to the contemporary research interests in the "pedagogical content
knowledge" of science teachers (Wilson, Shulman & Riebert 1987, Ingvarson, Note 1), in
the conceptions exit students have of science teaching (Baird et al. 1987) and the change
process in science teacher education (Northfield, 1986).

METHOD

So that the survey of exit students concerning these knowledge areas would provide
maximum information and make sense to the siudent respondents, it was necessary to
design five questionnaires. These recognised the distinctive kinds of pre-service
programmes in Australia and in the way detailed aspects of the respondents’ confidence
of the three sorts of knowledge could be expected in them. The questionnaires also
contained items on the respondents’ school backgrounds in mathematics and scieace, their
socio-economic status backgrounds, their reasons for undertaking teacher education, etc.
In most cases they were administered in class by the institutional staff and mailed foliow-
ups were used. In some institutions, students in October 1988 were already on final
teaching practice from which they would not return to college. Response rates varied
considerably but generally were around 60 - 70%. In a small number of institutions where
the response rates were very low a second survey was carried out in 1989.

Interpreting results

There are difficulties in interpreting student responses of this type. In particular the
validity of using the aggregated results of a student sub-population as a measure of their
programme’s worth is problematic. Students’ responses to the sorts of items they were
asked may not be valid measures of their actual knowledge or confidence in practice. It
is a large inference to move from measures of students’ strengths and weaknesses to a
programme’s strengths and weaknesses. Some programmes may be dealing with students
whose backgrounds and abilities enable them to respond more easily to the programme’s
tcaching. Summary statements of the responses such as a mean (or average) value of some
response category can also be a blunt measure from which to draw absolute or relative
inferences about programmes.

The students’ responses are likely to be based on their experience in their practica which
may not be the same as it would be in a real teaching role. Students may be biased
against particular staff or their programme more generally. Students who really know may
be more likely to recognise the limits of their knowledge. Some of these sources of
invalidity may average out in a national analysis but we could not be sure of this, nor could
we check it. We thus analyzed and reported the responses as they were, and we
acknowledge that the conclusions, we or others draw, should be in this context of
limitation. One final problem is the obvious fact that students can learn (or fail to learn)
outside or despite the programme in which they are enrolled.

Judgements about ratings

Four-point scales were used in the knowledge items and the Review Panel took the
position that a rating of less than 2.5 represented "poor quality”, that 2.5 to 2.75 was
"marginal quality", that 2.75 to 3.0 was "acceptable quality" and that more than 3.0 was
"good or excellent quality". Statistically the sample sizes were usually over 100 and the
standard deviation for an item’s responses was about 0.7. Thus a difference of 0.15
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between means will be significant (at the 0.05 level). The Panel judged diffecences of 0.15
to 0.3 to be small but real and greater than 0.3 to be substantial.

FINDINGS
Some examples of the findings for national sub-population preparing for secondary
teaching are now presented to indicate the form in which they are available. The complete
set of national findings can be found in Volume 2 of the Report. The data for individual
institutions were passed on to them togeiher with state and national means for their own
comparative purposes. Some of these data will be referred to but are not tabulated here.

Content Knowledge The confidence of the respondents in the broad aspects of science
content knowledge is given in Table 1. The responses for the students in the three types
of courses preparing secondary teachers are given separately. The 3 year concurrent
courses were all offered by CAEs, as were w0st of the 4 year concurrent ones. Most of
the students in 4 year end-on courses were in the established universities of 1988 (that is,
before amalgamations).
TABLE 1
MEAN RATINGS OF SECONDARY SCIENCE:
CONFIDENCE IN BROAD ASPECTS OF CONTENT KNOWLEDGE

COURSE TYPE

CONCURRENT END-ON

3Yr 4Yr
Concerning the subject: science N=81 N=211 N=650
1. Understanding basic concepts/principles 33 34 34
2. Confidence in understanding new ideas 32 33 33
3. Extent of finding subject exciting 31 33 33
4, Ability to uge primary sources 2.9 31 32
5. Ability to use secondary sources 32 3.5 34
6. Knowledge about recent advances 2.5 2.5 2.5
7. Familiar with real world applications 31 31 31
8. Knowledge of historical development 2.7 2.5 25

The students in the two four year course types showed no significant differences, with six
aspects above 3.0, but the three year students were significantly below in confidence on
their positive involvement with science and their ability to use primary and secondary
sources. Two aspects - knowledge about recent advances and knowledge of historical
developments had values that indicated low quality in all three programmes. The latter is
disappointing but not surprising in the light of our other information about these courses.
It is disturbing that the end-on students had no more confidence about recent advances in
science since they had learnt their science in the context of research-type science
departments and generally spent many more hours in leciures and laboratories than their
college counterparts. This weakness in undergraduate university science courses has been
discussed elsewhere (Fensham, 1990).

In the ten more specific areas of content for teaching, at the Years 9/10 level only (see
Table 2) only real world modelling stood out as of marginal quality. This is a
contemporary interest of some curriculum designers, because of its potential for using
computers in science education. It was not a confidence area for students in any of the
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courses. Despite the evidence the Review Panel was given that modelling with computers
is expanding rapidly in science research, we found little evidence of its presence in the
science courses these students had studied, unless they had included agricultural science or
some of the environmenta! or earth sciences. The confidence students in all three
programmes expressed in the nature of science and in science technology and society
surprise us from the other information we gathered about their courses. Many institution’s
courses were rated by us poorly on these aspects on the evidence we elicited from them.
It may be that the respondents had no real yard sticks for these aspects with which to rate
themselves and their expressed confidences would not match well with some new
curricula’s quite sophisticated expectations for these areas.

The Report has drawn attention to the peculiar demands that the Australian school context
pleces on secondary science teachers to have both depth and breadth in disciplinary
knowledge. It indicated that college-based courses were more likely to ensure breadth in
students’ science studies, since at least some study in biological, physical and earth sciences
was often mandatory - a situation that rarely pertained in the university science courses.

TABLE 2
MEAN RATINGS OF SECONDARY SCIENCE:
CONFIDENCE IN CONTENT AREAS (Yr 9-10)

COURSE TYPE
CONCURRENT END-ON
3Yr 4Yr

Knowledge to teack Yr 9-10 science N=81 N=211 N=630

1. Living things and the environment 3.30 338 329

2. The human body and its well being 341 348 339

3. Materials and their characteristics 2.98 311 356

4. Energy and matter 3.08 321 312

5. Forces and their effects 2.96 301 2%

6. Real world modelling 2.76 2.78 2.74

7. The earth, atmosphere, and space 3.15 3.28 2.96

8. The processes of science 3.40 3.50 347

9. The nature of science 3.18 321 325

10. Science, technology and society 3.09 311 3.6

The findings in Table 3 of the respondents’ confidences in other disciplines than their
major are in general very alarming.

Only the few earth science majors reported good quality knowledge in a disciplinary area
other than their own major. Many biology majors would have studied more than one unit
of chemistry and indeed could have majored in biochemistry. Yet they show confidence
values of 1.92 and 2.51 for chemistry in the two four year course types. Conversely,
chemistry majors would often have studied either a biological science or physics at second
year level but neither appear with good quality values. Physics majors from either course
type are the least confident in their knowledge of other areas, although they are marginally
better in the college sector as a result of the common breadth requirement in those
courses.
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TABLE 3
SECONDARY SCIENCE : CONFIDENCE IN CONTENT AREAS

Knowledge to teach Yr 11-12 in science.

cC E c E_
Biology Majors N=74 N=267 Earth Science Majors N=21 N=37
1. Biology 382 371 1. Biology 358 291
2. Chemistry 192 251 2. Chemistry 200 249
3. Environmental Sc. 29 3.04 3. Environmental Sc. 344 341
4. Earth science 2.51 2.30 4. Earth science 332 350
5. Physics 149 174 5. Physics 1.68 194
Chemistry Majors N=50 N=215 Physics Majors N=40 N=89
1. Biology 285 290 1. Biology 221 181
2. Chemistry 360 3.5 2. Chemistry 267 265
3. Environmental Sc. 252  2.68 3. Environmental Sc. 234  2.15
4. Earth science 229 217 4, Earth science 229 214
5. Physics 219 212 5. Physics 377 380

(C indicates CONCURRENT, 4 yr; E indicates END-ON)

The Report has commented on the absence in Australian courses of minor sequences in
science that set out to give an overview of a science discipline. In the USA the Panel was
aware that such courses are often provided for the very purpose of establishing the level
of confidence our respondents so evidently lacked.

Curriculum Knowledge In the five designated ‘areas of curriculum knowledge only two
showed good quality values among the two four year course types and the three year
courses were below this standard on all five (see Table 4) even on knowledge of the
relevant state curricula.
TABLE 4
MEAN RATINGS OF SECONDARY SCIENCE:
CONFIDENCE IN CURRICULUM KNOWLEDGE

COURSE TYPE

CONCURRENT END-ON

3Yr 4Yr
Knowledge to teach Yr 12 science N=110 N=232 N=737
1. Relevant state curricula 259  3.09 3.08
2. National/international curriculum movements 207 237 2.39
3. Develop small curriculum unit yourself 266 334 3.17
4. Linkages to other parts of the curriculum 244 281 2.69
5 Gender factors in science curriculum 232 298 2.85

The "do-it-yourself" or teacher-based ideas about curriculum that have been strongly
promoted in Australia since the late 1960s are evidently being perpetuated in most of the
courses. It is, however, disappointing that the high confidence of this knowledge is not
associated with knowledge of national/international movements in curriculum, or of links
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to other parts of the curriculum or of gender factors. We must wonder what frameworks
these students have to guide their development of small curriculum units, especially as they
show little knowledge of contemporary ideas about learning (Table 5).

In general the respondents’ confidence with respect to the twelve
areas of pedagogical knowledge are unsatisfactory (see Table 5).

The responses from those in 3-year courses are singularly deficient. The 4-year concurrent
students show the best profile, and this is probably due to their more extended contact
with these ideas and practices and often with practical teaching. The end-on students were
very deficient in computer-aided methods and calculator-based methods and their science
studies have not helped in this area. They have some awareness of the need for positive
discrimination to girls but are not adequately knowledgeable about how to teach
accordingly. All the groups are very poor at knowing how to teach disabled students and
it would appear that systems may have to take responsibility for this as a specific need in-
service if integration policies now in place are to work in science. The strength in
knowledge of didactic methods is not coupled with knowledge of how students learn.

TABLE 5
MEAN RATINGS OF SECONDARY SCIENCE:
CONFIDENCE IN PEDAGOGY AREAS

COURSE TYPE

CONCURRENT END-ON

3Yr 4 Yr
Confidence of knowledge to teach to Yr 12 N=110  N=232 N=737
1. Didactic teaching approaches 3.01 343 3.16
2. Inquiry/discovery methods 2.86 312 2.97
3. Problem based methods 2.72 3.06 2.90
4, Computer aided methods 2.04 251 2.09
5. Project based methods 242 2.88 2.67
6. Calculator based methods 226 2.59 224
7. Constructivist methods 2.69 2.80 2.65
8. Laboratory approaches 2.64 3.10 3.02
9. Teach. positively discrim to girls 230 2.64 2.60
10. Teach. assisting disabled students 229 2.30 2.16
11. Teach for indiv. differences 2.64 2.86 2.53
12. Excursions 2.29 2.74 2.59
Early Childhood/Primary The respondents in these courses only showed good quality

content knowledge in living things and the environment and in processes of science. Even
the human body and its well being did not average 3.0 or above for any of the institutions.
This unsatisfactory state of affairs is not surprising since so liitle time is devoted to
teaching thesc students science (see Speedie et al; 1989, Vol 1. pp 77, 84). It also reflects
the unfortunate tendency of these students to have studied only biology in their own
schooling after Year 10. That situation must change or these courses must adopt the
Report’s recommendations about time given to science, if science education at these levels
of schooling is to be any more than the Nature Study it was supposed to replace thirty
years ago. The relative confidence in processes of science is distressing when it is
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disembodied from the conceptual areas in Table 2. They may know some processes but
can they really be processes of science?

Since we were told in most institutions offering these courses that the majority of the time
in the inadequate number of units for science/science education was devoted to
curriculum/pedagogy the knowledge reported by these students is disappointing in the
extreme. Only linkages to other curriculum and inquiry/discovery methods rate at 3.00 +.
This probably reflects the impossibility the course staff face with so little time for science.
Confident knowledge for teaching needs to go hand in hand with confidence in one’s own
scientific knowledge.

Given that the respondents in these courses are at least 85% female, the very low level of
knowledge of positive discrimination to girls is almost inexcusable. In Vol 1, p 150 we
reported with amazement that so few of the staff in early childbood/primary saw the
gender bias in their students either as a cause for concern or as an opportunity for very
explicit reflection and action on this gender issue.

Institutional responses In the reports on the individual institutions that are reported in
Volume 2, the Panel does refer on numerous occasions to the students’ responses to the
sorts of knowledge and their items. In general, this was only done when the differences
between the institution’s means and the staie or national means were greater than 0.15
although some exceptions were made when all items were above or below but not ail
differed by 0.15. For the secondary courses which often had small numbers a difference
of 0.5 was supplied (stemming from a sample size of 8) so mention is quite rare.

More importantly, however, the Panel did not quote such siudent-based data and the
differences in them unless they coincided with its own judgement about the courses and
the programme as a whole from the various other sources it had before it.

During our visits to the institutins in 1989 it was possible to discuss the findings since they
had been provided in advance. Quite often the Panel was provided with explanations for
the low values associated with various items. Sometimes it was that the content of the
item was not relevant to the particular course or that its wording was misunderstood by
the students, or that significant sub-groups of students were absent when the data were
coilected.

These may have been the case, but these problems were never raised in these discussions
with respect to items for which a higher than the average value had been reported.

Since the Review, some reports have been received to suggest that a number of institutions
have made modifications to their courses in the light of these student responses. We have
no basis for knowing how widespread this has been nor how effective the modifications
are, but some other investigators (see Symington et al. in this volume) may provide one.

CONCLUSION
Exit students were able to respond differentially to a range of items within the three sorts
of knowledge chosen by the Panel as a knowledge framework for future teachers. Their
responses showed very different values for students’ confidence in the knowledge they had
gained as they neared the end of their initial education for teaching.
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The findings werc in many caces consisteat with what could be expected from other
information the Panel received about the courses and overall programmes these students
had undertaken. A number of deficiencies in the quality of the knowledge acquired were
revealed. There was, on the other hand, cnough consistency between high mean scores
and the emphasis known to exist in particular courses to suggest that the learning
expericnces offered in courses can be eftective.

The extent to which the measures of students that were obtained can be used to infer the
quality of programmes and their courses is more problematic, but they are. at least worthy
of consideration by the staff responsible.

We would suggest that the items could be useful tools to help students aiticulate (and to
reflect on their learning experiences) what indeed they have lcarnt during their teacher
cducation in science and science cducation.
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PRIMARY/SECONDARY TRANSITION AND
RELATED TEACHER ATTITUDES TO SCIENCE

Peter Ferguson
University of Tasmania - at Launceston

ABSTRACT

There is an increasing call for £-12 continuity in education. This is
supported by curriculum policy statements that are designed to cut across
the traditional lines of discontinuity, particularly the primary/secondary
boundary. However, apart from the different curriculum traditions of the
two areas (Primary & Seccondary), other major differences still remain.
One such difference is the generalist training of primary teachers and the
subject-based specialist training of their secondary counterparts. Does
this result in attitudinal differences in respect to curriculum development
and implementation priorities? This paper goes some way to addressing
this question and is based upon interview data obtained from both
practising teachers and teacher education undergraduates. The data
represent two separate stages of research, one completed and one
on-going.

INTRODUCTION

Considering most students educated within the various systems of western countries
(Australian Council of Educational Research, 1989) experience a ‘transition’ at some stage
from ‘generalist’ primary, or elementary education to ‘specialist’ secondary education,
surprisingly little research has focussed on this aspect of schooling. Less still has
considered the influence of this transition on student attitudes and achievement in specific
subject areas such as science. Research-based information that is available suggests it has
a considerable, and possibly negative, affect. (Baird, Gunstone, Penna, Fensham, & White,
1990).

In recent times, various state Education Departments have attempted to minimise
discontinuity by developing curriculum policy statements not as separate
primary/secondary packages, but as inclusive frameworks or guidelines (Education
Department of Tasmania, 1987ab; Ministry of Education, 1987; Department of Education
and the Arts, 1990). Such a science curriculum rewrite has been underway 1n Tasmania
for the last three years in an attempt to improve curriculum continuity from kindergarten
to year eight (K-8), this includes students from age five to fourteen.

The first stage of this study was conducted during 1989 to try to ascertain what
consistencies/discrepancies existed in respect to teacher attitudes and philosophies prior to
the writing and promotion of a K-8 curriculum statement. The second on-going stage
revisits the same issues with teachers after exposure to early drafts of the document and
after some school ‘clusters’ bave set up working committees to deal with concerns and
issues arising from primary/secondary transition and curriculum continuity. (A school
‘cluster’ usually cunsists of a district secondary school and its feeder primary schools.)
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STAGE 1 RESEARCH AND FINDINGS

Throughout 1989 a total of forty practising teachers (X-8) and thirty undergraduate teacher
education students were interviewed to determine their respective attitudes to science
teaching in regard to teaching philosophies, implementation strategies and recent
developments and innovations (Ferguson, 1989). The teachers selected were from a range
of schools and represented a reasonably even spread across Early Childhood, Primary and
Secondary. There was also a wide range in respect to years of teaching. Apart from some
attempt to gain this spread of teaching background, selection of individual teachers was
random. The undergraduate students similarly ranged across E.C.E. Primary and
Secondary and all four years of the B.Ed. program. Data were collected by interview
where respondents were asked a set of predetermined questions. As they did so respenses
were recorded and later read back to the interviewees to ensure a valid representation of
their views. At this stage further questions were added where need for clarification arose.
The questions focussed on teaching background, priorities in teaching science and reactions
to recent curriculum trends.
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A clear pattern arose when responses were analysed. Questions relating to philosophy,
implementation and reactions to recent developments elicited a high degree of consistency
in response from K-6 teachers regardless of their personal background. The Secondary
sample produced responses not only inconsistent with these but also with a high degree of
inconsistency within the sample group itself. When asked what were their priorities
concerning student outcomes (in respect to science teaching only) all respondents gave
some variation of attitudinal, knowledge/concept development and skills development.
‘Outcome related priorities’ refers to possible outcomes that are given consideration in the
planning and implementing of . curriculum. Many secondary teachers stated that good
attitudes were an important ouicome but they were not a consideration when curriculum

was being planned. The graphs in Fig 1 give a clear indication of the changing pattern of
such priorities across K-8.

Interestingly the wide variation between attitudinal and knowledge outcome priorities was
also evident between K-6 and Secondary teacher undergraduates. Formal training appears
to re-enforce the traditional priorities, as revealed in Fig, 2:
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The term ‘Skills’ provided a point of difference of interpretation between the K-6 teachers
and the Secondary teachers. Invariably the Early Childhood/Primary teachers interpreted
the term as meaning ‘learning skills’ or processes ( such as inferring, observing, controiling
variables, etc.) whereas the majority of the Secondary teachers interpreted ‘skills’ as

laboratory based techniques or routines (such as ‘using a bunsen. burner’, or ‘using a
microscope’, etc.).

There were many such differing interpretations of terminology within the secondary group
and this appeared to have some correlation with the amount of formal science background.

The Secondary teaching group was composed of three sub-groups, (although they were all
teaching junior scicnce at the time of the interviews):
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a) those trained as secondary science specialists,
b) those trained as secondary teachers - but not of science, and
c) those who trained as primary teachers (with science as a major component of their

degree) and had subsequently moved into secondary teaching. (Largely as a result
of a shortage of specialist secondary science teachers.)

The responses of the three groups are indicated in Fig 3.
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These data, along with the other, more anecdotal, information collected through the
interviews suggested that there is a basic difference in science curriculum priorities and
approaches in K-6 classes compared with those in Secondary schools. In the K-6 schools,
most curriculum decision making is driven by the desire for subject integration and
consistency and the needs of students. The curriculum therefore has a student interest and
skills development base rather than a content base. There is also great emphasis placed
upon across-the-school consistency. K- teachers have also expressed a high degree of
commitment to the principles of students being rcsponsible for their own learning and
*metacognition’. The secondary teachers sharc the loug term goal of "students as
independent learners” with the K-6 teachers, but these aims often appear to be in conflict
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with classroom priorities. The content-driven curricula of the secondary school are
considerably less flexible and the majority of teachers still interpret their rele as one of
"decision maker" and "information giver". If this is truly representative of K-8 teachers,
it raises many further questions:

Does this create difficulties for students when they transfer from Primary to Secondary
School? To what degree does this affect student outcomes? Should such differences occur,
and to what degree should curriculum statements, attempting to promote continuity, try to
overcome them? What are the implications for teacher eduwation programs?

STAGE 2 ON-GOING RESEARCH
During 1989-90 new Science Guidelines were drafted attempting to provide some
curriculum continuity for K-8 Science in Tasmania. A working draft ( Department of
Education and the Arts, 1990) was completed in December 1990 which was sent to schools
for trial and comment during term one of 1991, To gain feedback from interested schools
‘cluster’ meetings were held in each district around the state where representatives from
Secondary schools and their feeder primary schools came to question, discuss and comment
on the document. The meetings were chaired by various members of the document writing

group.

During this time there was also follow up to the earlier intervicws on an individual basis.
These were an attempt to determine if differing primary/ secondary priorities created
planning/implementation problems - or were even a consideration. There was also some
attempt 1o determine if school ‘cluster’ committees helped to promote curriculum
continuity, particularly in science. (In some districts clusters had been in place since 1989
- or even carlier.) This research is still continuing,

The cluster meetings or forums suggested that not only did implementation strategies and
priorities differ from Primary to Secondary but also that these were being rriven by
deeper differences in teachers’ attitudes. Secondary teachers ‘appear to have an image of
science as a body of knowledge arrived at by the neutral, objective application of the
scientific method’(Note 1). By comparison, K-6 teachers describe science as an
opportunity for students to work collaboratively through inquiry and problem solving to
‘make meaning’ of their world. Feedback from the various mectings led the writing party
chairperson to claim in his written summary;

The different images of science and approaches to teaching between K-8
teachers may reflect a variety of views and beliefs about the nature of
science as well as the nature and purposes of science education.

These differing views and belicfs manifest themselves in different priorities, educational
views and pedagogical practices with the obvious boundary lying between K-6 and
Secondary teachers. To a large extent Junior Secondary curriculum decision making
appears to be driven by the perceived needs of ‘later on’ in Upper Secondary classes. K-6
teachers based their decisions more on the perceived immediate needs and interests of the
students. Although both groups were positive about the possibility of a greater consistency
in curriculum approach across K-8, neither group was happy about the thought of moving
toward the practices of the other.
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The on-going interviews have alrcady revealed that clusters, at this stage at least, have little
bearing on curriculum implementation of informing one group about the classroom
practices of the other. Rather, they focus on student orientation days and interpretation
of student records, particularly those relating to numeracy and literacy. The interview
sample contained seven teachers that are members of cluster committees, however, none
knew anything about the scienct. curricula in the other schools in their cluser. Teachers
who are not cluster committee members appear unsure even of the function of the groups.

Clearly there exists a considerable difference between K-6 and Secondary teachers’
approaches to the science curriculum. If any continuity is to exist, other than on paper, the
real nature of these differences needs exploration and research. Such research needs also
to consider the educational compatibility of the differing approaches and the affect
transition from one to the other has on students’ attitudes and capabilities.

REFERENCE NOTE

Note 1 Department of Education and the Arts (1991). K-8 science education: A report,
May 1991, Hobart, Unpublished Curriculum Services Document, p. 5.
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SOCIALLY CONSTRUCTED LEARNING
IN EARLY CHILDHOOD SCIENCE EDUCATION

Marilyn Fleer
The University of Canberra

ABSTRACT

This paper outlines the findings of a study in which the concept of
electricity was introduced to young children in a child care centre.
Three areas were examined: first, the perceived difficulties associated
with the teaching of science to very young children (3-5 year olds);
second, a discussion of the approach used to teach electricity to young
children, and finally, the study and its findings. When the teaching of
electricity (through a unit on torches) followed a socially constructed
approach to learning, all of the children were able to connect up a
simple electric circuit and talk about the electricity flowing around the
circuit.

INTRODUCTION

A great deal of research has been directed towards children’s conceptions of electricity
(Tiberghien & Delacote, 1976; Shipstone, 1984, Duit, Jung & von Rhoneck, 1985).
Many research projects have sought to find ways to teach this concept to children.
However, this effort has been concentrated on upper primary and secondary aged
pupils. Yet very young children frequently hear the words ‘electricity’, ‘power’ and
‘energy’. Most of their constructed environment makes use of electricity. Little is
known about how very young chi'{ren conceptualize scientific phenomena, or how they
make sense of electricity in their everyday life.

Shipstone’s (1985) review of studies with older children indicates that there are five
distinct models of children’s representation of direct current (D.C.) circuits. They are,
upipolar, clashing currents, attenuation, sharing and the scienptific model of D.C. circuit
representation.  This research indicates that children do have a variety of alternative
scientific views which are difficult to modify once formed (Osborne & Freyberg, 1985).

Children’s alternative views are believed to be formed by two factors - everyday
language that has a different scientific definition and everyday experiences which
contradict scientific theories. An interesting example of everyday experiences is cited
by Johsua & Dupin (1985; p. 135):

..when they consider current conservation in a serial circuit: how can a

student explain that the (material) fluid conserves itself and, at the

same time, the fluid (of energy) "exhausts” itself little by little?

Especially when this last phenomena is so clearly visible (lighting the

bulb and wearing of the battery)!

Gilbert, Osborne & Fensham (1982) suggest that many ‘words in science are used in an
alternative way to everyday language’ (p. 625) Children frequently mterpret scientific
words in terms of their everyday meaning. Conversely words used in everyday
discourse can facilitate alternative understandings. In the consumption model of
electricity, it can be speculated that phrases such as ‘It uses electricity’, may give
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children a consumption model of electricity. Indeed, it can be argued that if teachers
do not have knowledge of the particular models of alternative views often expressed by
children (or indeed an understanding themselves about the phenomena under study),
then they too can be using everyday language for specific scientific terms, thus explicitly
encouraging alternative conceptions,

TOWARDS A THEORY QF SOCIALLY CONSTRUCTED LEARNING
IN EARLY CHILDHQOD SCIENCE EDUCATION

Science learning in early childhood is better placed within a paradigm in which learning
is viewed as being socially constructed. The soviet psychologist Lev Vygotsky argued
that children are entrenched in social experiences, many of which they participate in or
make use of, but which they do not always understand. These experiences are initially
encountered on an interpsychologlcal plane, that is, within the social mores of the
particular group. These experiences cannot be understood at the intrapsychological
plane (cognitive understanding) without being socially mediated from within the cultural
group (Wertsch, 1985). This view of learning emphasizes the importance of the teacher
in the education process. It makes explicit the role the teacher takes, and it identifies
the teacher as leading conceptual thinking rather than following the children’s lead.

Vygotsky has argued that the adult allows the child to work well beyond her/his level
(as defined by the child’s independent efforts). This process of adult and child working
together moves the child through to its zone of proximal development (‘the distance
between the actual developmental level as determined by independent problem solving
and the level of potential development as determined through problem solving under
adult guidance or in collaboration with a more capable peer’, Wertsch, 1985; pp- 67-68).

In Fig. 1 a model of teaching science to early childhood children that incorporates a
social construction of learning is presented. Here Bruner and Haste’s (1987) scaffolding
metaphor as depicted by Cazden (1988) forms the basic building block for science
education. A number of levels of scaffolding are presented. They include Figld
knowledge, Meta knowiedge and Sociefy.

Field knowledge includes all the scientific and technological knowledge that has been
specifically planned for in the unit of science. In traditional terms it is the ’content’
knowledge. Meta knowledge includes all of the process skills and knowledge required
for a participant to engage in during the teaching of the uzit of science. Two aspects
are important here: first the ability of participants to question; investigate and report;
and second the ability to understand gnd take charge of specific genres.

Society includes the explicit realization on the part of the teacher that specific societal
values are assumed in the selection of content for investigation. Here teachers can
intervene and create learning contexts that address gender inclusiveness and encourage
for example, the caring for the natural environment.

In each of the areas of Field knowledge, Meta knowledge and Society, it is not assumed
that all areas will require the same levels of scaffolding. Indeed, it can be assumed that
when children first encounter early childhood science education, more teacher
modelling will be required with Meta knowledge, whilst Field knowledge may nced a
greater role to be given to the child,

13
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Determining the entry point.

It is the teacher’s role to scaffold leaming for the child so that the child is inducted into
scientific understandings found and applied in society. The teacher must determine the
entry point for the child by considering four factors: teaching context, possible
alternative views, everyday language, and the child’s views.

First, the teacher must identify a teaching context for the phenomena under study. It
must reflect the child’s home experiences in soine way so that the child can immediately
identify the phenomena under study and bring to it previous experiences. For example
in the teaching of electricity, the use of circuits is outside most young children’s
experiences. However, using torches is not. Contextualizing the teaching experience
ensures that the transfer of knowledge and skills is direct and relevant. This approach
fits within the child’s learning patterns as they occur outside the school environment.

Second, it is important to determine the child’s view of the phenomena under study.
This factor is well recognized in the interactive approach to teaching science, and most
teaching texts for early childhood education (Weber, 1984). When the experiences are
familiar, the child is more likely to be able to express her/his ideas. The importance of
identifying the children’s ideas is well recognized in the literature (Osborne & Freyberg,
1985).

Third, the teacher must identify the possible alternative views that older children scem
to acquire about the phenomena under study. If the teacher is aware of the views that
children inadvertently acquire, she/he can take steps to ensure against young children
developing these ideas, by explicitly imparting information to children at key times
during the course of the explorations. For example, in teaching a unit on electricity,
once children have successfully identified how to connect up a circuit, the teacher can
read to children how the electricity flows around the circuit (since this aspect is not
visible). This would ensure that young children are not left to try and come up with a
theory for themselves, in which alternative views could be acquired.

Finally, in preparing for the teaching of a specific scientific concept, the teacher needs
to examine the possible variations between the technical language and the everyday
language. If teachers are aware of problems associated with language, they can take
steps to explicitly address possible confusion for children. For example, teachers can
explicitly indicate that when a word is used by scientists it takes on a more specific
definition. Here children are given the rules for the linguistic games found in speech
and texts, and they are better able to cope with the difficulties of the language of
science.

Another aspect associated with the use of scientific language, is the everyday language
that encourages misconceptions. For example, asking children ‘what things use
electricity? encourages a consumption model for thinking about electricity. Teachers
who are aware of the alternative views that older children have, ‘o ensure that they
carefully structure the lessons to avoid the use of such terms, for example ‘What things
need electricity to make them work?’

During the teaching of a unit of science it is possible that critical points for explicit
teaching may be needed. It is necessary to identify in advance sensitive learning
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periods in which to introduce factual information. Two different contexts may emerge:
first, when scientific theories cannot be easily deduced by the children from their
explorations; and second, when misinterpretations can be made easily by children. For
example, clectrical flow cannot be seen, and as a result information must be given
explicitly to children at critical periods during their investigations.

Finally, the role of the teacher is crucial for the success of the approach. The teacher
should 2t all times follow up children’s explorations with further questions and factual
information. The teacher links the lessons together, prompts the ideas children express,
and ensures ideas are shared formally at group time. At all times teachers need to
cnsure that technical terms are used. Young children do not necessarily need a watered
down curriculum. They are not only capable of using technical terms but need these
terms to label their experiences so that they can think about them in the absence of
concrete materials.

Social construction of learning theory provides a sound basis for teaching science to
children as young as three years of age in a child care setting. The present study
sought to try out this theoretical approach.

THE STUDY
A group of children (4 year olds; N=16) were involved in a study which incorporated
scaffolding techniques discussed above during the teaching-learning process of a series
of science based experiences. The experiences consisted of six group times and six free
choice sessions over six days. All lessons were audio and video taped (18 hours).
Discourse analysis was conducted on all dialogues collected. During free choice time,
children could join in the science experiences (coming and going as they wished).

Investigations commenced with the establishment of shared understanding between the
teacher and the children through the children manipulating torches and expressing what
they knew about them. This was followed by the teacher and the children working
together to understand how the torch worked, and later the construction of their own
torch using batteries, bulbs and wires.

Within a framework which started with the children’s questions, children were moved
towards scientific understandings. The teacher modelled the investigation process
(based on the children’s questions), and over time, the children took on the
investigation process themselves. The children connected up the circuit, initially in
collaboration with the teacher, but after a period of time, less teacher assistance was
given. The children could not only construct their own torch, but modify and extend
the experience for themselves without difficulty. Simultaneously children were given
direct instruction on how the electricity flowed around the circuit, first, through the
reading of factual books, and second, by the teacher outlining electrical flow to
individuals as they worked with thc materials. The possibility of alternative views
caused by confusion between technical terms and everyday terms was explicitly dealt
with. In the following transcript, Sam attempts to understand the difference between
the technical term of a ‘flat’ battery with that of the everyday usage of the word ‘lat’.

T: Sam, come and tell us some of the things you know about torches? What do
you know about how they work?
C: i you leave them on for a long time and you don’t turm it off it will just waste.
. 114
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Yes, do you all agree that if you leave the torch on for a long time the
batteries will get wasted?
No I said forever!
Forever, what will happen if you leave it on forever?
It will waste.
And will it still work?
No.
Or you get new batteries.
They will be flat,
(Sam) They won't be flat they'll just be sort of round.
They won’t be like that (indicates with hands together).
No they won’t change shape will they? They won't be flattened down. They’ll
still be round won’t they?
They won’t be flat like a piece of paper!
No they won’t, so what do we mean when we say they’re flat?
You mean they won’t work.

At the end of the teaching unit cach child was interviewed to determine her/his
understandings and asked to conmaect up a circuit. All children talked about how the
electricity continuously flowed around a simple electric circuit, and all children were
able to connect up the circuit. In the following excerpt from a whole group discussion,
it is clear that Elizabeth has understood current conservation, a sophisticated scientific
phenomena, normally not fully understood by children and even some adults.

And goes where? It goes from the battery along the wire to?

The light bulb

The light bulb, and then where? Here's our picture of it all. It starts in the
battery and goes along the wire to the light bulb and then where?

Battery

Back to the battery

(E) And it makes it better and puts it away again

What was that Elizabeth?

(E) . .

Yes the electricity goes round and round in a circvit

Towards the end of the teaching unit, the teacher prompted children at group time to
express their understandings: '

T:

We're going to try and think of all the things that we know about batteries and
torches and electricity. Do you think you can remember all those things you
know?

Yes

How much is there?

I’'m looking for people who can tell me what’s inside a torch.

Batteries

Wires

Light bulb

A spring

I think that’s all.

No that thing, the black one up the top
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What coul. we call it? That’s the part that attaches to the light bulb.
Now, what’s inside a battery?

Electricity

When we pulled apart the battery what did we see inside it?

Black stuff

Yes the black paste

And what’s this part called?

Carbon rod

And what’s the funny name for this outside part of the battery. Zzz?
Zinc

That’s right there’s a zinc case.

020 HS030 3

The children freely recalled the names of items they had been investigating. With less
familiar terms such as znc, appropriate teacher prompting assisted with recall. Whilst
group discussions do not reflect individual children’s conceptual development, the views
expressed above were representative of the views obtained from interview data with
children on a one-to-one basis.

At the conclusion of the experiences with the torches (12 sessions over 6 days) and
over two months later, the children were re-interviewed and once again asked to
connect up a circuit. In addition, children were asked to draw their circuit. All children
easily connected up the circuit and all children were able to explain that the electricity
flowed around the circuit. Most children were able to draw their circuit.

The adult-child interaction evident throughout the unit on torches focused on extending
the children’s cognitive understanding of the materials they were manipulating. This
was achieved by commencing explorations from within a socially meaningful context,
namely torches, and moving to an abstract context and understanding (through the use
of circuit materials). This movement in thinking was only possible through the carefully
planned and implemented adult-child interaction.

Adult-child interaction throughout the unit featured many of the traditional interaction
types such as questioriug and procedural interaction. However, what was significant
and different to mos' learning contexts was the greater emphasis placed on joint
exploration and task completion and direct instruction (abstract-based) during
explorations with the materials. Children were given information that moved them
from the concrete to the abstract, first in a concrete context (as they worked with the
materials) and later in an abstract context (during group time, when felt board props or
circuit diagrams were used). These information sharing sessions were repeated many
times, without loss of interest by the children. The success of this approach is evident
in the cognitive attainment of the children as outlined above. Indeed what is now clear,
is that children are most receptive to learning expericnces which belp them to
understand everyday phenomena no matter how difficult the concepis are perceived to
be by the adult world.
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ABSTRACT.

This paper reports part of a study which investigated young children’s
conceptions of scientific and technological phenomena and the
conceptu.” change that occurs during the teaching of science in
pre-school, Transition/Year One and Year Two/Three classrooms.
Science lessons from each school/centre were audio and video taped
for a period of six months. Informal interviewing of teachers occurred
in direct response to lessons observed. Informal interviewing of
children was conducted to determine current scientific thinking in
relation to the science lessons presented by the teacher.

Two main elements emerged. First, different types of teacher-child
interactions were evident during the science lessons observed and it
was found that specifically focused interactions led to conceptual
development in young children. Second, children’s views (whether
scientific or not) were maintained over a three month period.

INTRODUCTION

Science and technology education in the early childhood years (pre-school, kindergarten
and years one to three) has received minimal attention from the general education
community (ERIC search 1980-1990). Limited formal time within the curriculum is
devoted to this area, and a correspondingly small amount of teaching has resulted
(Symington & Hayes, 1989).

Relatively few research initiatives have been directed towards science and technology
education for three to eight year olds (ERIC search 1980-1990). Consequently, little is
known about the development of young children’s conceptions of scientific and
technological phenomena, or indeed of how to teach science to this age group. This is
of interest since pre-school education is generally the first formal contact children have
with science and technology education.

It is timely that a study of young children’s conceptions of scientific and technological
phenomena and the conceptual changes that occur during the teaching of science be
conducted. Through such research it is oossible to develop an understanding of how
children acquire scientific and technolofjical ideas and also to gain imsights into better
ways to teach science to this age group.

This paper will review studies on science education pertinent to early childhood,

{particularly, alternative conceptions theory). It will then outline the methodology and
procedure adopted by the study, and finally present the findings.
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ALTERNATIVE CONCEPTIONS THEORY

Research activity since the early 1980’s has centred around children’s construction of
scicntific meaning (Gunstone, 1988). Osbornc and Wittrock (1985) identified two areas
of interest:

* the conceptions of the natural and physical environment which children bring
with them to science lessons; and ,

* shie impact of science lessons on those ideds (p. 59).

This focused attcntion on children’s construction of science has led to intense research
activity generating large scale research projects (Baird & Mitchell, 1986), conference
papers and articles (for example Duit, Jung & von Rhoneck, 1985; Champagne,
Gunstone, & Klopfer, 1983) and a number of specialized books (Pines and West, 1985;
Driver, 1983; Osborne & Freyberg, 1985; Fensham, 1988).

Carcy (1986) draws our attention to the wealth of research conducted on children’s
vicws about living and non-living; weight and density; hcat and temperature; light;
clectric current; and force. Osborne and Freyberg (1985) confirm and extend this
range to include: changes of state of water; dissolving; burning and rusting; soil; rocks
and minerals; and weather. This research indicates that children do have a variety of
alternative scicntific views which are difficult to modify once formed (Osborne and
Freyberg, 1985).

There is an extensive body of literature availablc to support the premise that children
have and do develop alternative conceptions of science to that which are taught in
schools (Driver, 1988). The plethora of rescarch has concentrated on primary and
secondary children’s understanding of scientific phenomena. The early childhood age
group has not received this attention and therefore little information is available to
guide educationalists working with young children.

THE STUDY

The purposc of this study was two-fold: first, to document young children’s
understanding of scientific and technological phenomena and determine if they hold
alternative views to those gencrally recognized by the scientific community, and second
to ascertain those techniques which change young children’s understanding of scientific
and technological phenomena to those recognized by the scientific community.

Three teachers and their students from the Australian Capital Territory who were using
an interactive approach to teaching science (Biddulph & Osborne, 1984) participated in
the study. Only the data obtained from the Transition/Year One teacher are rcported
in this paper.

The cthnography of commupication or discourse analysis, was the research
methodology cmployed. The study of academic leaming within the context of normal
classroom discourse allowed the researcher to record and analyse conversational
support irom tcachers and determine which structures facilitated the learners’
development. In this study, teacher conversational support and classroom struciure
during science lessons was analysed and related to students’ conceptual understanding

119




106

of the scientific phenomena. This technique allowed the researcher to develop an
understanding not only of how teachers identified young children’s scientific ideas, but
how they set about changing their understandings to be more scientific. In this way it
was possible to collect and analyse data within a preliterate culture.

Science lessons from each school/centre were audio and video taped for a period of six
months. Informal interviewing of teachers occurred in direct response to lessons
observed. Informal interviewing of children was conducted to determine current
thinking in relation to the science lessons presented by the teacher. More data were
collected from the Transition/Year One classroom. Only data from the third topic
investigated (torches) are reported in this paper.

Research into children’s scientific understandings during the teaching of the unit on
‘torches’ constituted an intensive data collection period. Two video cameras and two
audio recorders were used to collect teacher-child discourse and visual details of
children’s interactions with materials. The principal researcher and a technical assistant
interviewed the children as they participated in the scientific experiences. In each
lesson, the teacher’s intcractions were recorded, and the children were interviewed
about what they were investigating and thinking, and their findings. During
investigation time, random samples of children’s interactions with eachi other were also
audio taped.

Transcriptions of all interactions and interviews at the end of each science lesson
enabled the rescarcher to follow up on particular children in subsequent lessons. The
tnit on ‘torches’ was taught over four weeks, in seven lessoms, each lasting
approximately one hour. At the end of the unit on ‘torches’, it was possible to build a
profile of each child’s development and understanding of what they had been
investigating. This information was used as a basis for interviewing the children three
months after the completion of the wwit. Each child was interviewed about their
understandings of the particular questions they had been investigating or the concepts
learned vicariously. In particular children were asked to connect up a circuit and
explain to the researcher how the torch worked.

TEACHER-CHILD INTERACTIONS

This study found evidence of specific types of teacher-child interaction which promoted
conceptual change, resulting in a greater understanding of the teacher’s role in the
teaching-learning process. In examining learning situations where children’s conceptual
change was occurring, it was possible to identify a range of strategies that promoted
conceptual change. Examples are given below to illustrate the different interaction
types documented. The transcripts presented in this paper are typical of the type of
interaction that occurred in the Transition/Year One classroom.

The teacher-child interactions changed over time. A number of significant categories of
interaction were observed, for example assistance with developing scientific questions,
considering and organizing investigations, and the reporting of results. These types are
illustrated below.
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1 Developi ‘ontifi .
In many instances, children had great difficulty identifying investigable questions. It
was through carefully designed interaction between teacher and child that am
understanding of the areas of interest or deficit could be ascertained. An example of
the teacher probing the child’s thinking and guiding the child to an investigable question
during a unit of science based on the exploration of ‘torciies’ is shown below.

T: Kai, what do you think you might like to find out? Turn over your page, what
might you like to find out?

I don’t know really.

Do you know everything about torches?

I know some things.

Do you know how they work?

Mm,

Lo you know what they’re made out of?

They're made out of um plastic.

Al of them?

And metal and wood.

What about the batteries, do you know everything about the batteries?
They've got acid inside them.

Mm, anything else?

Um.

How do they work?

Well.

Do you know everything about how they work? Do you know what else is in
them besides acid?

Um.

Have you seen inside them?

Yes.

What do they look like?

They’ve got skin and they’ve got things like this.

Inside it, have you looked inside the battery?

No.

Well how do you know it’s got acid inside it?

Daddy told me.

Your daddy told you? Oh, well do you know what else is inside it?
Nope.

How about you find out about what’s inside a battery then?

Mm (1.5.90).

NHOHORNE0ENEN 2030303030303 030

. Modelling of the investigat

The second type of interaction observed involved the teacher helping children with
planning their investigations. During group time the Transition/Year One teacher read
out individual questions, carefully naming all individuals who had the same or a similar
question. Once small groups were identified, the teacher asked individuals from specific
groups how they might conduct their investigations. The teacher then directed their
attention to the resources they named or had not thought of, for example "They may
help you with your experiment”. The teacher frequently provided children with the
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materials required to test out their questions, as is evident in the underlined section of
the following transcript.

(Teacher reading out children’s questions. Children sitting on the mat.)

T: I didn’t have time to put up everybody’s questions, the ones we worked out
this morning, lei’s have a quick look at the ones we were looking at this
morning.

Vicki s question: hy does the light go on?

Think about ho'w we can work these out while you are looking.
Mehwash’s question: Why do torches need switches to switch them on?
Mehwash you might be able to take a torch and find that out.

Thomas: Can they go by battery power? How do you make batteries?
Stephanie: Why do torches have batteries?

Netls How does the battery make thc torch shme”

C: Yes.

And is there acid in a battery? Is that yours James?

C: No that’s mine (Kai)

T: That’s yours Kai, we might be able to work that out today.
Bevan: Does a flat battery weigh less than g not so flat battery?
Bevan in the torch that’s on your table, there are some baticics that are flai,
test it before to see if thev are really flat. and new packet of batteries that have
not been opened. They should be good ones and some scales.

C Can I open them?
T: Yes and there are some scales there, so you should be able to work out your
question.

Laurel: Can rechargeable torches break? I've got one for you to look at.

Sarah: Why do batteries work? You might be able to look at the batteries, and
I have got some that are cut open here, vou might like to have a look inside
] far’s o o T i Bings in the book al
how they work.

MMM M container with some butter for you fo ry out.
wms L o tﬁrﬂl [ | look at Kai (7.5.90

The following transcript demonstrates the way in which the teacher used children in her
class as models of how to set up and implement the investigation. Mchwash’s discovery
is presented to the whole class by first encouraging Mehwash to share her findings and
second, through the teacher re-phrasing and directing this information to specific
children. The Transition/Year One teacher draws the whole class’s attention to
Mehwash’s discovery of the circuit inside the torch. She uses Mekwash as a model to
assist other children still grappling with the circuitry involved in constructing a torch.
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T: Mehwash found out some very interesting things. I will give you the torch so
that you can tell the children what you found out (hands over clear casing type
torch).

C: I found out the metal things, goes through the batteries when it touches this

white thing, or you can put the torch on, it turns on,

It turns on, What happens if that metal part’s not touching up to the metal at

the top?

It wor’t turn on.

So Tristan, did that give you a clue about how to make a torch?

Do you know what you might have to do?

Not yet.

Not yet, you had one piece with the wire on the battery and one piece to the

light, did you have anything that was coming all the way around here, like

Mehwash was telling here, that the wire, that the metal bit goes through the

middle of the torches and back. Can you think what you might like to do?

(8.5.90)

=

3. The reporting process

The final type of interaction evident in the classroom occurred during the reporting
process. Two transcripts are presented here. In the first transcript the teacher helps
the children to express their findings. She focuses their attention on the research
question, details of the procedure and then the findings. In the transcript of the
children reporting on the second day, it is evident that they were able to present their
findings in an accurate and more detailed account then possible the day before.

Day One:
T Kerri what did you find out?
Ct: The torch weighs 400.

T: You counted up to 400 on the scale, and there was one more group of people,
there was Lauren, and Bevan, What did you find out?

C2: The battery what is flat, weigh the same as the flat batteries.

T: Lauren can you tell the children how you and Bevan found that out?

C2: Cause they weight the same amount.

T: But how did you find out that they weigh the same amount?

C2: Causc they pointed to the same number.

T: What did?

C2: The scales.

T: The children didn’t see what you did. Can you tell them what you did? What
did you have? You had a flat battery, and a not flat battery, and what else did
you have?

C2; Scales.

T: And what did you do?

C2: We put them both on...

T: Both on at the same time?

C2: No.

T: Weil what did you do?

C2: We put the flat battery on. It weighed four and the not flat battery weighed
four.
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T: So you decided they weighed the same.

C2: Umm (7.5).

Day Two:

T: Lauren and Bevan, I wondered if you two could start off by telling us what
you were doing yesterday?

C2: U:am, weighing the batteries.

T: And what did you do to do that?

C2: We put the flat battery first and it weighed 4 and the not flat battery and it
weighed 4.

T: What were you trying to prove?

C3: If it weighed...

C2: If the um flat batteries could weigh um higher than flat ones.

T: You think they would weigh more than flat ones, and did they?

C2:  No (8.5.90).

Three types of interaction were identified in this study:

1. The construction of investigable questions;
2. Teacher modelling of the investigation process; and
3. Reframing the reporting process.

It became evident throughout the science lessons that the teacher was interacting in a
variety of ways, which led to the overall development of children’s ideas.

ALTERNATIVE CONCEPTIONS

When each child’s general understandings at the end of the unit was compared with
her/his views after three months, most of the ideas were unchanged. Of the 24
children, 19 maintained their views, two changed to some extent and three responses
were inconclusive.

An area that most children either directly or vicariously learnt about was how to
connect up a circuit. Not all children recorded their views about electrical flow in their
thinking books {a blank book that children recorded their prior ideas, their questions,
and their results), or expressed their views during the interviews of what they
understood. Consequently, comparisons in relation to their ideas of electrical flow were
not always possible.

The teacher actively worked children towards a conceptual understanding of electricity
by first: helping those that were interested in making torches to connect up a circuit;
and second, promoting a view in which electricity continuously flowed from the battery
to the bulb and back to the battery again. The teacher did not discuss with the children
what electricity actually is.

All children with comparison data expressed exactly the same view of ‘electricity’ in
both interviews. Four children held the view that ‘electricity’ flowed from the battery
to the globe via one wire (unipolar model). Eleven held the view that the ‘electricity’
flowed from the battery to globe via both wires (clashing currents model), and six
children held the view that ‘electricity’ continuously flowed from the battery to the

124




111

globe and back to the battery. Two children with this view of ‘electricity’ moved
schools after the completion of the unit and were not available for the final
interviewing. If they had been included in the sample (assuming they also retained
their views), then one third of the children in the class interviewed would have
demonstrated this idea of electrical flow around a circuit.

Observations made during the unit showed that not one child could connect up the
circuit when the materials were introduced. Fifteen of the 24 children interviewed were
able to connect an electrical circuit with ease. Three required some form of prompting,
three connected only one wire, three added too many wires and one could not connect
the circuit.

Overall, the findings of this in-depth analysis would indicate that almost all of the
children in the classroom under study retained the views they had formed three months
after the unit had been taught. Given the age group of the children, three months
would be a sufficient time frame in which to assess the maintenance of their views.
The learners had retained the concepts learnt long after the unmit of science was
originally conducted. Although the views expressed were not always consistent with
the scientifically accepted ideas, the children’s views were retained.

It is interesting to note that research into young children’s conceptions of scientific
phenomena is not common. It is clear through the results of this study that very young
children are able to conceptualize sophisticated ideas such as electrical flow. Indeed
this study has demonstrated the interesting results that can be obtained when young
children are given the opportunity to engage in scientific tasks often thought to be
outside of their conceptual understanding. The results of this study draw researchers’
attention to the need to re-focus their research interests, and educational practitioners
to the need to re-examine their expectations and curriculum content. It might be that
abstract concepts are indeed within the grasp of some early childhood children.
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GENDER, PRE-SERVICE TEACHERS AND
ASSESSMENT OF PUPIL WORK
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ABSTRACT

Across Australia fewer females choose to study the physical sciences
and their achievements are lower than for males. Many reasons have
been put forward for this.  Elsewhere science teachers have been
found to hold gender-stereotyped expectations of their pupils and to
assess pupil capabilities differently according to the gender of the pupil.
The gender of the ieacher bas also been found to affect the
assessmenis made. This study investigated whether pre-service
teachers would assess pupil capability acroes a range of work samples
and potential in science differently according to the gender of the pupil
or the gender of the pre-service teacher. No statistically significant
differences were found for the assessments made. Weak trends in the
data along gender-stereotypic lines were found which have implications
for teacher training courses. Correlational findings also revealed
worrying trends relating forms of assessment with assessment of pupil
capability and potential.

INTRODUCTION

Current Australian government rhetoric revolves around Australia becoming the ‘clever’
country. Whilst retention rates to Year 12 and the number of tertiary places both
continue to rise across Australia, the numbe. of students choosing to study science at
tertiary level has declined (de Laeter et al, 1989). Concern abounds in scientific and
educational circles about the number and quality of studeats undertaking science-related
courses of study on which the future of the nation is said to depend. The under-
representation of females in the fields of mathematics and physical science continues to
be of concern (DEET, 1989),

Numerous reports and policy statements have been written about females’ educational
disadvantage with regard to mathematics and science (see for example: Australian
Education Council, 1985; Commonwealth Schools Commission, 1984, 1986; Australian
Science Teachers Association, 1987). Outstanding curriculum initiatives and resource
materials that focus on increasing female participation are available for teachers (see
for example: Ministry of Education, 1988; Lewis & Davies, 1988; McClintock
Coliective, 1988). Year 12 female participation has increased dramatically over recent
years (from 48% of all year 12 students in Victoria in 1973 to 58% in 1989). Despite
all of these factors, females continue to remain under-represented in the physical
sciences.

THE LITERATURE
The literature reveals a plethora of factors contributing to the under-representation and
lower achievement of females in mathematics and science. Mathematics and physical
science are still very much stercotyped as ‘male domains’; from science text books
(Ives, 1984), classroom display materials (Jones & Wheatley, 1989), children’s and pre-
service teachers’ ‘images of a scientist’ (Kahie, 1988), to its total packaging (Kelly,
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1987). Gender differences in motivation, attitudes towards and confidence in
mathematics and science are found to contribute to females’ lower participation in these
fields of study both at higher secondaiy and tertiary levels (Armstrong & Price, 1982;
Fennema & Sherman, 1977, 1978; Leicr, 1982, 1985; Murphy, 1978; Wolleat et al,
1980; Pedro et al., 1981). Gender-st 'rzotyped differences in interest in the science
disciplines have been found to affect enrolment patterns, as do peer group pressure,
perceived difficulty of subjects and career relevance (de Laeter et al. 1989). These
differences in interest have also been found to affect carecer aspirations (Parker &
Offer, 1987). Past performance in science is found to be associated with previous and
subsequent performance (Rennie & Punch, 1984).

In mathematics and science classrooms, males and females are found to receive
differential treatment from teachers (Spender, 1980; Crossman, 1987; Leder, 1988).
Teachers have been found to hold gender-stereotyped attitudes towards their students’
future careers (Evans, 1979, 1982; Moore & Johnson, 1983), to the female role (Spear,
1985) and to the realisation of students’ full potential (Open University, 1986).
Teachers have been found to prefer dependent rather than aggressive female students
(Jones & Wheatley, 1988) and to prefer teaching boys (Open University, 1986).
Teachers of gender-stereotyped subjects show least sympathy towards equal
opportunity (Pratt, 1985) with male teachers being less sympathetic (Adams, 1985).
Science is also believed to be more important for boys (Spear, 1987).

Teachers and bias in science assessment

Bias can be built into tests (Murphy, 1978) which can affect results for males and
females. For biology in Britain (Harding, 1983) and for VCE level physics in Victoria
(VCAB, 1988, 1989) it has been found that males perform better on multiple-choice
and answer only items; females perform better on extended answer questions.

Spear (1984) reported that science teachers assessed identical student work samples
differently and held differential expectations for pupil potential according to the gender
of the student. Teachers have also been found to attribute gender differences in
performance beyond themselves (Open University, 1986; Bradley, 1984) although they
see successful academic achievement as consistent with the male stereotype. When
names appeared on examination papers, second examiners who did not know the
students exhibited gender-bias in their assessments (Bradley, 1984). Essays of unknown
students when attributed to females were consistently scored lower than when
attributed to males (Jones, 1989).

Pre-service teachers

Very little is known about pre-service teachers regarding gender issues in science.
Christensen and Massey (1989) found education students’ attitudes towards traditional
sex roles were as stereotyped as the rest of the community. Kahle (1988) reported that
82% of pre-service teachers who were asked to "draw a scientist” produced white
males. Texts used in teacher education programs have been found not to contain
information on countering sexism in the classroom (Jones, 1989) with only one third
even mentioning sexism. Of these very few were in mathematics and science methods
texts. Seven times as much space was found to be devoted to males as to females in
the science method texts (Jones, 1989).
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The Discipline Review on teacher education in mathematics and science found that few
teacher training courses included gender issues as an integrated and significant
component of the curriculum. Only six institutions surveyed had programs in which
"gender inclusiveness was both included and practiced” (Fensham & West, 1990, p. 94).
The category in which the least number of institutions provided weli and for which the
highest number of institutions were found to do nothing was ‘gender’. Academic staff
were not overly concerned about issues relating to gender; staffing revealed an
imhslance in male and female presence in mathematics and science departments
particularly at the more senior levels of appointment (DEET, 1989).

Tk situation with regard to gender issues within teacher education programs seemed to
indicate that a study of pre-service teachers’ attitudes to a gender-related issue in
science education was needed. From Spear’s (1984) findings, assessment was an area
inviting investigation.

THE STUDY
This study was designed to ascertain whether pre-service teachers of physics and
science would assess pupil work samples and potential in science differently according
to the gender of the pupil and whether pre-service teacher gender made a difference to
the assessments made.

The participants in the study were the Monash University Diploma in Education
(Dip.Ed.) students in the physics and science methods classes. The total number of
participants was 26 (16 male and 10 female): of the 26 students, 10 were from physics
method (8 male and 2 female) and 16 were science method students (8 male and 8
female).

Work samples from year 10 pupils from one class i a co-educational secondary schocl
studying the Shanks (1981) physics-related unit "Science and the road - the vehicle"
were collected. The work samples were authentic: they were not specifically designed
for the study and formed an integral part of the teacher’s program for the unit,

Three different pieces of work were collected:

Work sample 1: Five quesiions relating to car safety features which required written
responses.

Work sample 2: A formal practical report of an experiment, in two parts, on static
friction.

Work sample 3; An end-of-unit test which included a range of question types: multiple
choice items, definitions of terms, short answer questions and one
mathematically basert interpretation question.

The three work samples were coliected from twelve pupils. Six were selected for the
study and these appeared to reflect the full ability range of pupils in the class.
Fictitious names were assigned to the work samples. ' The fictitious names had been
written out in each pupil’s own handwriting.
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The pre-service teachers were informed that the study was related to assessment in
science: no mention was made at the time of data collection that gender issues were
involved since it was believed that this might bias the results. The pre-service teachers
were informed about this at a de-briefing session held later. In order to ensure that the
students did not engage in discussions and thus inadvertently stumble on the changes in
fictitious genders of the pupils’ work they were assessing, they were informed that
individual rather than collaborative assessments were needed for a valid analysis to be
able to be undertaken. At the de-briefing, the students indicated that they had found
the tasks very difficult and had no inkling that gender was an issue of interest.

Each pre-service teacher assessed the work of all six pupils: three fictitious females and
three fictitious males. In all, twenty combinations of three males and three females
amongst six pupils are possible. All twenty combinations were used: the remaining six
needed were randomly selected and assigned to the pre-service teachers. This meant
that each pupil’s work was assessed approximately thirteen times as being the work of a
male pupil and thirteen times as being that of a female pupil.

A marking scheme was prepared and given to the pre-service teachers. A sheet was
prepared on which the students recorded their assessment of each pupil’s work. The
sheet was individualised for each pupil by using the pupil’s (fi~titious) name throughout.
This was done to draw further attention to the fictitious gender of the pupil whose
work was being assessed.

The task requirements

1. For Work Sample 1, a global score out of 10 was assigned to the responses to
the five questions on car safety features.

2. For Work Sample 2, the practical report, nine criteria were established: aims
clearly stated; method clearly defined; observations/results clearly recorded;
data appropriately graphed; calculations accurately performed; data
interpretation/analysis competently done; conclusion appropriate; scientific
language and units appropriately used; and presentation neat. Each criterion
was scored on a 5-point scale, where 5 indicated very high attainment of the
criterion and 1 indicated very poor attainment.

3. For Work Sample 3, the end-of-unit test, marks were assigned to each question
and recorded. A total score out of 25 was then arrived at.

4. The pre-service teachers also assessed each pupil’s potential to pursue further
studies in science. Six statements were rated on a 5-point Likert-type scale to
which students indicated their agreement (from SA (Strongly Agree) to SD
(Strongly Disagree)).

e.g. I would recommend that (pupil name) study physics in year 11.

5. Finally, each pre-service teacher ranked the six pupils on science achievement.
The ranking was based on the assessments made on the three work sampies fo7
each pupil.

Data analysis

For cach of the work samples, the score on the potential in science scale and pupil
rank, a 6 x 2 x 2 factorial design was set up and a three-way Analysis of Variance
(ANOVA) was carried out using the SPSSx software package. The hypotheses tested
at the p<.05 level were that the mean scores attained would differ according to:
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ascribed pupil gender and
* pre-service teacher gender.
Patterns of responses were investigated on the assessment criteria for the practical
report and on the individual questions which made up the end-of-unit test. The data
were also explored in reiation to highest and lowest achieving pupil and by mean scores
across pupils by work sample type. Pearson correlation co-efficients were found across
the assessment tasks and comparisons were made.

Results and discussion

For each of the three work sampies (the written responses, the practical report and the
end-of-unit test) the ANOVA resulis indicated that the ratings given to the six pupils’
work differed (p < .001). This was to be expected: it shows that the pre-service
teachers recognised the intended differences in quality of work.

No statistically significant differc~ces were discernible when either ascribed pupit
gender or pre-service teacher gender was considered. This would appear to indicate
that neither pupil gender nor pre-service teacher gender influenced the asscssments
made of the level of achicvement on the six pupils’ work for each work sample.
However, when two-way interactions of variables were considered, all four ANOVA’s
revealed lowest p-values for the interaction of pupil with ascribed pupil gender although
none reached the .05 level.

The potential to pursue studies in science scale, as a whole, was found to be internally
consistent (Cronbach’s Alpha = 0.85). Again, no statistically significant differences in
mean scores were found when cither ascribed pupil gender or pre-service teacher
gender was considered. When mean pupil rank was apzlysed, the ANOVA again
showed no statistically significant differences by ascribed pupil gender or pre-service
teacher gender.

When the scores for the separate criteria for the practical report were examined by
ascribed pupil gender, some weak trends were evident in gender-stereotypic directions
for some of them.

* "presentation neat” - five out of the six pupils reccived higher mean scores
when the ascribed pupil gender was femaale (cf. Spear’s (1987) finding that
science teachers in Britain scored fictitious females more highly on ‘neatness’)
*method clear” - five out of the six pupils reccived higher mean scores when
the ascribed gender was male (cf. gender-stereotypic expecvations that males
are more logical and methodical than women).

There were no discernible patterns when the mean scores by individual question on the
end-of-unit test were considered.

In all, the statistical procedures employed would appear to indicate that for this sample
of science and physics pre-service teachers who assessed the three work. samples of the
six unknown pupils according to the assessment criteria laid down, neither the gender of
the pupil nor the gender of the pre-service teacher affected either the assessments made
of the pupils’ achievement levels on the work samples, the perceptions of potential to
pursue future studies in science or the rank ordering of the pupils’ achicvement levels.
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There would appear to be evidence from the findings of the study discussed so far for
cautious optimism with regard to gender issues relating to pre-service teachers and their
asscssments of pupil capabilities and potential. However, it would be somewhat
premature, and not sufficiently supported by research, to conclude that all is now well
in regard to these issues.

There are a number of factors which may explain why the data did not reveal
statistically significant results. The instruments used may not have been sensitive
enough to detect statistically significant differences in the pre-service tcachers’
perceptions of pupil capabilities and potential; no data were collected to determine the
pre-service teachers’ views on gender-stereotyping which would have served to re-
inforce findings one way or the other. Perhaps, too, the extent of changes in socictal
attitudes towards women in science among this group of pre-service teachers is more
marked than was assumed and is being reflected in the results obtained.

A closer examination of the data did reveal some trends, although weak, in gender-
stereotypic directions which have been found in previous related work and which lend
. further support to these earlier findings. These trends are of concern and some other,
more general, worrying trends were also in evidence.

Further explorations of the data

When the mean scores across all the six pupils were compared by ascribed pupil
gender, they werc found to follow gender-stereotypic expectations (Table 1). Males
scored higher on the practical report, the end-of-unit test and on potential to pursue
science. Femalcs scored higher only on the written response questions, but the mean
score differences were small. These data invite further investigation.

TABLE 1.
MEAN SCORES BY WORK SAMPLE TYPE ACROSS ALL PUPILS BY
ASCRIBED PUPIL GENDER AND PRE-SERVICE TEACHER GENDER.

4_; s
Ascribed pupil All Male Femalc
gender

Pre-service M M M
teacher gender

Work Sample 1
(written responsc)

Work Sample 2 . . 276 28.6
(practical report) 8 9

Work Sample 3 13.5 132
(test) 6 4 6

Potential in 20.9 . 20.6 20.1
science ‘ 5 9 7 7 | 5 0 3 4

When both pre-service teacher gender and ascribed pupil gender were considered it was
interesting to note that when ascribed pupil gender was male, female pre-service
teachers assigned the higher mean scores in all categories except the practical report.
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On the other hand, when the ascribed pupil gender was female, male pre-service
teachess assigned higher mean scores except to potential in science (See Table 1).
Crossman (1987) also found that female teachers are more biased towards males than
are male teachers. These data could be interpreted as suggesting cross-gender
encouragement or that the pre-service teachers have higher expectations of same gender
pupils.

When the data for the top and bottom ranked pupils were compared by ascribed pupil
gender, the biggest difference in means occurred for the written response for the best
performing pupil (7.67 when female, 6.85 when male). This might be interpreted as
supporting the gender-stereotypic expectation of verbal superiority of females.

Pearson correlations were found across all work samples, potential in science and pupil

rank by ascribed pupil gender ard also by pre-service teacher gender (Table 2). The

results obtained have some worrying aspects as regards the value placed on the range

of assessment tools and the relationship to perceived ability and potential of pupils.
TABLE 2.

PEARSON CORRELATIONS AMONG THE THREE WORK SAMPLES (WS,
(WRITTEN RESPONSE), WS, (PRACTICAL REPORT), WS, (TEST)),
POTENTIAL IN SCIENCE (PS) AND PUPIL RANK (PR) BY ASCRIBED PUPIL
GENDER AND PRE-SERVICE TEACHER GENDER

-_—Hf - =
“ WS, WS, PS PR 43
Ascribed pupil gender M F M F M F M F
(Pre-service teacher M| ® || E || ® o @O
gender)
WS, 56 50 24 28 35 43 35 32
(51) | (55) | (20) | (34) | (40) | (35) | (38) 27
WS, 48 41 48 54 62 43
- (40) | (53) |.(50) | (54) | (55) | (49)
WS, 74 (70 | 80 | 91
(75) | (67) | (81) | (.93)
PS iy a5
i (.79) | (.66)

The highest correlation for both male and female pupils was between the end-of-unit
test and pupil rank; that is, test performance was the best predictor of pupil rank. Also,
the correlation was higher for female pupils than for male pupils. When pre-service
teacher gender was considered, again the highest correlation was between the end-of-
unit test and pupil rank with female pre-service teachers correlating more highly than
male pre-service teachers. These results could be interpreted as meaning that test
performance is regarded as a better predictor of relative pupil performance for female
pupils and that female pre-service teachers put more stock on test performance as a
predictor of relative pupil performance. Correlations were also very high between both
the end-of-unit test and potential in science and between pupil rank and potential in
science in both cases. Male pre-service teachers, however, had higher correlations than
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female pre-service teachers which may indicate that they place higher emphasis or test
performance as a predictor of potential.

In general, test performance would appear to have been perceived as the best predictor
of potential in science for pupils of either gender by teachers of both genders; more so
than performance on other assessment tasks. These findings have implications in
relation to the changes in assessment procedures accompanying the new VCE in
Victoria. If, as the correlational findings suggest, pre-service teachers persist in
regarding tests as the best predictors of ability and potential in science, threats to the
successful implementation of alternative assessment tools and the related benefits to
pupils are implied.

CONCLUSION
This study was conducted in only one institution in Australia. It would therefore be
premature to conclude that the genders of pupils or pre-service teachers are not factors
affecting assessment of pupil work. Despite the lack of statistical support for this
contention by the findings in this study, the weak trends along gender-stereotypic lines
that were found invite further research.

For teacher training courses, this study would suggest that gender issues in education
generally, and in science education specifically, should receive higher priority in order
to attempt to redress even the weak trends revealed.

The implications of the correlational findings relating to dependence on tests as
predictors of pupil achievement and potential in science also need addressing if the
introduction of aiternative assessment tools is to succeed.

The pre-service teachers involved in this study live in a society where, at least in
legislation, equality of the sexes is recognised. Also, they had undertaken their teacher-
training in an institution which brings gender issues in education to their attention even
if gender inclusiveness is not totally integrated and practised in their course.  The
future with regard to gender factors in the assessment of pupil work might be viewed
with guarded optimism; this is indicated by the lack of statistical support for gender
differences in assessment found in this study and only the weak trends identified along
gender-stereotypic lines. This is not to say, however, that gender issues relating to
science education per se have been successfully addressed, nor that the issue relating to
assessment is a dead one.
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SCIENCE AND REPORT WRITING

Rod Francis and Doug Hill
Charles Sturt University - Riverina

ABSTRACT

In recent years Australian primary schools bhave adopted an
across-the-curriculum approach to writing. Howe “Cr, relatively little
research has been conducted in the area of primary science. This
paper reports the result of a small scale collaborative study involving
a Year 2 and a Year 5 class, and their classroom teacher, which used
science activities as the basis for developing report-writing skills using
a framework consisting of three focus questions. Students in both
classes learned to use the framework in one term and it was found that
it improved the quality of reports.

INTRODUCTION

Barnes (1969) claimed that the understanding of learners is reflected in their writing.
Considering this importance it is surprising that writing has received minimal attention
in the field of primary science (Francis & Hill, 1990).

Tunnicliffe (1988) outlined a scheme for developing students’ skills in writing reports in
primary school science. She used a series of outline shapes as a means of reminding
children what to write. Each shape represented a stage in the logical sequence of a
report such as "What I did", "What did happen?" and "What I found out". Hill and
Skamp (1990) incorporated the Tunnicliffe approach in an account of the way in which
primary science can be used as a vehicle for developing writing skills. They suggested
a number of focus questions to which students might respond when writing a report.
These included

What do we need to find out?
How could we find out?
What will we do?

What was done?

What happened?

What did we find out?

This was the starting point for this study which investigated the outcome of using a
combination of shape code and focus question. The three questions and associated
shape codes used were

1. What did I do? E

2. What happened? D

What did I find out?
o 137
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THE INVESTIGATION

The authors and the classroom teachers of a year 2 and year 5 class were involved in
this study. There were 29 and 28 students respectively in the classes at a primary
school with an enrolment of 550 pupils from predominantly middie class families.

Students averaged one science lesson each week, taken by the teacher given
respoasibility for science. The school had a strong literacy program with an emphasis
on narrative writing.

During the investigation the authors were responsible for eight additional science
sessions sprend out across the term. These sessions were activity-based and
problem-ori- ited and organised in the manner advocated by Charlesworth and Lind
(1990). The questions investigated are listed below.

Weck Investigation

1 What can we do to make Aspro Clear tablets disappear faster when placed in
water?

What properties can be used to describe, identify and group liquids?

How do pourable solids behave?

How and why do we change the properties of things?

What properties can be used to describe, identify and group odours?

How do ball bearings behave when they roll?

How do magnets behave?

How can a balloon be used to move a message a distance of more than i0
metres?

00~ N b W

The intent of this series of investigations was to assist children to move from a situation
in which there was a number of loosely structured activities to one which is more
open-ended and in which they have greater control.

In the first week of the study the children were asked to write about their initial
investigation before the report-writing framework was introduced.

In week 2 the teachers introduced the shape code and focus question framework and
the children used records they had made during the activity to write a report later in
the day in which the investigations were carried out. Large cardboard shapes with the
focus questions on them were prominently displayed around both classrooms at this
time. The students found that these were a useful reminder of how to structure a
report, particularly in weeks two, three and four.

Initially the children wrote rough reports as they progressed through the activities and
later wrote them up on the prepared sheets which used the shapes as a place to write
answers to the framework questions. The shapes were particularly useful for Year 2
students who found it of value to link the shapes with questions - they continually
related the two to assist the sequence. In subsequent weeks the students began to use
the framework for organising their own records as well as their final reports. These
reports were discussed in class and displayed in the classroom. In later weeks,
particularly in Year 5, more students began to use the prepared sheets to write their
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reports as they worked. Some of the Year 5 students towards the end did not even use
the sheets but had internalised the framework and wrote their reports onto their own
paper. The teachers reported that some students used the framework to write reports
in other areas of the curriculum,

It was predicted that this practice in the use of the framework would result in an
increase in the proportion of appropriate statements in response to the three focus
questions as follows - '
* procedural statements for question 1;
. observations and comparison statements for question 2; and

conclusion statements for question 3.

RESULTS

Table 1 reports the mean and standard deviation for the number of words in reports of
the year 2 and year 5 class over the 8 weeks. The results in table 1 show that practice
in using the framework increased the average number of words per report for year 2
but had the opposite effect for year 5. For year 2 the framework provided a guide for
the kind of things that should be reported. For year 5 it provided a means of deciding
whether something should be eliminated. For example, after week 3 few year 5
students continued to report who distributed and collected materials.

TABLE 1
MEAN AND STANDARD DEVIATION FOR THE NUMBER OF WORDS PER
REPORT EACH WEEK FOR EACH STUDENT GROUP
Year2 YearS

Mean

*

29.3 11.0

56.4 12.5

61.1 28.0

49.3 16,9

64.1 27.5 -

56.8 434 47.8

88.1 29.1 74.2

Not able to be coded - mixwres of diagrams, squiggles, part words, single words and short phrases.
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The children’s reports were analysed each week in terms of the number of stateraents
made, the type of statement, style and content. No account was taken of grammar and
spelling. It should be noted that the reports reflected what they did and were thus
influenced by the nature of the particular investigations.

Table 2 shows the average number of statements, by type, for year 2 and year 5
students each week. O statements represent observations, P statements describe
procedures, D statements are conclusions and the E category includes all other
statements.
, TABLE 2
AVERAGE NUMBER OF STATEMENTS, BY TYPE,
PER REPORT BY WEEK FOR YEAR 2 AND YEAR 5 STUDENTS

Statement 1 2 4 7 8
Type Yr2* YrS{lYr2 YrS fYr2 YrS}Yr2 Yr5§ Yr2 YrS Yr5) Yr2 YrS5 i Yr2 YrS
o

7.2 1291 5.72.9 5.0} 2. . . . . 1.812.2 4.1
9.2 }3.2 11.014.3 { 7.5]|9. . . . . 4.112.0}2.8
0.1 0.0 1.3Jj0.2 J0.7]| 0. . . . . 0.5§0.7 0.5

2.2 J|0.2 ] 13}j0.3 f1.040. . . . . 0.0]0.0 |f0.8

* Year 2 students were not used to writing up science activities themselves and did not know how to
start. Only three students managed to write more than two lines.
**  Class not available this week.

These data in table 2 show that a considerable change occurred over the period of the
study. These changes included

* a reduction in the number of other (E) statements;

an increase in the number of statements of conclusion (D). This increase was
almost immediate for year 5 students but gradual for year 2. This is probably
the most signifi~ant change in the students’ writing. The investigations took on
a purpose and tt e students began to draw inferences and conclusions from the
outcomes of the activities; and

some reduction in the average number of procedural and observational
statements in weeks 5-8 compared with weeks 1-4. These statements became
more more concise and inclusive. The changes also reflected differences in the
nature of the investigation and the degree of student control.
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TABLE 3
AVERAGE PERCENTAGE OF STATEMENTS IN EACH OF FIVE
CATEGORIES BY FOCUS QUESTION FOR STUDENTS IN
YEARS 2 AND 5 FOR WEEKS 2 AND 3 AND WEEKS 7 AND 8

Statements

and question Average percentage of statements
type

Weeks 2 and 3 Weeks 7 and 8

Year2 : Year2 Year 5

P1 72.5
O1 252
C1 23
D1 0.0
El 0.0

P2 154
o2 64.6
C2 140
D2 2.6
E2 34

P3
03
Cc3
D3
E3 0.0

Type of statement Focus Questions

Procedures 1. WhatdidIdo?
Observations 2. What happened?
Comparisons 3. What did I find out?
Conclusions

Other




128

Table 3 reports the percentage of statements in each of five categories by focus
question for students in years 2 and 5 for weeks 2/3 and weeks 7/8, the beginning and
the end of the intervention. These data generally support the predicted trends. Both
the percentage of procedural statements and conclusions increased in response to focus
question 1 and 3 respectively. However, there was a decrease in the percentage of
observations and comparisons in response to focus question 2. The latter can be
explained by the reduction in the number of separate parts to the investigation as the
term progressed. It appears that the students did develop the capacity to write
appropriate kinds of statements in response to the three focus questions as further
evidenced by the annotated reports which follow.

Rebecea (year 5)

Wegk 1 - a good example of the narrative style used by most students at the beginning
of the study.

First Mr Frances gave us 2 beakers and an asprin tablet. We had to fill 1
beaker up with cold water and we droped the asprin in the water. We watched
the asprin dissolve. First it floated to the top and there was lots of bubbles on
the bootum. It then moved to the side and lots of fluffy stuff came to the top.
It broke in half and started to dissapear.

We then had to predict what would happen if the aspren went in hot water.
We then filled the beakers up 1 hot, 1 cold and Mr Frances gave us two more
asprins. At exactly the same time we had to see if the tablets dissolved faster
in hot water or cold vrater. It dissolved faster in hot water.

We then wrote down all the different ways the tablet could dissolve faster. We
then had to try one of the ways out. We tried cutting it up and putting it in
hot water and it went faster.

(This report ends with a description of a competition students devised to investigate the
outcome of a number of such variables in combination.) .

Wegk 2 Rebecca was one of the first students to successfully use the framework to
organise her report. Note the reduction in category E statements.

What did I do? Mr Francis put 3 test tubes out for us to work with. He said
we had to use our eyes and record what we saw. Then we smelt them and

recorded what we smelt. Then we poured them into a Petric dish and felt
them.

Mam? This is what I recorded.
is a goldern brown colour It's not transparent when shaken bubbles
appear. It smells yuck It feels oily
is transparent. When shaken it fizzers. It looks like vinigar and smells
sour.
is transparent. When shaken it gets thicker and bubbles move slowly
to the top. It smells sour.
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is not transparent it dosen’t shake It looks like goldern syrp 1t smells
sweet.
is transparent when shaken bubbles rise to the top. It smells plane it
might be asprin
is not transparent when shaken bubbles go to the top it looks likes
water it smells plain.
is transparent. When shaken bubbles go to the top water smells
plain.

H. is transparent When shaken bubbles go everywhere. It's clear yellow
it smells plain.

What have 1 found out? [ found out that you can’t tell what something is if
you just look at it. Sometimes you have to smell, fee? nd touch to know.

Jonathop (year J)

Week 1 Jonathon’s report is set out in sections which, superficially, resemble the format
used in previous science lessons. He is representative of the minority who
tried 1o follow the pattern used by the teacher responsible for science.

There was a lot of bubles.
It smelt horrible

It looks like whate polotion
It sounds cracklg

When we put the tablet in the hot water the tablet stayed on the top it smeit
like lemon really strong the bubbles were bigger than the cold and there were
heaps of them. It looked like that when it was disolving. The hot was 97
seconds faster than the cold.

Hot Cold
Stays on the top Bubbles stayed
makes it go very fast

Week § This report shows some progress in the use of the framework. This report
contains more detailed observations than week 1.

What did I do? We observed what we saw and wrote it down also we were
given a piece of toast a piece of bread a container of cream and a container of
milk.

9

first we observed the differences between some bread and some toast the
bread was white, fluffy, soft, it bent, it was moist, the crust was brown and the
bread was a high as the crust. The toast was brown, The crust was brown, it
was white inside and brown on the outside. it was hard, it was thinner than
the bread except the crust, it didn’t bend and it was dry also we got some
cream and wrote down what it was like, it was thick, white, runny, it stuck onto

4 N
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the side of the jar then we shock the jar with the cream in side and then we
wrote down what it was like then it wa: ,ellow, a big lump and sort of water
around the lump, it wase’t runny except the stuff that was around the yellow
lump and the yellow lump was butter also we got some milk and wrote down
what happened it was white, runny. it didn’t stick to the jar much, it was
wartery then we shock the milk and then we wrote down what we saw a little
bit stuck to the side, it was thicker than before, it didn’t smell and the bits that
stuck to the side were lumpy also we added vinger.

What bave I found out?
I found out that if you shack cream in a jar you can make butter also I found
out that power alters things.

Week 8 Jonathon seemed very interested in this open-ended task. His group tried to
develop an arrangement which would move a message in either direction. The
report was writtcn as the activity proceeded, and indicated an internalisation
of the framework in that the shapes and questions were no longer part of the
report,

We got some string and tied it to some objects the distance was about 7
metres. we put a straw around the string and put a ballon oato the straw. we
stuck it on there and we blew it up and let it go.

The ballon pushed the straw down the piece of string. air preacure pushed the
ballon down. It depended on how heavey the weight was. it took 2 seconds to
travel 7 metres with no weight but if it had a weight on it it would go slower.

1 found out that you need to ballons on it one facing one way and the other
facing the other way for it to get there and back.

licia (year 2)

Week 1 Alicia organised her report in separate episodes. She provided a good account
of what she observed.

it sunk to the bottem strait away and it fizzed up now thear is {izz evrywer in
the cup it smells very nice how it has deasolved. it will sink to the bottem
agein and it will rise as it gets smaller

When i put it in the cup it fizzed up a lot farster then the oun in the cold
watter. but the oun with the cold watter

I put the taplet in and even thow it was broken up it sended the fizz all arond
the cup then it risded to the top and deasolved

Week 5 Alicia’s final report is complete with diagram. Her account is not only
descriptive but also indicates that she had made sense of what happened.
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L. What did [ do?
I Blyndfoled my Patna. 1 gave Amanda a gumleaf. And she had had to try
and find out what is was by touch and smell.

2. What happened?
When I smelt them I did not know what they wher straigt away. Mr fracers

put one over in a spot and it had a name on it. And then we had to smell And
find wich one was the same.

3. What have [ found out?
vics is made out of gumleavs That if you smell things you'r nose will tell you
what it is.

Geoffrey (year 2)
Week 1 Geoffrey found it difficult to know what to write.

When it is in hot water it desovld faster
string gos to seconds faster

Week 6 His report indicates that he is able to use the framework to develop a coherent
account of what he did, what happened and what he made of these
observations.

1 What did 1 do?
We rold the Big ballberings and little ballbering too.

2. What happened?
the ballberings made Dots on the paper

3. What did I find out?
T have fond out the fast Balls had a longer gap (between dots) than the slow
balls

(Geoffrey went on to use diagrams in his later re urts to supplement his brief
text)

The above reports also illustrate some gender differences. Initially girls were better at
report writing than boys in terms of the number of words they wrote and in their
general standard of writing. Boys tended to have greater initial confidence in the
science investigations, However, during the term girls gained in confidence in science
and improved their reporting skilis relative to boys in terms of the use of the
framework thus increasing the initial gap. The classroom tcachers also noted that some
children who were not good at ‘creative’ writing proved to be competent reporters in
the science context. These matters deserve further investigation.
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CONCLUSION
Both the year 2 and year 5 classes responded well to the use of the framework. By the
end of the term almost every student could successfully structure a report in terms of
the three focus questions. While these questions gave direction to their reports they did
not seem to restrict what the children wrote or reduce the diversity of what was
written.

In primary science there has been a lot of hands-on work, but to move from hands-on
to minds-on has not always been achieved. The relatively simple framework used in
this study became easily internalised by most students. Once this occurred students
were able to

* not only describe hands on activities but begin to interpret the outcomes of

those activities.
convert their observations and interpretations into a report.
move from narrative writing to another genre.,

As investigations become more open ended and students, begin to take control then
questions such as, ‘How can we find out?, could be added to the framework, Further
collaborative research is needed to develop a revised report-writing framework which
has wider application across the primary school curriculum.
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HISTORY OF SCIENCE, INDIVIDUAL DEVELOPMENT
AND SCIENCE TEACHING

Colin Gauld
University of New South Wales

ABSTRACT

The existence of similarities between the ideas of modern students and
those of early scientists have led to suggestions about how the history
of science can be used to help students undergo similar transitions to
those experienced by early generations of scientists. In this paper
attention is focused not only on these similarities but also on some
crucial differences between the processes and concepts or conceptual
frameworks of these two groups of people. In the light of these
similarities and differences some of the implications for producing and
using historical material in the science classroom are discussed.

INTROCDUCTION

Over the last three or four years there has been a dramatic increase in the number of
publications which extol the value of using the history of science in the teaching of
science. A mumber of people have indicated that there are striking similarities between
the development of modern day children’s ideas about everyday phenomena and those
of scientists throughout history. It has been suggested that these similarities make an
appeal to the history of science an eminently suitable means of helping students to
progress towards more scientifically acceptable notions than the ones with which they
initially enter the classroom (Matthews, 1989; Sequeira & Leite, 1990). In this area a
number of claims are made which require closer scrutiny before they can reasonably be
allowed to influence classroom practice in a substantial way. Firstly, there is the overall
claim that the similarities do indeed exist; secondly, claims are made about the source
of these similarities; and, finally, there are claims which relate to implications which
these similarities have for teaching science.

THE EXISTENCE OF SIMILARITIES
Processes

In a previous paper (Gauld, 1988) the widespread occurrence of the ‘pupil-as-scientist’
metaphor was discussed and it was argued that this metaphor embodied the notion that
there is a real sense in which children seek to understand their world and construct
explanatory schemes in much the same way that scientists do. This notion has fournd
currency with science educators (Driver, 1983), developmental psychologists (Carey,
1985b; Karmilhoff-Smith & Inhelder, 1975), philosophers of science (Kitcher, 1988) and
historians of science (Nersessian, 1989).

While it may be true that, at one level, such similarities can be discerned between the
cognitive functioning of children and scientists the extent of the similarities is not at all
clear. One could argue that the unconscious development of the ideas of the child is a
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substantially different process to the largely conscious theory construction of the
scientist who is (and has to be) aware of the data which require explanation, the ideas
of others, the problems with each alterative proposal and so on.

A second substantial difference is that children’s ideas are developed privately while
scientific ideas, in order to be scientific, must eventually be developed in consultation
and confrontation with the views of other scientists working in the same or simiiar field.
Because of this the ideas children develop will always commence from much the same
beginning in everyday experience while those of scientists (at least in the public arena)
will begin from the current scientific knowledge and so will tend to be cumulative.

Concepts and conceptual structures

Wandersee (1985) in the area of plant nutrition and Sequeira and Leite (1991) in the
arca of force and motion provide lists of propositions from students (expressed in single
sentences) alongside lists of similar propositions held by scientists who lived in earlier
times. Although the language is sometimes different the parallels between the
associated lists are striking but again questions about the extent of the similarities must
be asked. Are the similarities isolated or are the propositions located in frameworks
which themselves are similar? Do the propositions contain concepts with similar
meaning to both the students and the earlier scientists? These questions have been
explored by Carey (1985a), Clement (1983), McCloskey (1983), Nersessian and Resnick
(1989), Robin and Ohlsson (1989), and Wiser (Wiser, 1988; Wiser & Carey, 1983).
Nersessian and Resnick (1989) demonstrate clearly thai, in some cases at least, the
similarities extend beyond the propositions themselves to the conceptual structures in
which they are embedded.

However, there are also significant differences which are not obvious in such analyses
as these. The conceptual structure described for students may be closer to exhausting
all that can be said about the extent of their framework while, for scientists, much finer
detail has been deliberately ignored in making this comparison. For example, there was
a great deal of elaboration - both verbal and mathematical - in 14th century theories of
motion (Dijksterhuis, 1961, pp. 172 - 209) which goes far beyond the bare bones
presented by Nersessian and Resnick and which would find no parallel at all in the
frameworks of modern-day students. As with the point made above on processes, the
ideas of the early seientists were developed consciously and through interaction with the
ideas of others while modern day children may never have been aware of their ideas
until questioned by the researcher.

An issue debated in the literature relates to the coherence of the framework of
concepts related to a particular topic area. Some people (e.g. di Sessa, 1982) believe
that intuitive knowledge about, for example, force and motion, exists as units
appropriate for specific phenomena but largely unconnected with units appropriate for
responding to other phenomena. On the other hand Nersessian and Resnick (1989)
believe that these units are conoected so as to form an integrated whole which
functions to determine responses to a whole range of phenomena. Of course, the
second of these alternatives would be closer to the scientific position than the first.




CoNce

While the claim that modern day students and early scientists possess similar concepts
or conceptual structures is a striking one even more remarkable is the claim that, in the
area of force and motion, the sequence of concepts or conceptual structures through
which students pass during their first decade or two of life parallels that in the history
of science from about 500 B.C. to 1400 A.D. The most detailed comparison was
carried out by Piaget and Garcia (1989, pp. 30-87) who traced the parallel with early
ideas such as those of Aristotle through the views of Philoponus to the impetus notions
of the medieval scientists.

Such a parallel (if it does indeed exist) provides an example in the cognitive context of
the now largely discarded maxim ‘ontogeny recapitulates phylogeny’ in the biological
context. Just as it was once believed that the embryos of the higher organisms passed
through phases where they displayed in order characteristics of their evolutionary
precursors so the developing ideas of children are seen as passing through phases which
reflect in order the development of these ideas in history.

While evidence for such parallels of sequence is scant there are again good reasons for
asking whether differences like those referred to in the previous section are sufficient to
diminish the significance of the similarities. Not only are differences in the concepts
themselves to be expected, but one could argue that the details of the way concepts and
conceptual structures change would also be different. Again, for modern students, the
change generally occurs unconsciously without any awareness of cognitive mechanisms
or verbally expressed reasons and without conscious reference to confirmatory or
contradictory evidence, while for scientists it is these that are used to control or
rationalise the changes which take place.

EXPLANATIONS FOR THE SIMILARITIES

Processes

If one ignores the specific content of knowledge and broadly conceptualises the change
of knowledge as a result of the pressure due to discrepancies between expectations
(whether conscious or not) and perceptions or conceptions, the same model can be used
to understand the changing cognitions of a baby, young child, adult or scientist. It is a
model used to describe the way animal behaviour becomes adapted to the context in
which the animal lives.

Cognitive processes seem, then, to be at one and the same time the
outcome of organic autoregulation, reflecting its essential mechanisms,
and the most highly diffcrentiated organs of this regulation at the core
of interactions with the environment (Piaget, 1971, p.26).

This model as elaborated by Piaget applics to cognitive change at the unconscious level,
from unconscious to conscious thought (conceptualisation or ‘thematisation’), and within
conscious thought itself.




Similarities in concepts or conceptual structures (sce for example, Wandersee, 1985 or
Sequeiro & Leite, 1991), in so far as they exist at all, are more difficult to understand.
The contexts in which they are developed are so different it is not casy to find a
satisfactory explanation for why concepts should be so similar. Those that have been
proposed are based on much unsupported conjecture.

As has been pointed out above, children’s notions are developed relatively rapidly
without a great deal of conscious control whereas those of early scientists developed
very slowly through detailed analysis and consideration of implications of a variety of
alternative proposals with a greater amount of information to be taken into account.
Differences in the material environment of the two are substantial with modern
artefacts and TV programmes providing examples of phenomena (such as radio and
space flight) unavailable to earlier generations. The social environment of the modern
child is likely to be founded on vastly different presuppositions about the world than
that of the ancient Greek, medieval or 17th century scientist. One would expect the
meaning of children’s explanations to reflect, to some extent at least, the
presuppositions of the culture into which they were born.

The type of comparison where differences in social context, role of prior notions,
motivation or level of awareness of ideas might lose their force is that between the very
young child and people living very early in the history of civilisation. For both ot these
the effect of the social environment on conceptual development may not be so great
and the direct interaction with the world of objects may play a more dominant role. If
carly childhood experience with objects is much the same at all historical periods the
cmergence in the theoretical thought of early scientists of notions which previously and
unconsciously guided their actions (and those of young people today) is not a surprising
one (sce Piaget & Garcia, 1989).

A small scale example of this situation is provided by an experiment carried out by
Piaget and his colleagues (Piaget, 1977). Children were asked to project a bail (whirled
on the end of a string in a horizontal circle around the head) into a target. In
performing this task even the younger children quickly discarded a common hut
unsuccessful strategy and devcloped a successful procedure. However, when asked
what they had done to project the ball into the target, many of thosc who had
succceded described the unsuccessful strategy! Conscious awareness of the successful
procedure did not occur until a number of years later.

McCloskey and Kargon (1988) suggested that the influence of scientific cultural
pressures is likely to be weaker in the period of scientific development labelled by
Kuhn as ‘pre-paradigmatic’ during which there is a lack of one dominant point of view.
For them both the child and the pre-paradigmatic scientist arrive at their theories in
much the same way.

because they were at the same point in theory formation, and because
tacy began with similar construals of the problem domain, similar
characterizations of the major phenomena to be explained (e.g., an
object that is set in motion continues moving for some time after it is
no longer in contact with the original mover, but eventually stops), and
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similar vicws about thc form an cxplanation should take (ic,
cxplanations should refer only to mechanical factors and not to
intelligence residing in inanimatc objects, and so forth) (McCloskey &
Kargon, 1988, p.66).

For McCloskey and Kargon the differences which do exist between the conceptions of
modern children and medieval scientists depend on diffcrences in world view, the
cnvironment of objects, and the sclf-consciousncss of the work of the medieval
scientists. These factors act as perturbations within their overall explanation.

Apart from the common cognitive processes which they identify, Piaget and Garcia’s
more detailed explanation for the parallels in how forcc and motion were understood
by their modern subjects and in the history of science applies only to that situation and
cannot be casily extended to other areas of science. In fact, Piaget and Garcia’s
concern was not to search for parallels in scquences of concepts but to identify parallcls
in processes (Garcia, 1983) and their explanation in the above situation rcfers to the two
scparate courses of development rather than to reasons why they should be so similar.
In esscace if the starting points are similar and the same processes operate then one
might expeet to find that the resulting sequences of concepts are similar for a time at
least (sce Piaget & Garcia, 1989, p. 77).

Their gencral position (which is analogous in broad outline to that of McCloskey and
Kargon) leads them to state that ‘once a discipline has constituted itsclf as a science, as
physics did after Newton, there is of coursc no longer any substantive relationship
between scientific and psychogenctic concepts’ (Piaget & Garcia, 1989, p. 63).

Kitchener (1986) pointed out that Piaget was not so much intcrested in the
development of individuals - whether children or scientists - but in what Piaget called
‘the cpistemic subject’. The epistemic subject is defined by ‘what is common to all
subjects at the same level of development rather than by ‘what is uniquc to a particular
individual’ (Kitchener, 1986, p.154). Thus Piaget’s position tends to ignore diffcrences
in the cultural context - both societal and scicntific - in which individuels find
themselves. For this reason onc nceds to be carcful in drawing conclusions from the
work of Piaget and Garcia for the classroom where individual differences may be more
important.

USING HISTORY TO CHANGE STUDENT CONCEPTS

There has been considerable discussion of proposals for tcaching stralcgics based on the
similaritics between the processes of conceptual change in scicntists and students
(Posner ct al.,, 1982). Implications for tcaching derived from the similaritics between
the concepts or conceptual structures of students and carly scientists have not been so
thoroughly developed.

The fact that the similaritics exist at all makes the history of scicnce & morce uscful
candidate for helping to teach scicnce than if this were not the casc. Knowledge about
conceptual change in history thus becomes a source of strategics for changing student
nofions into ones closer to those of contemporary science. Two important implications
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for successfully using history to bring about changes in student concepts follow from the
above discussion.

* the first stcp in any proccdure must surely be the articulation by the students
of idcas which, up to this point, have probably been sub-conscious. In the
classroom this will usually be the outcome of teacher questioning or discussion
by students,

The historical information must be adapted so that it is in an appropriate form
for usc in the classroom. The form of this adaptation will be guided by the
belicfs which are exhibited and the language which is used in the initial
discussion with the pupils so that the historical information can be linked with
these belicfs.

In undertaking this adaptation, producing classroom material and developing teaching
strategies a number of further issues should be taken into account.

* If students have indeed passed through a sequeace of concepts to reach their
present view it is likely that they will be unaware of the course of this
dcvelopment and may not recognise previously discarded ideas.

Some historical data, mcaningful in the experience of early scientists, might not
be meaningful or accessible to modern students. For example, observational
data about planetary motion (or even the nature of planetary motion itself) is

not somcthing which easily connects with the everyday expericnce of students
today.

Some of the arguments that were compelling for particular scientists may not
be compelling for particular students today. It is probably true, for examplc,
that many of the arguments which moved scientists on from the ‘impetus’ view
would not be suitable for students because they are too technical.

Most students do not possess the same motivation to work to develop their
understanding that early scientists had. The painstaking and tenacious scarch
through alternative points of vicw which led Darwin to the publication of his
Origin of Species may not be a characteristic of many students of any period.

CONCLUSION

The fact that there are similaritics between the ideas of modern day school students
and carly scicntists lcads to a clcar expectationn that the history of science should be of
value in helping students to change their concepts in appropriate ways. Howcver,
historical material, to bc cffective in the classroom, must also take into account thc
significant diffcrences which cxist between these ideas.
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SECONDARY SCHOOL STUDENTS’ UNDERSTANDING
OF THE NATURE OF SCIENCE

Alan K. Griffiths and Mauricc Barry
Mcmorial University, Canada

ABSTRACT

A stratificd random sample of 32 sccondary students chosen from nine
schools in eastern and central Ncwfoundland, Canada, werc
interviewed to determinc their views of the nature of science. The
interview transcripts were reduced to a set of individualized conceptual
inventorics. A numbcr of general trends were identified. Most
students were found to have difficulty establishing the domain of
science, although many tended to vicw the practice of science as
cumulative.  Although thc majority of the sample asserted that
scientific inforn.ation was tentative and provisional, they tended to
regard factual information in science to be absolute and irrefutable.
Scientific theories appeared to be understood only in a naive sense in
that most students regarded theories as suggested explanations for
fairly discrete cvents as opposed to elaborate intcrpretive frameworks.
In accordance with previously documented evidence (Aikenhead,
Fleming & Ryan, 1987) many students were found to equate the term
“scientific law" with the morc common legal usage of the word.
Finally, clements of what Nadcau and Desautels (1984) term as naive
realism, blissful empiricism, credulous experimentalism and excessive
rationalism were quite prevalent.

INTRODUCTION

Even a casual glance at the science education literature of the last thirty years yields
the conclusion that therc has been a consistent interest in the determination of students’
understanding of the naturc of science. Despite this, we still do not appear to have
madc much progress towards generally accepted conclusions. Why is this? Why have
well known instruments like TOUS (Cooley & Klopfer, 1961), SPI (Welch, 1966),
NOSS, (Kimball, 1965), and NSKS (Rubba & Anderson, 1978), failed to provide
definitive answers? All sharc a characteristic which may represent a fatal flaw. All
were developed from the perspective of the cxpert.  As such, all were potentially
subject to what Munby (1982) refers to as the doctrine of immaculate perception,
namcly that rescarchers tend to assume that students attach the same meaning to test
item statements as do the developers of the test. The assumption that students select a
particular responsc for the same rcason as does the expert is open to question.

The view that rcscarchers should be morc concerned to identify students’ own
conceptions or, where they differ from those of the experts, students’ misconceptions,
alternative conceptions, or naive conceptions, has become widespread in the last decade.
The usc of open-cnded intervicws has become central to this work and tcchniques such
as intcrviews about instances and intervicws about events have become widely uscd.
Generally, these approaches have focussed upon scicntific concepts. The nature of
scicnce itsclf has not been a focus of interest. A recent, large scale study by
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Aikenhead, Fleming and Ryan (1987) may be scen as an cxception to this. However,
these authors’ focus on the nature of scicnce was but onc focus among many and. in
any case, whilc students’ viewpoints were widely sought in the dcvelopment of the
instrument, they did not serve as the starting point to the enquiry. In contrast, the
rescarch reported in the present paper is focussed upon students’ own viewpoints.

Other rclated studics include the following: Rowell and Cawthron (1982) administered
a questionnairc to 300 students and staff at several Australian universities. They
concluded that scicnce-oriented students tended to agree with a Popperian vicw of the
nature of science, but it is difficult to know how much credence may be placed on this
result in the absence of information about the validity and reliability of the instrumcent.
Saunders (1986) asked students, professors and teachers to respond to the question
"What is sciencc?" Responses were written in essay format. No check on reliability
appears 1o have been made, but it appeared that conceptions became more precise with
time. George (1987) reports an interview with one teemager, and provides a rich
account of that individual’s scicntistic understanding of the nature of science. The study
is informative but hardly representative,

THE PRESENT STUDY

The present study was conceived as an attempt to step back, to look again at students’
own conceptions cxpressed as freely as possible with minimum interference from the
investigators. For this purposc a lightly structured interview technique was applied.

Rescarch Questions
The following rescarch questions were considered:

1(a)How do scnior sccondary school students view science in general?
(b)How do they conceptualise change in scicncc?

2(a)How do scnior secondary school students believe scientific facts are obtained?
{b)What is their understanding of the nature of scientific facts?

3(a)What do senior secondary school students believe about the nature of scientific

theories?

(b)What is their understanding of the function of scientific theories?

4(a)What do scnior secondary students believe about the nature of scientific laws?
(b)What is their understanding of the function of scientific laws?

Mecthod

In the gencral ficld of research relating to interview studics of students’ conceptions a
variety of approaches has been used. Simpson and Arnold (1982) used note taking as
their principal rccording technique. An advantage of this approach is that the amount
of data collected is readily manageable, but it suffers from a consequent loss of
potentially important detail and completencss.  The use of videotape eliminates all of
these problems. Erickson (1979) and Aguirre and Erickson (1984) are among thosc
who have adopted this approach. It is particularly useful where it is important to scc
students manipulating onc or more objects or working out calculations, etc., but suffers
from the disadvantage of providing a particularly artificial and, for some¢ students,
threatening situation.
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A compromisc situation is the use of audio-taped intervicws. Most students have
substantial expericnce with audio-tape recorders and are unlikely to be intimidated by
them. Many invcstigators have chosen this as the preferred approach; it was used in
the present study.

A sccond important question rclates to the degree of structure to be imposed by the
intcrviewer on the interview siwation. Some researchers, such as Erickson (1979),
Jeave the interview unstructured. Others, for cxample Arnaudin and Mintzes (1985)
and Sneider and Pulos (1983), in the interest of conserving reliability, adopt a more
structurcd style. Sometimes the interview involves asking students to arrange a set of
pre-selected concepts (Champagne, Klopfer, Desena & Squires, 1981) or to respond to
instances or cvents seleeted by the investigator(s) such that some represent the concept
while others do not. In thc present case, given the global nature of the concept
involved, the decision was madc to imposce as little structure as possible and to attempt
to encourage students to taik frecly about selected aspects of the nature of science.

Sample

Frce response interview studies typically face the problem of being manageable only
with rclatively small samples. Hence they arc open to the charge that their findings
arc unrcpresentative of the larger population. We attempted to minimise this problem
by careful selection of a modcrately sized sample. 32 students were selected randomly
from four groups in the senior class in their respective sccondary schools. Sixteen had
academic avcrages above 75%. Eight of these were taking at least two science courscs
designed for university entrance. Sixteen bad academic averages below 75%. Eight of
these were taking at least two science courscs designed for university entrance. The
samplc was representative in terms of school size and location. Nine schools were
involved. Students’ ages ranged from 17 to 20 ycars, with a mean of 17.6 years.

Procedure

The first step in the study was to creatc an appropriate interview guide. A sct of
questions was developed under the broad headings ‘gencral nature of science’, ‘naturc
of scicntific facts’, ‘nature of scientific thcories’ and ‘nature of scientific laws’. Thesc
questions were cxamined by scveral science education experts and revised accordingly.
This draft was ficld-tested by administration to five randomly selected high school
students. The guide was revised and administered to three more randomly selected
students. No further changes were deemed necessary.

The questions asked are represented at the beginning of each sub-section under the
gencral heading results, presented below. Qucstions werc asked in as flexible manner
as possible, and were interspersed by prompts such as "tell me more about...", "what do
you mean by..?," "why?", ctc. Room was left for clarification whercver this was
dcemed necessary, both by the interviewer and each respondent. Where questions
asked for a specific example of a fact, a theory or a law, respectively, thosc subjects
who could not respond were prompted with examples.

Each subjcct was interviewed individually, with intervicws lasting 30 to 45 minutes. All
intcrvicws were audio-tape recorded, and cach was preceded by a fcw warm-up
questions of a gencral naturc intended to put the respondent at casc. When the
intcrview phasc was complete, cach intervicew was transcribed. To reduce the data for
analysis a conccptual inventory was constructed for cach student.
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Validity and Rcliability

Validity and rcliability were cach considered from two aspects:  first, with respeet to
prcparation and administration of the instrument, and second, with respect to coding of
the transcripts.

Dctermination of content validity of the basic question guide has alrcady been
described.  To cstablish rcliability, sevcral qucstions werc repeated in a slightly
modificd form and cxamined for consistency. Consistency was 100%. As a further
check, a personalised questionnaire was developed for each from the student’s
conceptual inventory. In each case, several responses were altered in such a way as to
cxpress the opposite view originally expressed by the student. Despite this inversion,
84% of the rcsponses indicated the original vicws to be maintained. Overall, we arc
confident that the interview proccss was valid and reliable.

To cstablish thc rcliability of coding of thc intervicws, cach transcript and its
corrcsponding conceptual inventory was examined by thrce independent co-operating
scicnce teachers. Each of these experts examined five transcript-inventory pairs, and
was asked to identify any possible mismatches. Ninety-four percent agreement was
obtained, showing good reliability for the data reduction procedure. Some minor
changes were made following comments from these teachers.

RESULTS

In the space available it is not |, ossible to describe the more than 130 views of scicntific
knowledge and practice which were identified. We have generally limitced commentary
to those views cxprcssed by ten percent of the sample -or more. This reduced the
number of vicws by about two-thirds. Findings are presented under the four broad
hcadings reprcsented in the interview guide. In each case the number of vicws
cxpressed did not usually equal the number of students. Some expressed morc than
onc view in rcsponse to a particular group of questions. Others were functionally mutc.

General Views

Under this heading the following questions were asked: What is sciencc? What docs
doing science involve? What makes science different? How do scicntists know what to
do? What is a scientific method? Give an example. What is the role of obscrvation in
science? How docs science change? As for cach of the other groups of questions thesc
questions were interspersed with clarifying comments and questions from intervicwer
and intervicwee.

Few students appcared to have considered the initiai question "What is scicnce?”
before, and it was difficult to obtain much clarity in their responses. Howevecr, it was
possible to disccrn a product ‘cxplanation’ in about 60% of the answers and process
oricnted descriptions of science as ‘studying phcnomena’ in about one-third. Only four
students were obscrved to combine these two dimensions. Some apparcently could not
conccive of sciencc outside of thc domain of ‘school scicnce’, as for cxample in the
responsc “T think it involves lcaming some set facts and theories...and then applying
thcm to other things." Scicntists were often scen as people who..'sit in a lab all day
long and do labs and study about differcnt people and how different things comc
about”. Scicuce was typically scen as morc rigorous than other arcas of study, as
“...more complex...there’s more to be found out for once thing than in other subjects like
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litcraturc®. When asked about scientists’ motivation for their work, most (about T0%)
cxpressed the belief that curiosity and/or personal interest was most important, while
about 30% believed society’s nceds to be a major factor. Various other motivations
were suggested by more than two students. These included financial gain, ambition and
the potential for application of new knowledge. In general, science was seen as a
personal enterprise, and commercially funded research was largely ignored.

The question "what is a scientific method?", was not productive. Despite substantial
rephrasing and probing, responses were vague. Only two responses were shared by
more than two subjects, namely that "a scientific method involves experiments” (seven
students) and that "a scientific method involves research” (four).

The question "What is the role of observation in science?” produced generic answers
which typically had little specific application to science. The most common answer (22
students) was that scientists observe deliberately to obtain data. However, when
subjects were pursued about the relationship between observation and theory, there
was an almost equal split, with one side believing that observation is theory driven and

the other that theories arise from observation. The following excerpts respectively
illustrate this:

. ..you could watch experiments or populations or anything and you have to
observe them to see if there’s a difference...a marked effect by putting a certain
cause in so il you can’t observe it it’s all speculation. You have to observe
to...prove your theorics.

and,
..yow're doing some sort of experiment or whatever and you notice somethings
that don’t usually happen..it could be some thing important to science.

The final question in this section asked "How does science change?" While there was
not substantial consensus about this, most did have a viewpoint. Eight suggested that
scicnee is continually improving itself; seven that science changes as new information is
added and illuminates old; five that science changes as society changes; three that
science changes as theories or concepts become more complex; and three that it
changes as information becomes more specific. All of these suggest a positive image of
the development of science. It was not possible to perceive any substantial tendency to
refer to change in science in ways which might be related to commonly quoted
philosophical or sociological interpretations of science, such as those emanating from
Bacon or Popper or Kuhn or Feyerabend, etc.

The Nature of Scientific Facts

Under this heading the following questions were asked: "What is meant by a fact in
science? Give me an example of a scientific fact. What makes this fact scientific?
How do you think it was obtained? Are scientific facts open to question? Why?"

Almost all subjects considered it something proven. Typical responses included
*Something that is proven without a doubt to be true,” *Something that is scientifically
proven,” and "A statement that’s true and always will be, I guess”. Despite this almost
unanimous certainty, most had difficulty giving good examples of scientific facts. For
example, Darwin’s theory of evolution was cited as a fact by some.
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Rescarch and experimentation was clearly the basis of determination of facts, with 21
students specifically citing this. Once established, through substantial repetition, facts
were generally considered proven. The word ‘proof’ appeared frequently in the
intcrvicws. Paradoxically, though, when faced with the direct question "Are scieatific
facts open to question?" most expressed some degree of tentativeness. Seventcen
cxplicitly stated that scientific facts are open to question. The following quote was
typical of thesc:

Oh therc’s no doubt about it they’re open to question. If one scientist
comes up with if and another group thought that something clse was
wrong or something, sure they can be proven wrong ’cause there’s no
precedence in science.

The most frequently provided reasons for the tentativeness of scientific facts were that
cither the methods used in obtaining them were flawed or that viewpoints are apt to
change with social demands. Unknown interventions were also considered a factor.

Five were less surc, and considered only some facts to be open to question. Five others
appearcd to belicve that although scientific facts are open to question, the process of
questioning them is likely to be futile. Five more were quite certain that a fact is a fact
and is not open to change. Overall, there appears to be an uneasy truce between a
belief in the certainty of factual knowledge ir science and an awareness of the tentative
naturc of the scientific enterprise.

The following questions were asked? "What is meant by a theory? Give me an
example. How do you know this is a thcory? What is the purpose of theorics in
sciencc? How arc they used? What is the difference between a theory and a fact?
Would it be morc accurate to say that theories are models or that they describe the
world as it is? Do theorics ever change? How? In explaining a certain event is therc
such a thing as a strong as opposed to a weak theory or can there be only one theory at
a particular time? Give me an example."

In general a theory was viewed as a statement of a possible but not proven explanation.
For example, "Somebody has an idca about something but it hasn’t been proven," or "A
thcory is an idea that a person has about a certain observation,” or "..an educated
guess.” When asked to provide an example of a theory, only three students could
actually respond appropriately. Where no response or no adequatc response was
forthcoming concrete examples were provided. When asked "What makes this a
theory?" the most popular response, by 20 students, centred on lack of proof.

Most students (23) suggested that theorics are models, while two suggested they could
be cither models or realistic explanations. Six students suggested theories to be exact
descriptions of reality. Eleven of the 23 studcnts referred to above added explanations
such as that if a theory described the world as it really is it would not be a theory but a
fact. Rather, "..we use them as models to help us understand the world®, and, in a

Popperian view "..we go by them until we find something that is more stable. In
general the tentative nature of scicntific theories seemed to be well accepted, even, in a
Lakatosian vein to the point of tentative acceptance of multiple theories by 19 students.
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The purposc of theorics as cxplanatory devices was gencrally well understood as was
their function in facilitating further rescarch.

A variety of responses was obtained from the question "Do theories ever change?”
Thirtcen students took a naive-realist position in suggesting that thcories may be proven
truc; that they reflect the world as it is. Six of these went further to suggest that when
that happens thc theory becomcs a law. Nine believed that theories may change,
perhaps by being disproven (five) or with the introduction of new facts (two) or ncw
technology (two). Finally, there was a recognition of strong versus weak theories in a
naive-realist sensc that strong theories approximate truth better than weak theories.
Generally the stronger theory was believed to replace its weaker opponent.

The N [ Scicntific I
Under this heading the following questions werc asked: "What is meant by a scientific
law? Give mo an example. Why is this a law? How did it become a law? What is
the diffcrence between a law and a theory? Why do we have laws in scicnce?”

Responses suggested much faith in the perfect truth of statcments represcated as laws.
The word ‘proof’ was frequently invoked. Fiftcen responses represented laws as proven
facts, theories or procedures. Examples included "To me a scientific law is something
which has been proven beyond a shadow of doubt,” and ".a law is something that is
true; that is proven. It's like a fact,” and "...it’s something that's really true..you can’t
change it." Typically, students did not distinguish between facts and laws. As well as
these responscs, a further ten indicated that a law is a known fact. Eight responses
were somewhat different, and centred around a legalistic metaphor of laws as mandated
procedures, for cxample “..a law is an expected thing to do, like driving within the
speed limit on the highway.” Typically, laws werc seen to be much more certain than
theories, and indced were secn as the ultimate evolution of theories, in effect echoing
what Rubba, Horner and Smith (1981) have termed the "laws are mature theories
fable.”

When asked "What is the differcnce between a law and a theory?" about two-thirds of
the sample used "proof* as the basis of distinction. Examples included "The difference
between laws and theories is that laws are proven facts and theories are someone’s
ideas which can be improved upon or changed" and "A theory is something that has not
been proven but could be proven true or false. A law is somcthing that has becn
proven.” In responsc to the question "Why do we have laws in science?” the two most
common suggestions were that laws provide a solid, consolidating base for science
(twelve responses), and that they set directions for future research (nine responscs) of
guide science by defining accepted procedures (three). Once again, responscs to this
question focussed upon the certainty of laws and the uncertainty of theories, as for
cxample in the response:

If everything is theorics then there is nothing that is certain. With laws we
know that there are things that we don’t need to improve; that we know arc
true. If everything was theories then there’d be no certainty.

For these students certainty and the foundation it provides appear to be the main
function of laws.
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In a monograph produccd as part of an cxtensive examination of scicnce in Canadian
schools, Nadeau and Desautels (1984) describe five separatc unacceptable views of the
nature of sciencc which appear to exist in the minds of teachers and students. In this
scction a brief description of each of these views is presented together with evidence of
their existence in the minds of the subjects in the present sample. The five views arc
referred to as naive realism, blissful empiricism, credulous experimentalism, blind
idealism, and excessive rationalism. They are presented briefly in order of magnitude
of responsc.

Nadeau and Desautels refer to cxcessive rationalism as the belief that science brings us
gradually closer to the truth. In this view, science is seen as cumulative, a steadily
onward march in quest of ultimate truth. Through statements such as "As time
progressed moic things were discovered. ...now it’s pretty well been figured out,” and
that theories could be used "...to do further research to find out the actual truth®, a tota!
of 17 respondents dcmonstrated excessive rationalism.

A sccond vicw, credulous cxperimentalism, is described as the belief that
cxperimentation makes possible the conclusive verification of hypotheses. In this view
cxperimentation is scen as the ultimate arbiter of truth in scicnce. Thirteen transcripts
showed evidence of credulous cxperimentalism. For examplc, ome subject stated
"Newton had an idea and he wanted to figure it out so he made a prediction and tcsted
it." Another commcnted "Enough experiments just proved it had to be.”

The third view, naivc realism, is the belief that scicntific knowledge is an cxact
reflection of the world as it rcally is, and that science furnishes us with a sct of facts
that correctly and faithfully describe reality. Thirteen subjects, through statements such
as" ... you can’t argue with thc way things arc... there’s not much room for argumcnt”
and "Science is just the study of why things happen and the way things arc.” and "I
think [theorics] are an exact way of saying what’s going on," suggest a naivc-realist view
of scientific knowledge, a view which does not stand up well when we consider the
history of sciencc and thc many changes in our theoretical and factual beliefs which
occur on a continuing basis.

The remaining two views were lcss prevalent. One, blissful empiricism, is described by
Nadcau and Dcsautels as the belicf that all scientific knowledge ariscs directly and
cexclusively from obscrvation of phenomena. According to this view scicnce is scen as
the rclentless gathering of obscrvational data which point singulasly, objcctively and
conclusively to the truth. It was possible to identify such views only in six transcripts.
Finally, blind idcalism, the bclicf that scientists are completcly disintercsted, objcctive
beings, was not observed at all.

Conclusions

Wec have presented the understandings of sclected aspects of the nature of science held
by a represcntative samplc of senior sccondary school students. Our gencral
conclusions arc as follows:
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Only about onc-third of our sample understood that obscrvation is theory-laden.

The progress of scicnce was typically scen as incxorably cumulative rather than
revolutionary.

Theorctical knowledge was scen as more tentative than that described in facts and
laws.

The ‘laws arc maturc theorics’ misconccption was prevalent.

Facts and laws werce typically cen as incorrigible truth, while theorics were scen as
tentative by definition. Once theories become laws then, by definition, they
represent truth, but then they arc no longer considered to be theorics.

With respect to both laws and theorics, a simplistic onc-to-onc correspondence
between explanandum and cxplanation was cvident. To the contrary, the existencc
of a complex sct of auxiliary assumptions which typically underlics statements of
laws and thcorics was not acknowledged. This is not surprising given the singular
hypothcsis approach of school science, but it docs not help students uadcrstand the
way in which thcories which arc accepted at one point in time become unacceptable
latcr. A one-to-one correspondence vicw inappropriaiely suggests foolishness or
error as the likcly explanation of the nced to abandon or change an accepted theory.

It is particularly notcworthy that the abovc findings with the exception of the last two
were qualitatively and quantitatively consistent with those reported by Aikenhead,
Fleming and Ryan (1987). Hence, it appears that a global representation of students’
understanding of the nature ¢’ science may be obtained by administration of the ‘nmaturc
of scientific knowledge’ componment of their multiple-choice instrument.  The
triangulation provided by the findings of thesc two studies is encouraging.

Direct;

Therc is perhaps a scnsc of deja vu about some of our findings. To mcntion but a few,
thc many writings of Armstrong, Dewcy and Schwab all, in their time, espouscd the
casc for a trcatment of the heuristics of science in our scicnce curricula. Curriculum
projects such as the Nuffield curricula in Britain and Amcrican projects such as BSCS
and Chem Study were developed from an cnquiry oricntation devised, in part, to
portray the naturc of sciencc. Therc arc many reasons for the lack of widespread
acceptance of such curricula, not the least being that the vicw of science being
prescnted was that of the cxpert rather than the learner. Today, through extcnsive
rescarch which has uncovered a fascinating myriad of students’ alternative conceptions
and misconceptions of a large number of scicntific concepts, the scicnce education
community has bccome much more awarce of the need to focus attention on studcnts’
own conceptions and work from thcre. A second currcnt thrust in the scicnce
cducation litcraturc is the demand for a morc substantial cmphasis on the intcractions
between scicnce, technology and socicty. A fundamental aspect of this is a
consideration of the naturc of scicnce itsclf. Unless our students understand the nature
of scicnce and its limitations they will not be in a position to properly undcrstand its
rolc in today’s socicty. Unless tcachers understand that they must begin by identifying
where their individual students arc at in their understanding of the naturc of scicnce,
and lcarn to work from there, we will not make much progress. The ‘STS’ literaturc
and the ‘misconceptions’ litcraturc together offer a good springboard from which to
attack this important problem.
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ABSTRACT

In 1990, a large proportion of third year primary traince teachers at
Victoria College had obscrved or taught very few or no science lessons
during the first two ycars of their course. The students felt that a lack
of content knowledge, a crowded school curriculum, and problems
associated with managing resources and equipment, were the main
factors contributing to the low level of science being taught in schools.
By the end of their third year significantly more students had taught
science than after the sccond year. There was also a changc in
approach to teaching science with more practical activities being
included than previously. The sciencc method unit taught to the
students in the third year of their course contributed to this increase.
The students considered the hands-on activities in class to have been
the most effective aspect of the umit in their preparation for the
teaching of primary science.

INTRODUCTION

The Discipline Review of Teacher Education in Mathematics and Science (1989)
obscrved that most pre-service primary teachers "have ncgative attitudes to science and
to its teaching and lcarning” (DEET, 1989, p.37).

In addition to this, at Victoria College we have been, and are, concernicd that "our
students do not have access to a legitimate cxperience in the teaching of science as it is
presented during the course™ (Note 1). The Curricutumm and Methodology (C&M) unit
at Victoria College is a 44 hour compulsory third year unit. It has a very strong
practical emphasis, the science being taught through a hands-on inquiry approach within
a s~hool curriculum context.

The unit, in common with most such units, has as its objectivces, to

* increasc students’ knowledge of scicace curriculum and methodology
* increasc students’ scicnee discipline knowledge
* create in students morc positive attitudes to the tcaching of science.

The main aim of such a unit is to incrcase the amount and quality of scicnce taught in
schools.

While there have been studics donc that explore the atfitudes of pre-scevice primary
school teachers to scicnce and the clfcet of methodology units on these attitudes
(Skamp, 1989), there appears to be little data on the effeet of such units on thc amount
and nature of scicnee subsequently taught in schools.
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In this study wc have investigated pyc-service primary teachers’ expericnecs of scicnce
tcaching during their practicum, before and after the C&M unit, and their perccptions
of the usefulness of the C&M unit in effectively preparing them to teach science.

RESEARCH AIMS AND DESIGN

The four main foci of the investigation into students’ experiences of scicnce in schools
were
* the amount of scicnce experienced by students during their practicum

the type of scicnce cxperienced by the students during their practicum

the factors the students perceived as acting against the tcaching of science in
schools

the particular aspects of the C&M unit which positively changed their attitude
towards the teaching of science.

*

*

These foci were chosen to sec whether our concerns about the amount and type of
science experienced by students were justified, and to give us better insight into why
students did, or did not, teach science. The study was also intended to allow an
evaluation of aspects of the C&M unit.

In 1990, all third ycar students (346) were required to take the C&M unit in Science.
These students were the subjects of the study. Questionnaires were administered by
C&M tcaching staff at the end of semesters one and two. The questionmaire was
administered and coliccted during the students’ regular C&M session.  The
questionnaires were completed anonymously.

RESULTS AND DISCUSSION
The majority of the 346 students brought ncutral (34%) or negative (51%) feelings
about science to the C&M unit (Fig. 1a). In terms of their scientific knowledge,
students felt that their knowledge of biological science was better than that of physical
science, the knowledge of physical science being generally regarded as poor (Fig. 1b).
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The pre-service school experiences of the students surveyed were
five weeks in first year with an emphasis on observation of practising teachers
and small group teaching leading onto whole ciass teaching of individual lessons
soven weeks in second year with the emphasis on increasing the amount of

tcaching done by the students up to half day control for at least two days
seven wecks in third year, again increasing their teaching load, this time up to
10 weeks, or more, of full control.
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It was found that the majority of students (68%) taught very little or no science (3
lessons or less) during the first two years of their teacher training. In third year morc
science was taught. The number of students who had taught one or no lessons of
scicnce was halved; the number of students taking two and three lessons also decreased
slightly; and the number of studenis taking four to ten lessons of science increased (Fig.
2a). This increase in science taught is probably not surprising as the students werce
taking on higher teaching loads during their practicum and also they were studying
C&M Science for the first time in the course.

The total amount of science obsetved or taught, used as a measure of the total scicnee
cxpericnced by the students in schools, is fairly consistent between first and second
year, and third ycar (Fig. 2b). Again this is perhaps not surprising as the class
curriculum is still largely controlled by the supervising classroom teacher. What is of
concern is the small amount of scicnce being taught in the overall curriculum, the
majority of students cxpericncing six lessons or less, in both their first and second yecars
and their third year, out of the 200 or so lessons they would experience during seven
weeks of school practicum.
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Percentage | |8 3rd Year
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Research does not provide conclusive cvidence as to the effect of practicum on the
development of professional perspectives of students. There are conflicting views about
the role of student teaching in the development of teachers, some belicving that
pre-service training, including student tcaching, has little cffect compared to the
influence of pre-training expericnees whilst others have argued that student teaching
docs have a significant impact on the development of teachers (Tabachnick and
Zcichner, 1984). Whichever way one looks at it, the minor emphasis on scicnee in the
gencral curriculum as experienced by the pre-service teachers, and the children, is going
(o impact on profcssional teaching practice, cither in the short or long term.
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Table 1 shows students’ expericnces of the way in which science occurred within the
curriculum. It most commonly occurred irregularly as a curriculum experience in its
own right or integrated with social science, health, art and/or physical education. It
was not common for science to be regularly taught or integrated with language and
mathematics, subjects generally regarded as ’priority’ subjects. This is also a cause for
concern as these are two subjects with which science could be most readily integrated.
TABLE 1
STUDENTS’ EXPERIENCES OF THE CONTEXT IN WHICH
SCIENCE IS TAUGHT

CONTEXT PERCENTAGE

Regularly as a curriculum experience in its own right 12
Irregularly as a curriculum experience in its own right 35
Integrated into language and/or mathematics programs 14
Integrated into social science, health, art and/or

physical education 25
Not at all 13
Other 1

A final point of concern with regard to students’ experiences of teaching science in
schools is their perception of the amount of help they were given in their preparation to
teach science. At the end of semester one, only 34% of the third year students felt
that they had received help from the classroom teacher; 66% perceived they had little
or no help. By the end of the year this perception was more positive with 75% feeling
they had received help in preparing for teaching science lessons. However, upon
further clarification it became evident that the students felt they were getting relatively
little help with regard to appropriate strategies for teaching science from the classroom
teacher, help coming primarily from the college (Table 2).

TABLE 2
SOURCES OF HELP GIVEN TO STUDENTS
IN PREPARING SCIENCE LESSONS

TYPE OF HELP GIVEN PERCEIVED SOURCE OF HELP(%)
SCHOOL COLLEGE NO RESPONSE

Topic information 48 47
Appropriate teaching strategics 28 61
Advice on lesson planning 37 40
Resource materials to find ideas 47 47
Preparation of equipment 46 32
Preparation of workshcets 32 17
Team teaching 26 18
Other 2 2
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Comparison of the general type of topics taught in schools during first and second ycar
compared to third year shows that in both cases biological science accounts for the
majority of the science taught (Fig. 3a). In third year, more physical science was donc
but at the expense of other non-biological topics. The C&M Science unit at Victoria
College has a strong emphasis on physical science as it is felt that this is where students
lack knowledge and confidence; this perception being supported by the studeats
self-descriptions of science knowledge. The data suggest that although the students are
willing to teach more physical science in third year, probably as a result of the C&M
unit, they will not easily give up that which they are more comfortable with, namely
biological science. A breakdown of the first and second year data into the number of
lessons taught on the different topics shows that students and teachers are morc
comfortable teaching biological science (Fig. 3b). This shows that as the number of
lessons on a topic increased, the percentage of non-biological science taught decreased.
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It was found that thc amount of practical work that was undertaken in scicnee Icssons
increased during third year. At the end of semester one, 65% of science lessons taught
included practical work compared to 93% at the end of semester two. Within this, the
lessons in the higher grades involved marginally less practical work (Table 3). Why this
occurs needs to be investigated but a possible reason is lack of confidence and fecling
that the higher grades would be morc demanding with regard to explanations for
obscrved phenomena than the lower grades.

TABLE 3
PERCENTAGE OF LESSONS INVOLVING PRACTICAL WORK
BY GRADE LEVEL

GRADE LEVEL PRACTICAL WORK
PERCENTAGE

Prep 100
Prep/1 100
1 100
1/2 100
2 89

2/3 100
3 86
3/4 100
4 92
4/5 92
5 83
5/6 97
6 94

The students list the three main factors acting against the teaching of science in schools,
in decreasing priority, as: lack of content knowledge, a crowded curriculum, and lack of
resources and problems with management of equipment (Note 2). The students did not
scc intcgrating scicnce into language, mathematics, social science and other learning
expcriences as a major problem. However, that they still see the curriculum as
crowded appears to suggest that they have not fully rcaliscd the potential that
intcgrating the curriculum has for dealing with a crowded curriculum. '(his highlights
the possibility that one way to introduce more science into the primary curriculum may
be to placc more cmphasis on the intcgration of science, particularly with language and
mathematics,

S de

At the end of third ycar 75% of the students said that their attitude to tcaching science
had changed, this change being a positive onc. A number of reasons werc given for
this change, the most common bcing that they werc more confident (50%), their
personal intcrest in scicnce had increased (28%), they were more awarc of different
tcaching strategics (17%), and they saw science as a good learning cxpericnce and
important {16%). That an incrcase in confidence was regarded as the major reason for
the positive change in altitude is cncouraging as primary teachers lack of confiderice in
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teaching science is generally scen as one of main reasons for the low levels of scicnce
taught in primary schools (Biddulph, Osborne & Freyberg, 1983; DEET, 1989; Yates &
Goodrum, 1990).
TABLE 4
STUDENTS’ PERCEPTIONS OF ASPECTS OF THE C&M UNIT WHICH
EFFECTIVELY PREPARED THEM FOR TEACHING SCIENCE

CHARACTERISTIC OF C & M UNIT PERCENTAGE
Hands-on activities in class 34
Working with small groups of children 13
Resources information 12
Integrated curriculum 10

Children’s ideas about scicnce

Links between science and technology

Your own attitudes to scicnce

Current developments in primary science in Victoria
Personal development in science

Gender cquity in sciencc

[ U T Bk o R =)

The aspect of the C&M Science unit that the students clearly felt had most effectively
prepared them for teaching science was the concentration on hands-on activities in class
(Table 4). Working with small groups of children, and resource information, were the
next most effective aspects, closely followed by integrated curriculum, children’s ideas
about science, links between science and technology, and their own attitudes, but these
werc mas kedly lower in perceived importance than hands-on activities.

CONCLUSIONS

The survey supports our previously stated concerns about the science experiences our
students have in schools. In summary, the students generally seem to be

* experiencing little science

* cxperiencing the little science that is done as an irregular rather than regular
curriculum experience

* experiencing science integrated into subjects other than mathematics and
language, if it is integrated at all

* fceling that they get most help with regard to appropriate teaching strategics

from college staff rather than the classroom teacher.

These data support our concerns about the effectiveness of current pre-service
practicum arrangcments in rclation to the teaching of primary science, and the support
within schools for the science tcaching approaches promoted in the C&M unit.

They lend support to the idca of developing units which take more control of the

students’ science tcaching expericnces so that current approaches to, and strategies for,
the teaching of primary science can be promoted with, and actually expericaced by, the
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pre-service students. In linc with this, we at Victoria Collcge are currently trialling
options which provide our students with the chance to work with children, other than in
the standard teaching practicum, where they can try the various strategies presented in
thc unit. These options enablc the students to receive support from both college staff
and their peers whilst they try ncw techniques and strategies in the teaching of science.

This survey also supports placing a strong emphasis on the hands-on, inquiry approach,
such as is done in the C&M unit, both in the actual teaching of the unit and in the
strategics for tcaching science presented in the unit. The students regard this as the
most positive aspect of the unit. in terms of preparing them to teach science. The
devclopment of the more positive attitude to teaching scicnce reported by the students
at the end of the C&M unit was probably brought about by this hands-on approach.
Through actually doing the acuvities, the students confidence increased and their
attitude to teaching science becamc generally more positive.

It is gencrally accepted that we need to try and cnsure that science has a higher profile
in the primary curriculum than is currently the case. Yet the approach followed in the
C&M unit, that of guided inquiry, is not one that is currently embraced in our schools.
In their conclusions after the first year of the PEEL project, Baird and Mitcheil (1986)
stated

Teachers must expericnce a new technique and its comsequences,
before they can begin to integrate it into their repertoire...Jand that]
the change process for teachers attempting [these] innovations is a
protracted one and requires more on-going support than is currcntly
provided.” (pp. 289 and 293)

Although this was said with respect to the development of teaching strategies which
enable active learning by students, the principles could probably be transferred to the
introduction of an inquiry approach to science teaching and to raising the profile of
science in the primary school curriculum.

Using the C&M unit to provide students with situations where they can try out thc
inquiry approach to science teaching, both as students and as teachers, can give
pre-service teachers an initial introduction to this teaching style. However, time
constraints limit how much practical teaching experience can be gained as part of a
curriculum and methodology unit.

For pre-service primary teachers to gain a reasonable amount of cxperience in
techniques and consequences of the inquiry approach to science, the practicum
cxpericnce must be used. However, how we go about this and how best to use the
practicum experience as a strategy for improving the situation is a debatable point as
“in many ways [tcaching practicum is] an unresearched area of the preservice
curriculum” (Northfield, 1988). With the current push to have more science in the
primary school curriculum, thc need for rescarch into the effests of units and the
teaching practicum on the development of students’ professional perspectives is possibly
grcatcr now than ever before.
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PRIMARY AND SECONDARY SCHOOL STUDENTS’ ATTAINMENT
OF SCIENCE INVESTIGATION SKILLS

Mark W Hackling and Patrick J Garnett
Edith Cowan University

ABSTRACT

A practical test instrument was developed to assess students’
attainment of skills associated with problem analysis and planning
cxperiments, collecting  information, organising and interpreting
information, and concluding. Students verbalised their thoughts as they
worked on the task and their performance was videotaped for analysis.
Data collected from Year 7, 10 and 12 science students illustrate the
development of investigation skills and reveal important areas of
student weakness.

INTRODUCTION

Woolnough and Allsop (1985) have identilied three aims that can validly be achieved
through laboratory work: the development of process skiils and laboratory techniques;
getting a feel for phenomena; and being a problem-solving scientist. Several authors
have argued that scientific problem-solving skills can be developed through inquiry
oriented or investigation style laboratory work that gives students opporiunit.es to
practise the skills of problem analysis and planning experiments, collecting data, and
organising and interpreting data (Tamir & Lunetta, 1981; Woolnough & Allsop, 1985;
Tamir 1989). Johnstone and Wham (1982) have cautioned that inquiry oriented,
investigation style laboratory work is cognitively demanding and that informational
inputs may overload working memory capacity. Experts cope more easily in these high
information situations as they have developed automated, proceduralized routines for
common processing tasks thus freeing-up working memory capacity for dealing with
novel aspects of the problem, planning, monitoring and control of processing (McGaw
& Lawrence, 1984; Anderson, 1985).

Experts bring extensive domain specific schema knowledge to problem-solving tasks
which enables them to generate high quality problem representations which guide the
selection of efficient solution processes (Chi, Feltovich & Glaser, 1981). Experts spend
more time on problem analysis (Larkin, 1979), do more high level metaplanning
(Hayes-Roth & Hayes-Roth, 1979), and demonstrate greater metacognitive control over
processing than novices (Schoenfeld, 1986). This paper reports on a study which
examines the development of science investigation skills through primary, junior high
and senior high school science education.

PURPOSE AND RESEARCH QUESTIONS
The purpose of this study was to examine the problem-solving processes used by Year
7, Year 10 and Year 12 science students when conducting a laboratory-based science
investigation. More specifically, the study addressed two research questions:

1. Which process skills are Year 7, Year 10 and Year 12 science students able to
apply in the problem analysis and planning, data collection, data interpretation
and concluding phases of a laboratory investigation?
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What faclors appear to limit students’ success on practical problem-solving
tasks?

METHOCD

Subjects

In Western Australia Year 7 is the last year of primary school, Year 10 is the last year
of junior high school, and Year 12 is the last year of senior high school. A modificd
random stratified sampling technique was used to select a total of 10 students from
each of Years 7, 10 and 12. All students were from the top half of the population in
terms of science achievement. Each sample comprised two students from each of five
different schools, four students from church schools and six students from state schools,
and equal numbers of males and females. The Year 12 sample comprised equal
numbers of students studying either biological or physical sciences.

Procedure

The open-ended, problem-solving task was administered to subjects individually. No
time limit was imposed on the students’ work. Students worked on the task with
concurrent verbalisation (Ericsson & Simon, 1980; Larkin & Rainard, 1984). There
was minimal interruption from the experimenter except for encouragement to verbalise
and for the debriefing session at the end of the task. Subjects’ verbalisations and
apparatus manipulations were recorded on videotape. A coding manual guided the dual
and independent coding of the videotapes by two trained coders. Coding discrepancies
were resolved at meetings between the coders and the investigator.

Instrument Context. The task was set in the context of engineers who design and build
bridges and need to understand the factors that influence the bending of beams under
load. Subjects were shown a picture of a truck passing over a bridge.

The Task. Think-aloud procedures were modelled for the subject by the investigator,
and subjects practised verbalising on two arithmetic problems. The task was explained
to the subject and then the subject commenced work by reading aloud the task
statement presented in Figure 1.

THE TASK
Find out what factors influence the bending of beams under load

REMEMBER
I would like you to
plan and carry-out experiments,
record and interpret your results,
and state your conclusions

Fig. 1. The Task Statement
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Apparatus. Figure 2 illustrates the apparatus provided for the subject at the start
of the session. A wooden beam was supported by two retort stands and a load of
slotted masses was suspended from the centre of the beam. A 1 m rule and a 50 cm
rule lay on the bench, and a 30 cm plastic rule held vertical by a retort stand was
placed next te the beam. Additional slotted masses were available on the bench. A
pencil, ruler, pad and graph paper were placed to the side of the beam. The subject
was shown a large opaque plastic tube which contained a range of other beams of
different diameters, cross-sectional shapes and materials that the investigator would
supply to the subject on request. Subjects were not permitted to examine the types of
beams in the tube so they had to generate beam variables themselves rather than just
cue-in to variables displayed by the selection of beams.

fh—
Bi—

Fio. 2. 4 Provided for the Iavestigal

RESULTS
Result, are presented in terms of the process skills displayed by subjects during the
four phases of the investigation: (1) analysis of the problem and planning, (2) collecting
information, (3) orgauising and interpreting information, and (4) concluding.

An, ] the P 1ng
Onc of the most distinct features of the students’ problera solving 'vas the limited

amount of problem analysis and planning donc before manipulating the equipment and
collecting data. This is illustrated by the data presented in Table 1.

-1
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TABLE 1
STUDENT BEHAVIOURS ASSOCIATED WITH
ANALYSIS OF THE PROBELEM AND PLANNING

Behaviours Student year group
Year 7 Year 10
(n = 10) (n = 10)

Number who commenced by
identifying potential
independent variables

Stated an aim or purpose
for an cxperiment

Planned how a variable
would be applied or measured
in an expcriment

Verbalised an intention
to contro! variables

Planned data recording
Planned an overall

approach to the
investigation (mectaplanning)

Many students commenced by identifying potential independent variables, although
most independent variables (81 of 128) were identified while students were involved
with cxperimenting. Only a small number of subjects (8 of 30) stated an aim or
purpose for their experiments. Only six students, ail in Year 12, planned how they
would apply or measurc variables in their experiments. None of the students verbalised
an intention to control variables. Only two subjects planned their data recording beforce
commencing data collection. None of the students planned an overall approach to their
investigation. Inspection of Table 1 reveals a trend towards greater problem analysis
and planning from Year 7 to Year 12.

. .
«

On avcrage the students cach conducted 3.1 cxperiments. The number of experiments
ranged from a minimum of nonc to a maximum of seven cxperiments per student. An
cxperiment consisted of tests of a particular independent variable. There were six main
independent variables that could be tested: beam length, thickness, cross-sectional shapce
and material; load size, and locaiion of the load along the becam. Data regarding
students’ experimenting are presented in Table 2.
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TABLE 2
STUDENT BEHAVIOURS ASSOCIATED WITH COLLECTING INFORMATION

Bchaviours Student yecar group
Yecar 7 Year 10 Year 12
(n = 10) (n = 10) (n = 10)

Mecan number of
Experimcents performed 21 39 33

Measured changes in
thc dependent variable

Measured zcro values
for dependent variable

Avoided parallax crrors
with mecasurements

Mcasurcments made at
point of maximum
deflection of the beam

Controlled variables
by standardising
measurcment procedures

Controlled variables
when changing beams 1 2

Notc. * Onc of the four students who madc measurcments,
measured zcro values.

Half of the students made no measurements of the dependent variable, they relied on
qualitative comparisons of th~ arount of bending of differcnt beams. Of the six Ycar
12 students who measured the dependent variable all measured zcro values and took
carc to avoid parallax error. Five of the six subjects also measured bcam bending at
the point of maximum deflection. Most subjects collected data over a rather small
range of values for the independent variablcs.

Control of variables could be dcmonstrated in three ways in this investigation.  First,
students could standardise their measurement procedurcs, for ¢xample, measuring
bending in the centre of the beam, using standard loads and beam lengths when
comparing diffcrent beams. Al Ycar 12 students who mcasured bending standardiscd
their measurement procedures in this way, four of the five Year 10 students who madc
measurements also standardised their procedures, however none of the four Ycar 7
students who made measurements demonstrated any awareness of the nced to
standardise measurcment procedures.  Sccond, subjects could demonstrate control of
variables when they changed beams.  For cxample when testing the independent
variable of beam thickness, subjccts could request a thicker beam of the samc material
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and cross-scctional shape.  Only cight of the 30 students demonstrated control of
variables when changing beams, and as cxpected most of these were from Year 12.
Third, students could also demonstratc control of variables when comparing the
bending observed in different experiments. These data arc reported in the next section.

ting ion
Data rcgarding students’ organisation and interpretation of results are presented in
Table 3.
TABLE 3
STUDENT BEHAVIOURS ASSOCIATED WITH
ORGANISING AND INTERPRETING INFORMATION

Behaviours Student year group
Year 7 Yecar 10 Yecar 12
(n = 10) (n = 10) (n = 10)

Number of students
who recorded data

in tabular form
with units

with column
headin“s

Number of students who
transformed data into a

restructured table
graph
Number of students who

madc uncontrolled data
interpretations 4 2

Note. ® Nonce ol the three students whko recorded data did
$0 in a tabular form.

Only 16 of the 30 students recorded data; of these 16, seven recorded their data in
ruled-up tables, nine included units, and five used column headings in their tables. Four
students transformed their data into a form that would help them identify patterns in
the data; two students collated their data into restructured tables, and two students
constructed a graph to help determine the relationship between the independent and
dependent variables.

All subjects i I some attempt to interpret their experimental findings in terms of
variables that inflienced Leam bending under load.  Eleven students made uncontrolled
data infcrpretations, that is, when comparing the bending observed in different trials
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these students failed to restrict such comparisons Lo trials that differed in terms of one
variable. Only one subject was aware that a comparison of beams of diffcrent cross-
scctional shape had to be performed using beams of the same cross-sectional area.

(4) Concluding
Once cxperimental work was completed students summarised their findings. Data
regarding students’ conclusions arc presented in Table 4.

TABLE 4
STUDENT BEHAVIOURS ASSOCIATED WITH CONCLUDING

Behaviours l Student year group
Year 7 Year 10 Year 12
(n = 10) (n = 10) (n = 10)

Mecan number of valid
factors identified * 1.1 1.8 2.5

Numbecr of students who
went beyond their data
in drawing conclusions

Number who recognised

mcthodological

limitations of their

investigation 0 2

Nolc.* These are the factors influencing beam bending
that were identified and cxperimentally validated by the students.

Year 12 students, on average, identificd and gathered experimental data to support 2.5
factors that influcnce the bending of beams under load. Year 10 students (1.8) and
Year 7 students (1.1) were less successful in the identification and validation of factors
influcncing bcam bending,

When prompted in the debricfing, all subjects attempted to apply their experimental
findings to the problem of designing a bridge that would withstand hcavy loads. Most
subjects identificd the need for thick beams and supporting columns placed close
together.  Half of the Year 7 and Year 10 students went beyond their data when
recommending features for the design of the bridge whereas only onc of the Year 12
students made this type of error.

In the debricling, students were also asked how they would improve their approach to
the investigation if given another opportunity to work on the problem. All students
demonstrated little awareness of the methodological limitations of their investigations.
Four subjects said they would take morc carc with measurements, onc subject said he
would do more written planning, another said she would test one variable at a time,
and another said he would test more beams.
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DISCUSSION

The subjects were confronted with a novel problem-solving task set in a real-world
context.  Expert problem solvers analyse problems and identify cues that activate
rclevant knowledge schemas to create a mental representation of the task that can
facilitate the planning of appropriatc solution processes (Chi ct al., 1981). Several Year
7 students failed to represent the problem as a task requiring cxperimental testing of
variables. Two Year 7 students performed no tests using the apparatus, only four made
any mcasurements of bending, and only three students recorded any data. It scems that
the Year 7 students lacked cxperience of systematic testing and measurement of
experimental variables.

Previous studics of problem solving in science and social science indicate that extended
periods of problom analysis and solution planning ultimatcly lead to cfficient problem
solutions (Larkin, 1979; Voss, Tyler & Yengo, 1983). The most notable feature of the
students’ work was their lack of problem analysis and planning beforc commencing on
data collection procedures.  Filteen of the 30 students commenced work by identifying
two or threc potential independent variables and then almost immediately started
manipulating thce apparatus to fest onc of the variables they had identified. Very few
students planncd how they would apply or measure variables or record data before
they commenced data collection procedurcs.  There was no high level up-front
metaplanning (Hayes-Roth & Hayes-Roth, 1979) of an overall approach to the
problem. In fact most planning was low level, task specific planning ia response to
circumstances that arosce during cxperimental work, typical of that revealed by previous
rescarch into adolescents’ planning (Lawrence, Dodds & Volet, 1983). Many students
demonstrated a lack of metacognitive control over processing (Schoenfcld, 1986). Onc
Ycar 12 student performed the same repetitive measurement routine for 25 minutes
without any overt monitoring or reflection on the usefulness of the process he was
performing.

The students appeared to lack a well-developed schema for the structure of a controlled
cxperiment. Only four students used the term hypothesis and no student used any of
the terms variable, independent variable, dependent variable, control of variables,
repeated trials or sample size while working on the problem. None of the students
verbalised an intention to control variables. Miller and Driver (1987), and Rowell and
Dawson (1989) would arguc that reasoning skills such as control of variables arc
developed in particular contexts and arc difficult to abstract and generalise to the level
where they can be applied casily to novel tasks in unfamiliar domains. Many Ycar 12
students did however control variables at the Ievel of being systematic in measurement
procedures of which they would have had cxtensive experience.

The Year 12 students used effective measurement procedures taking care with zcro
values and parallax error.  The high school students’ relative success on the data
collection phase of the investigation versus the planning and analysis phasc is likely to
be a reflection of the style of laboratory work to which students have been exposed.
Analyscs of the implemented curriculum in the USA (Tamir & Lunetta, 1081). Isracl
(Fricdler & Tamir, 1984) and Australia (Tobin, 1986) indicate that most high school
practical work involves recipe style exercises that are at the lowest level of openness to
student planning (Tamir, 1989). Such exercises give students much practice in data
collection procedures but no opportunity 1o practise problen: unalysis and planning.
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The concluding phase of the investigation revealed two further limitations of the
students’ understanding of experimentation.  First, half of the Year 7 and Year 10
students went beyond their data in drawing conclusions or applying their findings to the
design of a bridge. Most of the Year 12 students were however more restrained in
only drawing conclusions for which they had gathered supporting evidence. Second,
even when prompted, very few students could identify limitations in their experimental
procedures which suggests that they were unaware of the numerous interfering
variables that influenced their experimental findings. Tt is likely that these students
would place unwarranted confidence in their conclusions.

CONCLUSIONS
Results from this study indicate that students at all levels had poorly developed skills of
problem analysis, planning and carrying out controlled experiments, basing conclusions
only on obtained data, and recoguising limitations in the methodology of their
investigations.

Many of the Year 7 students failed to represent the task as one requiring experimental
testing of variables, in fact most of these students did not make any measurements or
record any data. Despite curriculum developments over the last twenty years there
appears to be a continuing need to emphasise in the science curriculum of primary
schools those aclivitics where students are required to idertify and manipulate
variables, make mcasurements and record data.

The high school students shoved gradual improvement in their abilities to successfully
apply the process skills associated with measurcment, data recording and some aspects
of data interpretation. Their success on the problem-solving task was limited by
ineffective problem analysis, planning, and control of variables.

It high schooi students are to develop a comprehensive repertoire  of  science
investigation skills there is a nced to modify the implemented curriculum to include
more investigation style laboratory activitics through which students can have the
opportunity to practisc the skills of problem analysis and planning controlled
cxperiments, There is also a need to explicitly tecach the conceptual knowledge
regarding the struciure of controlled experimen's, particularly the concepts of
hypothesis, independent, dependent and controlled variables.

This study was made possible by a research grant provided by the Edith Cowan
University.
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CHALLFNGING PSEUDOSCIENTIFIC AND PARANORMAL BELIEFS
HELD BY SOME PRE-SERVICE PRIMARY TEACHERS

John C Happs
Murdoch University.

ABSTRACT

The widesprcad public acceptance of many paranormal and
pseudoscicntific claims should be of some coucern o science cducators
who arc striving to produce a scicntifically literate community. There
is ample evidence to show that students at ail levels of our education
system bclieve in aspects of pseudoscience bascd on claims and
assumptions that are in conflict with accumulated scientific knowledge
and a rigorous methodology. A survey was designed to assess primary
and sccondary scicnce teacher-trainees’ views. Aftcrwards 60 students
were introduced to the notion of a ‘fair test’ and what constitutes
‘evidence’. Demonstrations of psychic powers werc provided and a
video shown of professional water-divincrs repeatedly failing to locate
water under controlled conditions. A re-survey, 3 months later,
indicated a rejection of many prior belicfs. Howeve,, almost half of
the group retained their beliefs in miracles and E.S.P. whilst morc than
409% retained their belicf in visitors from outer space and that the solar
system was created by a supernatural force.

INTRODUCTION

Many people within relatively rwell-educated” Western communities, cxhibit a readincss
{o belicve almost any pseudoscientific claim that is made through the media. This
problem appears to be compounded by the public’s general acceptance as true almost
any arlicle that appears in print since few pcople can recognise what constitutes
acceptable scientific cvidence. As a result of this well-established theories which have
greatly increased our understanding of evolution, planctary formation, plate tectonics
and radiometric dating can be readily dismissed by uninformed individuals if such
theorics arc used as counter-arguments against their belief in aspects of pscudoscience.

Children and adolescents represent groups which may be particularly vulnerable to
media claims about alleged "mysterics” such as UFOs (Bainbridge, 1978), the creation
of the World (Godirey, 1983), the Bermuda Triangle (Kusche, 1975) and the presence
of mystcrious monsters (Guencite & Guenette, 1975: Snyder, 1977). Many other
paranormal claims, although totally unsubstantiated, arc equally likely to be believed by
primary and sccondary students. Such claims are those involving ESP (Marks and
Kammann, 1980), metal-berding by psychic powcer (Gardner, 1981), astrology (Jerome,
1977), psychic archacology (Joncs, 1979) and water-divining, which is the main focus of
this paper.

If we assumc that i is primary and secondary students who arc secking clarification on
pseudoscientific issues, then the responsibility for providing objective information might
be said to rest with classroor. teachirs, They are the oucs likely to be confronted with
questioms from curious students with an intesest in widely publiciscd claims about
parenor: 'al phenomena or pseudoscientific activity for which there is no available
cvidence.
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The investigation rcported here initially considered the views on selected aspects of the
para-normal, as held by primary and secondary teacher-trainees at a tertiary institution
in Western Australia. These views, once identified, were compared with views held by
tcrtiary students taking introductory science, sociology and psychology courses in two
North American universities. The investigation aimed to provide experiences which
might challenge the prevalent views held by teacher-trainees about the paranormal and,
more specifically, water-divining.

THE INVESTIGATION
A questionnaire was designed to assess teacher-trainees’ beliefs about several areas of
pscudoscicnce and the paranormal. These included fortune-telling, contacting the dead,
horoscopes, miracles, creation, UFOs, the Loch Ness Monster, ESP and water-divining.
Water-divining was dceliberately included since there are many individuals in Australia
claiming to have the ability to detect underground water supplies using psychic powers.
Somc claimants readily acknowledge that they make a living out of their "abilities".
A video, which tested claims of water-divining ability, was shown to the
tcacher-trainces. It was hoped that this would challenge any prevailing beliefs they
might have concerning the validity of water-divining as a skill or psychic gift.

SURVEY RESULTS FOR 1ST YEAR TEACHER-TRAINEES

Re f ;ar teacher trai

A co-cducational group (N=93) of 1st year students who had completed one semester
of a 6-semester Diploma in Teaching (primary) programme was given the survey on
pseudoscientific belicfs. Anonymity was guaranteed. The questions assessed their level
of belief in the various phenomena. Responses "Definitely Yes" and "Yes" werc
combined on summation, as were responses "Definitely No" and "No". The overall
results for this group are shown in Table 1.

TABLE 1
SURVEY RESULTS FOR 1ST YEAR TEACHER TRAINEES (PRIMARY? N=93,

YES UNSURE NO

(0] Fortune Telling 53% 21% 20%
Q2 Contact Dead 449, 18% 38%
Q3 Horoswopes 24%. 13% 63%
Q4 Miracles 75% 19% 6%
Q5 Creation 49% 30% 21%

UFO's 54% 30% 16%
Q7 Loch Ness 31% 39% 30%
Q8 Water Divining 54% 32% 1447,
Q9 ESP 69% 21% 10%

~+
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A smaller co-cducational group (N = 45) of 2nd year teacher trainces (primary) from
the ~ame instilution was also given the survey, Results are shown in Table 2.
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TABLE 2
SURVEY RESULTS FOR 2ND YEAR TEAGHER TRAINEES (PRIMARY) N=45

YES UNSURE NO

Q1 Fortune Telling 58% 18% 24%
Q2 Contact Dead 40% 22% 38%
Q3 Horoscopes 29% 7% 64%
Q4 Miracles 58% 33% 9%
Q5 Creation 41% 24% 29%
Q6 UFO’s 67% 22% 1%
Q7 Loch Ness 29% 27% 44%
Q8 Water Divining 51% 33% 16%
Q9 ESP M% 20% 9%

The response patterns are similar. Two notable differences emerge, however, with
more 2nd year students expressing greater uncertainty about miracle-performers and
the Loch Ness Monster. In terms of their belief in water-divining, a majority of both
groups accepted the claims that some people possessed a special ability, enabling them
to find underground water.

Survey sesulis far teacher-trainees (secondzry) having some science background.
Primary teacher-trainees have generally been exposed to little formal science education
beyond year 10 at the secondzry school level. Consequently, this lack of background
might result in paranormal beiiefs being more prevalent amongst these groups.
Sccondary teacher-trainees, posscssing a muore solid background in the physical and/or
biological sciences, might tend to be more skeptical when considering pseudoscientific
claims since they may be more likely to recognise and better assess available evidence
for such claims. A co-sducationai group (N = 33) of secondary teacher-trainees was
selected from the samc tertiary institution in Wesiern Australia. It was established that
18 of these students held science degrees and were completing a one year Diploma in
Teaching programme. The remaining 15 non-graduate studerts had completed 2 years
of formal science courses as part of their 3 - year science-major programme for
secondary teacher-trainees. The two grougs have not been distinguished in terms of
questionnaire responses. The results from this survey are shown in Table 3.

When results were compared with those previously obtained from the 138 primary
teacher trainses, it was noted that the tendency for secondary teacher trainces 1o
believe in the pseudoscientific claims was generally lower. More than 50% of the
science teacher-trainees rejected the notion of creation, although it still remains of some
concern to find that over half of the students, from each of the three groups, were not
willing to reject beliefs in fortune telling, communicating with the decad, miracles,
UFOs, the Loch Ness Monster, water-divining and ESP, ie. all of the pscudoscientific
belicfs ilemised in the survey with the exceptions of horoscopes and (in the case of
science students) creation.

la7
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TABLE 3 -
SURVEY RESULTS FOR SCIENCE TEACHER TRAINEES
(SECONDARY) N=33

YES UNSURE NO

Fortune Telling 52% 18% 30%
Contact Dead 24% 31% 45%
Horoscopes 21% 9% 70%
Miracles 49% 18% 33%
Creation 33% 9% 58%
UFO’s 46% 27% 27%
Loch Ness 27% 27% 46%
Water Divining 43% 27% 30%
ESP 61% 21% 18%

A comprehensive survey of tertiary students’ pseudoscientific beliefs was conducted at
the Central Connecticut State University (Feder, 1986). The students (N=186) werc a
representative  sample of those attending introductory courses in archaeology,
anthropology, biology and sociology.

Fifty itcms appcared on Feder’s questionnaire, although for the purpose of comparison,

only those items which considercd the domains, in the present survey, will be listed
here (Table 4).
TABLE 4
SELECTED DATA FROM FEDER (1986, pp. 182-183) N = 186

PERCENTAGE

BELIEVE UNSURE DISBELIEVE
Some people have the ability
to predict future events by
psychic power 56.9 15.1 28.0
Some people can read other
people’s thoughts by
psychic power 532 16.7
The Loch Ness Monster
really exists 28.5 2.5
UFO:s arc actual spacecraft
from other plancts 38.2
There is a God 14.5
Astrology is an accurate
prediction of people’s
personalities . 220
It is possible to communicate
with the dead 333
God created the universe 21.0
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The Western Australian data parallel Feder’s data in that ihe majority of both tertiary
groups cxpressed a belief or some uncertainty about fortune-telling, communicating
with the dead, miracles, creation by supematural forces, UFO’s the Loch Ness Monster
and ES.P.

Another North American survey was initiated by Gray (1984) at Concordia University,
Montreal. Students attending introductory psychology courses (N = 125) were assessed
on their beliefs concerning tcn paranormal phenomena: ESP (including telcpathy,
clairvoyance and psychokinesis), UFOs (as extraterrestrial spacecraft), astrology, ghosts,
Bermuda Triangle, Von Daniken’s claims, psychic healing, miracles, biorhythms and
reincarnation. The percentage of students saying "yes', ie. they believed in such
pscudoscientific claims, ranged from 43% (ghosts, miracles) to 85% (ESP).

Twelve months after the survey of 45 primary teacher-trainees a similar group (N =
60) of 2nd year students was given the samc questionnaire on pseudoscientific and
paranormal claims. This second group was undertaking the sarae Diploma coursse as the
first group. The results from this (pre-test) questionnaire are shown in Table 5.

TABLE 5
SURVEY RESULTS FOR 2ND YEAR TEACHER TRAINEES (PRIMARY)
PRE-TEST (N=60) POST-TEST (N=63)

YES UNSURE NO YES UNSURE NO

Q1 Fortunc Telling 60% 12% 28% 35% 11% 54%
Q2 Contact Dead 28% 32% 40% 13% 20% 67%
Q3 Horoscopes 28% 12%  60% 13% 14% 13%
Q4 Miracles 49% 18% 33% 46% 24% 30%
Q5 Creation 5% 12% 13% 43% 17% 40%
Q6 UFO’s 52% 28% 20% 0% 33% 27%
Q7 Loch Ness 58% 24% 18% 16% 2% 62%
Q8 Water Divining 67% 16% 17% 22% 19% 59%
Qs ESP % 16% 12% 46% 13% 1%

Some clear similarities are evident between both 2nd year groups, (Tables 2 and 5) in
their responscs to questions dealing with fortune-telling, horoscopes, creation, UFOs,
ESP and water divining.

The later group was to be exposed to a planned teaching strategy, designed to challenge
any general views about pscudoscientific claims and, morc specifically, these views
concerning watcr-divining. This "treatment” group tended to be more unsure about
claims concerning "communication with the dcad" and "The Loch Ness Monster”,
although the group appeared to be more convinced that miracles had becn, or could be
performed by some individuals.

Across both groups of 2nd year tcacher-trainces (N=105) approximately 61% belicved
in claims of watcr-divining abiiity. Individual intcrvicws with randomly selected
"believers’ produced ancedotes about relatives and/or friecnds who had "successfully”
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dirccted farmers to locations where they should drill for water. Hearsay "cvidence” was
also offcred as proof of some peoplc having water-divining powers. Only 16% of
students, from both 2nd year groups, rejected claims of watcr-divining powers.

Foliowing the survey of the 60 2nd year teacher-trainees, this group participated in a
two hour lecture/discussion which dealt with the notion of "evidence" and what scts
rcal cvidence apart from hearsay and so-called anecdotal "evidence". Examples of
crroncous and misleading newspaper articles were provided for discussion, eg. The
Perth Sunday Times article on the Mysterious Face on Mars (August 17th, 1986,
pp59-60). Additionally, discussion was initiated over fabricated accounts of
pscudoscientific claims e.g. Chariots of the Gods (Story, 1976) and thc Bermuda
Triangle (Kusche, 1975). The main thrust of this teaching session was to demonstrate
thc inability of professional water-diviners to locate underground water during a
controlled experiment which the "diviners" themselves helped to design and run.

A videco was shown to the group of teacher-traineces with the theme being that of
testing water-divincrs under the scrutiny of professional magician James Randi. (The

sistance of thc Dick Smith Organization in providing this vidco is gratefully
acknowledged). Strategically inserted in the film were demonstrations by Randi which
showed the kinds of trickery cmploycd by "psychics” such as Uri Geller and psychic
"surgeons” similar to those currently practising in the Philippines. The "cream” of
Australia’s  water-diviners wecre assembled and given a unique opportunity to
demonstrate their abilities and a $40,000 prizc was available to any one of them who
might be successful. The “"diviners” assisted with every stage of the experimental design
and were present for the laying down, covering and test-mnning of the ten large plastic
i. igation pipes which they latcr had to identify as carrying water or otherwise. The
irrigation pipes werc laid parallel, and when covered with soil, were then selected at
random by indcpendent judges so that watc' could be passed through them. Each
“diviner*  (out of sight of thcir collcagucs) selected the pipe through which they
belicved they could detect the flow of water. Interestingly all “diviners" were able to
“select” the correct pipe by usc of divining rods when they were shown which pipe the
watcr was running through. The opportunity to "tune-in" their rods was provided before
thc randomised testing commenced.  This video unequivocally demonstrated how
profcssional water-diviners failed to prove their powers. None was successful in
detecting watcer at better than 10% accuracy which was the level that any person might
have attained by chance alonc. As predicted by James Randi, the "diviners", having
been provided with the tcst results, procceded to rationalise their failurcs with
rcference to the impact of factors such as sunspot activity, and residual moisturc in the
pipes.

Post-Vidco Discyssi -

Discussion with the 2nd ycar teacher-trainces followed the video on water-divining and
many from thc group clearly indicated their surprise at the diviners’ inability to detect
underground water under test conditions. Onc spin-off from this video was the obvious
impact madc by Jamcs Randi’s demonstration of spoon-bending and psychic surgery.
The students’ initial perceptions of such pscudoscientific claims were clearly challenged
and beliefs changed in many cases. It was likely that, for some of the students, any
changes in their belief about the paranormal might be of a short-term naturc only and
therefore it was suspected that some regression might occur over longer periods of
time. Consequently, the questionnaire was administered three months later in order to
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probe longer term retention of belicf systems about paranormal and pseudoscicatific
claims. Results from this post-vidco survey arc shown at the right of Table 5.

SUMMARY
The majority of 2nd year teacher-trainees, monitoted over a threc month period, clearly
demonstrated a rcjection of belicfs in water-divining, A further outcome was a gencral
decline in their acceptance of all pseudoscicntific claims itemised in the survey although
there was little change in belicfs in miracles. Comments from several students,
intcrvicwed after the threc month survay, indicated that the video and discussion had a
very rcal impact on their prior beliefs.

Such promising results, which may have expericnced some reversal over more extended
periods of time (Gray 1984; Happs, 1985) should still be viewed in light of the fact that
almost half of the tcacher-trainees involved in this investigation retained their beliefs in
miracles and ESP. Additionally, more than 40% of the group retained their belicf that
UFOs rcpresent visitors from outer space and that the Earth and solar system were
created by a supcrnatural force.

If the beliefs identified in this investigation arc rcpresentative of those held by
tcacher-trainees throughout Australia, then a situation cxists whercby many of our
futurc tcachers, when asked for their profcssional opinions on paranormal or
pscudoscientific matters, are likcly to promote misconceptions in thesc areas. The
spread of suck beliefs in this way may prove difficult to resist.
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INTEGRAT:NG QUALITATIVE AND QUANTITATIVE METHODS
TO MONITOR AN INTERVENTION PROGRAM

Garry Hoban
Charles Sturt University

ABSTRACT

Tcachers in onc-tcacher schools have often cxpericnced problems
when implementing enquiry-based scicoce programs.  An innovation
was dcvcloped to address these problems in isolated onc-tcacher
schools in the far-west of NSW. It consistcd of 18 scicnce kits and an
associated tcaching scquence. Each kit contained 15 student activity
sheets, cquipment and supplementary resources.  An  intcrvention
program was dcsigned to support the implcmentation of the
innovation. The purposc of this study was to monitor thc teacher’s
proccss of changc and to asccrtain thc outcomes of the intcrvention
program in one of the schools. Data were collected using diagnostic
dimensions from the Concerns-Bascd Adoption Modcl Project as well
as qualitativc mcthods. The rcsults indicated that the tcacher’s
concerns about the innovation focused on how it affected the students.
Th* tcacher used the innovation to support her student-centred
tcaching mcthods and thc students had positive perceptions about
learning scicnce.

INTRODUCTION

The Dcpartment of Employment, Education and Training (1989) in its Disciplinc
Review of Tcacher Education in Mathematics and Science stated, "Scicnce in Australian
primary schooling is thus in a statc of crisis, and the pancl does not bclicve that this
situation is rccent” (Vol. 1, p. 81). Scvcral authors (Education Dcpartment of South
Australia, 1982 ; Gibbs, 1988) supported this vicw and commented that many primary
teachers have cxpericnced difficulties when implementing scicnce programs.  Thesc
studics revealed that most primary classcs spend no morc than 45 minutes (4.5% of
tcaching time) on scicnce cach week, and that many teachers lack confidencc to
implciacnt the subject.

Harlen and Oshornc (1985) stated that this situation was apparcnt in othcr countrics.
They contended that the rcasons for these difficultics were the tcachers’ lack of
background knowledge as well as insufficicnt resourccs and understanding of
cnquiry-based scicnce teaching. A number of curriculum innovations have been
designed to assist primary teachers implement scicnce, but many of these have not been
successful. James and Hord (1988) rcported that many clecmentary scicnce curriculum
innovations introduced in thc USA failed bccause thcy were not cffectively
implcmented.  In Australia, Malcolm (1984) also referred to the problems created by
inadcquatc implcmentation procedures:

Thus, at both primary and secondary levels, part of the failure of the

curriculum packages was [ailurc in implementation due to inadcquate
altention to re-cducating and supporting teachers to make good usc of
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the materials. Teachers like the rest of us, have attitudes and habits
that are not casily shifted. (Malcolm, 1984, p. 9)

BACKGROUND OF THIS STUDY
Teaching in a one-tcacher school is a demanding position due to the geographic
isolation of the school and the responsibility of teaching the K-6 students together in
onc room. In 1988, a number of teachers in these schools in the far-west of NSW
reported to their local educational supervisor that they did not have the time or
resourccs to implement science cffectively. In response to these requests, this writer
coordinated a project to develop and implement an innovation to address their needs.

Over a period of two ycars, an innovation was developed colleboratively with the
teachers which consisted of two parts: (1) Eighteen kits to satisfy the requirements of
the K-6 science syllabus in NSW. Each kit had 15 student activity sheets and necessary
cquipment packed in a large plastic tub. The kits were designed for the students to use
so that the teacher could assume the role of a facilitator in her classroom and help
individual groups. (2) A teaching sequence designed to cncourage the students to be
independent learncrs when conducting problem-solving activities in the classroom
(Hoban, 1991).

An intervention program was planned to support the implementation of the innovation.
This commenced with a two-day inservice course in July, 1990 and continued for six
months with follow-up visits by this writer who was a K-12 Science Consultant for the
Department of School Education. Data were collected before, during and after the
intervention program.

The purpose of this study was to monitor a teacher’s process of change over 12 months
and to ascertain the outcomes of the intervention program in her school. There were
two central rescarch questions: What were the prime concerns of the teacher toward
the innovation? How did the teacher change with her use of the innovation?

PROCEDURE
This study attempted to gain an understanding of the process of change as cxpericnced
by the tcacher. A number of authors (Goetz & LeCompte, 1984; Fatton, 1987)
recommended that a case study methodology was appropriate to explore a situation in
which an intervention is introduced to individuals:

Casc studies are particularly valuable when the evaluation aims to
capturc individual differcnces or unique variations from one program
sctting to another, or from onc program experience to another..the
morc a program aims at individualising outcomes, the greater the
appropriatcness of qualitative case methods. (Quinn Patton, 1987, p19)

This study incorporated a casc study design using a combination of quantitative and
qualitative data gathering methods. Yin (1985) defined a casc study as: an cmpirical
inquiry that
* investigatcs a contcmporary phenomenon within its real-lifc context; when

the boundaries between phenomenon and context are not clearly evident; and
in which

multiple sources of evidence are uscd. (p23)
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A number of authors (Goldstein & Rutherford, Note 1; Patton, 1987; Lawrenz &
McCreath, 1988) rccommended using complementary data gathering mcthods to
monitor intcrvention programs. Lawrenz and McCreath (1988) stated, "the qualitative
componcnts provide richness to the data and are a valuable source for identifying
potentially rclevant variabies. The quantitative components provide the "hard” data
nceessary to document the degree of the effects” (p. 406).

In this study, diagnostic dimensions developed for the Concerns-Based Adoption Maodcl
(CBAM) Project (Hall, Wallacc & Dossett, 1973) werc used to provide numcrical data.
Qualitative mcthods were used to crosscheck the data from the CBAM instrumcnts.
This mcthod was tricd out and rccommended by Goldstein and Rutherford (Note 1) for
the purpos¢ of monitoring intervention programs. The data gathering methods arc
explained below: '

1. The Stages of Concern questionnairc (SoC) as described by Hall, George &
Rutherford (1979) is a 35 item questionnaire to identify the concerns of the
tcacher toward the innovation.

2. The Levels of Use interview (LoU) as described by Loucks, Newlove and Halil
(1975) is a semi-structured intervicw to diagnosc the degrec of use of the
innovation.

3. The Innovation Configuration (IC) as described by Heck, Sticgelbauer, Hall
and Loucks (1981) is a checklist to diagnose which parts of an innovation arc
being used.

4. Semi-structured interviews (IT) with teachers which werc taped, transcribed,
coded and analysed.

5. Scmi-structured interviews (IS) with students werc conducted at the end of this
study to ascertain their perccptions zbout learning science. These were
conducted by another researcher to avoid bias. A tape recorder was used and
then the data transcribed.

6. Participant observations, which took the form of lesson observations, werc
coded and analysed (LO).

7. Document obscrvation of the science workbooks of the students (Doc). These
were monitored to provide continuous data.

8. Log sheet to be filled out by teachers(Log).

The frequency of use of the differcnt data gathering methods is represented in Table 1
by an X.
RESULTS

The concerns of the teachor toward the innovation were monitored using the Stages of
Concern questionnaire and interview data collected regularly throughout this study.
The questionnaire was administered three times  (22-8-90, 12-11-90, 24-7-91 ).
Procedures followed were in accordance with those recommended in the manual by
Hall, George and Rutherford (1979) who suggested that the instrument could be used
with groups or individuals. They recommended that all interpretations should be
trcated as hypotheses, as the validity of the data is determined by the genuinencss of
the responses and skill of the interpreter. Interpretations were crosschecked using data
collected from teacher intervicws.
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TABLE 1

FREQUENCY OF USE OF DATA GATHERING METHODS
Imfrz/ecmion | < Irﬁeurr\:ggﬁon——_) le:t(;?vention
Apr. May June Jul  Aug. Sept. Oct. Nov. Dec. Apr. July
1990 1991

SoC X ¥ X
IC X X X X X X X X
LoU X X
I X X X X X X
IS X X
X X X X X X X X

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXX)O(XXXXXXXXXXXXXX)O(XXXXXXXXXXXXX

g§80°

Hall, George and Rutherford (1979) maintaincd that the concerns of a teacher about an
innovation could be represented by coliecting data to represent a profilc of concerns at
scven stages: awarencss, informational, personal, management, conscquence,
collaboration and rcfocusing. A profile which represented a high intensity on the first
three stages, awareness, informational and personal would generally indicate non-usc of
thc innovation. A profile which represented a high intensity at the management stage
would generally indicate a beginning user, with concerns about the task of organising
the innovation. A profile which represented a high intensity on the last three stages,
conscquence, collaboration and refocusing would generally indicate concerns focused on
the students, and a more cxperienced user of the innovation. The results of the
questionnaires for the teacher monitored in this study arc represented in Fig. 1.

The profilcs in Fig. 1 indicatc that the tcacher was a uscr of the innovation throughout
the intervention program. The first profile (22-8-90) indicated that the teacher was
mainly concerned about the impact of the innovation upon her students (consequences)
and how the innovation would be shared with the teachers at the other schools
(collaboration). The second profile (12-11-90) indicated that the teacher was less
concerned about the impact of the innovation on the studeats and more concerned
about adding her own ideas to the innovation (refocusing). The third profile (24-7-91)
indicated that the tcacher’s concerns were concentrated on refocusing which indicated
that the teacher was concerned about modifying the innovation.
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These inferences were confirmed in the interviews with the teacher during and after the
intervention program.  Statements by the teacher regarding concerns about the
innovation arc shown in Table 2. The statements show that the teacher believed that
the kits addressed the problems of lack of preparation time and resources and that the
students found them casy to usc. The manual (Hall, George & Rutherford, 1977)
suggested that it was unusual for beginning users to have such low concerns at the
personal and management stages. This was an indication that the teacher and students
found the innovation user-friendly which is supported by her statements in Table 2.
Her main concern was not about the effects of the innovation on herself or the task of
organising the kits, but rather about the cffects of the innovation on the students.
During the intervicws, this writer supported the teacher’s use of the innovation and
cncouraged her to find other extension activities for the students. At the beginning of
1991, her cluster group formulated a maintenance policy which was reflected in the
lowering of her concerns about collaboration. Her statements about seeking extension
activities confirmed the third SoC profile which indicated a high concern for refocusing.

/ o

The sccond rescarch question referred to how the teacher changed with her use of the
innovation. This was addressed by using the Innovation Configuration (IC) checklist,
which identified the parts of the innovation being used as well as qualitative methods.

The IC was devised in accordance with procedures recommended by Heck,
Sticgelbauer, Hall and Loucks (1981). Information collected using the IC checklist was
cross-checked with data from the Levels of Use (LoU) interview, lesson observations,
log sheet, interviews and documents (reports written by the primary students).
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TABLE 2
INTERVIEW STATEMENTS BY THE TEACHER REGARDING CONCERNS ABOUT THE
INNOVATION

Stage of Before the intcrvention During the intervention After the intervention

Concem 11-6-90 24-8-90 26-7-91

Personal The kits will assist my I call them user friendly They make science easier
planning and they will help becausc the kids can use them to teach because the kids
1o solve my probiems of ~ andIcan supplement them,  can use them themselves
time and resources. and 1 can help individuals.

Maznagement  The biggest problems are I think the kits are great Most of the materials are
time and materials. Ina  because all of the materials  in them and the activity
small school your science are in the kits and I'm not sheets are easy to read.
lessons are restricted by the running around ...
time and limited resources  trying to get all of the
that you have. materials.

Consequence It is very difficult to help  The sheets are easy for the The children understand
individuals in ahands-on  kids to use so I've got time  the sheets and the
activity when you have to help the younger ones. language in them is at
such a wide varicty of ages their level.
and abilities.

Collaboration I hope that the clustercan  T've run a science fair with We have a maintenance
share ideas through the two other schools. We just  plan and we all voted to
kits. gave a kit to each of the put in money io replace

parents and the students went what we use in the kits.
from group (o group.

Refocusing Ihope I canaddmyown I am looking for additional  They give you an
ideas. ideas and information from  introduction and are easy

people and books. There to supplement. I would
needs to be a siep where the  put in more extension
skills are named. You should activities.

be able o name ihe skills

before the activitv. 1

incorporate this into the

gather stage.

The IC was trialled in a pilot study and revised to be made up of five components:
lesson content, activity sheets, cquipment, instructional strategy and reports. It had
five variations for cach componcat except for lesson content, which had four variations.
Use of the innovation components (activity sheets, equipment, instructional strategy and
reporting) were rated in this way: a variation of one to two was unacceptable, a
variation of three to four was acceptable and a variation of five was ideal. For lesson
conlent, a variation of four was rated as idcal. Data were collected for each of the
components before the intervention, during the intervention and after the intervention
and are displayed in Table 3.
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TABLE 3
INNOVATION CONFIGURATION CHECKLIST RESULTS FOR THE TEACHER

Innovation 1269 24890 129990  12-10-9 12-11-90 16491 26-6-91

Component Pre-Interv. During  Intervention Post Intervention

1. Lesson 1 4 4 4 4 4 4
content

2. Activity 1 5 4 5 5 5 S
Sheets

3. Equipment 3 5 5 5 5 5 S

4. Instruct. 3 5 5 5 5 5 5
Strategy

5. Reports 3 5 5 5 s 5 5

It should be noted that data collected before the intervention was only used as a guide
to ascertain how the teacher taught science because she did not bave access to the
innovation at this stage. Data in Table 3 indicate that after the initial inservice in July,
the teacher used cach of the five components of the innovation at an ideal level. This
means that the tcacher was using the innovation in the way which it was intended to be
used by the designer:

* the teacher was using the innovation for the whole of her science lesson;

* the teacher was allowing the students to use the activity sheets;

* there was enough equipment for all of the students to use themselves.

* she was teaching science using an instructional strategy which was student-centred;

* the students were recording their investigation informally using their own words.
These findings were confirmed by data collected from other methods (Levels of Usc
Interview, lesson obscrvations, log sheet, interviews and science books of the primary
students) as displayed in Table 4 .

Although the focus of this study was on the teacher to monitor her process of change,

students were selected at random and interviewed to ascertain their perceptions about

lcarning science. This data information would help to ascertain the outcomes of the

intervention program. The following interview with two year 4 children was conducted

at the cnd of the intervention program by another researcher (L. A.). The interviewer

had constructed a model of a windmill which was similar to the activities in thc

innovation. The windmill had some deliberate faults. A transcript of the interview:

L. A.: Here is the pin wheel that I made quickly with materials that I found at home.
Do you have anything like this at home?

Tony: A windmill.

L. A.: I this was one of your windmills would it work very well?

Belinda: No.

L. A.: How could you make this windmill better?

Tony: You could put the hole in the centre and it would work better.

L. A.: What else?

Belinda: Take away the rough stick and put a smooth one in.

Tony: You could put some more blades in.

L. A.: Soif you were with Mrs....., what sorts of things would you say?

Tony: Put morc blades in, put a smoother stick in and put it in the middle then you
would test it to see if it works better.

L. A.: How often would you do things like this?
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TABLE 4
QUALITATIVE DATA RELATED TO INNOVATIC'N COMPONENTS

Innovation Before the Inlervention During the Intervention After the Intervention

Component Feb.1990-June 1990 July 1990-Dec. 1990 Feb,1991-July 1991

Lesson ¥ Teacher sclecied a topic™ ¥ Tcacher commenced % Student books revealed

Content for each term, There innovation topic “Skeletons  that all lessons were from
was no program for the and Bones"” immediately innovation.
year. aftet initlal inservice. * Log sheet confirmed that

* Student booksrevealed  * Student books revealed that all 18 lessons were from
that the topics of all 20 lessons recorded were  the innovation,
magnets and birdz were from innovation. * " the kits have become
covered so farthisyear  * Log shect confirmed that all my program,” (164-91)
with 13 lessons recorded. lessons were from the
innovation.

Activity * Swdent books revealed  * Student books revealed that  * Student books reveal

Sheets that worksheets were activity sheets were used in  that activity sheets were
used in one of the 12 cach of the 20 lessons. used in each of the 12
lessons during this time. * Log sheet confirmed this. lessons.

These were only used to * " the activity sheets are * | og sheet confirmed this.
record results, easy to read, the children * * the sheets make them
* Log sheet confirmed understand them and the independent. I can mix up
this. language is at their level... the kindies with the
* " We occasionally use They arc given the sheets primary kids because the
worksheets for and as you pointed out in older kids can use the
recording. ” (12-6-91) the inservice, you ket them sheets.” (16-4-91)
do as much as possible
without my interference.”
(24-8-91)

Equipment * Log sheets indicated that * Log sheet indicated that * Log sheet indicated that
equipment was used in cquipment was used in all equipment was used in all
most lessons. lessons. lessons.

* " the biggest problems " the main strengths of the * " The kits are user
arc time and equipmeznt.”  kits are that they have the friendly and come with all
(11-6-90) materials in them and the of the materials. They
sheets are easy to read.” can also be used in
(24-8-90) supplementary aclivities.”
(164-91)

Instructional s «Whatwe doishavea ° Ilike itbecause it makes  * * the best part is that the

Smategy discussion the day before the children think more and so kids are used to it so they
just as they are about to they can get more out of the are aware of how they are
go home about the activities. It makes the going to investigate an
lesson '_hcy are going to Childmn m at the Variables. mﬁVity. We sometimes
have the next day so the 11 younger oncs are able to have variables
children are focusingon  leam from the older ones. It competition to sez who
the skills we are going ~ 8ives the students steps for can think of the most.

10 practise.” (12-6-90) thinking about the activity and ~ They are getting better at
ideas (o design and trial. “ improving activities
(12-9-90) because they arc thinking
more.” (16-4-91)

Reports * “ The students cach have * Reports ai. written ina. * Reports writien ina
a science book. They persocal tone and describe personal tone. They
record in a number of what happened and why in describe what happened in
ways, they may use a the children's own words. the activity as well as
worksheet , copy from Variables arc listed . listing variables and
the board, sketch a explanations.
diagram or ofién make
up their own

recordings.” (21-6-90) YR e
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Belinda:  Every Wednesday we do scieace except when we have got something special

like the Eisteddfod.
L.A.: Do you like doing science?
Tory: Ilove it.

Belinda: I like it too because it is fun to do and if you don’t always get things right
you keep on trying until you get it.

L A How do you do science?

Tony: Mrs... give you a piece of paper and you read it.

L.A.: What do you mean?

Tony: She gives you the science paper.

L A.: What do you do with it?

Tony: You have to get all the things it says and then you go outside or stay inside
and just do it.

L A.: Where do you get the things from?

Tony: We get the things from the box.

L. A So, after you do the activity, what happens?

Tony: You write a report and gc over the variables and you have to think about
them.

Belinda:  We usually go on the floor and have a talk about what variabics there were
and then put them up on the board.

L A.: What happens then?
Tony: We go back to our desk and do our report.
L A.: What do you write?

Belinda  You have a look at the sheet and you go over what what you did and how
you did it, what went quickest or what worked best.

LA Do you copy this from the board?

Tony: No, we write it like a story.

Belinda:  Mrs... puts the variables up on the board and we use them. You don’t have
to use all of them but you can use some of them.

L. A.: So if 1 was doing a report on this what would you say?

Tony: Today in scicnce we tried to make a windmill. At first it did not work but
we added more blades and a smoother stick.

Belinda:  Yeah and tightness, it has to be loosc to spin but not not too loose and you
need wind.

DISCUSSION

The results indicated that the teacher changed the way she taught science as a
conscquence of the intervention program. At the beginning of the program, she had
high concerns about the effects of the innovation on the students but this reduced over
the twelve months. During the study, she was concerned about finding extension
activities for the innovation. The teacher used the innovation as intended by the
developer which was reflected by her student-centred instruction. The students
interviewed had positive perceptions about learning science which was enquiry-based.

CONCLUSION
The teacher had ideniified that her main problems which hindered her teaching of
science were a lack of resources and preparation time. The innovation addressed these
problems by providing kits for the students to use and a teaching scquence. The
primary children were able to use the activity sheets and equipment themsclves and so
they hecame indcpendent learners. This enabled the teacher to assume the role of a
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facilitator in her own classroom so that she could help individual groups. The main
outcomes of the intcrvention program were that the teacher was able to use the
innovation to support her student-centred methods of tcaching scicnce and it became
the basis of her science program.

REFERENCE NOTE
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CHANGING PRIMARY TEACHER TRAINEES’ ATTITUDES TO SCIENCE.

Beverley Jane, Marjory-Dore Martin and Russcll Tytler.
Victoria College

ABSTRACT

A study of primary teacher tre’ .=’ porceptions and attitudes to
suience in 1990, has been useful in iesigning a semester unit aimed at
increasing the confidence and interest of first year students at Victoria
College. This paper outlines the background survey and discusses
some of the results and how they were used to develop the
Professional Readiness Study - Understanding Science. This unit
attempts to change attitudes by focussing on metacognition and
encourages students to understand and control their own learning,
Discussion involves teaching and learning strategies and alternative
assessment approaches including the student’s journal - the Personal
Record.

INTRODUCTION

Teachers are expected to take more responsibility for their own professional
development.  Two projects involving Baird - The PEEL project (Baird & Mitchell

1986) and TLSS (Tcaching and Learning Scicnce in Schools) (Ross et al, 1988) -

highlight the importance of teacher initiated change. A project to develop self-help
materials for small groups of teachers (Icaghmg_[mhngl___m_xmngg Note 1) has as
its starting point teachers’ needs and where they are in the life of the school.
Innovative teaching is usually generated by highly motivated and interested teachers
who are willing to modify traditional teaching approaches and to change their view of
good teaching. Many teachers feel that they lack confidence and expertise in the

science and technology areas. Yates and Goodrum (1990) in a study of Perth primary
school teachers’ attitudes to science, identified the statistic of most concern as being:
"28% of teachers lacked the motivation to teach science." They concluded:

It is important for strategies to be found to tackle the problems
associated with teachers’ lack of interest and confidence in teaching
science (especially physical science) in the primary school.

This paper focusses on teacher trainmg in order to develop teachers who have both the
interest and confidence to teach science to young children. We believe the place to
start to rectify the problems is with trainee teachers and their courses. Preservice
primary school teachers also lack confidence in teaching science as outlined in the
national Wmmmmmmw (1989).
The review recommends an increase in the amount of science taken by pm*ary teacher
trainees, particularly in the arca of background science knowledge and in iccatification
of "gaps that can be remedied by suitable bridging studies." This recommenc.ation has
been implemented at Victoria College by introducing into the Bachelor of Teaching
course a unit called Professional Readiness Study - Understanding Science.
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First year students who do not choose science as a general study and who have a
poorbackground in science are required to complete this unit which involves three
contact hours per week for one semester. The unit is designed to promote more
positive attitudes towards science and to increase student confidence and interest in
science.
CONTEXT AND AIMS OF THE RESEARCH

A study of trainee primary teachers was carried out by Martin et al, (Note 2) and the
results used in planning the Professional Readiness Study - Understanding Science
(PRS) unit which addresses the problems highlighted by the research. The aim of the
rescarch was to establish primary teacher trainees’ knowledge, perceptions and attitudes
toward science on entry to Victoria College and at the beginning of courses in science,
and to monitor the effectiveness of strategies employed in these courses in terms of the
impact on thesc. The mixing of students with and without science backgrounds
provided an ideal opportunity to compare their perceptions of and attitudes to science
and science teaching. The PRS unit development incorporated ideas from the rescarch
findings and it also took into account the view of Edwards (1990) who argues that

Greater emphasis on ignorance would result in students being aware of
their own understandings and able to ask when they do not know. It
could readmit joy, paradox and mystery into science education. Such a
change in emphasis would necd to permeate science teaching in all
levels from primary to tertiary and would need to impact science
teacher education programs and state science syllabi.

. . spe . . .
3 2

How do incoming teacher trainees perceive science in relation to their own
learning, and its relevance to teaching in Primary schools?

What perceptions and attitudes voward science do third year students, who have
had no formal tertiary contact with science, have in relatica to their own
personal growth and to their teaching?

What are the determinants of these perceptions and attitudes?

How do perceptions and attitudes of science students alter as they progress
during the course?

To what extent can features of a science curriculum unit effect an improvement
in attitudes to the teaching of science?

Which factors within the science unit, and the course in general, affect students’
perceptions of and attitudes to science?

To what extent is confidence in science knowledge a determinant of student
teacher willingness to teach science?

RESEARCH DESIGN

Teacher trainees’ background in science and their attitudes to science and science issues
were explored by means of structured and open-ended questions in a questionnaire.
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The survey of 121 first year students who chose Science 100 as one of their two gencral
studies units and 346 third year students who were required to study Competence and
Methodology in Science was completed in semester one and two, 1990. The sample
included a control group of fitst year students not studying science. Interviews with 15
randomly sclected students occurred throughout the year.

RESEARCH FINDINGS
Most students entering the course are female and few have studied any physical science
in Years 11 and 12 (Table 1).

TABLE 1
FIRST YEAR STUDENTS’ YEAR 12 SCIENCE EXPERIENCES
CONTROL SCIENCE 100
Males Females Males Females
Year 12 Science (N=13) (N=53) (N=17) (N=104)
subjects taken % % % %
NO SCIENCE 69 58 29 28
8I0LOGY 23 36 65 70
PHYSICS&/OR
CHEMISTRY 8 6 24 9

Given the under-representation of girls in science beyond the compulsory level reported
in a number of sources [for example The National Policy for the Education of Girls in
Australian Schools, (Dawkins, 1987)] these data are not unexpected.

Table 1 shows that the science studied in year 12 is usually Biology and that students
without science tend not to choose Scienge 100. Of those who do, the males have had
more physical science experiences than the females. These data support an earlier
report (Owen et al. 1985) in which Victorian science lecturers in preservice primary
teacher education, identified that most students, mainly female, had poor academic
backgrounds in scien- e, especially in the physical sciences, and had negative attitudes to
science. A later study showed that on completing the course the students’ attitudes to
science were more positive with a greater improvement evident in those students who
had had few science experiences at secondary school.

The study of Competence and Methodology (C&M) in Science exit students at Victoria
College supports Owen’s findings as 75% of students indicated that their attitudes
towards teaching science had changed during the final year. Reasons given included:

more positive and confident about teaching science

personal interest in science has increased

appreciate the value of integrating science with other subjects
increased awareness of science content, references and strategics
‘hands-on’ component is fun and a good learning experience.

* % ¥ * =
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Students were asked to list the threc aspects of the C&M course which they felt
effectively prepared them to teach primary science (Table 2).

TABLE 2
EFFECTIVE ASPECTS OF THE CURRICULUM AND METHODOLOGY IN
SCIENCE COURSE

ASPECT RELATING TO SCIENCE (N=385)
%

‘Hands-on’ activities in class

Working with small groups of children

Resources information

Children’s ideas about science

Integrated curriculum

Links between science and technology

Student’s own attitudes to science

Current developments in primary science in Victoria
Personal development in science

Gender equity in science

Clearly, the students believe that the hands-on’ activities in class" form the most
important aspect of the course. The statistics show that most students perceive the
aspect "student’s own attitudes to science” as having little effect in preparing them for
teaching science. This may be interpreted as the C&M course itself placing little
emphasis on this aspect or it may have had a minimal effect on changing the students’
attitudes. Fither way the data highlight the need for the course to address this aspect.
Students who chose the aspect "students’ own attitudes to science” indicated that tke
course provided increased understanding and awareness of science content which
increased confidence to teach science, made attitude toward science more positive, and
related science knowledge to present world affairs.

The degree to which the amount of background knowledge of science was useful to the
C&M student was also explored.

* 72% of Science Majors (students who chose Science as an elective) - felt that
their major studies in science had helped them to better understand the topics
presented in C&M.

46% of Nop Science Majors (students who did not chose Science as an
elective) felt that a more extensive background of science studies would have
given them a better understanding of the topics presented in C&M.

The students thought it would help them to understand the concepts/content and that
they would be more prepared end positive. Some thought that they had a poor
background in science and that the science majors had an advantage.
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PROFESSIONAL READINESS STUDY - UNDERSTANDING SCIENCE

This unit has been incorporated into the first year of the Bachelor of Teaching coursc
to give students with limited background, experiences in the physical sciences which
shouid help generate increased confidence and interest, thus betier preparing them for
the C&M course.

Rationale.

The College %elieves that all students should have an adequate background in all
subjects and has structured the first year course to include compulsory Professional
Readiness Studies, to introduce students to areas with which they are unfamiliar.
Students select two out of the four PRS studies offered: The Arts, Science, Personal
Development and Social Education. If students choose Science as a general study they
cannot enrol for science as a PRS. The PRS Understanding Science unit is intended to
address the issue of background and confidence in science in incoming students. It is
designed particularly for those students who have not undertaken significant studies in
physical science units at VCE level, or for students who have, but feel that additional
studies in science would benefit them. Students who have not completed units from the
VCE Chemistry, Physics, Science or Geology areas of study are advised to consider the
PRS in science as a priority. It was intended that the planned PRS Understanding
Science unit would motivate the students and generate a high level of interest and be
relevant to the students as individuals and to the science ideas taught in primary science
school programs.

In designing the unit we considered what had turned students away from science in
school and therefore decided not to give them more of the same. Our rescarch
identified that one of the main reasons why stuaunts have negative attitudes towards
science is that they do not feel confident in that area of the curriculum.

As one PRS Understanding Science student wrote in her Personal Record:

22nd March 1991. Our aim was to build a model of a water wheel to
drive a motor. Well, we did it and it actually worked!!! I don’t know
why, but I wasn’t expecting it to work. It’s probably because I haven’t
done science for so long and I'm still not feeling as confident as I
would have been if I had done science right through my secondary
school years. I'm glad that the water wheel did work because it has
encouraged me to work on and I feel more motivated about the next
project.

During the unit the students’ ideas, skills and personal experierces will be valued and
used to investigate concepts in the environmental and physical sciences. Learning will
occur in a supporiive environment that encourages open discussion, learning from
errors and the development of more positive attitudes toward science. Students will be
given the opportunity to research, design and carry out experiments that explore an
aspect of science, related to the unit, that particularly interests them.

Participation in the unit encourages students to develop the following attitudes:
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*

increased interest and involvement in s¢ience

more confidence in their understandings of scientific concepts

an awareness of the importance of science to their everyday lives
the realisation of the importance of questioning and challenging ideas
confidence in expressing their views and contributing to discussion of the
physical sciences

an appreciation of the need for scientific investigation in supporting personal
and politica! decision-making

valuing the preservation of the environment as a priority in personal decision

making,

Assessment,

* *  * X

All Professional Readiness Studies are assessed on an ungraded (Pass/Fail) basis. In
the PRS unit students are empowered to take control of their own lcarning and are
accountable for their own learning. Gunstone (1988) in discussing attempts to change
students’ ideas/beliefs argues that the focus on metacognition (understanding and
controlling one’s learning) has changed the nature of learning outcomes. He also
recognises that students need time to accept the importance of metacognition and that
new teaching/learning strategies are required together with new approaches to
assessment.  Alternative assessment approaches are necessary to reflect the new
objectives and to encourage students to seck understanding. The two assessment tasks
for this unit include the regular keeping of student reflections in the Personal Record
and the Creative Project which encourages creativity and initiative. The Creative
Project is a display and a very short student presentation based on it and includes a
useful information sheet containing the key ideas and resources. For each of the three
topic areas students are expected to construct a model, or design and carry out
experimental investigations or analyse a relevant issue to their everyday lives using a
literature/media search to design an educational game.

The Personal Record (PR) is a form of journal keeping by students, and encourages
them to identify and reflect on their own learning. It is one way to promote
improvement in the student’s learning. The PR aims to encourage students to become
more analytical and reflective about their learning and to value their own role in
controlling it. Students are expected to record:

what they have learned (not what they have done)

their views concerning a topic

how they feel about their understandings regarding the concepts
any change which may occur in their attitudes, beliefs or interests
answers to questions generated during the unit.

®* ¥ ® ® ¥

The PR can serve as a mechanism for communication between the student and lecturer.
It may act as a vchicle for verbal or written discourse as a means of personal growth
and professional development. The Personal Record should become an effective way
for students to reflect on their learning, identify misconceptions and any poor learning
tendencies, thereby providing a basis for improving learning behaviours and generating
changes in attitudes. It is to be hoped that this exploration of the student’s own
learning will lead to an increase in the student’s confidence in science, The PR is
similar to an intervention described by Swan and White (1990) which is designed to
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improve the quality of students’ lcarning by helping primary school children to reflect
on their learning by encouraging them to write, each day, one thing they had learned in
their “Thinking Books’. The importance of keeping a journal for enhancing learning has
been emphasised by various writers (e.g. Holly, 1984; Ross et al., 1988).

Unit Structure,

The PRS Understanding Science unit was selected by 150 students. It covers scientific
ideas drawn from the physical and environmental sciences and includes three topic
areas - "Energy for action", "Making the most of modern materials" and "Living with
the environment." The focus of investigation in each topic could vary from group to
group, depending upon the students’ background and interest.

Teaching and learning strategies are varied and include recording and challenging the
students’ prior views by the use of the P.O.E. (Predict, Observe, Explain) procedure,
where students compare their observations with their original ideas and try to explain
any differences between the two. For example, ‘we have one light bulb connected to a
battery, what do you think will occur when we add a second bulb next to it?” (Some
alternatives are given) (Note 3). Concept mapping is used to identify links between
sessions and to facilitate understanding of concepts.

Co-operative learning in groups enables students to share in the problem solving
approach and to listen to and react to other students’ views and argue an idea through.
Interpretative discussions are used to encourage students to explore their own and
others’ ideas, to ask questions and judge peer contributions. Presentations, including
the Creative Project, provide a mechanism for sharing ideas with the whole group and
learning from others. Strategies used are those which have been shown to be successful
with females as well as with males. Gender inclusive strategies are important because a
significant proportion of the students are female. The emphasis is on ‘hands-on’
activities, is identified by the research as being important in preparation for effective
teaching. The significance of ‘hands-on’ activities was also highlighted by WASTE
(Women and Science Teacher Education Project) (Bearlin et al., 1990) which identified
practices affecting attitude change.

Other important teaching strategies include: analysis of data or a story, demonstrations,
game playing, guest speakers, individual research, problem solving, role play, values
clarification and video.

UNIT EVALUATION

The unit was tried out during semester one, 1991 and evaluated in two ways: firstly by
means of the Personal Record (PR) being read and commented on by the lecturer at
regular intervals throughout the semester and secondly by students completing a
questionnaire at the end of the unit. The PR gives immediate feedback and has been
useful for students to monitor their own learning and in turn for the lecturers to
monitor the student’s progress during the unit and also the relevance of the activities
and content of the unit.

Some extracts from the Personal Record of a few students follow.
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Student 1. 12th March 1991. We learnt that the understanding science course has
threc parts - Energy, Domestic Materials and Environmental quality. For each part we
are to present a model, experiment or essay. To me this is a good method of learning,
instead of taking reams of incomprehensible notes (as in high school) we are made to
feel responsible for our particular subject - it becomes our baby and instead of being a
chore the learning becomes fun.

16th April. We regrouped for the next section on household chemicals. This time the
ideas came quickly whereas last time it took us ages to get an idea for energy, which
means that maybe we're starting to get some sori of grip on the subject. I really think
that I’m starting to feel a lot more comfortable with science.

3rd May. Today we had a fantastic brainwave. We finally thought of what to do for
our Creative Project. For Materials we had already decided to make hand puppets from
materials which were appropriate for young children. Then we thought that we would
incorporate ‘Materials’ and the ‘Environment’ by doing a puppet show where the
puppets discuss the ‘logging’ issue. What a fun way to learn, both for the people doing
the research and performing the puppet show and for the audience. We are quite
excited about this and hope that our presentation will be very useful. After listening to
other people’s ideas, it sounds as if the final presentation day is going to be interesting
and fun.

Student 2. 25th March. I'm glad that we started with Energy because it is something
that we (the students) can relate to and is a part of everybody’s lives. I've never
studied or looked into this aspect of science before. Previously, I was not interested in
science at all, but T now feel that I will enjoy teaching science tc young children.

30th April. Science seems to be everywhere, but before this year my view of science
was very narrow. I just imagined 2 scientist in a laboratory. I didn’t realise how
important science and scientists have been and still are in this world.

Student 3. 15th April. 1 do know that with each class I learn either - facts on science
or I begin to open my mind and see what effects it has on us. Also I can gain new
ideas for class structure and what works. I listen to comments from other students such
as:

- { thought it would be a cram science course

- It needs more structure

- I like the freedom to develop our projects without pressure.

Student 4. 27th May. This course has really been enjoyable in that it presented topics
of modern and pertinent interest. It raised some personal questions of lifestyle and
challenged a change. It also encouraged and emphasised a power in change and action
to be effective to bring about a positive end. The study of science was encapsulated
into a part of everyday life - a study which was both fascinating and interesting.

The second method of evaluation, the questionnaire titled - "My views on the
Professional Readiness Study - Understanding Science” was completed by 83 students.
Of these, 70% felt that the content was well chosen and 60% found the activities t~ be
challenging, The importance of challenge has been researched extensively by Bai.d et
al. (1990).

The questionnaire also revealed that:
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51% felt that as a result of taking this unit they were much more highly
motivated o teach science; while 45% felt that their enthusiasm was just the
same.

31% enjoyed learning science a lot this semester, 57% enjoyed it a little and
12% not at all.

58% believe that their feelings towards science have changed and are more
positive, whilst 29% still felt the same.

61% were happy with the amount of choice given for the three areas of the
unit.

Although statistical data are not available, observations made during the sessions and
subsequent discussion with students, indicate that the PRS Understanding Science unit
has succeeded in changing the attitudes and confidence of most mature age students,
however, there has been limited change amongst some 18-20 year olds.

Haberman (Note 4), currently deveioping new forms of teacher preparation based on
practice and coaching in the United States of America, recognises the importance of the
age of trainee teachers. He believes that "the 18 - 25 year old age group is at exactly
the wrong stage of development to be nurturing and understanding the child. We have
the wrong people involved in teacher training". His coaching model begins with people
usually over 30 years of age and starts when undergraduate courses finish. This PRS
unit revealed differences in degree of attitudinal change for the two age groups. It
would be useful if further research could be carried out to compare the attitudes of the
two age groups, that is, mature age students entering the course with the school leavers
direct from VCE.

SUMMARY

The students’ evaluation of the Professional Readiness Study - Understanding Science
are currently being considered to modify the unit for the next semester. This procedure
highlights the importance of ongoing evaluation of the unit, thereby identifying students’
views which when responded to, act as catalysts generating change. We believe that
this is a useful model for improving courses by making them more relevant for the
particular students involved.  Overall, the responses indicate that most PRS
Understanding Science students have a more positive attitude to science and are
enjoying it more. Comments indicate that some students have gained confidence in
their own understanding of science and feel more comfortable with the prospect of
teaching it. Considering that studeats were compelled to study a unit that they would
rot have normally selected and that the time for the study was short - 11 weeks, it is
most encouraging to see some evidence of change. A further study of these students’
attitudes needs to be undertaken during their second or third year Curriculum and
Methodology in Science course, and comparisons made.

REFERENCE NOTES
Note 1. C. Malcolm, Teaching techuology in science 5 - 10. Oral presentation at
Centre for Science, Mathematics and Technology Education Seminar, Monash
University, April, 1991.
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Note 2. M. Martin, R. Tytler, A. Grindrod, A. Klindworth, E. Sewell & T.Radford,

WWMW. Paper
presented at ASERA conference, Perth, July, 1990.

Note 3. PEEL Some classroom procedures. November, 1988.

Note 4. M. Haberman, New directions in the recruitment and, training of teachers

Address given at the Institute of Public Affairs Education Policy Unit luncheon,
June, 1991,
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ABSTRACT

Most of the curriculum design models within the technical-scientific
approach utilisc the rational and sequential process of designing and
inter-relating the various elements of the design process. While this
procedure may be efficient and adequate for conventional education in
which the designers are professional science educators, there is doubt if
it satisfies the particular needs of distance education.

The experience accumulated through a multi-disciplinary team
approach to distance learning courseware development for higher
education at the University of Southern Queensland Distance
Education Centre motivated this study which primarily focused on a
search for an alternative approach to curricuium development with a
more satisfactory functional value.

Using selected units in Engineering as a focus, an experiment was
designed in which a variant of the classical Wheeler model was used.
This paper reports the results of this experiment. The implications for
contemporary curriculum development initiatives in science especially
within distance education settings are pointed out.

INTRODUCTION

In a recent comprehensive meta-inalytic summary on improving school science,
Walberg (1991) evaluated the nost-Sputnik science curriculum reforms in, what he
called, ‘a 30 year retrospective’. Although the reform recorded some measure of
success, it t with a number of obstacles which limited the success achieved. For
instance, teachers without special training found it difficult to incorporate higher level
cognitive questions in their assessment (White & Tisher, 1936), and as Layton (1989)
also found, many teachers lack understanding of scientific inquiry or the instructional
skill needed for the development of quslity courseware.

In general, the development of the new science curricula and associated courseware in
most parts of the world, invelved amongst many other procedures and groups, the
formation of writing teams of specialists (which include science educators and teachers)
and the training of teachers in new content and methods (Tamir, 1989). While the
participation of teachers in the development of curricula has received support on
philosophical and pragmatic grounds (Carson, 1984; Doyle & Forter, 1977; Fullan and
Pomfret, 1977) no empirical evidence is available to justify it. Indeed Young (1989)
and Chung (1985) reported that not all teachers find participation attractive. This
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situation pertains to secondary school science curriculum development where there is
the probably unjustifiable assumptioh that teachers involved in development have
professional competency relating to curriculum design as well as psychological
foundaticns of learning. Such comments on teacher participation are relevant to
situations where the instructional curriculum materials are designed for use in a
conventional situation of face-to-face instruction. There are, of course, other situations
that are quite different. For example, developir curriculnm materials for instructional
purposes for higher education within a distance cducation setting. In this context it is
not unusual for a number of the teachers participating in the development of the
materials to have neither the professional competence nor the orientation in curriculum
engineering, since teachers in higher education are often appointed primarily for their
subject matter expertise. Many teaching staff in higher education institutions have little
or no formal training in curriculum-instructional design. If even in supposedly ideal
situations outcomes are far from the expecied, the results can be imagined in a
non-conventional mode of instruction in which some teachers participating in the
development of curriculum materials are professionally unprepared. In this situation
therefore the role of the instructional designer can be onerous and demanding.

DISTANCE EDUCATION AND COURSEWARE DESIGN AND DEVELOPMENT

Distance education, which has gained ground within the past two decades, is
significantly different from conventional education. A detailed discussion of the
differences is beyond the scope of this paper. However, some of the salient and
pertinent differences are as follows:

* In distance education, the act of learning is separated from the act of teaching
(Kcegan, 1980).

Distance education has more complex management requirements reflecting
greater challenges in planning, organisation, control and measurement while the
most important locus of management is the classroom in conventional
education (Daniel & Stroud, 1987).

Distance education is an industrial operation involving design, production,
delivery and servicing with a management consortium whereas in conventional
education the key managers arc the individual teachers.

The skills required in conventional and distance education teaching modes are
different and varied. A competent teacher in a conventional classroom may
not necessarily be a good distance education teacher (Baath, 1981).

In distance education, the organisational, pedagogical and outcome contexts of
learning are dependent on the effective design of materials.

Instructional design in distance education is often undertaken by a team and is
based on the philosophical underpinning of relating ideas in learning theories
with educational practicc. In contrast instructional design (e.g. preparation of
lecture notes) in conventional education is undertaken individually by lecturers
who in the main are totally unaware of, or unperturbed by learning theories,
educational practices or curriculum design.

Courseware production for higher education instruction often involves the elements of

design, development, production and delivery utilising a multi-disciplinary team
approach technique. Although variations may occur depending on institutions and the
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scope and intensity of interaction within the team may differ, the basic procedure and
the elements of courseware production are universally the same.

The University of Southern Queensland Distance Fducation Centre’s approach to
courseware development, tested over a long period of time, follows a multi-disciplinary
team approach (Figure 1) referred to locally as a "Unit Team". A Unit Team consists
of a Tcam Leader (the lecturer responsible for the content), an Instructional Designer,
an Education Officer and m=i= specialists (audio-visual, graphic design, computing) as
required (Figure 1). The unit team prepares the instructional blueprint, decides on the
issue of media mix, copyright, procedures associated with CAL, CML, audio and video
tapes, teletutorials, residential schools, computer access etc. The team meets regularly
in the design phase and monthly to monitor development after the sample module has
been produced. The initial design of a unit framework or blueprint by thie Unit Team
is subjected to a review by the Instructional Strategies Planning Committee based in
each of the Teaching Schools.

The unit team leader and the instructional designer are central to the design and
development of an instructional unit (a unit is approximately a 140-hour course taken
by a distance learner in a semester). The vnit team leader who provides the content of
the unit is usually the expert academic staff member teaching the course on-campus to
full time students. In most cases, the lecturer may not have heard about instructional
design and curriculum development, learning theories etc. She/he may also be under
the mistaken impression, particularly if this is the first involvement with distance
education, that the normal lecture notes used on-campus with a little bit of addition and
editing here and there would transform into a distance learning material. This is where
the role and function of the instructional designer becomes germane.

The instructional designer, usually a professional educator specialised in the discipline of
instructional design, brings into the unit team the expertise of curriculum engineering.
The design and development of a blueprint for the whole instructional package using a
curriculum model, usually leads to the documentation of the knowledge base, consisting
of both declarative and procedural knowledge, and the elaboration of the sequence of
presentation using a model of human information processing as a framework. (Taylor &
Evans, 1985). While the instructional designer does not question the academic content
of the unit (indeed she/he might not in fact have any idea about the subject matter),
she/he asks the lecturer questions relating to unit and module objectives, how they
relate to content and if assessment questions match stated objectives. Experience and
evidence in the literature show that if learners’ performances are measured against
clearly stated sets of criteria as contained in instructional objectives, their attitude and
achicvement will improve (Brinkley, Pavlechko & Thompson, 1991).

But in courseware development not many content experts could sufficiently discern the
goals, modality of achicving the stated goals and the ability to determine effectively if
the goals have been reached. The issues therefore are: How does an instructional
designer orientate the content expert member of a unit team towards appreciating and
using curriculum and instructional design models as a basis for courseware
development?  What model of curriculum design and development would be
appropriate for use by the unit team? How does an instructional designer relate the
interactions between the curriculum design elements with the practical development of
a unit curriculum material in a situation in which the unit team leader may not have
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had formal training as a professional educator? These practic:! questions which surface
perennially in the courseware development management at the University of Scuthern
Queensland Distance Education Centre were used as rescarch questions in the
determination of an efficacious model capable of meeting the particular needs of a unit
team. This exploratory study was undertaken to scek answers to these questions.

THE EXPERIMENT

Most of the subject-centered curriculum development models lean towar