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ABSTRACT

This thesis reports a longitudinal study of the aetpof the Kids’ Science State
professional development program in primary schambddress the issues involved
in promoting and sustaining a scientifically literaociety. The Kids’ Science State
initiative in Western Australia is a partnershigvaeen Scitech Discovery Centre in
Perth and Rio Tinto through the Rio Tinto Westeus#alia Future Fund. The Kids’
Science State initiative is based on the premigedtientific literacy is essential to the
economic sustainability of Western Australia, wsthience education the medium for
economic development. One of the services thaKiti€ Science State offers is a
professional development program in science.

The research reported in this thesis investigdtedontribution of the Kids’
Science State professional development programpoaving primary school
teachers’ confidence, pedagogical skills and kndgée allowing them to plan and
deliver effective science programs that enabledléhelopment of the skills of
scientific literacy in primary school students.

A mixed-method approach was used in this resedraistly, Personal
Meaning Mapping (an interview-based technique) araployed to investigate the
understanding of the term “scientific literacy” angoprimary school teachers, high
school teachers and the general public. This@edii the research provided a
framework about people’s perceptions of scientiferacy with which to compare
the views of a smaller sample of primary schootheass in three case study schools
that were the main focus of the research.

Secondly, research in the three case study schHemtshurch, Winchester
and Knightsbridge Primary Schools, provided infatioraabout the longer-term
impact of the professional development workshopteanhers. Data were collected
by observation of the professional development wsfooks, interviews with
Principals and teachers in the case study schaungeys of teachers, and intensive
observation of the classes of a total of five teashwith a focus on their
understanding of scientific literacy, pedagogiddlls, knowledge and confidence in
teaching science. Additional information from sys and interviews with the

students in the case study classes were also aseftm the research.



Personal Meaning Mapping interviews were usedisrésearch to explore
people’s understanding of scientific literacy anadompare these understanding to
the definition of scientific literacy used in theady. This research found that only
certain aspects of scientific literacy were undmydtand that the concept of
scientific literacy must be clearly understood égdhers for it to be successfully
incorporated into a working curriculum. Professibtlevelopment programs need to
assist teachers to incorporate scientific literiaty their regular teaching program
by providing opportunities to practice all aspegitscientific literacy. Further,
professional development programs should endedwedacrease teachers’
confidence and expose teachers to science coment&dge, especially as it
pertains to the local curriculum structure, by pdawg activities that increase
teachers’ pedagogical skills in science.

Professional development presenters must workiwitividual schools to
gain an understanding of the long term aspiratajriee school staff to assist them
to continue their professional learning. This dtddae done prior to the professional
development program to ensure the suitability efghlogram for the participants and
time for reflection. Finally, the findings indicatieat time must be dedicated to
teacher collaboration if professional developmengpmms are to be effectively and
efficiently sustained at the school level. In tbamtext, it is clear that science
education must be accorded sufficient importancthbyelevant educational policy
makers to ensure that science is actually taughtimary schools, and that quality
professional development can be accessed frequanpyimary teachers.
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CHAPTER 1
INTRODUCTION AND OVERVIEW
Introduction
The Kids’ Science State (KSS) initiative in West&wrstralia is a partnership
between Scitech Discovery Centre in Perth and RitoThrough the Rio Tinto
Western Australia Future Fund, with some in-kindmart from the State
Government and other education institutions. K8& initiative is based on the
premise that “science literacy is essential toetb@nomic sustainability of Western
Australia, with science education the catalystefoonomic development” (Kids'
Science State, 2002, p. 3). The KSS initiative 3syeear project aiming to “raise the
profile of science and technology, increase stugarticipation, enhance the skills
and conceptual understanding of teachers, devebogher confidence, provide
educational resources, and encourage informed @efidts' Science State, 2002, p.
4).
The KSS program had four key result areas for th#iq
1. To increase confidence through building conegjpinderstanding
and skills in science.
2. To increase available resources by providingnee educational

materials, expertise, equipment and training.

3. To increase access for those challenged geluigedly and/or
financially.
4. To increase the relevance of science by linkitignce to careers and

everyday life.

The KSS plan was grounded in the findingg bé Status and Quality of
Teaching and Learning Science in Australian Sch@@tsodrum, Hackling, &
Rennie, 2001), a report prepared for the AustraBamernment’s Department of
Education, Training and Youth Affairs. The outcané this report recognised the
need for a higher level of scientific awarenesthemcommunity and that teachers are
the key to change in school science education.sé€gqurently, the KSS identified
three stakeholder groups, namely teachers, chilaindrparents, and community.
Parallel outcomes were formulated for each of thkeholder groups in each of the

four key result areas.



The KSS initiative included several activities a®alvices in order to develop
its five key result areas; Professional developni@nteachers, an expanded Science
Roadshow program that toured the State, the KS8-Mourself Science Kits, new
exhibits addressing Mathematics and Astronomy,aanthnovation and Careers
arena (Kids' Science State, 2002, p. 3). The K&Bplotential to make a significant
contribution to science teaching and learning &edefore it was important that it be
evaluated. An Australian Research Council (ARQ@\died project between Scitech,
Curtin University of Technology and the Rio Tintce¥fern Australian Future Fund
was established to carry out a range of reseatohtes related to the KSS initiative
and is outcomes.

The research reported in this thesis was parteoARC project. It focussed
particularly on the professional development progfar teachers at the primary
school level. Specifically, the study aimed toedgtine the characteristics of
professional development that are most effectivassisting primary teachers’
confidence, skills and willingness to teach sciedaditionally, this study examined
primary teachers’ understanding of the conceptigfdific literacy in order to
identify professional development strategies thay @ssist in promoting scientific
literacy.

Background and Rationale of the Study

The significance of this research is premised enuthderstanding that a
scientifically literate society is imperative foustralia’s future. People in our
society should have an understanding of decistoe thake when they are at the
doctor, voting, making purchases, listening tortees and reading information. For
a scientifically literate society to develop theeseds to be a greater understanding of
what it means to be scientifically literate, anavigcientific literacy can be
promoted.

Three significant aims of the KSS initiative retafito the professional
development program are to enhance the skills addrstanding of teachers, to
develop teacher confidence, and to promote sdetfitéracy. The KSS professional
development sessions are usually offered to tea@teheir school or at Scitech,
based on a fee-for-service principle. Teacherscbaonse from a dozen workshops

covering three main areas: planning and teachicignt@ogies for science, working



scientifically, and developing conceptual underdiags in science. The KSS’s four
outcomes for teacher are to increase the

1. confidence of teachers of science by improvingrtbleils and

conceptual understandings of science in the cowufietkie
Curriculum Framework

2. quantity and quality of science education materedgiipment and

training available for teachers of science.

3. access to science education materials, equipmertraining by

teachers disadvantaged financially and/or geogcafiini

4. relevance of science and technology to careergaeiyday life.

Teacher professional development is pivotal tcaings of the KSS program
as “teachers are the key to change” (Kids' Sci&tate, 2002, p. 4) and “it is
through this means that genuine educational inpilparmeate the classroom”
(Kids' Science State, 2002, p. 6). To gain a ptspe of why the KSS professional
development was necessary an examination of theddr@ the Western Australian
Science curriculum since the advent of the CuraicuFramework is pertinent.
Background to the Science Curriculum and Scientific Literacy

In many countries, including Australia, changeseaior high school science
curricula in the 1960s and 1970s resulted in aepidriven science curriculum that
was suitable for about 20% of students in schdbtsse students who were most
likely to pursue a career in science (Fensham, 19B@r the majority of students
this meant a science curriculum that was irreleasuat detached from their
understanding of the science they would encouhteughout their lives (Fensham,
1997; Goodrum, Hackling, & Rennie, 2001).

The effects of this science curriculum were notipalar to the final years of
schooling. The focus on a final external examorathat enabled entry to tertiary
studies increased the emphasis on content. Ttaeefi down through the school
system resulting in a science curriculum that eatdéor only a small percentage of
the school population while disenchanting the mgjaf students (Fensham, 1997).
Furthermore, the de-emphasis of the personal atidlsspects of science in favour
of the process and content resulted in widespressaiisfaction with the science

! The Curriculum Framework refers to the Westerntéslisn curriculum document that is used as a
guide by schools to develop and implement thechieey and learning programs.



curriculum (Fensham, 1988). Both the United Statesthe United Kingdom
experienced a similar trend in dissatisfaction talxscience (Fensham, 2007). Much
of what is espoused in the curriculum of the Unisdtes and the United Kingdom is
reflected in the curriculum of Australia. Thudla¢ end of the 1970s there was a
wide range of science curricula, many of which weesved as unsatisfactory for
school students (Goodrum, Hackling, & Rennie, 2001)

During the 1980s, research into the dissatisfagtisnes of the 1960s and
1970s resulted in the development of novel idedsnaaterials for school science to
be inclusive of all students. A number of projeantsl research studies in many
countries were developed that identified how s@ancschools would appeal to a
larger audience. In New Zealaraarning in Sciencexplored students’
conceptions about science, with the research fomsng from teachers and
teaching to learners and learninbhe Secondary Science Curriculum Reyiew
England and Wales, encouraged curriculum develapeddeachers to identify how
science could be presented to be more relevamidests and how science learning
could be a deeper and more active process formaid&ubsequently, in the
Netherlands, the United States, Germany, Canadaasitalia, projects that
involved concepts in context were being developecbhnect traditional science
concepts with students’ interest in the scienddeir everyday lives. This approach
to science curriculum was strongly supported bgaesh on how students learn and
are attracted to science with a move away fromreébge-type laboratory
experiments to the active participation learningtoidents. The focus of these
projects was dominated by high school scienceiasatba had been most affected by
the content driven science of the 1960s (Fensh88¥))1

Research into the primary school science curricutasishown that the more
traditional methods of teaching primary sciencepfong on the content and the
processes of science, have failed to result inestisdacquiring scientific ideas about
how to interpret the world around them. Studentsiceptual understanding of
science content and processes has been recogsiaddmdamental aspect of the
learning process (Skamp, 2004). The developmestiugdents’ conceptual
understanding of science can be enhanced whenishimee to reflect on what is
being learnt in the context in which the learniadpeing facilitated. In content-

heavy curricula there is limited time for reflectiand contextualization of the



science content, thus restricting students’ undedihg of science concepts
(Goodrum, Hackling, & Rennie, 2001).

Additionally, it has been well documented in therature that primary
teachers believe they lack the confidence to teamnce (Appleton, 2003). Several
factors may contribute to this situation. Primiagchers must teach across all
learning areas, so their time to develop underatgsdn science is limited (Parker,
2004). Many primary teachers have had no formahse lessons since junior high
school (Appleton, 2003; Parker, 2004). A limitewlgerhaps negative exposure to
science inhibits primary teachers’ science coritantvledge and pedagogical content
knowledge (Hamm, 1992). These teachers may hallelexeloped pedagogical
skills, but they may flounder when teaching scieoiceertain aspects of science if
they move outside their area of content experflseds & Moreland, 2005).

In the United States the unsuitability of the comperary science curriculum
resulted in over 300 reports describing the crisiscience education. One of these
reports,Project 2061: Science for All America@smerican Association for the
Advancement of Science, 1989), promulgated a vigoscience that espoused
scientific literacy as the basis on which the soegeaurriculum should be built. The
authors described a scientifically literate perasrone who:

Is aware that science, technology and mathematcmer-
dependent human enterprises with strengths anthtions;
understands key concepts and principles of scieadamiliar
with the natural world and recognises both its diitg and
unity; and uses scientific knowledge and scientifays of
thinking for individual and social purposes. (p) 12

There have been many views of scientific literaxgressed in numerous
reports around the worl@ybee & DeBoer, 1994). In the Australian context,
Goodrum et al. (2001) defined scientific literasy a

The capacity for persons to be interested in antrstand the
world around them, to engage in the discoursesdfadout
science, to be sceptical and questioning of clarade by
others about scientific matters, to be able totiflequestions [,

investigate] and draw evidence-based conclusiorsi@make



informed decisions about the environment and their health
and well being. (p. 15)

The promotion of scientific literacy within the soce curriculum can assist
the movement from a traditional focus on studeqguasition of scientific concepts
and terminology to conceptual understanding ofrsx@ehat emphasizes the
cognitive abilities, reasoning processes, commitrteea science worldview, and
science communication skills (Prain & Hand, 2008tientific literacy can be
promoted if primary school students begin to apptecscientific ideas that help
individuals to understand the science in the wartgslind them.

Background to the Western Australian Science Curric ulum Framework

In Australia, a national curriculum was developed eeleased in June 1993
but not accepted for political reasons. Howevachestate used it as the basis for
developing a new curriculum during the 1990s.

The Western Australian Curriculum Framework was plated in 1998 and
introduced into Western Australian schools in 1998e document was founded on
the premise that learning is continuous and thengsg purpose of education is to
improve the learning and achievement of all stuslefithe Curriculum Framework
describes learning in terms of outcomes which ai@nsure that all students in
Western Australia have the knowledge, understandiitis and values necessary to
participate in the community now and in the futubewas developed to be the
guide, and therefore not a prescriptive documentthfe curriculum in Western
Australian schooldt was envisioned thatplementation of the Curriculum
Framework would mean that teachers and schoolsdndrgign and develop learning
and teaching programs to suit the needs of thedtesits. Moreover, staff were to
ensure that these programs included learning oppitieds and enriching experiences
for their students aimed at achieving the outcosa¢®ut in the Curriculum
Framework.

The Curriculum Framework divided the curriculumoigight learning areas:
the Arts, English, Health and Physical Educaticemduages other than English,
Mathematics, Science, Society and Environment,Taaathnology and Enterprise
(Curriculum Council, 1998).

The outcomes of the Science learning area wereniggin two parts:



» Understanding Concepts Outcomes encompassed tiatiscientific
understandings, theories, ideas and knowledger dtdaomes drew
from the traditional scientific disciplines of Na#iiand Processed
Materials (chemistry), Energy and Change (physieajth and Beyond
(geology and astronomy) and Life and Living (biolhg

* Working Scientifically Outcomes addressed the slafi scientific inquiry
and the ways people use scientific informationesghoutcomes were
organised into five strands; Investigating Sciécdify, Communicating
Scientifically, Science in Daily Life, Acting Respsibly, and Science in
Society.

In addition to the Curriculum Framework, eight sgp@ documents named
the Student Outcomes Statements (Education Depatroh&/estern Australia,
1998) were developed to reflect specific outcomesaich learning area. In these
documents ideas were given of how the specificamgs for a subject could be
achieved. Once again, these ideas were not meaetprescriptive but used as a
guide for teachers when programming, implementimdy @ssessing.

Implementation of the Curriculum Framework wasléss successful than the
ideals of the document. The documents were predeatteachers with few
opportunities to understand and ask questions aheutew framework which
resulted in teachers having limited understandingp@® way science could be taught
to promote scientific literacy. To address thgiesthe Western Australian
Department of Education and Training, in 2003, eexd the Student Outcome
Statements in all learning areas. As a consequaitbés review, Progress Maps for
each of the learning areas were developed. A wgrkersion of the Progress Maps
was produced in 2003, with the hard copy versidslipned in 2005. In 2005 the
Curriculum, Assessment and Reporting Policy (2068nhdated the use of the
Progress Maps now called the Curriculum GuideshHerOutcomes and Standards
Framework. Schools are required to use the frametwomonitor and evaluate
students’ progress and achievement. With threardeats in each of the learning
areas teachers needed assistance to interprepplydiae current curriculum. These
frequent changes to the document title togethdr atitimes limiting document
availability to an online source have left manyctears confused about which

document is the true working document.



Primary school teachers were facing not only madlatrriculum changes in
science but in the seven other learning areasgréms for professional development
were organized by the Department of Education ama¢hihg in all eight learning
areas, however, the main foci were those that adddethe aspects of literacy and
numeracy. The KSS recognized that further prodesdidevelopment programs in
science could assist primary school teachers thteaence in a manner that was
commensurate with the outcomes of the current @ultnm Framework in Western
Australia. Therefore, the KSS program expandedffesings to meet the increasing
professional development needs of teachers in \WeAigstralian schools.

Purpose and Research Questions

The purpose of this research was to investigatettect of the KSS
professional development program on the promotiactientific literacy in primary
school science through investigating the impac¢hefKSS professional development
program on primary school teachers’ attitudes, gqarons and understandings about
science. The following four research questiongeskkd the purpose of this research.

1. What do primary school teachers understand byettme tscientific literacy”?

2. What are the factors determining the effectiveraésbe KSS professional
development program in;

a. developing primary science teachers’ understandirsgientific
literacy?

b. promoting the confidence of primary teachers wieathing science?

c. developing teachers’ pedagogical skills to enaidentto teach
science?

d. developing teachers’ knowledge and understandirsgiehce to enable
them to teach science?

3. In what ways do teachers’ levels of confidence ggedical skills and science
knowledge influence how they teach science to stisd® encourage the
development of scientific literacy in schools?

4. In what ways can schools promote the longevitthefdutcomes of the KSS
professional development program?

Outline of the Research Design
The research design for this two-part study invdlier groups of

participants. The first group was a purposefulmtdéer sample of primary school



teachers, high school science teachers and theaygublic. This sample was used
in the first part of the study to develop an untierding of what was typically
understood by the term scientific literacy. Datxevcollected from the participants
using Personal Meaning Mapping (Falk, MoussourGC@ulson, 1998) interviews,
which was the first time that this method had besed to elicit information about
scientific literacy. Results from this group prodd a baseline understanding of
what scientific literacy meant to a variety of peopThis information was then used
to compare with the views of the primary schootheas in the three case study
schools which formed the second part of the study.

Part two of the research involved three groupsasfigpants from three
primary schools in Western Australia. Each prim&sfyool was used as a case study
to explore the outcomes of the KSS professionatldgment programs in different
school situations. The multi-site case study imgdlthe use of several methods of
data collection, which were used to triangulatedata so that a more complete
picture of the situation was established.

Data collected included interviews with the KSSfpssional development
program presenters, the principals, classroom &achnd students; teacher and
student questionnaires; observations of the primfieakdevelopment program and
observations of classrooms during science lessdhe.data from the schools related
to teachers’ perceptions of the KSS program in tithey had been involved. The
teachers were asked about their perceptions girthfessional development program
and how it impacted on their science teachingpdrticular, the case studies
examined how their confidence, knowledge and pegiagbskills in science had
been affected by their participation in the proi@sal development.

The data from three schools were analysed indaligand the findings
compared in a cross-case analysis. Various seatibthe data from the school case
study sites were able to be used to answer relgzatd of the four research
questions. However, as this study investigatednipact of the KSS professional
development program in only three metropolitan pnyrschools in Western
Australia, the results may not be representative lafger cohort of primary school

teachers in other schools and the way in which teagh science.



Significance of the Study

It has been well established in the literature gnahary teachers’ restricted
understanding of scientific literacy, lack of caténce, and their limited content
knowledge and pedagogical skills in science hasgicted good quality science
being taught in primary schools. The aim of tleisaarch is to contribute to
understanding of, and consequently improvementhése issues in five ways.

Firstly, research has shown that scientific litgrescnot well understood by
primary school teachers (Goodrum et al., 2001)weieer, it is not clear what primary
teachers do understand by the term scientificadgr This research represents a
significant attempt to clarify primary teachersdemstanding of scientific literacy so
that efforts to increase their understanding cambee effectively focussed.

Secondly, the research makes a methodologicalibation by exploring
teachers’ understanding of scientific literacy tigh the use of Personal Meaning
Mapping interviews, an innovative qualitative tejue that has not previously been
used in this way.

Thirdly, the research explores how a professiosaktbpment program may
have an impact on teachers’ knowledge, confidendegpadagogical skills in science
that, in turn, may impact on the teachers’ undediteg of scientific literacy. This is
achieved through teacher interviews and by obsgmiimary teachers during the
professional development program and teachershendstudents in the classrooms.

Fourthly, this longitudinal study documents theraies in teaching following
the professional development program. The reseatamines the longevity of the
professional development to determine if any eff@étthe professional development
program remain part of the teachers’ regular sedeaching repertoire. This
research identifies aspects of the professionaldpwment program that will support
and encourage teachers to sustain and progressiirstience teaching in order to
continually improve their students’ learning.

Finally, the outcomes of this research form thesdfms recommendations that
can be used to guide professional development @nagjthat will improve teachers’
understanding of scientific literacy, increase f@iynteachers’ confidence, knowledge
and pedagogical skills that will improve the quabf science education for their

students.
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Location of the Researcher within this Research

| am a secondary school science teacher who hdsedar metropolitan and
rural Western Australian schools for 17 yearsauentaught general lower school
science, upper school Chemistry, Physics, Humato@yoand Senior Science during
my career. | have had an interest in primary s@esducation from an early stage in
my career, having taught science in both the pymaarwell as the secondary areas
in a rural school. Whilst at a secondary schoalsd worked collaboratively with
primary school staff and students from severaldéesdhools to develop effective
transition programs between primary and secondagals that enabled a smooth
transition of students from Year 7 to Year 8. Alilgh my interests in the transition
program were more broad-based than science (I lsasancerned with how
students adapted to a new and larger school)cteace that students purported to
have experienced in primary school on their arrigaligh school was a special area
of note.

| was also keen to discover what the KSS professidevelopment program
was doing to support primary school teachers’ &for relation to science
education. A large project evaluating the KSS paiots had been established and an
opportunity for an Australian Postgraduate Awardi(istry) (APA(l)) became
available. The APA(l) enabled me to take leavenfteaching for three years to
develop a study in an area of interest to me -ntipact of the professional
development program offered by the KSS. In paldicu explored the way the KSS
professional development program addressed sécelitigracy, teacher confidence,
teacher knowledge and teacher pedagogical skills.

A few years after the introduction of the Curriaulérramework in 1998, |
had noticed that many science teachers were singggith the Curriculum
Framework in their area of speciality. Teachergdahat they did not understand
what was expected of them and that they had issiteknowing how to assess
students’ learning in an outcomes-based framewGnsequently, many teachers
did not engage fully with the implementation of th@comes articulated in the
Curriculum Framework. However for primary schad¢hers, assessment based on
outcomes occurred much more quickly as implementatias mandated in the
primary schools several years before the secorstdnyols. Informal conversations

with primary teachers led me to understand theemintation of the Curriculum
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Framework science curriculum was compounded irptheary school because they
were working on understanding eight Curriculum Fearark Learning Area
documents, not just the ones for science.

As a teacher myself, | was aware of the influerfcechool culture and
understood that it would be necessary to spenddenable time in the primary
schools to understand their unique contexts. Thenoon ground of teaching and
learning provided a link with the teacher and stugerticipants in this study. The
extended time in the primary school allowed meawehmy presence accepted by the
staff at the school, allowing me to talk informalyth many teachers to enhance my
understanding of the context of the school. lestitd a range of data from three
different primary schools, enabling me to obsenmve iateract with a variety of
teachers to understand commonalities and diffesence

From this point onward, | have chosen to call my4bke researcher” in this
study in order to develop an outsider perspectigd,endeavoured to be an observer-
participant rather than a participant in the resear

Overview of Thesis

In Chapter 2, the development and the currentviefascientific literacy in
the science education literature will be revieweith particular reference to the
Western Australian school context. Professionaebtigpment in teacher education
will be examined to identify a series of factoratthan be attributed to successful
professional development programs. The literateveew, in the context of the aims
of the KSS initiative, forms the basis for the depenent of the research questions.

In Chapter 3, the research design is explainediaked to the research
questions. The selection of and information albetparticipants are described.
Additionally, the description, use and analysisnstruments used to collect data are
presented.

In Chapter 4, the Personal Meaning Mapping Intevirestrument is
described, data from the participants are analysatings presented and assertions
are drawn. Chapters 5, 6 and 7 are devoted tthtbe case study schools,
Fenchurch, Winchester and Knightsbridge, respdgtivEhe research in each school
is described and the findings presented.

In the final chapter, Chapter 8, the research guestre reviewed in the

light of the synthesised findings for the Persdaviahning Map Interviews and the
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three case study schools. The outcomes of the studiyts conclusions are used to
draw implications for professional development pawgs, for teachers and for

further research.
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CHAPTER 2
LITERATURE REVIEW
Introduction

This chapter presents a discussion of the condegientific literacy leading
to a broad definition that has been developed istralia. The definition of
scientific literacy used in this research is theapped against the Western Australian
Curriculum Framework. Issues about scientificréity in Australian schools, in
particular Western Australia, are then reviewdds tlear that some assistance in
understanding and teaching for scientific litereecyequired. The factors that could
contribute positively to an effective professiodalrelopment program are then
derived from the literature to present a basigiiermining the effectiveness of a
current program for professional development.

Scientific Literacy

The Development of Scientific Literacy in Education

Paul de Hart Hurd was one of the first science atiuis to publish a
discussion of the phrase “scientific literacy”, bioe idea of this concept dates back to
the beginning of the J0century (Laugksch, 2000). According to Shamo9)9
scientific literacy was first introduced by Karl&son as a set of desirable thinking
habits. In the 1920s, the educator, John Dewesgriteed these scientific habits of the
mind as what should be the key to science educatisachools (O'Neill & Ploman,
2004; Shamos, 1995). Dewey believed that the fergqueople to become
scientifically aware was born out of the social @emm regarding issues in science and
technology that affected the public (Shamos, 19%%)fortunately, only innovative
educators became advocates for Dewey’s visionadraplishing all students to think
rationally about a variety of science concepts asdttention dwindled towards the
end of the decade, science became separated et@lsgped disciplines and education
centred on other more significant developmentsenTm the early 1930s, the
Progressive Education Association in the UnitedeStaf America (USA) set up a
committee that spent six years debating what shioellithcluded as the basic aspects
of the science curriculum. They proposed that sgeshould relate to personal living,
immediate personal-social relationships, socialeaiglationships, and economic

relationships.
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For the next 20 years innovation in science edandély dormant as the
results of the depression and the events of Word MWeonsumed the time and
energy of the education systems in many countieagham, 1997). Immediately
after World War Il, public attitudes toward scierst®wed a great deal of respect
and expectation of what was to come now the wodd at peace. This was shortly
followed by a period of disappointment and hostiéibout issues relating to
hydrogen and atomic fuels, which finally gave waytgenerally vague public
viewpoint; everyday citizens found that they weo¢ informed about scientific
ventures and as a result lost interest (Shamo$)198ientists had retreated from
public scrutiny, not wanting to be criticised orexplain their experiments, decisions
and choices concerning such issues as nucleargndlpost war consequences.
Soon scientists venturing out into the public domaere frowned upon by their
colleagues (Miller, 2000). Furthermore, in cougrrelying on cultural traditions,
like Japan and China, the community perceived nrodeience to be one of the chief
threats to their culture and held negative opinioinscience, scientists and science
knowledge (Cobern, Gibson, & Underwood, 1995). Eafdinese factors contributed
to stifling scientific communication between scist# and the general public,
creating a 20 year stagnation in thinking abowrgdic literacy and, consequently,
in the development of science education.

In 1949 Paul DeHart Hurd wrote a dissertation wianhlysed science
education in the first half of the century and fduhwanting regarding the outcomes
for students (Eisner, Shavelson, & Atkin, 2004)esBribed by Oliver and Nichols
(2001) as possibly “the most notable science educdtthe 28' century” (p. 425),
Hurd determined that teachers across all of thadicof the first half of the 20
century had been more concerned with their comtijactives than with any other
aspect of science teaching. He believed that seishould have social relevance for
all school students; he wanted science to be handsyd minds-on and not the mere
impartment of knowledge from master to novice (H@@00a; Oliver & Nichols,
2001). Hurd’s interest in science curriculum exiesh beyond the relevance of
science to promoting the relationship between seetechnology and society (Hurd,
2000b; Oliver & Nichols, 2001).

It was not until the late 1950s that the concesoiéntific literacy as a goal

of science education re-emerged under its curr@mien(Jenkins, 1997; Shamos,
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1995). Science education, driven by post war itréhlsation, the USA’s
embarrassment that Russia successfully launchattlite before the USA did, and
increasing interest from academic scientists, \gas &S a way to attract more
students into the science field. In the earlyt®@sNational Science Foundation in
the USA and the Nuffield Foundation in the Unitedig@dom funded a number of
projects to reform the curriculum of school scie(feensham, 2005; Kelly & Staver,
2005). In Australia, projects based on the USAigiculum were developed
providing materials for chemistry, physics and bgy (Fensham, 1997). However,
this focus in science education was mainly aboeruieng more scientists and not
about engaging all students in science. For tlasae, the movement had lost
impetus by the late 1970s, when it was realisetitths approach to science had
been geared for a specific science community ahdondhe general public (Jenkins,
1997; Shamos, 1995).

As interest in science and science education isegeanany countries noted
the inadequate state of school science and proddedievise solutions to rectify
these problems. Thus what may have started ateangtto produce more trained
scientists showed promise to flourish into a meanwovide students and the public
in general with a broader understanding of sci¢hiced, 1998; Shamos, 1995). In
the early 80s, in an effort to improve the genprdilic’s scientific literacy, some
scientists formulated lists of concepts, ideas,@mehomena that were deemed to be
vital components of scientific literacy or thindgetpublic should know (Rennie &
Stocklmayer, 2003). This attempt to improve scfenliteracy involved the use of a
one-way, top-down “deficit model” of the public’aderstanding, where the aim was
to determine the science deficit of the public. fivbat science its members did not
know) and then to fill the knowledge vacuum of teeientifically illiterate” general
public with the facts and methods that were seesciBnce academia as vital
components of the public understanding of sciefedli(on, 1989; Miller, 2000).
Understandably, the scientists themselves, beomy flifferent subject backgrounds,
could not agree on the items that were suitablgémeral science knowledge of the
public and as a result, the deficit model did relhwer what was expected (Fensham,
1992). Not only did scientific literacy have a gué meaning for scientists from
different disciplines, it had different meanings $sience educators, educators and

the general public, because the term can meanetitféhings to different people
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(Laugksch, 2000; Symington & Tytler, 2004; Tytl&mith, Grover, & Brown,
1999). Attention in schools then turned to makpnggress in understanding of the
meaning of scientific literacy (Laugksch & Spar@896; Miller, 2000).

However, developing a definition for scientificeliicy could not be
accomplished in isolation because it needed tmb&gtualised to reflect how people
interact with science on a daily basis in theinstyc Thus, movements such as
Project 2061: Science for All Americans (AAAS, 20(h the USA (Fensham, 1997),
the Public Understanding of Science (Thomas, 189#)e UK, and variants of these
programs in other countries, officially espousee@ific literacy as the purpose for
school science. Although the development of diedins of scientific literacy was
commonplace, there was still considerable debateaagenerally accepted definition
of scientific literacy remained elusive (Fensha®917;, Solomon, 1997).

Current Views of Scientific Literacy

As scientific literacy became recognised as a kepgse of science
education for all students (Bybee, 1995; Laugk2600; Millar & Osborne, 1998;
The Association for Science Education, 2006), damee increasingly necessary to
develop an agreed definition. The agreement adrsgcountries to participate in the
measurement of outcomes in formal schooling inQhganisation of Economic
Cooperation and Development’s (OECD) Program feerimtional Student
Assessment (PISA) and to provide a means to mostitmients understandings using
real-life contexts (Harlen, 2001) has resulted ghared vision for science education.
This vision represents and recognises the abdithink through real life problems
as an essential aim of modern education. The OEBIJA report (2000) defined
scientific literacy as:

The capacity to use scientific knowledge, to idgnti
guestions and to draw evidence-based conclusionslar
to understand and help make decisions about theahat
world and the changes made to it through humanigcti
(p. 76)

A more recent OECD PISA report (2006) referreddiertific literacy as an
individual's:

. Scientific knowledge and use of that knowledge to

identify questions, acquire new knowledge, explain
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scientific phenomena and draw evidence-based
conclusions about science-related issues.

. Understanding of the characteristic features arsm as

a form of human knowledge and enquiry.

. Awareness of how science and technology shape our

material, intellectual, and cultural environments.

. Willingness to engage in science-related issuesnattd

the ideas of science, as reflective citizen. (p. 23

In Australia, the authors of a government commissibresearch repoithe
Status and Quality of Teaching and Leaning Scieméaustralian School¢Goodrum
et al., 2001), argued that scientific literacyaeis as important for all Australian
citizens. They developed a definition of scientlfieracy that was consistent with the
definition then used by PISA. The definition usedhis research is the one used by
Rennie, Goodrum & Hackling (2001). In their papeporting the results of a
national study into science teaching and learningustralian schools, they suggest a
quality science education is one that promotesiévwelopment of scientific literacy
by assisting citizens to be

interested in and understand the world around tle@gage in
the discourses of and about science, are sceptidal
guestioning of claims made by others about scientifatters,
identify questions, investigate and draw evidenasekl
conclusions, make informed decisions about therenrent
and their own health and well being. (p. 466)

Goodrum et al. (2001) drew attention to widespre@utern about the lack of
science awareness, particularly in the communityge duthors concluded that science
educators, teachers and researchers believe thatic literacy is the main purpose
of science education in Australian schools but itisaheaning is not well understood.
Furthermore, data for their report indicated thatscience curriculum implemented in
schools is not likely to promote scientific liteyacThis lack of understanding may be
attributed to several factors. Firstly, the amaafrinformation that teachers are
expected to understand and remember, in addititimeioteaching role, has greatly
increased over the past twenty years. Secondlyiméatives complete with new

jargon and acronyms are constantly being imposestbaols and their staff in a
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passive, non-reflective manner (Kahle, 1999; Tytfenith, Grover, & Brown, 1999).
Thirdly, individuals draw upon science in a widaga of contexts, but the school
curriculum cannot include details of the sciencetent relevant to all of these
contexts (Ryder, 2001) and thus knowledge mustrhecubservient to the general
issue of scientific literacy (Symington & Tytler0@4). What is important for teachers
is that they are able to make science accessddant and meaningful for their
students (Horowitz, 1996; Howitt, 2007; Lee, H&tievas, & Enders, 2004). Science
that relates to and benefits aspects of studeatty lives may be an appropriate
starting point if students are to make connectlmtsveen science in school and
science in the wider community (Haefner & ZembaliS2004; Rennie, 2005, 2006;
Treagust, Jacobowitz, Gallagher, & Parker, 2001).

Developing a broad based knowledge and understguadliout science and its
relationships with society and individuals can léathe development of scientific
literacy. The idea is that when people developsite relationship with science,
they become more scientifically literate (Martin{ibop & Fraser, 2005; Rennie &
Williams, 2002). Habits of mind should form thesksafor scientific literacy,
because when science is second nature peopleenalble to identify it and utilise it
(Reveles, Cordova, & Kelly, 2004). Both studemd &achers must perceive
science as a way of thinking, finding, organising aising information (Goodrum,
Hackling, & Rennie, 2001; Rennie, Goodrum, & Haegli2001; Symington &
Tytler, 2004). In particular teachers need to hfreeknowledge, skills and
confidence to be able to prepare science lessansvilh encourage students to
understand science in ways that assist them taediée-long learners who can use
science confidently. To do this, teachers mudtbsliar with the content of
scientific literacy and how it can be developed.

Rennie (2005) has teased out the components aitdiciditeracy in a paper
aimed at helping teachers to understand its medee®Figure 2.1). She argued
that thinking differently about science involved naly learning new things, but
becoming more aware of and interested in scief&e people are comfortable
with, and can talk about and read about sciene®, tiiney can begin to use it to
answer questions, challenge information presemtéidem and make informed

decisions about matters important to them.
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This definition might not be familiar to most teack; however, they will be
familiar with the requirements of their sciencermulum. If, as the Goodrum et al.
(2001) report suggested, current science curridalaot promote scientific literacy
then there is a need for scientific literacy tochearly identified as a stated goal for
students and teachers (Cobern, Gibson, & Underwt®25), and this must be both

implicit and explicit in the school curriculum.

are interested in and
understand the world
around them.

engage in the discourses
of and about science.

Scientifically

Literate
People

make informed decisions
about the environment
and their own health and
well-being.

are able to identify
questions, investigate,
and draw evidence-
based conclusions.

are sceptical and
questioning of claims
made by others about
scientific matters.

Figure 2.1. A definition of scientific literacy fm Rennie, 2005)

Clear links must be made between the componeritgeafcience curriculum
and the components of scientific literacy. In VéestAustralia, the concept of
Working Scientifically in the Science Learning Arefathe Curriculum Framework is
closely related to scientific literacy. The fivetoome areas of Working
Scientifically are described as science in dafly, Icommunicating scientifically,
science in society, investigating, and acting rasgaly. These areas are defined in
Table 2.1. The components of scientific literabgwn in Figure 2.1 can be mapped
against the five outcomes that compose the WorRrigntifically outcome, as
shown in Table 2.2, columns 1 and 2. Additionatlycolumn 3, are suggested

examples of what it means to be scientificallyréite. These examples can provide
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teachers with a guide to the kinds of skills the¢ehto be developed in their students
to achieve each aspect of scientific literacy.

Table 2.1 Definition of Working Scientifically fro the Western Australian
Curriculum Framework (Curriculum Council, 2005)

Working Scientifically Western Australian CurricatuFramework Outcomes

Science in daily life Applying and integrating sooe within our lives.

Communicating scientifically Present and commur@aatience information, scientific

language, access and organize information

Science in society The nature and people of scjeghegmpact of science.
Investigating Planning, conducting, processing|uating
Acting responsibly Impacts and ethics of scienegjsion-making
processes

The information in Tables 2.1.and 2.2 demonstrtitasthe achievement of
scientific literacy is not only a possible but atended outcome of the WA science
curriculum. Yet, as Goodrum et al. (2001) and otheearchers (Fensham, 1997;
Harlen, 2001; Jenkins, 1997) found, scientificritey is not well understood and
frequently not an outcome of the science curriculdirhe implication is that teachers
and their schools need assistance in both unddistawhat scientific literacy is,
how their Curriculum Framework supports it as atcome, and what skills their
students need to develop to become scientificaélyate. Such assistance might be
provided by a professional development (PD) progttaath not only recognises the
concept but develops a way that it can be presentad effective manner. A PD
program that promotes scientific literacy must@dspecifically to the term
“scientific literacy” in some way so that links leten the term and effective science
teaching are able to be made by both the PD presentl the PD patrticipants. If the
term scientific literacy is incorporated into tlegular repertoire of the PD, this will
help teachers to become familiar and comfortabté thie notion of scientific
literacy being the focus of science education hosts. There should be a variety of
ways that demonstrate the link between scientieedcy, everyday life and the

curriculum. Further, development of the definitmirscientific literacy needs to be
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broken down for teachers and students if it ised@lpart of the science education

program.

Table 2.2 Mapping Scientific Literacy Against tDetcomes of Working
Scientifically (Rennie, Mayne, Evans, & Sheffiekf)06)

Working Scientific Literate Persons Underlying skills arulities

Scientifically

Science in daily life  are interested in, and Apply science knowledge and skills
understand the world around in daily life. Seek information to
them explain new phenomena or solve

problems
Communicating engage in the discourses of Feel comfortable to listen to, and to
scientifically and about science read, write and talk about science in

everyday life

Science in society are sceptical and questioninQistinguish between fact and
of claims made by others opinion. Assess quality of evidence
about scientific matters

Investigating are able to identify questionsThink through issues and identify,
investigate and draw obtain and use needed information.
evidence-based conclusions Understand the meaning of “fair

test”. Define an argument

Acting responsibly make informed decisions  Recognise and cope with risk and
about the environment and  uncertainty in decision making.
their own health and well-  Choose to act responsibility and
being ethically

Professional Development in Teacher Education

In the following section, the nature of professiotevelopment is explored
with a focus on the characteristics of effectivefpssional development programs as
established in research programs in Australia atetnationally.
Defining Professional Development

There are many ways to define professional devedopriBell & Gilbert,
1996; Guskey & Huberman, 1995; Hewson, 2007). @dlyePD involves a
program to provide opportunities for individualsgimw both professionally and
personally. Middlewood, Parker and Beere, as ditdetaser, Kennedy, Reid and
Mckinney (2007), defined professional developmesxitaan ongoing process of
reflection and review that articulates with devef@mt planning that meets
corporate, departmental and individual needs” @)16f late, the phrase

“professional learning” has been used synonymowgly a broader definition of
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professional development. Loucks-Horsley (19983mei to this broader definition
of professional development as a “bridge”, thatisital link between where a
person is and where they want to be (p. 1). Furtbee, Fishman, Marx, Best, and
Tal (2003) believed that professional developmehbtuld fundamentally be about
teacher learning: changes in the knowledge, bekeid attitudes of teachers that
lead to the acquisition of new skills, new conceptsl new processes related to the
work of teaching” (p. 645). These broader defimi@f professional development
focus on the individual as a learner, their persgrawth and their pursuit of life-
long learning (Fraser et al., 2007). In this resledhe term professional learning
(PL) will be used when describing teacher outcorard,the term professional
development (PD) will be used when describing tleggams that are implemented.
Types of Professional Development

There are many forms of PD which may be offere@éahers. In her article,
Models of continuing professional development:aanfework for analysigennedy
(2005) outlined nine models that are often use@Dbypresenters.

1. Training - generally delivered to the teacher by éxpert with the agenda
determined by the deliverer; the participant ig iimnansmissive role.

2. Award-bearing - one that relied on or emphasisedctimpletion of
university or other award-bearing programs.

3. Deficit - one that has been designed to serve @epad deficit in teacher
performance.

4. Cascade - individual teachers attend training evantl then disseminate the
information to colleagues.

5. Standards-based programs - focus on standardsddrynan external
organisation, such as an educational jurisdictimhan externally formed
accountability model.

6. Coaching/mentoring - a relationship between twaghess in order to assist
the teacher with less experience. Coaching is skilis based and
mentoring involves professional friendship and amlimg. Professional
learning needs to take place within the schoolexdnt

7. Community of practice - generally involves morertitao people and

depends on collaboration.

23



8. Action research - the study of a social situatimrolving the participants as
researchers with a view to improving the qualityaofion.

9. Transformative - the professional development @moygrecognises the range
of different conditions required for transformateactice; it usually
involves effective integration of a range of models

These nine models, as listed, progress from arntresgon approach through a
transitional to a transformative approach in the teey engage participants.
According to Kennedy (2005), professional autonasryetter developed with more
transformative models.

Loucks-Horsley, Love, Stiles, Mundry and HewsonO@0categorised these
models of PD from the perspective of the PD pressnh terms of the types of
strategies the participants would engage in dutiegprogram. Loucks-Horsley et
al. group these strategies into six categories.

1. Aligning and implementing curriculum, e.g. currigal alignment and
instructional materials selection; curriculum implentation and curriculum
replacement units.

2. Collaborative structures, e.g. partnerships witargests and mathematicians
in business, industry and universities, profesdiaoraworks, study groups.

3. Examining teaching and learning, e.g. action retearase discussions;
lesson study; examining student work and refle¢tamgl scoring
assessments.

4. Immersion experiences, e.g. immersion in inquirgdrence and problem
solving in mathematics; immersion into the worldsoientists and
mathematicians.

5. Practicing teaching, e.g. coaching, demonstragsgdns, mentoring.

6. Vehicles and mechanisms, e.g. developing profeaka®velopers;
technology for professional development; workshapstjtutes, courses and
seminars.

The choice of category and strategy will be depehdpon who the participants are
and what information they are interested in to esbaheir PL. Strategies can be
used individually or bundled together, dependindgr@nrequirements of the
participants. PD presenters need to identify wiygle, category and strategies will

suit the teachers to ensure that the PD prograafigstive.
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Models of Professional Development Programs

There are two ways of modelling PD programs, firdtiom the teacher-
participant perspective and secondly, from thelifator perspective. Each of these
perspectives is reviewed in the following section.

The Teacher-Participant Perspective

Through their work with science teachers duringdapiPogram in New
Zealand, Bell and Gilbert (1996) developed a méaleachieving teacher PL that
included the personal, social and professional ldpweent of the individual teacher.
Bell and Gilbert’s observations of and interactianth science teachers involved in
their research found that teachers’ personal dewedmt and social development are
interrelated issues that impact on their PL. Betl &ilbert developed nine categories
based on teachers’ beliefs and actions during the@arch. Figure 2.2 outlines their
model of teacher development.

Dall’Alba and Sandberg (2006) described stage mBde&s programs that
endeavour to assist participants with skill acquisifrom novice to expert by
ensuring that the competencies required by eaah éae achieved before moving on
to the next level of mastery. They argued thdutalamental dimension of
professional skill development — namely, understamndf, and in, practice - is
overlooked in stage models” (p. 388).

Bell and Gilbert (1996) did not advocate a stageehéor PD, so that one
phase must be achieved before the next is develdRather, they recognised that
“the nature of the learning that any individual i@eles is influenced by their
perceptions of the circumstances of their life”3B). Their model describes nine
main aspects which are a flexible sequence for taather with respect to time,
where teacher learning activity may not indicate@vement forward but may
indicate clarification of the nature of their teah They describe the processes as a
facilitated progression in personal, social andgesional development to aid PD
presenters and teachers themselves to monitor ehdegjl and Gilbert grouped the
nine aspects into three categories for teacherlaavent; personal, social and
professional. Each of the aspects shows a pragressitial (1), second (2) and
final (3) that was identified from the participamtstheir research. However,

individual participant movement can occur in amgdiion. The following is a
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description of the nine aspects; these aspec@suellustrated diagrammatically in
Figure 2.2.

Social Professional Personal
Development Development Development

Personal
development 1:
Accepting an

Social
development 1:

Initial seeing isolation aspect of my
phase as problematic teaching as
problematic
Professional
development 1:
Trying out new
activities
Social
development 2: Personal
Valuing development 2:
Second collaborative ways Dealing with
phase of working and restraints
reconstructing what
it means to be a Professional
teacher of science development 2:
Development of
ideas and
classroom
practice
Personal
development 3:
Third development 3: Feeling
phase Initiating empowered

collaborative
ways of working

Professional
development 3:
Initiating other
development
activities

Figure 2.2. A model of teacher development (BelB8bert, 1996, p. 16)
» Personal development 1: Accepting an aspect ohtegas problematic.

Teachers note some dissatisfaction with an aspeleem teaching and make

a decision to do something about it, like join augr or program.
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Social development 1: Seeing isolation as problemaeachers perceive a
need for new ideas, support and feedback from etheeachers believe the
benefits of participating in a program outweigh tis&s.

Professional development 1: Trying out new actgiti Teachers participate
in the context of their own classroom, giving riedeachers’ ideas and
professionalism being valued.

Personal development 2: Dealing with restrainteachers are able to
overcome the restraints inherent in teaching, sisctine fear of losing control
in the classroom, changing the amount of teachieniantion in their lessons,
being able to cover the curriculum, their knowled§éhe subject, meeting
the assessment requirements, revaluating thetrawe$hips with students and
performance appraisal.

Social development 2: Valuing collaborative waysvofking and
reconstructing what it means to be a teacher. titis¢, support and
credibility of the collaborator and peers are dgthbd and collegial
relationships are developed.

Professional development 2: Development of idedscéassroom practice.
This is reflection-in-action, where there is refien on classroom actions and
reflection on classroom actions in relation to tie¢ical ideas.

Personal development 3: Feeling empowered. Teablkemne responsible
for their own learning in the classroom and in @bdrative work.

Social development 3: Initiating collaborative wayjdearning. Teachers
seek out collaborative groups on their own volition

Professional development 3: Initiating other leagnactivities. Teachers
move from the existing program by transferring tiséills into other
programs in the same or other areas.

Bell and Gilbert (1996) advocated that a partictfzamitial personal

development requires the individual to enquire altloe reasons a PD program is

undertaken by accepting that an aspect of theirteaching requires assistance. In

their study, the participants were mostly volundegho had accepted an aspect of

their teaching as problematic and were willing xplere other ways of teaching.
The Bell and Gilbert (1996) study was not basea @arhole-school PD program, but

on the formation of a new group interested in invprg their science teaching in an
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educational jurisdiction. Although the impetus ¥dnole-school PD program may be
attributed to the dissatisfaction of a number affswith a particular issue, this
dissatisfaction may not be representative of aldtaff at the school site.
Furthermore, the momentum behind the PD prograatseh may have arisen as a
response to an educational jurisdiction or schaitibtive.

Bell and Gilberts’ model was developed through oletgons of, and
interviews with, teachers undergoing a voluntary B@therefore comes from the
perspective of the willing participant rather thithe perspective of the PD presenter
or facilitator. In the current study, the perspeetf the PD presenter is an important
focus as this research aims to uncover factorstaheuPD implementation that
effectively contributes to teachers’ PL in schools.

For the PD presenter, it is imperative to know anderstand why the PD
program has been requested and who requestedid.information will enable the
PD presenter to make a choice of model(s) thatheilinost suited to that particular
situation (Kennedy, 2005).

The Presenter Perspective

The PD presenter may be a staff member at the kochadnich the PD will
be delivered, a staff member of a local educatigmédiction, a staff member of a
state educational system or a member of a priva@nization. Loucks-Horsley et
al. (2003) approached professional development &d?D presenter’s point of view,
which identified ways that the PD could be delivkneost effectively to suit the
requirements of the teachers. Loucks-Horsley amddam worked with PD
presenters and teacher participants in many situgturing the 1990s. This
research culminated in the development of theirehtm PD in 1998, which
describes PD from the presenter’s perspectivedifaed from PD presenters,
teachers and academics on this model allowed Ledoksley and her team to refine
this model or design framework into an effectivgplementation process, in 2003, as
shown in Figure 2.3.

The planning process for any PD program needs akewnguts; the
knowledge and beliefs of the presenter(s) and #ntcpants, the content, the
context, the critical issues, the physical site #redstrategies that will be used for the
PD (Hewson, 2007). Loucks-Horsley et al. (2003duan elaboration of these

inputs as the design for the implementation prooédiseir model, which may follow
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the logical sequence of events as outlined in EBI@UB (commencing at Commit to
Vision and Standards) or it may be necessary fioresimitial form of action to occur
at some other stage of the cycle to foster the mgaun development of a PD

program initiative.

Knowledge
& beliefs

7

Commit to Analyse Set Goals Plan Do Evaluate
Vision & student
Standards »| learning & » » > »
other data /\
A ﬁ [ 1=
Critical Strategies

Issues

Figure 2.3.  Design framework for professional depment in science and
mathematics. (Loucks-Horsley, et al., 2003, p. 2)

The Bell and Gilbert and the Loucks-Horsley enabdels form the basis of
the following discussion about designing an eftec®D program. The discussion
will follow a chronological order of what shouldg@en in effective and successful
PD programs to promote teacher PL. From the d&ssngsvarious assertions of the
key characteristics of what should be included RDaprogram will be developed.
Designing Professional Development

To design effective PD the presenter must takeantmunt a number of
factors relating to the school content as welhasrtature and experiences of the
participants. Ten factors are discussed in tHewviahg sections, drawing on both the
Bell and Gilbert (1996) and the Loucks-Horsleyle{2003) model, as well as other
pertinent literature. Each section concludes witdtatement synthesising the key
factors that can lead to effective PD.

29



Teachers’ Attitudes and Beliefs

PD presenters must understand the learners amdrigathe teachers and
teaching, the change process and the nature gbtitent area to be delivered
(Loucks-Horsley et al., 2003). Firstly the PD neter needs to have an
understanding of why the school has afforded tinceraoney for the PD program.
Secondly, the PD presenter should determine “wtearehers are” by finding out
their perceptions and understanding. This can iged’D presenter an insight into
what will restrict risk-taking actions and alludedome scaffolding that may assist
teachers with their journey.

Thirdly, an effective PD program should be desigteetike into
consideration the knowledge and beliefs of theigpetints. The PD presenter will
need to consider participants’ past experiencea} wbntent/concepts would be most
beneficial for them, and if or why the participantish to embark on this learning
journey. If the PD presenter can assist teaclansderstand the purpose of the PD,
then it will greatly assist constructive feedba@8parks (as cited in Loucks-Horsley
et al., 2003) insightfully noted, “It's been saltht someone who has a ‘why’ can
endure any ‘how’; few things are more importanttotivation than purpose that is
regarded as profoundly and morally compelling”X(®).

When dealing with a whole-school PD program thay mat be welcomed
unanimously by staff, PD presenters should plaageely by anticipating
constraining issues, confronting these issues iadthf possible solutions that will
assist the teachers in furthering their PL. Eactigdpant will have their own agenda
of what information they would like to know to emua their PL learning. Itis the
PD presenter’s responsibility to obtain this infatian from all the participants to
determine what type of program will best serveghsdicipants to enhance their PL.
Teachers’ knowledge and beliefs should not onlgdEounted for in the planning
stages of the PD program, they should be delinesgaldey will be an important
input at each phase of the implementation prodesscks-Horsley et al., 2003).
Furthermore, Abell and Roth (1994) have suggestadreform in science education
will only be effective in the classroom if praatitiers support and understand the
innovations.

In summary, then, the first key factor for effextRD is that the presenter

should identify the attitudes, needs and belieth®teachers.
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The School Context

The context of the school plays an important patiaw the PD is
encountered, accepted and developed. The cultdine school will have an impact
on the teachers and hence an impact on the profegsearning of the staff (Abell &
Roth, 1994; Tytler, 2007). Loucks-Horsley et @aD@3) identified a number of
factors that may contribute to the school contth:students, the teachers, the
curriculum, the learning environment, availableotgses, the history of
organization, the organizational structure andéesitip, and the national, state and
local policies.

A PD program will only be effective if the presenbas an understanding of
the school context. Kennedy (2005) identified thatext through which the program
is delivered and will subsequently be embeddediagamental for successful
implementation. PD presenters need to obtainmmébion from the participants and
the principal on the content and ways that theggngshould be delivered that would
be most beneficial and appropriate.

The second key factor for effective PD is thatptesenter should identify the
school context and develop the PD program accortintpe teachers’ needs.
Teachers Valuing Professional Development
For teachers to be able to identify areas of tiegiching as problematic, they first
need time to examine what may need assistandeD I§ a whole-school venture
which is not voluntary for teachers, they needriow ‘why’ the PD program has
been selected. The goals set by the school oraéidnal jurisdiction need to be
transparent to all teachers. In many schools ieseptative committee may have
chosen a particular PD program in response toffa sthool administration or
system need or initiative. If the whole staff han# been involved in the decision
making process, it should be made clear why thevB®selected. Both the PD
presenter and the teacher participants need to kmegoals for students’ learning,
teachers’ learning, teaching practice, and forsttteool (Loucks-Horsley et al.,
2003).

Teachers need to know why and how the materidlerPD program will
assist them so that equity is assured for the wézhieol community. For teachers to
change their current practice they must see a measend; teachers will not

engage in what they perceive as risk taking behavidhey cannot see the benefits
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for themselves or their students. If the matgrakented in the PD program can be
used with their classes in the near future, it gieeen more meaning to the task.
These activities should be an authentic refleabibiine reality of current classroom
practice; if teachers can see the relevance fonskb/es and their students then they
will be more likely to incorporate the knowledgerr the PD program into their
regular classroom practice (Rodrigues, 2005a).

For PD presenters to engage teachers and encdbheagdo change their
current practice, they must make their progranviiets workable, engaging and
relevant to teachers. For PD to be effective, nmgdinl and successful, several
factors related to the participant teachers nedxtoonsidered. Progressive PL
outcomes occur when teachers undergo accommodduiarege. Teachers undergo
accommodative change when they are intrinsicallyivated to learn; become aware
of their implicit ideas and practices and critigadikamine them; construct alternative
knowledge, beliefs and practices; and resolve timdlicts between the prior set of
ideas and practices and the new (Hashweh, 2003).

Effective PD programs should provide both humarpsupand material
resources, as these resources aid successful impigtion (Rennie, Goodrum, &
Hackling, 2001). If written and equipment resograee easily available from the
PD presenter, on the internet or CD-ROM, withingbkool or locally, it will allow
teachers easy access to the materials they nesdeticouraging them to make a
start on an activity (Appleton & Kindt, 1999).

The third key factor for effective PD is that the presenter should aim to
include activities, strategies and provide resosrtigat are of use to teachers.

Primary teachers are the focus of this researctaarsdich an understanding
of their confidence, pedagogical skills and knowledh science will be addressed in
the following sections.

Teacher Confidence and Skills

Bandura’s (1977) theory of social learning suggtsis people develop a
generalised expectancy concerning action outcomenggencies based on prior life
experiences. In addition, people also developiBpdeliefs concerning their own
ability to cope. Self efficacys the belief in one’s own ability to perform ahla@iour
(Enochs & Riggs, 1990).
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Primary teachers’ personal beliefs about sciendesarence teaching may
affect whether or not they teach science and ¥f the affect the way in which they
teach it (Appleton & Kindt, 1999; Parker, 2004) aBtross and Spink (2002)
suggested that teachers see their own confideneerasasure of their competence.

If teachers feel anxious about science they willfeel competent to teach it.
Furthermore, Appleton (2003) found that if teacHack the confidence to teach
science they tend to use strategies that limistiope of the science lessons resulting
in didactic content-based learning experiencestiaents. PD presenters should be
aware of potential “road blocks” that will limitipnary teachers’ desire to teach
science and encourage ways to teach science eéhcti

The development of science PD programs for prirsahpol teachers should
consider their attitudes to and confidence witleisce. It has been well documented,
over a long period, that primary teachers condiderr confidence to teach science
limited (Appleton, 2003, 2006; Birse, 1996; Depaetrnof Education and Training,
1989; Ginns & Watters, 1996; Harlen & Holroyd, 199%ack of teacher confidence
has been attributed to the following factors: la€ktrong background in science
content, inadequate facilities and equipment, svdeal curriculum, poor
instructional leadership, and low priority rankiofgscience within the school
curriculum (Appleton & Kindt, 1999; Peers, DiezmagnWatters, 2003). As most
primary teachers must teach across all of the ilegareas, their time to develop
understandings in science is limited (Appleton,&00

Many primary teachers have not participated in fratience lessons since
high school; for some this may have been two yp&aos to their high school
graduation (Appleton & Kindt, 1999). Their scieregeriences in high school may
have been negative, confusing or limited to onersm discipline, such as biology
(Appleton, 2003; Parker, 2004; Shallcross & SpR©®Q2). Teachers need to feel
confident to teach science and have the skillegrbplanning and implementing
their own programs (Appleton & Kindt, 1999; Shatiss & Spink, 2002), and to be
able to engage themselves and their students iningfal science activities that
reflect the curriculum guidelines, the needs ofghuelents and address the themes of
the classroom or school (Davis, 2003; Kelly & Sta@®05; Shulman, 1986).
Furthermore, teachers should have the ability sduate their programs in a

constructivist manner to produce highly refinedhéag experiences for their students
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(Parker, 2004; Shallcross & Spink, 2002). ConsetiyePD presenters need to assess
and address teachers’ confidence and skills whepaping their program in order for
PL to occur (Gregson, 2004). A PD program thaegiteachers opportunities for
active learning so that they are able to engadpinds-on activities, provides learning
situations through inquiry and investigation, alidves teacher question time will be
more effective at increasing teacher confidenceskill$ than a didactic approach
(Garet, Porter, Desimone, Birman, & Kwang, 2001diRyues, 2005a, 2005b). Bell
and Gilbert (1996) suggested, in their aspectitibirprofessional development, that
this should be developed by valuing what teachave Ibrought to the PD program
and by encouraging teachers to build on their oxpedise.
In summary, the fourth key factor for effective B@hat the program should aim to
increase teachers’ confidence, and the fifth keyofais that a PD program should
aim to increase teachers’ pedagogical skills.
Teachers’ Knowledge

Limited subject knowledge is sometimes blamed fanary teachers’ low
confidence levels leading to restricted classrooactres. Although these teachers
may have well developed pedagogical knowledge (Bi€y may find it difficult to
teach science if they are unfamiliar with the cantélarlen, 1999; Harlen &
Holroyd, 1995; Moreland & Jones, 2005). AppletdAd6) argued that content
knowledge alone will not improve teachers’ confiden Pedagogical content
knowledge (PCK) must also be improved for a teath@erform effectively.
Primary school teachers’ limited, and perhaps negatxposure to science may
have inhibited both their science content knowle(f@j¢) and their science PCK
(Hamm, 1992; Shulman, 1986). Appleton (2006) dbedrPCK as the dynamic
knowledge a teacher uses to construct and impleanscience learning experience
or a series of learning experiences. Teachersnstahding of the nature of the
discipline, their personal CK, strongly influendbsir personal PCK. A teacher’s
PCK can determine what they highlight as imporfanparticular students, in
particular contexts. Sound CK appears to havesdipe effect on teacher PCK, i.e.
their planning, assessment, implementation of cullsim and curriculum
development (Mulholland & Wallace, 2005).

Primary school teachers need to have a store efalewnique, subject-
specific CK and PCK (Appleton, 2006; Davis, 2008).Western Australian
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primary schools, science is often taught by thestlaom teacher, who also conducts
lessons in at least five other curriculum areastigyr own admission, many primary
school teachers believe their knowledge and uralalstg of science is lacking.
Most PD programs would have an implicit aim theesnaur to improve student
learning, therefore these programs should staht thié improvement of teachers’

CK and PCK (Redman, 2005). Appleton (2003) fourat teachers PCK can be
observed through the demonstration of teachersagagical skills.

In summary, the sixth key factor for effective BEhat the program should
aim to value teachers’ past experiences and knayeleand the seventh key factor is
that a PD program should aim to increase teachegsitent knowledge.

Teacher Reflection and Collaboration

PD initiatives must enable teachers to be refledtivhe context of their own
classroom. Teacher reflection should be an intggna of their PL, so that they
have time to think about what they have done, eramihat went right in the
classroom and what they need to question or chargthout this time for reflection
teachers will often continue with new methods thay need some fine tuning or,
perhaps worse, consider that those new methodspr@ioéematic and resort to a
method that may not be as effective but with whiey are more comfortable
(Loucks-Horsley, 1998; Tytler, Smith, Grover, & B, 1999). Bell and Gilbert’s
(1996) second professional development phase fdaus¢he development of ideas
and classroom practice. They referred to thig#ieation-in-action, where there is a
reflection on classroom action and a reflectiorclassroom actions in relation to
theoretical ideas. Bell and Gilbert’s (1996) satand third aspects of social
development, which encourage valuing collabordtaening, emphasised that
teachers should not only engage in self-refledbionshould be encouraged to form
groups for collaborative reflection. L’Anson, Raglres and Wilson (as cited in
Rodrigues, 2005a) examined reflection at the pexisamd the collegiate levels, and
considered three levels of reflection.

1. Pre-critical - where the reflection is largely tawdal and the teacher

engages in practical trial and error of the stiateg

2. Internalised - where the strategy is put througheatally rehearsed

operation and outcome by the teacher.
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3. Hypothetical - where the collegiate group througdtdrsive actions assists
in the construction and deconstruction of strategie
Working in collegiate groups can enhance teachardérstanding of new content,
new strategies and themselves (Rodrigues, 2008tg.PD presenter needs to be
aware of any pre-existing collegiate groups witthi@ school context so that
collaboration can be effectively promoted.

Bell and Gilbert's model revealed that PL in sclsaslnot an individual
endeavour; there are times when social developmigmicolleagues plays a
significant role in teacher PL. Teaching is fundata#ly a social activity through
collaborative engagements in schools, departmemdswicts. Teachers’
knowledge, beliefs and attitudes are formed intarely with all the people, events
and changes that they are faced with at any gives fTeachers are communicators
who thrive on the social aspects of situations.cheadevelopment is critically
dependent on social interaction which can buildngg communities so it is
necessary to encourage and support teachers édordte (Horowitz, 1996; Kahle,
1999). Rodriguez (2005a) found that show andsedkions of PD and the
collegiality offered by school colleagues, expais the wider school community
not only supported the teachers in a risk-takisg,thut encouraged them to take
further risks with their practice in the future.

Successful PD should include activities that atereded across teacher
learning communities in order to identify the preses and mechanisms that
contribute to the development of these teacheashlag communities (Kahle, 1999;
Yager, 2005) in order to develop and build a preifesal culture. To do this a
common goal and shared vision must be sought bi?Ehpresenter and all the
participants. If teachers are involved in a cadlative learning environment where
their peers and a support network are an integualqgs the formula, teachers will
feel empowered (Haefner & Zembal-Saul, 2004; Tytnith, Grover, & Brown,
1999).

An effective strategy for teachers to engage ifabokrative endeavours is
Participative Inquiry, which involves planned amdistured opportunities for
teachers to reflect on their teaching in collegraups situated in practice. By
focusing on the changes to those practices, teacleselop solutions to problems

and develop their own PL. Engagement in the dewedént and implementation of
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activities followed by critical reflection, by shiag ideas with colleagues, may help
to challenge teachers to reconceptualise whatdaheyeaching and view it from a
different perspective resulting in the developnrd new program that reflects the
common goals of the school (Moulds, 2002; Rodrig2885b). In their research,
Roehrig, Kruse and Kern (2007) found that colleggipport was most effective
when coordinated by a leader or administrator.

In summary, the eighth key factor for effectivei®hat the program should
encourage and allow opportunities for reflectiordarollaboration.

Longevity of Professional Learning

Locks-Horsley et al. (2003) believed it is necegsarbuild into the PD a
capacity for sustainability and to scale up th&ative in the future. Their work
suggested that ongoing, sustained and intensivis Ridre likely to have an impact
than shorter PD. Activities that extend over tiane more likely to allow teachers to
try out new practices in the classroom; to haveoopipities for in-depth discussions;
and to obtain feedback on their teaching, studenteptions, misconceptions and
pedagogical strategies. Furthermore, locating dppiies for PD within a teacher’s
regular work day and at the school site would @levthe stress and strain on
teachers’ workloads (Bransford, Brown, & Cocking99®; Duggan & Gott, 2002).

Peers et al. (2003) found that “the time requitedriderstand an innovation
and to reflect and make changes to teaching peddic 104) was the most
significant issue in their study when introducinguariculum innovation in a
primary school. This indicates that longitudinedgrams are needed.
Unfortunately, this is not often viable as moneg éime are restricted in schools,
universities and other interested organisationg(étpn, 2003). As funding is an
issue in most schools, if materials can be obtagssily and cheaply in addition to
ideas for the use of these material it would insecthie success of implementation
(Rodrigues, 2005a).

Roehrig et al. (2007), in their examination of Boren-based high school
chemistry curriculum, found that teacher attituttlegards and implementation of
curriculum were impacted by school site issueseylilentified three aspects that
influenced implementation: school-based leadergupool scheduling and

concurrent district reform initiatives.
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In terms of school-based leadership, Roehrig €2807) found that if there
were a “vacuum of leadership” (p. 904) teachersevedt to make individual
decisions resulting in limited implementation oé thew curriculum. Hence, the lack
of school-based leadership hindered the developofesftective school based
learning communities. For example, a change irctmgaculum and its
implementation may warrant a review of school scifiad to support the change.
These scheduling changes may affect time sperdgamhing the subject, or time set
aside for teacher collaboration. If these scheduthanges are not made, the
program will not progress as effectively as welbgsrogram which is supported in
the whole-school context. Multiple reform agendasipete for teachers’ time and
with the goals of the new curriculum agenda. Afbrm agendas, at the school site,
must be identified and teachers given time to imygliet programs and strategies that
will assist in the reforms.

It is necessary for a PD presenter to work withm parameters of the
imposed constraints. The PD presenter can faeilitee initial development of
appropriate content, strategies, reflective praaied collaboration, but making the
PD sustainable is a more complex matter that nieebls addressed by the school
staff. Management teams need to devise strategfesilitate effective working
relationships in schools. Once the PD has beemgn@mentum, it would be much
easier for the management team to sustain that momeby ensuring that the
initiative is not forgotten and a meaningful futym®gram for further teacher PL is
devised with a contextual timeline and fitting stges. PD that promotes continued
PL should empower people to make informed decisaftes the PD program has
ceased (Redman, 2005).

In summary, the ninth key factor for effective Bxhat programs should
aim to promote sustainability, progression, owngsind empowerment, and the
tenth key factor is that a PD program should ainassist schools in the development
of leadership teams.

The effectiveness of the PD program to develophietat PL depends on
allowing them enough time to implement strategeegjage in collaborative feedback
and critically reflect on their practice both iniually and collaboratively. This will
result in more meaningful information about thecass of the program and its

longevity.
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To summarise, and using the key factors of an #¥e®D program, it seems
that PD presenters should
1. Identify the attitudes, needs and beliefs oftdahers to whom they
will be providing the program.
2. Identify the school context and develop the P@yam according to
the needs of the teachers.
Further, the key factors of the PD program are ithetould
3. Aim to include activities, strategies and pr@viésources that are of
use to teachers.
Aim to increase teachers’ confidence.
Aim to increase teachers’ pedagogical skills.
Aim to value teachers’ past experiences and leuye.
Aim to increase teachers’ knowledge.
Encourage and allow opportunities for refleci@mm collaboration.

© 0 N o o b

Promote sustainability, progression, ownershigh @npowerment.

10.  Aim to assist schools in the development adiéeship teams.

Summary of Chapter

The idea of scientific literacy in education haslfa long history in its
development. Scientific literacy today is seemmasmportant aspect for all
citizens. The development of scientifically litexaitizens must start in the school
years with exposure to experiences that will prasaientific literacy for students.
To do this, teachers must be able to effectivelgehthese experiences to students.

Current research suggests that not only is scietitéracy not well
understood by teachers, but, the science curricbkeimgy delivered in schools is not
providing opportunities for students to developrtkeientific literacy skills.
Although the current Western Australian schoolsogecurriculum is inclusive of
the aspects of scientific literacy it seems thera need for improvement. This
improvement must begin with improving teachers usidading of the aspects of
scientific literacy and providing them with oppartties that will allow them to
promote scientific literacy to their students. dmthis it is necessary to explore
what teachers understand by the term scientibcady.

Teachers need opportunities to engage and reftettteoaspects of scientific

literacy if they are to be understood and usegpr@priate contexts. For this to be
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achieved some form of guidance must be employeddist the teachers on their
learning journey. In the primary school a PD pargrthat addresses this issue must
also address the reasons why primary school teaofe@y have not embraced all

the aspects of scientific literacy. A successfulg?Bgram should aim to identify

the prior knowledge, attitudes, needs and beliefsimary teachers in the school
context. It should also aim to include activitisgategies and resources that will be
useful to primary teachers to improve their conficks knowledge and pedagogical
skills. Finally, PD programs should allow for oppmities for primary teachers to
reflect, collaborate and promote the sustainabdlitgl progression through school-
based leadership.

The literature reviewed in this chapter has denratesdt concern about
teachers’ understanding of scientific literacy.isT¢thapter has also revealed several
factors that may contribute to a successful PD qamoghat could assist teachers
with their development of scientific literacy. Than of this research is to identify
what teachers understand by the term scientigcddy, to determine if PD
programs are successful in enabling teachers telaletheir understanding of
scientific literacy and to enhance the developnoé¢tite skills of scientific literacy
in their students.
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CHAPTER 3
RESEARCH DESIGN
Introduction
This chapter begins with a restatement of the rebeguestions, then turns to
the research design of the study and describespthmfic approaches that were taken
in each stage of the research process. The finbeeof this chapter examines
issues relating to trustworthiness of the datathadnethod the researcher used to
ensure the research was carried out in an ethigaher. In essence, this research
uses a multiple case study design incorporatinigtanpretive approach to data
collection and analysis to examine the researcktogres. Table 3.1 provides an
overview of the aspects of the research processhenapproaches taken in this
study. Each of the aspects presented in this talilbe discussed in turn.
Research Design
Research Questions
The purpose of this research is to examine the ¢trgifea professional
development science program on primary school exatpractice. It aimed to
identify aspects of the PD program that were eiffean providing primary teachers
with the knowledge, confidence and pedagogicalsstalteach science in a way that
would promote scientific literacy. Specificallet research was designed to answer
the following research questions:
1. What do primary school teachers understand byettme tscientific literacy™?
2. What are the factors determining the effectiveraésbe KSS professional
development program in;
a. developing primary science teachers’ understandirsgientific
literacy?
b. promoting the confidence of primary teachers wieaching science?
c. developing teachers’ pedagogical skills to enaidentto teach
science?
d. developing teachers’ knowledge and understandirsgiehce to enable
them to teach science?
3. In what ways do teachers’ levels of confidence ggedical skills and science
knowledge influence how they teach science to stisd® encourage the

development of scientific literacy in schools?
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4. In what ways can schools promote the longevitthefdutcomes of the KSS

professional development program?

Table 3.1 Aspects of the Research Process andgpmAches Taken in this
Study.

Aspects of the Research Process Approach takémsistudy

Research design Multiple case study

Data collection PD workshop feedback sheets (WFS)
Teacher questionnaires
Student questionnaires
Observations
PMM interviews
Teacher interviews

Student interviews

Data interpretation Analysis of PD WFS

Analysis of teacher questionnaires

Analysis of student questionnaires

Analysis of PMM

Coding and categorisation of interviews

Construction of case studies
Trustworthiness Credibility

Dependability

Transferability

Triangulation

Ethical issues Anonymity
Beneficence
Informed consent

Consideration
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Research Paradigm

An interpretive research paradigm was used instudy. The interpretive
research paradigm aims to gain meaning or undelisiguthrough the involvement
and interpretation of both the participant andrdsearcher (Cohen, Manion, &
Morrison, 2000). Within this paradigm the researds the primary instrument in
data collection and interpretation. In interpretresearch the participants are able to
share their views and multiple perspectives oritgeaith each other and the
researcher.

Interpretive research data collection occurs mostraonly through
observations and interviews in case studies antbgthphies. Data collection
within this paradigm is subjective, naturalistindagenerally non-statistical (Denzin
& Lincoln, 2005). Design characteristics are ndiynsmall-scale research studies,
which are non-random and purposeful, and whererstateding actions and
meaning is the general focus of the entire procegsrpretive research data
collection and analysis aims to be comprehensik@amsive, holistic and richly
descriptive (Willis, 2007). Interpretive reseaistgenerally the foundation of micro-
sociological concepts: individual perspectivesspaal constructs, negotiated
meanings, and definitions of situations (Cohen.e2800).

The interpretive research methodology, accordingrickson (1986), focuses on
the “immediate and local meaning of actions, ageéédffrom the actors’ point of
view” (p. 119). Thus, the researcher must beposition where he or she is able to
obtain this information. To do this the researahneist participate in observation in
some way. LeCompte and Preissle (cited in Cohteat,,e2000) define four degrees
of participation for the researcher observing maturalistic setting:

1. Complete participant, where the researcher takéssater role and may or

may not declare that s/he is the researcher.

2. The participant-as-observer, where the researshHarawn as a researcher

and is part of the group life of the participants.

3. The observer-as-participant, where the researshHe@rawn as a researcher

but has less extensive contact with the particgant

4. The complete observer, where the researcher isnootn to the participants

and the participants do not know they are beingoiesl.
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The degree of naturalistic observation in caseystasearch is dependent on
the researcher’s intention and position in the sasey environment (Goetz &
LeCompte, 1984). The focus of this interpretiveeegsh is the staff and students in a
naturalistic primary school setting. The data gegd involved teachers’
constructions of science concepts, pedagogy andingeas a consequence of PD in
this area. The researcher endeavoured to unddmtarsituation as a whole, by
discovering what is meaningful to her while simo#ausly attempting to discover
what is meaningful to the participants (Stake, 1988

The creation of meaning within this situation waseloped through the
researcher as an observer-as-participant in tlase studies. The case study
observations in this research allowed teachersamtknts to continue to participate
in their naturalistic settings. As observer-agipgrant the researcher was part of the
classroom life of the participants, documentingprding and interpreting events,
being mindful not to impose any views and opinionghe participants but
interacting with the participants when appropriate.

Case Study Research

This research included three case studies. Eaehstiady was a unique
entity; a metropolitan primary school involved tience PD. Because each case
study contributed to the overall findings of thedst, the research design can be
described as a multiple case study (see Table &a$e studies are uniquely
bounded systems which rely on multiple sourcesifairmation that can be obtained
by using multiple methods of data collection (Arster, 1998). Case studies are
both descriptive and inductive, while focussingaoparticular aspect or experience
in an authentic setting which is best understodtiénsocial context of that setting
(Merriam, 1988).

There are many types of case studies. The onetsglfor this research
represented a sociological perspective as it wasazoed with society and
socialization in an educational classroom settvigr(iam, 1988). Merriam (1988)
asserts that the interpretive case study not asilgats thick descriptive data but
uses these data to “develop conceptual categariessoipport or challenge
theoretical assumptions held prior to the dataegath” (p. 28). The research may
also be described as inductive, as the researores lger interpretation of what

happened; descriptive, as a description of whapéwagd is provided; as
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comprehensive, as information was recorded duhadiie in the classroom and
compiled from other data sources; and as partistigrbecause it was about a
particular sample of Western Australian school lbeas and their students engaged
in the outcomes of the professional developmergnara and who volunteered to
participate in the research. Additionally, dataeveollected using Personal Meaning
Mapping (PMM) interviews with a variety of educapand these data assisted in
providing content for the views about scientifietacy of the teachers in the case
study schools. A description of how PMM were usethis research is presented in
Chapter 4.

Participants

Five groups of participants were involved in thesearch. Firstly, the four
KSS Education Officers, Edith, Joy, Narelle and Aifall names are pseudonyms)
participated in various ways. Their involvementhathe researcher included email
correspondence, informal and formal discussionddi#onally, Edith and Joy also
facilitated the PD workshops and provided the PDrkSaop Feedback Sheet (WFS)
data (described later) to the researcher.

The second, third and fourth groups of participavdge the staff and students at
the three metropolitan government schools, FenthWkinchester and
Knightsbridge Primary Schools (PS), that were imgdlin the case studies. Case
study schools were selected based on two critdiieey were participating in the PD
offered by the KSS, and they were willing to allawesearcher into their school to
conduct research. Detailed descriptions of thealshthe participants and actual
events will be reported in later chapters. Infaiprarelating to Fenchurch PS can
be found in Chapter 5, Winchester PS in Chapterdkanightsbridge PS in Chapter
7.

Fifthly, a further purposeful, volunteer samplepafticipants was involved in
Personal Meaning Mapping (PMM) interviews durin@202006 and 2007 which
aimed to understand people’s ideas about sciefitédi@acy. Because this technique
was to be used for the first time to examine péspladerstanding of scientific
literacy, a small study was conducted to estaligshotential for use and to provide
some baseline data with which the views of theheaparticipants in the case

studies could be compared.
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Data Collection and Analysis

Multiple methods of data collection were used iis #tudy to gain a deeper
insight and provide evidence to construct meaningfopositions from the data
analysis. Using multiple data sources and mulipléection methods enhanced the
research findings through triangulation. Triangjolais a way of examining both
convergent and discriminant data to control forgdae bias on the part of the
researcher or from using only one set of data (Math 1988).

Table 3.1 provides an overview of the approachesntéan the data collection
and analysis, procedures used to establish trustimess of the data and their
interpretation, and ethical issues consideredisidtudy. Data were collected from
four major sources, the PMM interviews and thresecgudies at three Western
Australian metropolitan primary schools. Methoéislata collection included
guestionnaires, observations and interviews. Badthe instruments used in the case
studies is discussed below, including the developnescription, administration
and analysis of data. The PMM interviews are dised in Chapter 4.

Table 3.2 provides a summary of the number of giggints in each case
study, and the timeframe for data collection. €hetent of the teacher
guestionnaires varied slightly for each case ssaihyol as there was always
discussion with the school to incorporate any efrteuggestions about the
instruments used. Table 3.3 presents a list ofithe collection methods that were

used and also shows the variations for each dhtfee case study schools.
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Table 3.2 Number and Description of ParticipantthanCase Study Schools

Ly

. No. of
Edut;a'uon Number of teachers students
Officer Timeline for d D . f
School that surveyed Time |Ir|1e or ata Duration ((j)
facilitated  In the Completed Completed Interviewed  Observed obgrej?ved collection case study
the PD school WFS guestionnaires :
in classes
Fenchurch Edith 12 11-15 2 12 2 60 Jun gggg-Maf 9 months
Winchester Edith 16 9-14 1 8 1 28 Apr 2288;5"]6‘” 10 months
: - 37 34 25 7 2 58 Aug 2006-Jun 11 months
Knightsbridge Joy 2007
Total 65 54-63 28 27 5 136 Jun ZZggf-Jun 30 months

Note: The variation in the number of teachers tioatipleted the WFS (column 4) was due to the amfdif practicum students and to staff absencebs®day of the Professional
Development.
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Table 3.3 Data Collection Methods for Each of Theee Case Study Schools
Data Collection Fenchurch Winchester Knightsbridge
Method
PD Workshop 3 PD WFS 3 PD WFS 1 PD WFS
Feedback Sheet
Modified questions
in second WFS to
encompass Primary
Connections
Teacher Initial and Final Initial Teacher Questions modified

Teacher Questionnaire

Questionnaire

Questionnaire

Initial and final,
middle and end of
year

Toward end of the
year

Student
Questionnaires

Formal interview
protocol based on

Formal staff cluster
meeting, based on

Teacher Interviews

at school request

Toward end of year

Formal interview
protocol based on

school and researcheschool and researcheschool and researcher

need need

Formal joint Formal interview
interview with two
class observation

teachers

Informal Teacher Informal Informal

Interviews

the school day the school day

Informal interviews Informal interviews
in conversations in conversations
during class during class

Student Interviews

Formal interview
protocol based on
school need and
researcher
information

Two Year 6/7 classes  Year 2/3 class

combined

Observation of
Lessons

with one classroom
observation teacher

need

Formal separate
interviews with two
classroom
observation teachers

Informal

conversations during conversations during conversations during

the school day

Informal interviews
in conversations
during class

Formal interview

protocol based on

school need and
researcher
information

One Year 7 class and

one Year 6 class
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Nature of the Professional Development

The KSS PD sessions are usually offered to teactehir school or at Scitech,
based on a fee-for-service principle. Teacherscbaose from a range of workshops
covering thee main areas: planning and teachirfgqntdogies for science, Working
Scientifically (specifically relating to the WesteAustralian curriculum area of
Investigating), and developing conceptual undeditanin science. In consultation with
members of individual school staff the PD presentievelop programs that will be most
suited to the requirements of the school.

At the beginning of each PD session, an activitykoand support materials to
assist in the follow-up implementation of ideas evprovided to attending staff. The PD
involved brainstorms, hands-on activities, contard resource information, and
discussion time about the Western Australian Culuim Framework and Science
Curriculum Guide. The PD presenters aim to stajougate with the current Western
Australian science curriculum and plan on makiregrteessions as interactive as
possible. The PD presenters are available todhecpants by phone or email after all
PD programs.

The PD sessions selected by Fenchurch, Winchestekiaightsbridge are
outlined in Chapters 5, 6 and 7, respectively.

Professional Development Workshop Feedback Sheets

The PD WFS were developed by the KSS Educatiorc@8iand are routinely
used by them to obtain feedback on the PD workstiemspresent. The PD WFS had
been used by the KSS since 2003 and a copy casubd fn Appendix 1. Fenchurch
and Winchester teachers both completed three W& iased with the three PD
sessions undertaken. However, only one WFS was letedby Knightsbridge because
only one PD session was based on the KSS PD program

The WFSs were collected by the Education Officassyas their normal
procedure, and the responses collated into a suynridese summary data sets for
each school were provided to the researcher bidoeation Officers. This had the

advantage of ensuring confidentiality of the regasn but the disadvantage of not
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knowing which responses were those of the teaahieoswere later observed as part of
the case studies.

The first page of the WFS included demographic toes, an open-ended
guestion about teachers’ expectations of the wanisand five items on which teachers
were asked to rate their attitude and perceptibostaheir teaching of science in their
classroom. These rating scale items employed ant-pikert scale: strongly agree,
agree, disagree, and strongly disagree. The squagelof the WFS contained the same
five rating scale items, with small wording changesapture the post-workshop
context. Analyses of the workshop data ratingesitains are reported as percentages
for each response category. The WFS also contdéimed open-ended questions about
teachers’ responses to the workshop and subseacténts the teachers planned to take
in the classroom.

Before the workshop began, teachers completedrdigpage of the WFS. At
the end of the workshop, teachers completed thenslggage of the WFS. As a means
of analysis, the open-ended questions were catsgbimto several categories that
reflected the teachers’ responses. The data poeteel using the percentage of
teachers’ responses reflecting a particular cayegbor a full list of the coding
categories, see Appendix 2.

Teacher Questionnaire

The Teacher Questionnaire used in this study weshand paper instrument
designed to obtain teachers’ ideas and percepdibost teaching science. The Teacher
Questionnaire was used to collect both qualitadivé quantitative data from the
teachers. It was modified from one that had bessd iy Rennie (2004) in a previous
survey of primary school teachers in 2003. Foomyof the original Teacher
Questionnaire used in 2003, see Appendix 3.

During the refinement of the Teacher Questionndieeresearcher was involved
in several discussions with a wide audience (usit)e6cience Education staff, Early
Childhood specialists, a Statistical Package ferSbcial Sciences (SPSS) specialist,
and post graduate science education students).Tddeher Questionnaire used in this

study was revised to ensure that it reflected trgamporary primary science teaching
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and curriculum and data required for this reseatntsummary, the changes made
included the removal of the Western Australian Sogecontent strands from the seven
self-efficacy questions on the second page of @3 Zersion of the questionnaire to
ask about science in general, the addition of sixenself-efficacy questions to ensure
that all areas involved in this research were aadeand some small wording changes to
ensure that the questions were suitable to thecgamts in this study.

The Teacher Questionnaires were administered t@thedbeginning of the case
study period. Teachers were asked a variety adtgpres concerning their attitudes and
perceptions about teaching science. GenerallyT&aeher Questionnaire sought data
about

* Teachers’ backgrounds

» Science programming for the year

» Resources used in teaching science

» Teachers’ interest, background knowledge, confideara resource use in
science

» Teachers’ perceptions about why science shoulddoght in primary schools

» Teachers’ pedagogical strategies when teachingseie

The Teacher Questionnaire was used in this forntatkrenchurch and
Winchester and a copy can be found in Appendikhe third case study at
Knightsbridge, at the request of the Principal,dhestionnaire was modified to align
with feedback required by the staff at the schddie Principal wished to determine
what PD programs his staff would like to be invalweith in the future and what areas
in science the staff believed would most bene&tihwith additional professional
development. Thus, the science content strandsneereluded. The modified Teacher
Questionnaire used at Knightsbridge is providedppendix 5. The main reason the
Principal at Knightsbridge wished to modify the Elear Questionnaire was the
opportunity to be involved in a new science initiat At the time of the Knightsbridge
case study many professional development providestiding the KSS, were being
funded to provide professional development on anatide initiative called Primary

Connections. This was a new curriculum that sotmgkeach science through language
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literacy. The provision of funding meant that Rid Primary Connections was at no
cost to primary schools across the state and caesdlyg many schools, including
Knightsbridge, took advantage of the free PD progra

Data from the Teacher Questionnaires were entetedspreadsheets using
Microsoft Excel. The observed class teachers’apses to the demographic
information from Fenchurch and Winchester were erathand notes were made about
their background, experience and time for sciemogramming. At Knightsbridge the
school staff did not want to be identified by thEgacher Questionnaire so, as evident in
Appendix 5, all demographic information was remaved

At Fenchurch and Winchester, the case study obsenah class teachers’
attitudes about perceptions of teaching scienesores to teach science and how
teachers perceived they taught science were suseddny assigning each five-point
rating scale item a number from 1 to 5. Data vexamined individually for each
teacher. All 25 teachers who responded to theReaQuestionnaire were used in the
analysis of the Knightsbridge data as the case/sthdervational class teachers were
unable to be identified without the demographioinfation. Means were calculated
for the data representing teachers’ attitudes anceptions about science at
Knightsbridge. Percentages were calculated fon eegponse choice, for teachers’
interest, background knowledge, confidence anduresouse in the four science concept
strands.
Student Questionnaire

The Student Questionnaire used in this researchideasical to a questionnaire
used by Rennie in 2003, which was based upon oraajeed by Goodrum et al. (2001)
in collecting data from primary school studentheStudent Questionnaire was used to
elicit students’ perceptions of what was happeirinpeir science classes. There were
31 four-point Likert scale questions and one opethed question. Students were asked
to respond to 18 items asking how often a rangectivities happened in the classroom
and another 13 items about their thinking and engnyt in class. The open-ended item
asked students “What do you like best about sci®ndéde complete student

guestionnaire is shown in Appendix 6.
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The Student Questionnaire in this research was wghdtudents from Years 2
to 7. The Year 2 and 3 students whose first laggweas not English were assisted by
teachers reading each of the items on the questi@nAlthough these students were
younger than those for whom the questionnaire wiginally developed, teachers were
keen for them to complete the questionnaire. #lkostudents responded to the
guestionnaire on their own. Table 3.2 providesnim@ber of students completing the
guestionnaire in each school.

The questionnaires were administered by the classteachers of the students
at Fenchurch and Winchester, and administereddyebearcher at Knightsbridge. Any
guestions that students had regarding understadithg items on the Student
Questionnaire were answered by either the classteaoher or the researcher.

Data from the Student Questionnaires were analysed) Statistical Package
for the Social Sciences (SPSS) software. Theeédstwere categorised into six themes,
as related groups, and student responses to eachwere calculated as percentages.

These themes and the items they comprise are edtinTable 3.4.

Table 3.4 Themes and Items of the Student Quewtion

Theme ltems
Student activities in science lessons 1, 2, 3,ahd9
Teacher- or student-centredness of the classroom 6, 1%, 16, 17 and 18
Using resources outside the classroom 8, 10, 111,.31and 14
Students’ interest in science lessons 20, 27, 288an
Students’ perceptions of the easiness of science , 13l8nd 31
Students’ thinking in science 21, 22, 23, 24, 28 2p

The responses to the open-ended item on the gneatie “What do you like
best about science?” were categorised and coded.categories were developed by
Rennie (2004) in the earlier administration of ithtrument. The categories included

teaching and learning activities, management ahlag, teaching and learning,
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students’ attitudes, resources, and grading aressisgent. A complete list of the codes
and categories used in this research can be fouAgpendix 7.
Interviews

The face-to-face interview is where at least oterinewer and one interviewee
engage in some form of discourse about a topintefést (Anderson, 1998). The
formality of the discussion will depend on the mtewer’s purpose, the interviewee’s
willingness to communicate and the nature of theticmship between the interviewer
and the interviewee (Cohen et al., 2000). Thezaraany different formats for
interviews. For simplicity, interviews are cateiged into four main types: informal
conversational interview, guided approach interggestandardized open-ended
interviews, and closed quantitative interviews.ofch of type is dependent on the
nature of the research (Kvale, 1996).

An interview shows that value is placed on thevittlial's ideas. Usually, few
respondents refuse to be interviewed, leadinghiglaresponse and cooperation rate.
Questions are asked one at a time; the pace isvdaez by the researcher, the
interviewee or by both members, depending on tphe tf interview. Interviews allow
for in-depth analysis and pursuit of details gedoedglach respondent, providing
opportunities for the interviewer to clarify anysavers given by the respondent.
Furthermore, the interview provides information iéiddal to what is actually said,
because the interviewer and respondent may use dioservation to identify non-
verbal facial expressions and other body languKgalé, 1996). Each participant can
be identified so the validity for the sample infewed is high (Cohen et al., 2000).

In this study, formal and informal staff intervievesd formal and informal
student interviews were used. Each of these isrithesi below.

Formal Staff Interviews

Several teachers at each school site participatémtinal interviews which
occurred during school time at the beginning ardetihd of the case study period at each
school. Interview protocols were used for formatimiews. These were different
depending on the situation in which the intervieasvembedded. Formal interview

guestions were developed by the researcher in twdessist and validate interpretation
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of the observations. Although interview protocaiksre similar in theme for teachers in
all of the three case studies, it was necessangdpt the protocol to reflect the wishes
of the staff at each school.
Fenchurch Primary School

Each of the teachers at Fenchurch participatedioatatively in one of three
interviews which occurred during their regular Setae Two cluster meetings at the
beginning of Term 3 (Week 2), 2005. These meetooyered all aspects of the
curriculum and each lasted one full school dayluster was a group of teachers who
taught similar grades. The three cluster groupgwemposed of teachers from:
Kindergarten and Pre Primary, Years 1-3, and Y4&afsOne teacher who taught a
combined Pre Primary/Year 1 class attended twbettuster meeting sessions. A
specialist Italian teacher, who was part-time,ratézl the Year 1-3 cluster meeting.

The researcher was invited to join each groupHerstcience half hour (directly
after lunch) where the researcher led a discusthont what teachers thought about the
KSS PD and their feelings toward science. Theareber asked the questions outlined

in Figure 3.1 during the interview.

What did you hope to get out of the PD?

What did you like best about the PD?

How are you going to utilise anything you hagerht in the PD?
How long does each of the science topics or ésemn?

PN

Figure 3.1.  Teacher cluster interview questiorfsesichurch PS

The general objective of these small group intevsigvas to establish the
perceptions of the staff about the PD. The teathesponses to the questions were
scribed concurrently by the researcher as not athbers of the staff were comfortable
about being audio-recorded, and at a later timedbearcher made additional field notes
of the interview. The interview responses wereddid into themes that were developed
by the researcher from the responses. The themoksled knowledge, confidence,

pedagogical skills, resources, scientific literaog future directions. Time was not
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available for final staff interviews at Fenchurafnkary School due to end of term
pressures.
Winchester Primary School
Initial Staff Interviews

Late in Term 1, 2006, three teachers, includingctse study teacher,
volunteered to participate in a one-to-one intemefore the KSS PD sessions. The

guestions for the Initial Staff Interview are oo#dd in Figure 3.2.

1. Do you enjoy teaching science?

2. Is there anything you don’t like about teachingeace?

3. Why do you think that your school has science faxas for
Term 2 this year?

4. What do you hope to gain from the PD?

5. What would you like the D presenter to presel

Figure 3.2. Initial staff interview questions atndhester PS
Final Staff Interviews

Eight staff members, including the case study tegafolunteered to participate
in the Final Staff Interviews. These were conddaielividually early in Term 4, 2006.

The questions for the Finial Staff Interview arelioed in Figure 3.3.

1. How would you compare your confidence to teanbnge after the
PD sessions to your confidence to teach scienaedodie PD
sessions?

2. Has your attitude toward science changed? Whyiwat or if so
how?

3. Were you able to reflect on your current pra&if so, what did you
note?

4. How do you think your current students enjogsce compared with

other groups of student in previous years?

What do you believe students should ‘get ousoience?

How do you go about achieving this?

What do you understand by Scientific Literacy?

What did you think of the PD session on the diast of Term 1?

Do you think you need more assistance with seienf so, what

would be valuable?

10.  What improvements do you believe need to beenfiardscience to
move forward at Winchester PS?

© NGO

Figure 3.3.  Final staff interview questions at Wiaster PS
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Knightsbridge Primary School
Initial Staff Interviews
Late in Term 4, 2006, seven teachers volunteergdiacipate in an individual
interview. The questions for the Initial Stafféntiew were identical to the final
interview question used at Winchester (with schr@she changes) as outlined in Figure
3.3.
Final Staff Interviews

Seven staff members, including the two case stedgtters, volunteered to
participate in the Final Staff Interviews. Thesdividual interviews were conducted at
the end of the case study period in May, 2007. duestions in the Final Staff
Interviews were very similar to those used in thiédl Staff Interview. Question 7 was
a new inclusion that related to Working Scientilligas the researcher noted that
teachers were more familiar with this term when parad with the teachers’ familiarity
with the term scientific literacy. The questions flee Final Staff Interview are outlined

in Figure 3.4.

1. How would you compare your confidence to teachrsmeafter
the PD sessions to your confidence to teach scieefcee the PD
sessions?

2. Has your attitude toward science changed? Whyhdtyr if so
how?

3.  Were you able to reflect on your current practide®o, what did

you note?

How do you think your current students enjoy sceecaempared

with other groups of students in previous years?

What do you believe students should ‘get out okisce?

How do you go about achieving this?

What do you understand by working scientifically?

What do you understand by Scientific Literacy?

What did you think of the PD session on the lagtafarerm 1?

0. Do you think you need more assistance with scieffca®, what

would be valuable?

11. What improvements do you believe need to be madscfence
to move forward at Knightsbridge Primary School?

»

RO ~NOO

Figure 3.4.  Final staff interview questions at Kitgpridge PS
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The questions posed to the teachers at Winchestiekaightsbridge were audio
recorded and later transcribed by the researchiee.responses were grouped and
categorised into themes similar to those in Feradhuihe responses were used to gain
a variety of perceptions from several membersaiff.st
Interviews with Teachers of the Observation Classes

All five teachers from the observation classes visterviewed about their
beliefs and experiences about the PD, their confidand attitudes toward science, the
teaching and learning of science in their classramentific literacy, and future
directions of the science curriculum at their resppe schools. An interview protocol
was developed to reflect the information requireeéach case study.

Fenchurch Primary School

Early in 2006 (two months after the case study katedl) the two teachers from
the observation class were interviewed togethexuttheir beliefs and experiences
about the KSS PD, their confidence and attitudgense in their classrooms, scientific
literacy, and future directions of the science icutum at Fenchurch. The prepared
guestions are set out in Figure 3.5.

1. How would you compare your confidence to teanbrse after
the PD to your confidence to teach science beferd’D?

2. Has your attitude toward science changed? Wyt or if
so how?

4. Were you able to reflect on your current praétidf so what

did you note?

What do you believe students should ‘get ousofénce?

How do you go about achieving this?

What are your thoughts on scientific literacy?

What is working scientifically?

0. How do you think students enjoyed science coetpwith
other student groups in other calendar years?

11.  Why do you think science is not a school ptyon 20067

12. Is this a problem?

13.  What improvements do you believe need to beenfadscience

to move forward at Fenchurch PS?
14. Any other comments you would like to make?

BOXONO

Figure 3.5.  Interview questions for case studyheecat Fenchurch PS
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Winchester Primary School

1. What was the most significant part of the Profassi®evelopment (PD) for
you?

2. Do you think the opportunities to ask questions tiadl activities were
important?

3. If you hadn’t had the PD do you think you would Bdooked at the outcome
science documents?

4. How easy was it for you to implement and use tle@asdand strategies that yo
gleaned from the PD?

5.  What was the most difficult part of changing yoeac¢hing practice to
accommodate your new knowledge?

6. What do you think you will do next year for sciefice

7. Do you have the same year group in 20077

8. How will you be programming in 20077

9

1

—

. Has the PD changed your attitude toward science?
0. Do you think you teach any of the science areasoroao you think what you
have learnt is limited to the areas you lookech &0067?

11. If you had to pick one of the other science leagrareas such as Natural and
Processed Materials, Earth and Beyond or Life awishdy which one would
you think would be the most difficult?

12. What things would you like to add to what you digstyear?

13. If you had some more scice PL what would be of most benefit to yc

Figure 3.6.  Interview questions for case studyheaat Winchester PS

At the conclusion of Term 4, 2006 (after the caseysconcluded) the teacher
from the case study class was interviewed aboub&lesfs and experiences about the
PD, science in her classroom, and future directadrike Year 3 science curriculum at
Winchester. The interview questions appear in fedu6.

Knightsbridge Primary School

In the middle of Term 2, 2007, after observatiomsewxcompleted, the two
teachers from the case study classes were intezdi@vdividually about their beliefs
and experiences of the PD, their confidence animi@éts, science in their classroom,
scientific literacy, and future directions of th@esce curriculum at Knightsbridge. The
interviews were structured around the questionsneat in Figure 3.7.

All formal interviews were tape recorded and traitea by the researcher.

Each transcription was sent to the intervieweeadémber-check and several minor
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corrections were completed (Lincoln & Guba, 1985H)e interview was grouped into
themes based on the questions asked. The theoheddad scientific literacy, teachers’
perceived confidence and knowledge gained fronmditg the PD, and teachers’
impressions on what the future of science wouldtlteeir respective schools.

1. How would you compare your confidence to teachremeafter
the PD sessions to your confidence to teach sciegicee the
PD sessions?

2. Has your attitude toward science changed? Whyhdtyr if
so how?

3. Were you able to reflect on your current practieSo what
did you note?

4. What methods have you changed in your scienceiteasince

the PD?

How do you think your current students enjoy sogenc

compared with other student other groups in previymars?

What do you believe students should ‘get out aiisce?

How do you go about achieving this?

What do you understand by working scientifically?

Do you think you or the school needs more assistarith

science? If so what would be valuable?

10.What improvements do you believe need to be madscfence
to move forward at Knightsbridge PS?

o

©xoNOo

Figure 3.7.  Interview questions for case studyheesat Knightsbridge PS

Informal Staff Interviews

At all three schools the researcher informallyvitawved teaching staff at the
school. During this research it was sometimesssarg to further understand an idea or
circumstance. In these instances, if the situgtemmitted, the researcher would
approach a staff member and engage in a discuabmut the issue. On other occasions
a staff member would approach the researcher ta gslestion or provide information
about a particular issue.

Informal Staff Interviews occurred at various tintesough the case study
periods. In the majority of cases, teachers waeeartitiators of the interaction. All staff

members were invited to speak with the researdtemyatime about any information
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they felt would apply to the research. In thessesahe researcher spoke with the staff
member in an informal way and on most occasionstidf members wanted to tell the
researcher about a particular aspect of scientteeischool. These interviews were
documented as field notes at the earliest posSibke There was a wide variety of
topics discussed, ranging from student learningutoiculum implementation and
integration.

These informal interviews were recorded as fieltteoAs the case study
progressed, themes and patterns that emerged liemwere noted. The data from the
interviews are reported, where relevant, in theudision for each case study school.
Formal Student Interviews

At the first case study school, Fenchurch, time m@savailable for the students
to be formally interviewed. However, much of tlegesice class work was done in
groups where the researcher was an observer-asipamt. This position allowed
information to be collected about interactions lesw student and student, student and
teacher, and student and researcher. Discusgpasi@ither with the researcher or that
the researcher listened to, included how studerts/ed science, what they liked about
science, and what was different between scienseissthis year to last year. The
researcher found that the informal information ot#d in this way from the students at
Fenchurch provided valuable insights. This letheodecision to include a formal
interview session with the students in the otheecudy schools. Consequently,
students at Winchester and Knightsbridge partieghat formal student interviews.
Interview protocols were developed based uponrtfegration required for the research
and the age of the participants.

At the conclusion of the interviews the notes weaale into detailed records and
read carefully by the researcher to identify thearas patterns in the responses. These
themes were then presented in the findings.

Winchester Primary School

Nine students from the Year 2/3 case study clase imgerviewed individually

during Term 3, 2006. The students were askeddaastions (as outlined in Figure 3.8)

which generated discussion.
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1. What is your favourite subject?

2. Do you enjoy science?

3. Do you like science better this year than last
year?

4. What science lesson did you like best this year?

Figure 3.8.  Student interview questions at WinateBS

Knightsbridge Primary School

Ten students from the Year 7 and ten students fhenYear 6 case study classes were
interviewed individually during Term 2, 2007. Tsdents were asked six questions,
outlined below in Figure 3.9, which generated désoon.

What is your favourite subject?

Do you like science?

What is your most favourite part of science?

What is your least favourite part of science?

What has been your favourite part of science te&y
Do you like science better this year than last 3

oghkwbhE

Figure 3.9.  Student interview questions at Knightide PS

Informal Student Interviews

Informal student interviews occurred at variousetinat all three case study
schools during the case study period. In the ntgjof cases, students were the
initiators of the interaction. For example, studestked the researcher a question about
the work they were doing which then developed athscussion or sometimes the
students mentioned an important point that theareber noted. There were a wide
variety of topics discussed with students from Hbe/teacher instructs the class to
group work with their peers.

These informal interviews were recorded as fieltta@t the earliest possible
time. As the case study progressed themes aretpattmerged. The data were

incorporated to amplify the other findings of tlese@arch reported in later chapters.
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Observations of Lessons

The observational descriptions were developed icomoln and Guba’s (1985a)
suggestions of ways to record field experiencdse diary entries were chronological,
transcriptional and reflective.

The development of the science program, lessongethdties was undertaken
by the teacher, who remained in control of thescktsall times. Occasionally the
researcher was asked, by the teacher or a studexssist with an activity. Hence, the
researcher’s role can be described as observeasrtisipant. During the science lessons
the researcher recorded field notes about convensainteractions and the structure of
the lesson. The researcher kept a diary of fietds) and at the conclusion of each of
the lessons the field notes were elaborated tadecadditional material that there had
not been time to record earlier. The researchp@rsonal reflections were also added
and stored as diary entries.

Fenchurch Primary School

The two teachers who volunteered to be part ot#ise study each had a split
Year 6/7 class of 30 students (i.e. two teachetisGénstudents). The class teachers had
chosen to combine the two classes and team-talighigects in one classroom. These
two teachers had worked in a team teaching situdtioseveral years, and found it
successful for both the students and themselvpsaasitioners. The classroom was two
regular rooms with the partition permanently rentbvé&he front portion of the
classroom was set up with a blackboard and stutksis. The remaining half of the
room had the teachers’ desks, bookshelves, cuphcand mat space. Desks along the
back wall held eight computers. Over a periodinémweeks in Term 4, 2005 the
researcher visited the Year 6/7 class for a peafd®D minutes each week during the
scheduled science lesson. In addition, the relseaattended two excursions with the
students, one to South Fenchurch Senior High Scombthe other to the Fenchurch
Maritime Museum. In each situation the researoh&de field notes of her

observations.
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Winchester Primary School

The teacher who volunteered to be part of the sagly had a split Year 2/3
class of 28 students. Over a period of 12 weeH®mms 2 and 3, 2006 the researcher
visited the Year 2/3 class for a period of 60 masugach week during the scheduled
science lesson. In addition, the researcher atbeadull day activity (Helicopter
Making Consistent Judgemehtivity) with the students, and an additionakscie
lesson that was required during one of the topics.
Knightsbridge Primary School

The two teachers who volunteered to be part ot#se study had a Year 6 class
of 30 students and a Year 7 class of 28 studdrtis. Year 6 class was combined with
another Year 6 class not participating in the stiadlyhe science lessons. Over a period
of 12 weeks in Term 4, 2006 and Term 1 and 2, 268¢h class was visited for a period
of 60 to 90 minutes each week during the schedsdezhce lesson.
Data Coding and Data Analysis

During the primary science lessons the researeuwerded notes about
conversations, interactions and the structure®féhson. At the conclusion of each of
the lessons the researcher made a report baséésmriotes with the addition of any
material that the researcher recalled that hatbeen recorded. These reports were used
to describe the researchers observations of batthés and student perceptions of the
science class and the science in which they ppatied. The field note reports were
shown to the teachers after each of the obsensatioorder to correct any
misconceptions by the researcher.

Trustworthiness of Data

All research needs to be accountable, that isetie¢o be valid and reliable.
Accountability in quantitative research relies nternal validity, external validity,
reliability and objectivity. In qualitative resedrfindings should reflect the reality of

the experience in an attempt to establish thevimrshiness of the data. Lincoln and

2 Making Consistent Judgments is part of the Westerstralian Department of Education and Training
moderation policy. Itis a component of the Curhien, Assessment and Reporting: Policy and
Guidelines 2006 where teachers engage in endoreddration processes within and between schools.
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Guba (1985b) believe trustworthiness can be estadddi by the researcher posing four

guestions to him/herself

1.

“Truth value”: How can one establish confidence in
the “truth” of the findings of a particular inquifgr
the subjects (respondents) with which and the sbnte
in which the inquiry was carried out?

Applicability: How can one determine the extent to
which the findings of a particular inquiry have
applicability in other contexts or with other sutige
(respondents)?

Consistency: How can one determine whether the
findings of an inquiry would be repeated if the
inquiry were replicated with the same (or similar)
subjects (respondents) in the same (or similar)
context?

Neutrality: How can one establish the degree to
which the findings of an inquiry are determined by
the subjects (respondents) and conditions of the
inquiry and not by the biases, motivations, intexes
or perspectives of the inquirer? (p. 290)

In qualitative research the naturalist equival@fitsccountability measures are

frequently used; credibility, dependability, confebility and transferability (Lincoln &

Guba, 1985D).

Credibility and Dependability

Credibility and dependability were addressed is tesearch by prolonged

engagement and persistent observation with thestgin their contextual setting to

provide scope and depth to the data collectiomgdaln & Guba, 1985a). This was

further supported by the following information. iing the observation of the classes

the researcher made detailed field notes. Thatiegeor the following day, the

researcher transcribed the notes into a reflegwmnal which identified

65



constructs/ideas about the confidence of teachelsvhat types of skills teachers had
before and after the PD sessions. Data colleetiwhanalysis were chronological and
ongoing. The researcher ensured that the catsgieseloped remained congruent with
the research goals. The participant teachersatalidthe transcriptions and
categorisation which made the analysis an intaragtfocess creating plausible
interpretations of what was found (Stake, 1988).

The researcher used multiple sources of data, asiaispection of teachers’
programs and worksheets, and students’ portfalioagddition to the data sources
mentioned earlier in this chapter. The researabked for teachers’ opinions and ideas
about activities through informal and formal intesws. Teacher information about
their perceptions of teaching science was alsoegathusing a questionnaire and student
information was collected from a questionnaire exterviews. This approach allowed
for triangulation through the use of multiple datairces and data collection methods to
validate research findings, to help eliminate b#as] detect errors or anomalous
discoveries (Anderson, 1998).

Confirmability

Confirmability refers to the degree to which theuls could be corroborated by
others. Other researchers may validate or chadlémg findings, or construct alternative
arguments (Bassey, 1999). The researcher proadeddit trail which included raw
data, field notes, transcriptions, construct dgwelent and formation, and categorisation
and coding procedures. Verification of data gattievas achieved through
triangulation. The types of information elicitedm several sections of results were
used to confirm, negate or complement themes arlgsions. Triangulation was used
in this research to obtain a wider base of inforomafLincoln & Guba, 1985a).
Transferability

Transferability refers to the degree to whichrigults of qualitative research
can be generalized or transferred to other contenggttings (Trochim, 2006). The data
collection involved a purposeful sample. It wasessary to provide thick descriptions
of all the events. This was achieved by the deyraknt of a narrative style that

contained “quotable quotes” (Roberts, 2006, p.réyenting a worthwhile story that
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explores the significant features of the studye Tésulting thick descriptions enhance
the degree to which other researchers can judgeahsferability of the results to other
research situations.
Ethical Issues

This research was approved in 2005 by the HumaedRels Ethics Committee
at Curtin University of Technology, approval numb# 104/2005. The ways in which
the researcher addressed the ethical issues oy@mitgnbeneficence, informed consent
and consideration are outlined below.
Anonymity

Anonymity refers to concealing the identity of fherticipants in all documents
resulting from the research. Confidentiality imcerned with who has the right of access
to the data provided by the participants. As ftcéace interviews and case studies were
conducted by the researcher confidentiality ofghadicipants could be ensured. Likewise,
in the area of reporting and publishing, anonymiis guaranteed to teachers and schools
using deletion of identifiers (Cohen et al., 200Bseudonyms for all schools and the
participants were used throughout this researahy distinguishing features of a person or
institution were also removed. The right to privat all documents was guaranteed to all
participants and all personal information was tad. Access to data gathered was
treated very carefully, being only available togmers necessary to the research (NHMRC,
2001a), in this case the researcher, her supesvésat the participants.
Beneficence

Beneficence is when research makes a positiveibation towards the field of
knowledge in an area of interest by maximisinglibrefits and minimising the potential
harm to ensure the welfare of all participantse €onduct of the research and the
dissemination and communication of results fromrész=arch has been as unbiased,
accurate and honest as possible. The researg®essnal and professional respect
ensured that the rights, welfare and beliefs ofptdugicipants were adequately protected at
all times (NHMRC, 1999). To guarantee justicerxsearcher attempted to see that the
benefits of the research outweighed the burdens pblssible major benefits of this

research are increased knowledge, improved seiytieater understanding in relation to
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the KSS PD program and the understanding of s@iehteracy. Although the risks in
this research were minimal, the researcher wasfalinfithe time constraints, privacy
and confidentiality of the participants (NHMRC, 2@0).

The researcher-participant relationship is onengiqual power (AARE, 1998).

The researcher’s respect for persons emphasisguhttieipants’ self-determination,
autonomy and individual choice (NHMRC, 2001b). réduce the power imbalance, the
researcher established relationships with theqyaaints based on respect, negotiation and
trust. The researcher achieved this by respeptanticipants’ personal choice and
promoting the conditions required to exercise thboices by developing and providing

all the participants with information sheets anidimed consent forms. Before the final
version of any form was given to any staff membaltural or academic considerations
pertaining to the participants were addressed.

Informed Consent

Informed consent is the written permission, withoagrcion, of the participants
stating that they (or their dependent minor) agogearticipate in a research activity.
Informed consent is necessary because participaungs be informed of the nature,
purpose, risks and benefits of the research (Aoderk998). Following the acceptance
by the Principal to participate, the researcher ads to contact individual teachers by
letter or an informal meeting asking them to pgate in the study.

The researcher made certain that teacher informatieets and consent forms and
the parent/guardian information sheets and corfsemts were at the reading level of the
participants and that all participants (or theiaglian) had the competence to read and
understand the information (Cohen et al., 2000)e ihformation sheet and consent forms
were on Curtin University of Technology letterheedntained the researcher’s contact
information, the researcher’s supervisor’s contiacirmation and the Human Research
Ethics Committee contact information (HREC, 2005he information sheet included
what was expected of the participants, a clearagmgtion of the purposes of the research
and the procedures to be followed; a descriptiahefrisks and benefits that would be
reasonably expected; an offer to answer any irggigoncerning the procedure; details of

how privacy, confidentiality and anonymity would &ssured; information explaining to
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the participants that they have the right to se#tslrmake amendments, and comment on
final versions of any related papers reportedegtenated time that was involved in the
research; and an instruction that the participaag free to withdraw consent and to
discontinue participation in the project at anydimithout prejudice (Anderson, 1998;
HREC, 2004). Additionally, the information sheebyided the participants with
information on the nature and type of data to Heected, the means of collection and the
way which data would be reported. This informatiaas clearly described prior to

consent being sought. There was no pressure grattieipants to participate in

activities. For a copy of the teacher informatstreets and consent forms see Appendices
8 and 9.

Teachers explained the nature of the researctetsttidents in their classrooms.
The researcher was available to answer any quedtiom teachers, students or
parents/guardians. Students were informed théitjgation was voluntary and that
permissions slips were due back for either decisibime researcher made note of any
students who were not to participate in the reseand did not approach these students or
use any of their work in any way.

Access to the schools was granted through the Dapat of Education and
Training (see Appendix 10). Following this accegts the Principal of each school was
contacted by telephone and subsequently sent ammafion letter (see Appendix 11)
asking him/her to provide the researcher permissi@nter the school site (Cohen et al.,
2000). After consent was approved by the Princijp&l researcher contacted the relevant
District Office staff of each school to inform thesfhithe study. It is not necessary to have
informed consent from this body, so this informatwas given as a courtesy.

Paper data were stored in a locked cupboard onusatgCurtin University of
Technology at the Science and Mathematics Educ&enire. All data will be stored for
a period of five years after the study is completEtectronic information such as the
transcriptions and the SPSS data will be stored 08B thumb drive and a CD ROM in
two different places at Curtin University of Techogy. The key to the code for the data
will be kept separate from the participant data BIR2005).
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Consideration

The researcher was aware of the time constraintseoparticipants and
endeavoured to make data collection involve de litisruption as possible to the normal
state of school affairs. The PMM interviews (segtrchapter) and formal interviews
were completed during the school day. The teaclkers provided with a relief teacher,
at a cost to the ARC Grant, so they could leave th@sses and be interviewed.
Alternative arrangements were made for those teaatieo did not wish to leave their
class, where they were interviewed either beforafter school at their request.
Completion of the PMM interviews took each partasipabout thirty minutes at times
that were negotiated between the researcher, Homkadministration and the participants
to ensure a time that was mutually acceptablesGi@servations were within the time
frame of the school day, with the researcher baggnobtrusive as possible when in the
classroom. However, if the teacher felt that it \@ppropriate for the researcher to assist
in the classroom then this was done. When in ldesooom the researcher negotiated
with the teacher where she should sit, how involsteel should be and what she was
required to do. The researcher was mindful otélaeher’s time, especially if discussions
went beyond teaching time.

Participants had the rights to see drafts, makendments, and comment on final
versions of any reports. A high priority of thesearch was to give prompt and useful
feedback to all the teachers and schools invohNrRviding a report for each school at
the end of the research period gave the staff pperunity to reflect on events that had
occurred during the research period. Each paaitipwvolved in the PMM interview was
asked for clarification of their written response®nsure the researcher ascertained the
correct meaning of the responses. If any pat@fésearch was unclear to the Principal
or teachers involved in the research, the reseastiseired she answered any questions.
The researcher also explained to the staff whatdvoappen to the data in terms of
storage and use for the thesis. Additionally,rdeearcher organised appropriate reports
to the schools as soon as it was possible. Tleargser made every effort to present the

results in a manner that was not offensive to artigpants.
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Summary of Chapter
This chapter discussed the research design ugkiiresearch together with the
presentation of the research questions. It haangmn overview of the data collection
and analysis that was used at each of the threestiady schools together with the
trustworthiness of the data and the ethical isthegsabounded the research. The data
findings and analysis are presented in the follgviour chapters. The PMM interview
description, methodology and data analysis arertepan Chapter 4. The data from the

three case study schools are presented and anailyseth, in Chapters 5 through 7.
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CHAPTER 4
PERSONAL MEANING MAPPING INTERVIEWS
Introduction

Examining different people’s understandings of siifie literacy may assist in
the exposure of why the meaning of scientific &tris not well understood, as
discussed in Chapter 2, although it is perceivadamy countries to be a high priority
for science education and an informed citizenrys Thapter reports an innovative
attempt to elicit a wide range of adults’ underdiags of scientific literacy. Using a
technique called Personal Meaning Mapping (Falkuséouri, & Coulson, 1998),
interviews were collected from three participardgugs: primary school teachers, high
school science teachers and the general adultpullbroad selection of participants
was sought in order to determine patterns in tepaeses that were general to the whole
group and particular to the three participant geodphe results will not only provide
evidence of whether or not Personal Meaning Map@rsguseful tool to explore
perceptions of scientific literacy, but also pravia set of baseline data that can be used
to compare the perceptions of the case study temaabeut scientific literacy (reported
in Chapters 5, 6 and 7).

Personal Meaning Mapping

Personal Meaning Mapping (PMM) is an interview-lmagxhnique that can
elicit both cognitive and affective ideas (Falkaét 1998). Research in both the
cognitive and neurosciences increasingly suppbewiew that learning is a relative and
constructive process (Appleton, 1997; Pope & GilhE983). PMM utilizes this
relativist-constructivist approach to measuringnézg (Falk et al., 1998). The PMM'’s
foundations lie within the areas of mind mapping aancept mapping (Bennett &
Rolheiser, 2001), with attention drawn to the cargton of meaning of words rather
than the interrelationships between concepts.

This technique was originally developed by Falkle{1998) for uncovering and
measuring people’s conceptions and perceptionsaaird or stimulus phrase in an
informal context. In their work they asked museusitors, 40 randomly selected

adults, to write words, ideas, images, phrasethaughts that came to mind related to
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the stimulus phrase “gems and minerals”, usingeavsit/post-visit approach to
determine the visitor’s learning at a specific éithat the Smithsonian National
Museum of Natural History in Washington, DC. Eauthividual's pre-visit knowledge
and feelings were compared with his or her post-kimwledge and feelings. To
determine the change, or learning of the visitoirdythe visit, the data were analysed
in four dimensions; extent, breadth, depth and emgst

Theextentof a person’s knowledge or feelings were analyseulentifying the
change in the use of appropriate language. Thegehseores were determined by
counting the number of relevant words/phrases evrittown by a museum visitor on the
pre- and post-PMMs and examining the difference.

Thebreadthof a museum visitor’'s understanding was measuyaddantifying
the change in quantity of conceptual understandimgn researchers independently
classified each visitor's responses into conceptatdgories. Inter-rater agreement was
95% and through discussion, terminology for categoand disputed classification were
resolved. To determine the change in breadthrebearchers compared the number of
conceptual categories that were used by the paatics before and after the museum
visit.

Thedepthof a museum visitor's understanding was determimethe detail and
complexity of their responses. Museum visitorsenesked about some of their
responses and the degree to which they could expatiteir understanding (transcripts
of the conversations were recorded). The two rekeas independently scored the
responses using a scale of 1-4 (1=no elaboratksig4ificant elaboration), and
differences in scoring were resolved through disicus

Masteryof a museum visitor's understanding related toowwerall way in which
visitors’ described their understanding. Scoriragwaccomplished through holistic
judgement, the PMMs were scored using a scaledofli=simple, novice-like
understanding to 4=highly detailed, expert like enstanding). Once again, both
researchers independently rated the PMMs and difters were resolved through

discussion.

73



This method has been used in other informal legrimstitutions, such as the
Challenge of Materials Gallery at the London Sceektuseum (Deneroff, Osborne, &
Moussouri, 2005) and the National Aquarium in Batire (Falk & Adelman, 2003).
When used in this way PMM does not assume thétaihers enter with comparable
knowledge and experience, nor does it requireghandividual produce the right
answer in order to demonstrate learning. Instedi\ is designed to measure how a
specified “educational experience” uniquely affezash individual’s personal,
conceptual, attitudinal and emotional understandiaik, Moussouri, & Coulson,

1998).
Use of Personal Meaning Mapping in this Study

This study reports the use of PMM in a more gensyatext; the PMM was used
as an exploration tool to determine participantglerstandings about the phrase
“scientific literacy”. This qualitative approach tlata collection allowed the researcher
to focus on insight and discovery rather than theact of an educational experience. In
this way, the use of the PMM interviews might besidered as a modified approach
compared to how PMM has been typically used by Balk his colleagues. Here it was
used only once in order to explore understandirg @dncept, rather than twice to
examine change as a result of a particular expegiemn this study, the method was
used to elicit ideas, words, images and conceptluatsparticipants had acquired from
their education and everyday life experience, #mabling the researcher to identify
what was known and understood by the participaatgarticular time.

The PPM interviews were conducted by the reseamhearone-to-one basis
with the participants. The participants were giaanA4 sheet of paper with the phrase
scientific literacy written in the centre of thegea as shown in Figure 4.1. Each
participant was asked to think of some words, idgamights, images or phrases about
scientific literacy. The researcher asked the tipre$What does scientific literacy
mean to you?” The participants recorded theirarsps, in blue or black ink, on to the
A4 sheet of paper. After allowing as much time asheperson needed to complete their
writing, the researcher sought verbal clarificatodrthe ideas from each participant, and

the participant’s responses were scribed, by theareher, in red ink, onto the
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participant’s A4 sheet. At the conclusion of eatthe PMM interviews the researcher
made notes on what the participants had said iitiaddo what the participants had
written and what the researcher had scribed. Aamge of a completed PMM is shown
in Figure 4.2, where the participants’ words arblire ink and the researcher’s scribing
in red ink.

The average time taken by participants was 25 regauT he participants spent
10 minutes, on average, writing their thoughts dheosheet and an average of 15
minutes explaining the meaning of their writteroimhation to the researcher. All
participants understood the task immediately. B\articipants required
encouragement to write as they believed they diknow any information about
scientific literacy. However, after the researoleplained to them there were no right
and wrong answers, participants became comfortabiecord their ideas.
Participants

The PMM interview technique, focussing on scieatiieracy, was used with 54
adults who were asked, and agreed, to participai®ei research. This voluntary,
purposeful sample was chosen to provide a diveoiperspectives from school
teachers and the general public. The sample wadedivnto three participant groups,
each of 18 people: teachers from primary schoadg $chool science teachers; and the
general public.

The primary school teachers all worked in Westeustfalian metropolitan
public or private primary schools. They were gahstteachers with one or two areas
of expertise; none had expertise in the SciencenisgArea. Their teaching
experience varied from 5 to 30 years. The higlosthcience teachers worked in public
or private secondary schools in several countri@se teacher originally taught social
studies but transferred to science when sciencheéeawere in short supply. Another
teacher commenced his career in a primary schabWas later retrained as a science
teacher. Both of these teachers majored in Biokdgicience. One other teacher had a
background in Agricultural Science and lecture@sce at Training and Further
Education College. The other teachers in this giwad always been high school

science teachers with seven having a major in Céteynseven having a major in
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Scientific Literacy

Figure 4.1. Representation of the PMM responsetshee
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Physics and one in Biological Science. Their teaglexperience ranged from 5 to 40
years. The high school teachers’ countries ofimirgcluded Australia, Germany, South
Korea, Mozambique, Philippines, Lesotho, Indonds@ay Zealand and Malaysia. The
18 members in the general public also had variedattnal and work backgrounds.
The patrticipants included a laboratory technicpostal services officer, nursing
assistant, cabinet maker, police officer, landscapéo electrician, lecturer in the field
of Business Marketing and Management, and a hdistst One of the general public
participants was educated in Malaysia, one in lnoli@ in South Africa while the
remainder were educated in Australia. Table 4dlvsithe number of male and female

participants in each group.

Table 4.1 Number of Participants in Each Group tegponded to the PMM

. Primary . General
Number of Participants School High School Public Total
Male 6 7 6 19(35%)
Female 12 11 12 35(65%)
Total 18 18 18 54
Percentage (33%) (33%) (33%)

Analysis of the Personal Meaning Mapping Data

Several steps were involved with becoming famiiéh the PMM data. This
was important to determine a set of categoriesvilea¢ based on the participants’
responses. The data from the participants’ PMMswecorded in a table using
Microsoft word. The comments were printed and gaatticipant’s comments were
separated by cutting the table into individual caents using scissors. The researcher
became familiar with the participants’ individuasponses by reading them several
times (Moustakas, 1994), and then developed caesgbased on the ideas that were
represented in the participants’ comments. Folgwhis initial familiarisation with the
data, a process, which Huberman and Miles (as oit&ervin, Vialle, Herrington, &
Okley, 2006) call “shuttling back and forth”, wasgloyed. In this process the

78



participants’ responses were re-read several timeasure that all comments were
represented by a developed category. Sometimesthenses were broken into
sections representing single concepts that retatede of the categories.

Each developed category was written on a separdéxicard and the cards
placed at different positions on a table. The seategories developed were science
related to life, science communication, investiggtinformed decisions, sceptical and
guestioning attitude, science content, and resswand strategies for teaching. Each
developed category was assigned a code and thenaseritten on the index card.

The participants’ responses were then sorted inéood the categories
represented by the cards on the table. As eacmentrwas sorted, the code that
aligned with the card was written on the reversthefparticipant’'s comment.

After one week, the researcher re-read and reestiteresponses into the
categories using the same method to check hebilélfa Any discrepancies were noted
and resolved through developing a clearer defimitibthe categories when necessary.
Another sort was done in the same manner afteriadoef two weeks where the
researcher found no discrepancies with her lagifseisults. The developed categories
together with their explanations and examples atined in Table 4.2.

To further test the validity and reliability of thesearcher’s analysis, she
explained to a colleague the process that shetosmthlyse the PMM data. She told
her colleague how the categories were developedavaatitype of content was common
to each of the categories. Any questions and sskumight up by the colleague were
discussed and resolved.

The researcher and the colleague then performechtidesort independently for
inter-rater reliability. This approach was useddach of the three participant groups.
At the conclusion of each sort the researcher afldague compared their data.
Overall, there was 94% agreement and the remag%hgf the data were categorised
after discussion and consensus. After the consdahsuotal number of responses in
each category was calculated for each participantmin addition to the total number
of responses given by that group. The total nurobezsponses for all groups and the

number of responses for each category for all ggougre calculated at the end of the
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Table 4.2 Examples and Responses of the PMM Cagsgoom the Participants

Scientific Literacy Explanation of the Participant Participants’
Category category Examplg (_What Explanation of example
from this Research the participant (what the researcher
wrote) scribed)

Science related to life Can identify the Engagement with Scientific literacy the
science in their daily real world person becomes aware in
life or in the life of problems, the real world context
others investigations then they apply what

and projects. they know/learn to the

issue. (PST)#

Science Can talk about, read Oral reports, You need to be able to

communication about, write about, diagrams, graphs, read and interpret a
watch, hear and tables. variety of information.
discuss science (HSST)#

Investigating Are able to follow and Methodology Processes like an
understand the steps of experiment and/or
an investigation from activity. To be
the problem to the scientifically literate you
conclusion should apply a strict

methodology. (GP)#

Informed decisions Can make informed Informed about E.g. media information
decisions about their current science on TV etc. How can we

environment (local issues and make efficiently use science in
and global) and about judgements aboutour everyday lives?
their own self current science (PST)#

(personal) issues

Questioning and Can be questioning  Ethical Have your ethical

sceptical and sceptical about  consciousness  standpoint, e.g. to clone.
claims by the media or You have ethical
other communicators thinking.
about science issues (HSST)#

Science content Knows the content of Chemistry Understanding chemical
science that can relate combinations and what
to Chemistry, Biology, that represents. (GP)#
Physics, Geology etc.

Resources and Has the items required Books In the library | have just

strategies and knows the ways of had some books
assisting in the purchased. (PST)#

development of
science education

#PST = primary school teacher, HSST = high schoignce teacher, GP = general public
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card sort. Percentages of responses were aladatalt for each group and the whole
sample. It should be noted that, even though werg given as much time as they
needed, what participants wrote may only be pavitait they know, and therefore not
the full complement of what they really understakthw or mean. As the following
interview was explorative, aiming to elicit expléinas from individuals about what
they wrote, there was no redirection to the pgréiot by the researcher to focus on
missing aspects. For example, some participanyshanze remembered some ideas
after the conclusion of the interview and thesasdeere not able to be included.
Additionally, participants may have wanted to cai@me of what they were thinking
as they may have believed it was incorrect so didwention these aspects. These
possibilities must be kept in mind when interprgtihe findings.
Findings

From the PMM interviews with the Sgarticipants a total of 400 responses were
isolated, which represents an average of just undesponses per participant. The
number and percentage for each of the participenips in each developed category of
scientific literacy are shown in Table 4.3. Eathhese categories is discussed in turn.
Science Communication

Primary school and high school science teachersticmmmon response was
categorised as science communication (24% and 29B&io responses, respectively).
Fifteen of the primary teachers’ responses invoheadling, writing and talking about
science. For example, one primary teacher beliévatdscientific literacy included
being able to “talk, read, view, do and write abseience and scientific
understandings”. She explained this by statingghalents have to know the “science
genres such as procedures, reports, experimenén’of the responses were related to
the terminology of science, for example, one prirtaacher thought that scientific
communication involved the “words in the sciencegpam that children would need to
understand in order to complete a scientific expent.” Seven of the primary teachers’
responses were devoted specifically to readingnstiematerial. For example, one
primary teacher thought that students should benfodable and confident in reading

scientific reports, documents and texts.”
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Table 4.3 Number (Percentage) of Responses fdr Baoup in the Seven PMM

Categories
Category Primary High School General Total
School Public
Science Communication 32 40 27 97
(24%) (29%) (21%) (25%)
Science Content 24 15 34 72
(18%) (11%) (26%) (18%)
Resources and strategies 17 13 35 64
(12%) (10%) (27%) (17%)
Science related to life 22 21 20 61
(16%) (15%) (16%) (15%)
Investigating 26 21 9 56
(19%) (15%) (7%) (14%)
Questioning and sceptical 9 17 2 28
(7%) (13%) (<2%) (7%)
Informed decisions 6 9 1 16
(4%) (7%) (<1%) (4%)
Total n 136 136 128 400
(34%) (34%) (32%) (100%)
% 100 100 100 100

Twenty (half) of the high school science teachegsponses in the science
communication category were about terminology arabmlary. For example, one high
school science teacher believed that science comeation should be the “vocabulary”,
where he stated that this included “understanddnginology involved, if you
understand the terminology you increase the congmsbn of the science that you are

reading.” Twelve of the responses were relatedritten and oral communications, for
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example, one high school science teacher thoughsthentific literacy was about
“communication and comprehension” which he expldiag “being able to
communicate with other people. Students shoulabbeto communicate in layman’s
terms.” Eight responses were about reading infiona For example, one high school
science teacher thought it was about “reading @xtsextracting information including
statistics so that students could extract the médion from the texts”.

Interestingly, science communication was the thiakt common response
(21%) for the general public and not the firsttagas with both groups of teachers.
Nineteen participants of the general public sartipbeight that scientific literacy was
about the terminology of science. For example,rapenber of the general public
believed that it was the “language, the words uséiteracy that related to science” and
another thought it was about “understanding thaiteslogy in science, what it is and
what it does.” Eight members of the general puthlaught it represented the
development of an understanding through generspégific language. For example,
one person thought that it was about the “laymsgerisis for science, so that when you
explain something to someone who doesn’t knowdhgon you break it down for
them.”
Investigating

The second most common response for both groutesiofiers related to
investigating (19% and 15% respectively). Inténegy every teacher had at least one
comment in this response section. Fourteen ofdatigonses from the primary school
teachers mentioned some aspect of investigation.eXample, one primary teacher
believed that it was about “the investigation psscand the variables needed for fair
testing that students needed to understand.” Amatight of the responses related to
experiments, for example, one primary teacher thotiat students should be able to
“design and carry out research and experimentsachrown conclusions, these are
investigations.” Four of the responses includgekets of the scientific method, for
example, a primary teacher said that scientiferdity was about the

scientific method, the hypothesis, aim, methodjltes
conclusion including changing and improvements t

experiment. You need to look at the problem and
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investigate it in a logical fashion using a procisg has
been shown to work — the scientific method.

Ten of the high school science teachers’ responses classified as
investigating related to the scientific method.r Eeample, one high school science
teacher believed that scientific literacy includediting experiments, aim, hypothesis,
method results, and conclusion. This is a wayetifrey up experiments; you need to use
the correct scientific tabulation.” Six of the pesses for this group involved problem
solving or inquiry skills. For example, a high sohscience teacher thought that
“scientific inquiry skills including problem solvgnstrategies should be employed and
this is where scientists may have a deeper undaelisthan others.” Five of the
responses related to fair testing and variable pudetiion. One science teacher thought
that scientific literacy included the “ability tdentify variables in a situation, know
what to control and know how to change the vargble

The responses for investigating (7%) were not asneon for the general public
as they were for the teachers. None of the gepetdic’'s responses contained the word
investigate. All nine comments for this group rethto experimentation. For example,
one person wrote “the methodology the procesdesah experiment or activity. When
you do an experiment you should apply a strict imaétfogy.”

Science Content

As shown in Table 4.3, science content was a congoomment (26%) with the
general public. This was also a noted respongbdprimary school teachers (18% of
comments). The most common content idea for tihergd public (18 of 34 responses),
related to a specific subject. For example, onegrethought that scientific literacy
would include “physics, understanding the equatitawss and other things in the
physics subjects.” Ten responses were about se@mepts, for example, one
member of the general public believed the “studgafcepts, know the concept not the
application of it” was important for scientificditacy. Six responses were about a
combination of subjects, for example one persortewitat scientific literacy involved
“science, chemistry, physics, biology, all thinggeace.”

Primary teachers’ most common response involveaviedge about the history

of science (14 comments). For example, a primegal teacher believed that to be
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scientifically literate you needed to “know abommpiortant scientific discoveries, the
history and development.” Six of the primary teaxshcomments related to general
science facts. For example, one primary schoch&rathought that it was about “facts,
the knowledge base of the topic.” Four responsae @bout science concepts, for
example, a primary school teacher thought it wgsontant to “understand of the
content of science to have a knowledge bank of eyatisc’

Only 11% of the high school science teachers’ conteeere representative of
science content, which was lower than the numbebofments from the general public
and the primary school teachers. Eight resporedated to science content in general.
For example, one high school science teacher leglithat scientific literacy should
include “scientific knowledge so that you have @stfic basis.” Seven comments
were about specific science subjects, for exangple,high school science teacher
thought you had to have a “fundamental knowledgriaphysics, chemistry, biology,
geology and technical issues because our worldlisfitechnical devices”.

Resources and Strategies

Perhaps surprisingly, the general public’s mostmom response related to
resources and strategies (27%, see Table 4.3% grbup’s responses were about
resources rather than strategies. The most comasponse (n=21) involved books
about science. For example, one person thoughthitéee should be “lots and lots of
books available in the science classroom. Intergsines not just boring science
books” to support scientific literacy. Thirteenpeases were about the equipment that
was required for science, for example, one perstis\ed that “unless you have some
hands-on stuff related to scientific literacy tliges would get blurred. The actual
factual stuff doesn’t get conveyed; e.g. an anatdisplay and literature about the room
should be available to schools.” One responséegtkspecifically to higher order
science reading “journals regarding the literatfrscience.”

For primary school and high school science teadiere were fewer responses
about resources (12% and 10% respectively), amthéea described with what and how
they were going to inform the students about s@erniche most common response for
primary teachers (nine responses) was relatedtsonatg information. For example,

one primary school teacher wrote that you needitmérstand where the information
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can be obtained from, where to go to find stuff, ¢he library, the internet, etc.” Six
responses related to how they were going to tdexBdience. One primary teacher
thought that to “teach science in an interesting wau need to be motivational
especially with the junior primary.” Two responsesre about the acquisition of
resources. For example, one primary teacher legliéou need books. | have just
purchased some for the library.”

Ten of the high school teachers’ responses indohgg|uisition of resources by
obtaining information, for example, one high schexknce teacher thought that
scientifically literate people needed to know hax'dearch websites to extract
information.” Three responses were simply aboathéng; one high school science
teacher thought that you could improve scientiferdcy simply through “teaching”,
and another teacher thought that the “syllabusamaay of breaking the information
down into manageable parts”.

Science Related to Life

Science related to life obtained almost the sanmelyan of responses from all
three of the participant groups, about 15% (sedel4uU3). For the teachers, many
examples were given about how they would relatestience to their students by using
ideas with which students might be familiar. Thest.common idea, fifteen responses
for high school teachers, related directly to edasylife. For example, one high school
science teacher thought that to be scientifidattyate you needed to “describe life in a
scientific way, for example, when you are teactetegtricity, talk about what the
students know about it in their own life.” Fiveroments involved linking science in the
classroom with everyday life, for example, one isceeteacher believed, “you need to
relate to real life not just lab life.” One resgerrepresented the awe of everyday
science “the content is fascinating and amazingadireround us. If you can see this
you have the wow of science!”

Twelve of the primary school teachers’ responsekigicategory involved
making links with science and everyday life. Foample, one primary teacher thought
that it was necessary to “make links between ewryife and science. Science is
integrated with everything in our life.” Eight tife responses were about world issues,

for example, one primary teacher thought that dregdgement of real world problems

86



should be the focus of investigations and projeétscientifically literate person
becomes aware in a real world context then applies they know of have learned to
the issue.” Two of the responses related to tlevaace of science, for example,
“science should be relevant to every day expergice

Nine of the general public’s comments were relatectal world experience.

For example, one person thought it was about ‘ffigkheory to the real world, applying
the science to your own life”. The public offerexamples of their daily experiences in
seven of the responses, for example one said, “kgpabout all the chemicals you need
to make beer.” Four of the responses were ab@nee and the environment; for
example, one person wrote “recognising scienceifreavironment.”

Questioning and Sceptical Attitude

The category relating to being questioning and sc&mttracted 17 responses
(13%) from high school science teachers. Sevemuamts related to understanding
how to interpret the validity of science work. Fxample, one science teacher thought
“you need to have enough information to be ablégi®rmine the validity of your own
work and the work of others.” Six comments inval\®eing able to be critical about the
science students read. For example, one teachevdi:they needed “the ability to
read, understand and critique science relatedestic the media.” Four comments
were about the value of evidence in scientific @vader, for example, one teacher
thought that “to have scientific literacy that yaccept that there are different opinions
[views] and you can make your own view based odewte not on people. Itis a more
objective view”.

Being questioning and sceptical and making informhecisions were uncommon
responses for primary teachers and the generalkcpubBbur responses from primary
school teachers related to being critical of sdiennhformation. For example, one
teacher said scientific literacy required a peiseimg “critical of information, not taking
on science as blind faith, look at the evidencerzkthe statement”. Three of the
responses were about being sceptical about infawmdbr example, a primary teacher
thought that you needed to have “scepticism hathegskills to view scientific finding
objectively.” Two responses referred to makinggewhents about scientific issues. For

example, one teacher thought you needed to berfirdd about current scientific issues
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and make judgments about current issues.” The @ntsiirom the general public were
about finding out the truth about current scieticegxample, one person thought they
needed to know “what is the truth?”
Informed Decisions

All three participant groups had the lowest nundfesomments in the informed
decisions category. Four of the high school sa@deachers’ responses involved global
environmental issues, for example, one teachee\ssi you should have a “global
awareness especially of environmental issues.’edbomments referred to ways in
which to act about environmental issues. One t&aehote that it was important to
have “an awareness of what we can do now to (hdpehelp the future.” Two
responses involved the ethics of science; one éezdabbught that you needed to have an
“ethical consciousness.”

Four of the primary school teachers’ responsesa@l@ environmental issues.
One teacher believed it was about “understandiapvtie need to look after and respect
the environment”, and another wrote “how sciendeeiping or ruining the
environment.” Two of the responses related toethhécs of science, as one teacher
wrote, it was about “the moral issues using scieasponsibly.”
Comparison of Responses with the Definition of Scie ntific Literacy

Following the analysis the categories developatii;iresearch were mapped
against the definition of scientific literacy (Reart al., 2001) used in this study to
determine similarities and differences. Examinatbthe data in Table 4.4 reveals that
many of the aspects of scientific literacy from t&inition are reflected by the PMM
categories developed in this study. In additiothiofive categories that were mapped
to the definition of scientific literacy, two aduhibal categories were identified. The first
of these, identified by all three participant greup the PMM interviews, related to the
“science content”, as they believed that scienlifezacy required some knowledge of
science. The science content category was nouswasunder the category science
related to life as the participants were very dpeabout limiting their responses to
specific subject areas of science that they ret&ltam their prior education. It does,

however, have some overlap with the aspect “as¥ested in and understand the world
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around them”. The other additional category ideadiin this research, by all of the

participant groups, was “resources and strategiestled for teaching science.

Table 4.4 Relationships Between and the PMM Qateg and the Definition of
Scientific Literacy

Scientific Literacy Category Scientific Literacy aspect from definition (Rennie
from this Research etal., 2001)
Science related to life Are interested in and understand the world around
them
Science communication Engage in communication of and about science
Investigating Are able to identify questions, investigate and

draw evidence based conclusions

Informed decisions Make informed decisions about the environment
and their own health and well being

Sceptical and questioning Are sceptical and questioning of claims made by
others about scientific matters

Science content

Resources and strategies

People’s Views of Scientific Literacy
As a way of summarising what was learned aboutlp&opiews of scientific literacy,
the following three assertions were developed. yMere a result of the researcher’s

reflection on her field notes and examination &f tesults of the PMM interviews.

Assertion 1: People’s understanding of scientific literacy is based on both formal
and informal learning experiences

Participants seem to have based their interpretafigcientific literacy on what
they have read or on an influential person’s vieswhich they have been exposed. For
example, Brian, a primary school teacher and regeattuate, verbalised as he wrote his

list of aspects onto the A4 sheet of paper. Dunisg®MM interview he said, “now |
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remember these from uni [university], now which @mne | missing...oh...um...what
was that lecture all about again?” Thus, he detnates! that he was trying to remember
a list rather than having an understanding of $ifiefiteracy that was meaningful.

An individual may be scientifically literate in tihn@ctions and behaviours, but
when faced with the phrase in isolation from a egttalised situation may report
understandings that suggest a lack of knowledgatamientific literacy. For example
one of the general public participants, Maeve, ehodook at the terms “scientific” and
“literacy” as separate entities, while another ipgrant revealed his/her knowledge of
the content of science and referred to sciencgolation with no mention of literacy.
Further, a person may be scientifically literaté lave a misconception of the phrase.
For example, several participants believed it wasuaithe literature of science, or
limited only to reading and writing in science. ride, the level of education of the
participants, both formal and informal, also play®le in their understanding of
scientific literacy. The researcher was able emtdy aspects of scientific literacy that
participants did not mention in the PMM intervietisough examination of their actions
in their daily lives. For example, one participamho appeared to have a limited
understanding of scientific literacy from the PMMarview, discussed at length several
current environmental issues.

Perceptions based in past traditions or norms edridsed and simplistic. For
example, Paul, a Business Marketing graduate,\lsliéhat “if you want to be a
scientist, the study of the physics, chemistry bintbgy are important because these are
the most important science subjects — they havib@albasic fundamentals”. He stated
that he did not believe it was important for every®o understand science, only those
who engaged in science occupations. Interestiaglgther aspect that Paul mentioned
was about “technology” where he thought the “amgian of science — used for a
specific purpose or application e.g. IT applicatidphysics/engineering. When it
comes to technology you need to combine all ofath@ve physics, chemistry, biology
so these people in IT need to know about science.”

Participants who have not had the opportunity,mndt feel that they are able to
guestion scientific issues may be limited in theiderstanding. The advent of the

internet and similar technologies that allow fasd @asy access to a myriad of
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information, in addition to the increased openr@siebates and discussion in a variety
of accessible media, may not ensure a more infomn@dmore sceptical and

guestioning public.

Assertion 2: Self-efficacy in science plays a central role in what participants
understand, believe and are willing to share about scientific literacy

Fifteen of the 18 participants from the primary@algroup were reluctant to
explain what they thought scientific literacy meemthem. They believed that they did
not know the answer to “What does scientific litgranean to you?” and needed to be
supported into writing anything down. When theg,dnany of the participants wrote
words/phrases that related to at least some @gpects of scientific literacy in the
currently accepted definition, especially the aspe€ science communication and
investigating. Interestingly, they consistentlydaeanegative comments about their own
ability to complete this task. For example, Lis&o had been teaching in primary
schools for seven years, thought aloud, “this igght, I'm not sure what | am saying”,
and Melanie, a primary teacher of 20 years, stdtddn’t know about this, | am just
guessing”. These issues are reflected in the atwdwtience taught by many primary
school teachers. If primary school teachers teatyminimal science there is less
opportunity to engage in thinking about the aspet&ientific literacy with their
students. Furthermore, if primary teachers arehieg science in their classrooms they
need to be informed of what is required of therprtamote scientific literacy among
their students if this is the goal.

High school science teachers were much more carifa®ut their ideas. They
were told, as were all other participants, thatrés®archer was interestedieir
interpretation of scientific literacy. Six of th& participants immediately interpreted
this request as the researcher developing a defirahd they must present the
researcher with ideas that will be included. Barmaple, Matthew had been teaching
science for over 35 years and he thought “whatngrd to know is that there should be
a lot of reading, not just text books but otherksofsom the library”, and Scott, a
science teacher for 15 years, stated “[scientigcdcy] should include all the language

skills in science, all the spelling words and hawwrite up a lab report.” However, high
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school science teachers’ greater confidence comdparngrimary teachers did not ensure
their increased number of responses in all of #tegories of scientific literacy. Rather,
it suggested that they were more willing to respbadause they felt confident about the
subject of science.

The general public’s most common responses retategsources and strategies
(27%) and science content (26%). The researclemrebd that the participants in this
group showed similarities in the way they responeithe primary teachers, where they
believed they were not qualified to answer the tjaes For example, Gerry, a postal
officer, said “I don’t know what | am supposed wltkre, | am just making suggestions,
| don’t know if they are right,” and he asked, “Cgou tell me if | am right?” Susan, a
science laboratory technician in a high school dsken't this for the teachers to know?
I know about the lab equipment and how to set upesexperiments but | don’t really
know about scientific literacy.”

The participants’ attitudes and explanations inRMM interviews revealed that
they could be placed on a confidence continuungingnfrom some of the almost
overconfident high school science teachers, toethiogt lacked confidence like primary
teachers and the general public. Hence, selfsffiecnay have an impact on the way

understanding of scientific literacy will be integped by these groups.

Assertion 3: Cultural backgrounds and social interactions are important in the
development and understanding of scientific literacy

Esther, a high school science teacher from Mozanebielieved that scientific
literacy should include “multiscience” (to be abdemake choices). She explained this
to the researcher as when students would “have ledlge about alternative ways not
just the scientific ones. Spiritual, indigenoudigieus alternatives”, when dealing with
decisions that involve science.

The understanding and interpretation of sciencesarehtific literacy through
the eyes of a particular culture is an importantdawhen addressing understanding.
For some cultural groups, science is about how daeyblend traditional beliefs with
Western science. In many countries with indigermasulations, such as Australia,

Africa and New Zealand, indigenous persons view gm@ence through the cultural
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landscape of their heritage (Clandinin & Connell996). How science is taught and
learnt by cultural and social groups is importahew developing the understanding of
scientific literacy. Traditional cultural historg tenaciously defended in many countries,
and the juxtaposition of modern science has beseped as one of the major threats
to their cultural heritage. Consequently, the dgw@ent of negative opinions of
science, scientists and science knowledge may ingsacted on both the understanding
and interpretation of scientific literacy (Cobetraké, 1995).

Heather, a New Zealandadri and a high school science teacher @b
students, stated in her PMM that “understandingepts and behaviours” was an
important aspect of scientific literacy. This meemHeather that students could see the
relationship between natural life and science taugkchools so that they could
“understand why we group things together into id#dasrefore students know that
science isn't just for them. #dri students need to understand that science ctsaag
the things that occur [in our daily life] are reldt. Lilly, a primary teacher in Australia,
revealed that

catering for children in this multicultural schawteds
careful attention when you are planning anything,
sometimes children are not permitted to particijrate
certain activities or discussions. These are tisbag of
their parents so we must respect them and workndrou
them to be inclusive of the kids.

Summary of Chapter

This chapter looked the ways PMM interviews cowduged to understand
people’s views of scientific literacy and examirrexv the method was used in this
study. The meaning of scientific literacy, basadcategories developed through the
reading of participants’ responses, showed sinigsrto those that were developed in
previous definitions. An examination of the finggrevealed that the three participant
groups, primary school teachers, high school teadchred the general public, showed
some commonalities in their responses to the sfielieracy. The most common

responses for all three participant groups weredhbat related to science
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communication. The least common aspect of scietitéracy for all three groups was
making informed decisions.

Through using participants’ comments in the PMM] ather comments and
observations during the PMM interviews, the redearevas able to produce three
assertions which related to factors that may impagparticipants’ understanding and
expression of scientific literacy. These assesti@tated to participants’ learning

experiences, their self-efficacy and cultural anda interactions.
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CHAPTER 5
FENCHURCH PRIMARY SCHOOL
Introduction

This chapter describes the findings from data ctéig from the students and
teachers of Fenchurch Primary School. It provalesckground to the PD program,
along with an overview of the workshops presentetth¢ staff. The chapter then
presents the data collected from the school, imamological order, together with their
analysis.

Background to Fenchurch Primary School

Fenchurch, a metropolitan state school, is overyBa0s old. The school is
situated 25 km from Perth city in a mixed socioewuit area (middle and high income
earners) and had, during the time of the studiafasf 12 teachers. There were 10
female teachers and 2 male teachers, a male depaotypal and a female principal,
giving a total of 14 staff. At the time of the daiollection the school had 230 students
from Kindergarten (4 years of age) to Year 7 (1@rgef age). Science was taught in
each class by the class teacher. Some teacherspemialists (e.g. Art, Italian) and
some were part-time, so not every teacher in theddaught science.

Fenchurch selected Science as an education pradribe end of 2004, following
a school-based and initiated survey completed éytole staff. The results revealed
that staff felt that their knowledge, confidencel gedagogical skills were most limited
in the areas of Science and Technology and Ensermpecifically in the areas of
planning and assessment. The deciding factontlade the school staff select Science,
rather than Technology and Enterprise, was ateibtd data received as feedback from
a non-school based student survey late in 2003n{@eR004) which indicated that
students’ learning in and attitudes toward sciendbe school were sound but could be
improved. In 2005, Fenchurch staff selected twwstpriorities; Science and the new
Western Australian state-wide assessment systesrpad of their Science priority the
staff decided that PD sessions in science woula fiétable starting place to improve
their PL.
The principal, in consultation with the whole staffviewed the PD options available to

primary school teachers and selected the KSS P@raamobecause it was flexible in
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terms of content and delivery and could be desigoedeet staff needs. After
consultation with an Education Officer from the K&®nchurch selected three PD
workshops: Working Scientifically; Developing Copteal Understandings in Science
with specific reference to the content area ofticartd Beyond; and Planning and
Assessing with an emphasis on Earth and BeyondstHfiebelieved that these PD
workshops would be most beneficial for their Pliteesy covered both school priorities
at the same time. Three half-day PD sessionsptaale in the first semester of 2005
with half of the staff attending the morning seasiand the remainder attending a repeat
session in the afternoon. All teachers and admat@ts participated in the PD program.
At the beginning of each PD session, an activitykband support materials to assist in
the follow-up implementation of ideas were providedll attending staff.

Overview of the Fenchurch Workshops

The three Science PD workshops are outlined below.

Workshop I(March 15, 2005): The Beyond of Earth and Beyondr¢asmy)
covered the Western Australian curriculum scierardgent area of Earth and Beyond
focussing on Astronomy. This workshop offered mate and ideas about Astronomy
that aimed to assist teachers in their conceptdénstanding of the topic. It included
various hands-on activities for teachers.

Workshop ZMay 2, 2005): Working Scientifically Through Openéstigations
covered the Western Australian curriculum sciemea af Working Scientifically
paying particular attention to Investigating anavhavestigating could be used in
Astronomy. It explored the Earth and Beyond outesmvith activities in Astronomy,
and looked at strategies to incorporate Investigadis part of the teachers’ programs.

Workshop 3 (June 27, 2005): Planning and Assessingred the area of
planning and assessing incorporating Investigaimdjthe content area of Earth and
Beyond. This workshop took teachers through arptanprocess using the Western
Australian Curriculum Framework (Curriculum Coundi®98), Curriculum Guides and

the Outcomes and Standards Framework/Progress ®apdulum Council, 2005).
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Findings

Data were collected from seven sources as outlm#éte methodology section:
PD WFS, Teacher Questionnaires, Student Questi@am&MM Interviews, Formal
and Informal Teacher Interviews, Informal Studemétfviews and Observations of
Classroom Lessons. Table 5.1 shows the timelinadministration of the data
collection methods.
Professional Development Workshop Feedback Sheet

The WFS is a survey routinely used by the KSS Paf t® obtain feedback on
their workshops (see Appendix 1), and is completddo stages. Before the workshop,
teachers completed five demographic questionsdtaesnot analysed), an open-ended
guestion about their expectations of the workshop, five items on which teachers
were asked to rate their attitude and perceptibostaheir teaching of science in their
classroom. A 4- point rating scale, with respattseices from “strongly agree”,

” oo

“agree”,

disagree”, “strongly disagree” was used.

At the end of the workshop, teachers completedérend page of the WFS.
They rated five items similar to those used ingheeprofessional development WFS
(with small wording changes to capture the postksioop context), and completed four
open-ended questions about their responses todhesop and subsequent actions they
planned to take. The number of participants fohezHdhe workshops varied (11 to 15)
due to staff absences and attendance of a pressdeacher.
Teachers’ Attitudes and Perceptions about Confidenc e and Pedagogical
Skills Before and After the PD Workshops

The first part of the Pre- and Post-Professionaldi@pment WFS contained five
items for which teachers were asked to rate thefude and perceptions about their
teaching of science in their classroom before dtedt attending the PD workshop. The

results are analysed by workshop.
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Table 5.1 Data Collection Timeline for Fenchurch

Data Mar Apr May Jun Jul Aug Sept Oct Nov Dec 2J0aon6 Feb
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Professional Development
&Workshop Feedback Sheets ~ N N

Teacher Questionnaire

Personal Meaning Mapping
Interviews Y

Teacher interviews
-Cluster Group v

-Case study class teachers

-Informal

Student Questionnaire

Informal Student Interviews

Observation of lessons




Workshop 1: The Beyond of Earth and Beyond (Astrono my)

Table 5.2 presents a comparison of pre- and posgtshiop teachers’ attitudes
and perceptions about science teaching in Work&hdjhe results for Item 1 show that
before the workshop, 92% (12 teachers) respondex ay strongly agree to having a
positive attitude toward teaching science. Theesponding post-workshop item
revealed that teachers remained positive about@gjavith several teachers responding
more positively. Before the workshop, 92% (12 kesis) agreed that they needed
adaptable pedagogical skills and ideas to usesistlience class (see Item 2). After the
workshop, all teachers were satisfied that theyldesh given pedagogical skills and
ideas to use in the classroom. Interestingly,teaehers moved from strongly agree to
agree in their response after the workshop. Ossible reason for this might be that
these teachers believed they needed to acquirepraxgcal and adaptable pedagogical

skills than what the workshop offered.

Table 5.2 Fenchurch Teachers’ Pre- and Post-Wogkattitudes and Perceptions
about Teaching Science in Workshop 1 Astronomy (%)

Wk  Item
shop Pair Item Content SA A D SD
no.

Pre 1 Currently | have a positive attitude towasdshing 54 38 8 0
science

Post | have a positive attitude toward teachingre 70 30 O 0

Pre 2 Currently | need adaptable skills and idease inthe 70 22 8 0
classroom

Post | have been given adaptable skills and ittease inthe 54 46 0O 0
classroom

Pre 3 Currently I am confident in planning effeetacience 8 54 30 8
programs

Post | could confidently plan effective sciencegrams 62 30 8 0

Pre 4 Currently | can confidently deliver effects@ence 8 54 30 8
programs

Post | could confidently deliver effective sciemregrams 62 30 8 0

Pre 5 Currently | feel confidently able to facitéestudent 8 46 46 O
achievement in science outcomes

Post | could confidently improve students learrimgcience 46 46 8 0
outcomes

Note: N=13
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The remaining three item pairs related to teachefidence. Generally, the
results from Table 5.2 illustrate an increase athers’ confidence after the PDP
workshop; 62% (8 teachers) were confident in plagmffective science programmes
before the workshop compared with 92% (12 teaclsgts) it (Item pair 3). Similarly,
62% were confident of delivering effective sciepcegrammes before the PDP
workshop, increasing to 92% (12 teachers) aftemtwkshop (Item pair 4). The final
item pair, relating to confidence in facilitatingdent achievement, revealed that only
54% (7 teachers) were confident in this aspectrbdfee workshop, compared with 92%
(12 teachers) in the post-workshop response (li@mp

The overall results reflect that teachers alreaty dnpositive attitude toward
science and were amenable to new ideas. The pokskop results for the first two
item pairs show that teachers agreed they needkd/enre provided with adaptable
pedagogical skills and ideas to use in the classrobhe results in Table 5.2 show
positive outcomes of the PDP workshop, in the aféaacher confidence, with most
teachers’ gaining confidence as a consequenced @i workshop.

Workshop 2: Working Scientifically Through Open Inv estigations

Table 5.3 presents a comparison of pre- and postshiop teachers’ attitudes
and perceptions about science teaching in Work&hofss for Workshop 1, there was
little change before and after the PD workshogemb 1 and 2. Ninety three percent of
teachers had positive attitudes toward teachirgnsei before the PD experience, with
100% responding positively after the PD prograne pte- and post-workshop sections
of the survey for Item 2 showed a small movemeamnfagree to strongly agree in the
complementary post PD program item. Teachers ddhes needed, and were given,
adaptable pedagogical skills and ideas to usesicldssroom.

The data in Table 5.3 also illustrate that teachenr® more confident in the
planning and delivering of effective science progsaand facilitating student
achievement, as a consequence of completing thed?kshop. Prior to the workshop
only 53%, 54% and 47% respectively of teachers wendident in planning, delivering
and facilitating before the workshop (Items 3, 4 &, In contrast, all teachers were

confident after the PD workshop.
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Table 5.3 Fenchurch Teachers’ Pre- and Post-Wogkéttitudes and Perceptions
about Teaching Science in Workshop 2 Working Sifieally (%)

Wk Item
shop Pair Item Content SA° A D SD
No.
Pre 1 Currently | have a positive attitude towdedghing 33 60 7 0
science
Post | have a positive attitude toward teachingrae 47 53 0 0

Pre 2 Currently | need adaptable skills and idease inthe 33 67 O 0

classroom

Post | have been given adaptable skills and itease inthe 47 53 0 0
classroom

Pre 3 Currently I am confident in planning effeetscience 0 53 40 7
programs

Post | could confidently plan effective sciencegrams 33 67 O 0

Pre 4 Currently | can confidently deliver effects@ence 7 47 47 0
programs

Post | could confidently deliver effective sciemregrams 27 73 0 0

Pre 5 Currently | feel confidently able to facitéestudent 0 47 53 0
achievement in science outcomes

Post | could confidently improve students learnimgcience 33 67 O 0
outcomes

Note: N=15

Workshop 3: Planning and Assessing

Table 5.4 reports the comparison of pre- and paskshop teacher attitudes and
perceptions about science teaching in Workshopn3ilé8 to Workshops 1 and 2, there
was little change in Item 1, with teachers gengnadisitive toward teaching science
before the workshop, with every teacher respondositively after the workshop. The
results from Item 2 also showed a positive trenith all teachers agreeing they needed
and were given adaptable pedagogical skills.

As in Workshops 1 and 2, the results in Workshdpr3tems 3, 4 and 5 revealed
a positive movement in teachers’ attitudes andgpeians after the PD workshop. The
pre-workshop survey showed 45% (5 teachers) werkdsmt in planning effective
science programmes, 54% (6 teachers) were confadelglivering effective science

programs and 46% (5 teachers) were confident ibtée student achievement. After
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the PD workshop all participants’ reported thattivere confident to engage in these

three aspects.

Table 5.4 Fenchurch Teachers’ Pre- and Post-Wogkattitudes and Perceptions
about Teaching Science in Workshop 3 Planning asskgsing (%)

Wk Item
shop Pair Item Content SA° A D SD
no.
Pre 1 Have a positive attitude towards teachingnes 45 45 10 O
Post | have a positive attitude toward teachingrae 64 36 O 0
Pre 2 Need adaptable skills and ideas to use in the 45 55 0 0
classroom
Post | have been given adaptable skills and itteasein 64 36 O 0
the classroom
Pre 3 Currently I am confident in planning effeetacience 18 27 55 0
programs
Post | could confidently plan effective sciencegrams 64 36 O 0
Pre 4 Can confidently deliver effective sciencegpams 18 36 45 O
Post | could confidently deliver effective scieqregrams 45 55 0 0
Pre 5 Feel confidently able to facilitate studesitiavement 10 36 55 O
in science outcomes
Post | could confidently improve students learrimg 45 55 0 0

science outcomes

Note: Due to rounding not all rows add to {R&11)

In summary, the majority of teachers came to then®ikshops with positive
attitudes toward science, and maintained or impddkieir attitudes after the PD
workshops. Teachers believed that they need anel gigen adaptable pedagogical
skills in all three of the PD workshops. For eaarkshop, the data show that all
teachers believed they were more confident withmglag, delivering and facilitating
science lessons by the conclusion of the workshioferestingly, at the commencement
of the second and third workshops, the data shalatdeachers appeared to be less
confident than at the conclusion of the previousksioop. This is understandable as the
three PD workshops related to three different aoéasience: the content of Earth and
Beyond (Astronomy); Working Scientifically throu@hpen Investigations; and Planning

and Assessing in Earth and Beyond. Each workskogesents a unique aspect of
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science for the teachers and although all areael@t teaching and learning in science
there seemed to be disparity between teachersidemde levels about these three areas.
Teachers’ Attitudes and Perceptions about Knowledge, Pedagogical Skills and
Confidence, Resources and Leadership through Open-Ended Responses

The results of the four open-ended questions ohiRE are presented below.
The content of teachers’ responses were analyseteszribed in Chapter 3, and
clustered into six categories; knowledge, pedagogkills, confidence, resources,
leadership/collaboration and reflection. In thestson the open-ended questions are
analysed across the three workshops.

Question 1 (see copy of the WFS in Appendix 1) arasvered before the
Workshops began. Teachers were asked “What woulggosonally like to achieve as
a result of attending this workshop?” Table 5&spnts the percentage of comments
that fell into the categories of knowledge, pedagmigskills, confidence, resources and
leadership/collaboration.

The largest percentage of comments, in all thred&stops, related to acquiring
pedagogical skills (see Table 5.5). Examples ofissomments included “improved
teaching skills” (Workshop 1), “new strategies tdphteach science” (Workshop 2),
“proformas and rubrics” (Workshop 3) and “greategamisational and programming
skills” (Workshop 3). Whilst all these commenttate to pedagogical skills, teachers
often referred to the skills most likely to comerfr that particular workshop.

The next most common response related to knowleBgamples of such
responses included “knowledge to use in the classit¢Workshop 2), and “knowledge
to incorporate science as a fun and inspiring obass activity” (Workshop 3).

Two teachers made comments relating to teacherdamde. In Workshop 1
one teacher stated she wanted to achieve “have@specific idea of what | am meant
to be doing”, while in Workshop 2 one teacher wdrfnfidence and ideas to
implement successful scientific learning experisnoehe classroom”. There were no
comments relating to confidence at the start othirel WWorkshop.

Two additional responses were obtained from Quedtjmne relating to
resources and one relating to leadership/collalmorésee Table 5.5). The responses

about resources occurred in Workshop 3 where @uhés wanted “more hands-on

103



activities”. The leadership/collaboration respotis occurred in Workshop 1 stated
that the teacher wanted to be “able to supporstheol better”.

Table 5.5 Fenchurch Teachers’ Responses to thstiQue‘What would you
personally like to achieve as a result of attendlivig)workshop?”

% of comments
Workshop 1 Workshop 2 Workshop 3
Earth and Beyond Working Planning and

Comment category

Scientifically Assessing

Knowledge 9 15 6
-need a better understanding
of science and outcomes

Pedagogical Skills 76 76 88
-help with planning and programming
-teach science to young children
-ideas for task and activities

Confidence 9 9
-increased confidence to do science

Resources - - 6
-resources that can help

Leadership/collaboration 6 - -
-to support staff

Number of comments 19 23 16

Number of teachers 13 15 11

After the Workshops teachers were asked threeiadditopen-ended questions.
Question 1 asked teachers “What actions do youtpléeike following today’s session?”
Table 5.6 presents the percentage of commentsethatto the categories of
knowledge, pedagogical skills, confidence, resajrigadership/collaboration and
reflection.

The largest number of responses from WorkshopsiBa(76% and 57%
respectively) were related to pedagogical skike($able 5.6). Examples of these
comments included “plan a theme around Astronoriydikshop 1) and “plan science
for next term” (Workshop 3).
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Table 5.6 Fenchurch Teachers’ Responses to thstiQueé'What actions do you
plan to take following today’s session?”

% of comments

Workshop 1 Workshop 2 Workshop 3
Comment category
Earth and Working Planning and
Beyond Scientifically Assessing
Knowledge 8 - -

-look at the science content
Pedagogical Skills 76 10 57
-design own activities

-enthuse students

Confidence - 10
-have fun with science
Resources 8 70 43

-refer to and use material
Leadership/Collaboration 8 - -
-work with others
Reflection - 10
-review current practice
Number of comments 13 21 14
Number of teachers 13 15 11

In Workshops 2 and 3, many comments were relataddairing or using
resources (70% and 43% respectively). For exatipterporate planning sheet box”
(Workshop 2), “use the planning documents” (WorksB@ and “familiarise myself
with planning notes” (Workshop 3). Additionallyn® comment in Workshop 1
described how the teacher believed s/he wouldlooiége by writing as s/he wished to
“participate in a whole school science program”.

Question 4 (see Appendix 1) asked teachers: “Haswmbrkshop affected your
views about teaching science?” The largest nurmbeomments in Workshops 1 and 3
related to knowledge. Examples of such commemwtsdied “having the handbook with
all the definitions [of Astronomy] will be most gl to me” (Workshop 1) and “a

greater understanding of outcomes based plannid@etivities” (Workshop 3).
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Another frequent response to this question relatebnfidence, with 35% of the
comments from Workshop 2 and 26% from Worksho-dar example, in Workshop 1
one teacher wrote that the PD had “made me nataed to talk about issues | don't
understand”. In Workshop 2 one teacher thoughtttieePD had made her/him “more
confident to develop a science program”. In WorksBmne teacher simply wrote the
words “very positive”.

Nine other responses related to pedagogical skildVorkshop 1 one teacher
thought that the PD had “made it easier to plam¥Morkshop 2 a teacher wrote that “it
[the PD] has given me ideas to extend, experimetta also provide children with a
structure when completing experiments.” Additidpahfter Workshop 3 a teacher
explained “I now know you can apply science to eeaj-life situation such as ‘Which
paper is most appropriate to soak up a liquid?28veh respondents stated that the
workshop had affected their views about teachingnee but did not elaborate how their
views had been affected.

Table 5.7 Fenchurch Teachers’ Responses to thestlQue‘Has this workshop
affected your views about teaching science?”

% of comments
Workshop 1 Earth  Workshop 2 Workshop 3

Comment category

and Beyond Working Planning and
Scientifically Assessing
Knowledge 36 24 41

- given a better understanding of content
and concepts

Pedagogical Skills 16 24 17
-I have found that there are alternative
approaches and new ideas

Confidence 26 35 17
-it has increased my confidence

Resources 11 6 -

-resource materials are useful

Yes, gave no reason 11 11 25
Number of comments 19 17 12
Number of teachers 13 15 11
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Question 5 (see Appendix 1) asked teachers: “Whattive main message you
gained from today’'s workshop?” Table 5.8 showsléingest number of comments in
Workshop 3 related to pedagogical skills. For epd@min Workshop 3 one teacher
thought that the main message was to “use theadlaiideas to make it [science]
easier”. Additionally comments about pedagogi&dlsswere also common in
Workshop 2, for example, one teacher thought tiatriain message was that “science
can be hands-on and applicable to life”.

The most frequent responses in Workshops 1 ani&@deto confidence. In
Workshop 1 one teacher thought that the main messag that “science is easy and
enjoyable”. In Workshop 2 a teacher thought thesage was to “have a go and find
science in everything”. Other responses abouuress and knowledge were also
identified. For example in Workshop 2 one teatheught that the main message was
about the resources when they wrote “a simple iagtvan provide a wealth of
learning”.

Table 5.8 Fenchurch Teachers’ Responses to thstiQuéWhat was the main
message gained from today’s workshop?”

% of comments
Workshop 1 ~ Workshop 2 Working Workshop 3 Planning

Comment category

Earth and Scientifically and Assessing
Beyond
Knowledge - 5 -
- It has given me a clearer
perspective
Pedagogical skills 38 30 77
-science can be integrated
Confidence 62 45 8
-increased my confidence
Resources - 20 15
-help is available
Number of comments 13 20 13
Number of teachers 13 15 11
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In summary, analysis of the open ended responsegeshthat, in anticipation of
all three workshops, the staff’'s highest prioritgsato gain pedagogical skills. From
Workshops 1 and 3 the most common action that glafined to take after the PD
workshops related to their use of newly acquiredbgegical skills. The staff believed
they had a repertoire of science activities toars#that they had the pedagogical skills
to teach science. After Workshop 2, the teachamst common expected action was to
use the resources made available to facilitate pgi@nning, programming and students’
learning. In this workshop, the staff's views hmkn most affected by giving them
increased confidence to teach science, while inkdrmps 1 and 3 the most common
response related to a better understanding of st@omy content and how to plan and
assess, respectively. Most staff found the maissange of Workshops 1 and 2 was
about their increased confidence, while in WorksBdbe most common response
related to the pedagogical skills teachers hadiesdjor planning and assessing in
science.

A follow-up discussion with Edith, the Educationfioér, revealed that she was
pleased by the WFS data from Workshop 3. In Eslitvords, her previous experience
of the teachers’ understanding of the PlanningAssessing workshops

had always been OK but they [the teachers] definfteind this

workshop the most challenging. So | was reallypssed and

happy that the Fenchurch teachers were so posibeet the

Planning and Assessing workshop. (Field note$,Aiigust, 2005)
Further discussion with Edith drew attention to pihesentation order of the workshops.
As the Planning and Assessing Workshop was postiblynost challenging workshop
for teachers it may be best to have this workslobpduled as the final one. This would
enable teachers to have time to become familidr atiher aspects of science and have
more knowledge, confidence and skills before emhgrén planning and assessing.
Teacher Interviews
Staff Cluster Meetings

All staff were interviewed in one of three clusteeetings which took place a
month after the third PD workshop. The interviemese based around the four

guestions outlined in Figure 5.1.
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What did you hope to get out of the PD?

What did you like best about the PD?

How are you going to utilise anything you hasarht in the PD?
How long is each science topic or theme?

PwobE

Figure 5.1.  Interview questions used at Fenchuiaf duster meetings

A themed summary of the responses to the quessanglined below in relation to
knowledge, confidence, pedagogical skills and recses
Knowledge

Before the PD program, teachers wanted to incréreeseknowledge base of the
Earth and Beyond content and teachers believedhtegthad achieved this goal. This
increased knowledge base was evident through teaolgagement in the Astronomy
topic (a few teachers brought some examples of stedents’ work to the cluster
meeting). Some teachers also noticed that becaasetime was spent during the
school day talking about science, this had resuttesiudents doing science at home and
taking science-based books out of the library liergtudents’ own enjoyment.
Confidence

Before the PD program the teachers wanted to isertreeir confidence in the
teaching of science. The aspects of the PD thah&za believed assisted in their
improved confidence related to the PD presentée t€achers believed that because the
presenter was patient, made connections to aspiedis that they knew, and valued
their ideas and opinions, it promoted their cortiice As Penny said, she “showed us
how we learn” and encouraged the participantsthiéuamore, the teachers felt that
because the presenter valued their ideas they filencbonfidence, as Merv explained,
“to let kids extend themselves” (28uly, 2005).
Pedagogical Skills

Prior to the PD workshops, the teachers believatittie PD should be able to
give them ideas on how to do “hands-on”, intergstind relevant activities related to
student outcomes, especially in early childhoodcatian. Specifically, teachers wanted

to know how to introduce a science topic and howéike it relevant and easier for
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them to teach. From their participation in the katrops they knew that the activities
worked and could be transferable to other aredéiseo$cience curriculum, Sigrid
informed the researcher that “I have used the asgtianal skills | learnt in the PD to
allow students to do a variety of small group atég”. They also believed that they
had the pedagogical skills to be able to modify safthe resources. As Mark
explained, “I can modify the activities we did quéasily to use with my Year 4s”.
Resources

In anticipation of the workshops, teachers alsotecithe PD to provide easy to
come by, inexpensive, relevant and novel resowandddeas. Teachers believed this
was achieved as the resources, both those providedper and ideas suggested, were
very good. For example, teachers believed thgtwere already using the investigating
and planning proformas from the PD program suca#gsi hey felt that the resources
suggested in the workshops could easily be purchiaselocal store and would be
affordable within their science budget. Additidgamany teachers believed they would
be able to adapt them to use with their particwtaar level. However, an Early
Childhood teacher thought that many of the resauarel strategies presented in the PD
would need to be modified for the Early Childhoeud| as they teach science in an
integrated manner, and this would take considertake.

Generally, teachers were positive about the outsarhéhe PD program in
relation to knowledge, confidence, pedagogicalskihd resources. However, teachers
felt that they still needed time to engage anceotfbn the knowledge they had gained
and resources they were given at the workshopsgy balieved this would eventuate as
they implemented more science in their classroofsther, the results of the cluster
interviews were consistent with the findings frdme bpen-ended questions relating to
the WFS. This suggests that since the workshaptetichers have taken some of the
actions they foreshadowed earlier.

Teacher Questionnaire

The two case study teachers, Katorina and Emilye\ge&ven the Teacher
Questionnaire to complete during an individual kesresearcher interview, three
months after the third PD Workshop. Both teachbose to engage in discussions with

the researcher during their completion of the Tea€uestionnaire. These discussions
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involved the teachers asking the researcher foificition of some items and teacher
explanations of their item response choices, irsingethe researcher’s understanding of
the responses supplied by the teachers in the €e@ulestionnaire. Results from the
Teacher Questionnaire are presented in terms dgé#tobers’ background and
experience, science programming in 2005, attitaselsperceptions of teaching science,
reasons for teaching science, and teachers’ pettajjsgategies.

Teachers’ Background and Experience

Katorina and Emily team-taught 60 Year 6 and 7 esttslin most subject areas
which included science. They had attended alktf® sessions in 2005. Both were
experienced primary school teachers. KatorinazhBdchelor of Education and had
been teaching for 21 years. Emily had a Diplom&ezching and had been teaching for
23 years.

Science Programming in 2005

Katorina and Emily reported that, in their classnpscience was taught in an
integrated manner for 120 minutes per week, wtsdtigher than the national average
of 59 minutes in 2001, as stated by the DETYA ref@oodrum et al.). Science was
usually taught in the afternoon. Reported scieapgs for the year included Frogs,
Mini-experiments, Electronics and Earth and Beyond.

Both Katorina and Emily used a variety of resouliogslanning their science
programs, with the most popular being childrentgiiests, PD materials, Curriculum
Framework Science Guide (2005), the Internet, Ryrivavestigations (a nationally
prepared primary science publication), and thewvjmus experiences.

Attitudes and Perceptions about Teaching Science

The Teacher Questionnaire included a variety otjoles about attitudes and
perceptions about teaching science. Teachersas&ezl to respond to a five-point
rating scale (scored 1 to 5). Katorina’s and Emitesponses are shown in Table 5.9.
Interest and Confidence

The first four items in Table 5.9 relate to teashperceived interest about and
confidence to teach science. Katorina’'s and Emitgsponses revealed that they are

both very interested and believe they are confitteteach science.
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Knowledge

Items 4, 5 and 6 in Table 5.9 relate to teache¥sigived knowledge of science.
Katorina’'s responses reveal that she believedrdbackground knowledge of science
is intermediate; consequently she finds studentsstjons are not often easy to answer
(Item 6). Emily believed her knowledge was exteagitem 4), and not surprisingly,
she believed that she does not find it difficuletglain to students the science behind
the activities they do (Item 5).

Pedagogical Skills

Items 2, 3, 7 and 12 in Table 5.9 relate to teiperceived pedagogical skills
when teaching science. Katorina’s and Emily’s oeses reveal that they both believe
they have the pedagogical skills to teach scieffeetevely, with responses at the
positive end of the scale for all items.
Resources

Items 9 and 10 in Table 5.9 relate to teacher<geed availability of resources.
Katorina's and Emily’s responses to these itemsvadso very positive with Katorina
even writing a comment next to item 9 saying thatresources were “much improved”
and commented that “the availability of resourcad imcreased recently”.

The results in this section of the Teacher Questor show a commonality
with those from the larger cohort of teachers mc¢luster meetings. Both situations
identified that teacher confidence had been inegasd that teachers’ pedagogical
skills were good. The resources provided by theaR®Dthe impetus to purchase further
resources had been a positive outcome. Both Ket@md Emily felt that they had the
required knowledge necessary to teach primary seidrowever, Katorina did show
signs of some limitations in the Teacher Questioenagarding limited background

knowledge.

112



Table 5.9 Katorina’s (K) and Emily’s (E) Attitudesd Perceptions about Science
at Fenchurch

Teachers’ attitudes and perceptions about science corel Score 5 K E

Interest and Confidence

1. My own interest in teaching science is bestdlesd as Not Very 4 5
interested interested

8. My confidence in teaching science is Not veryConfident 5 5
confident

11. When teaching science, | welcome students’toures Rarely Always 5 5

13. I am enthusiastic about teaching science Rarely Always 4 5

Knowledge

4. My own background knowledge for teaching scieedgest  Limited Extensive 3 5

described as

5.# | find it difficult to explain to students tlseience behind the Rarely Always 5 2
activities they do

6. Students’ science questions are easy for meswex Rarely Always 2 5

Pedagogical Skills

2.4 Cqmpared with other subjects | find it diffittd teach Rarely Always 5 5
science

3. I ar_n_gffective in rr_lonitoring children doing suie Rarely Always 4 4
activities or experiments

7. My skills in teaching science are best descrideed Limited Extensive 4 5

12. I am continually searching for better wayseach science Rarely Always 5 4

Resources

9. The resources available to me for teaching sei@mne Limited Extensive 4 4

10. | use outside resources (such as the inteametlor people  Rarely Often 5 5

(such as a local expert) in my classroom

Note. 5-point scale.  # Item statement is rieglgtworded but not negatively scored.

Why Teach Science?

Katorina and Emily were asked to rate the levehgdortance they gave to 13
possible reasons for teaching science to theiestisd Teachers were asked to respond
to a five-point rating scale (coded 1 to 5), witth most positive response. Their
results are presented in Table 5.10. The itemgzchmost highly by Katorina and
Emily are located at the top of the table.
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Table 5.10 Katorina’s and Emily’s Reasons for Téag Science at Fenchurch

Item

No. Possible reasons for teaching science to students atorika Emily
1. To interest children in science 5 5

6. To demonstrate the importance of making decssibased on 5 5

information

7. To show that decisions made in science havalsoehsequences 5 5
8. To practice problem-solving skills 5 5

10. To show how science is related to everyday life 5 5

11. To integrate science with other school subjects 5 5

12. To develop social skills (such as cooperation) 5 5

13. To develop self-discipline and independence 5 5
2. To provide scientific knowledge 4 4
4. To develop communication skills — verbal 4 4
5. To develop communication skills — written 4 4
3. To practice manipulative skills 4 3
9. To prepare students for science later on 4 3

Note. Responses given to a 5-point scale

The results suggest that Katorina and Emily haveynmégh priorities for
teaching science. They both gave equal highestritaupce to 8 of the 13 items, many of
which referred to several aspects and relevanseiehce and development of
independent skills for students. All of these oemspresented in Table 5.10 relate to
aspects of scientific literacy, as discussed inp@drad.

Items 4 and 5, which are also directly relatedterdcy, are ranked in the second
group (scored 4 by both teachers) by Katorina andyE A category identified by
exploring adults’ perceptions of scientific liteyagsing PMM interviews (see Chapter
4) was the content of science. Item 2 encompdbggereason for teaching science, and
was scored in the second group in Table 5.10 bygrikat and Emily. Another category
developed in Chapter 4 related to resources aatkgtes that may be used for teaching

science. lItems 3 and 9 are representative ot#tegory and were scored in the third
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group. Thus many of the aspects of scientificdity were recognised by the teachers as
important reasons to teach students science. Xaon@e, the item that represented
making informed decisions being of great importafiteam 7) had both teachers ranking
it 5, together with their seven other top priostie

Teachers’ Pedagogical Strategies

The final page of the Teacher Questionnaire ask@&chers to report the kind of
strategies most often used in their classroomsori{ea and Emily both reported that in
nearly every lesson children researched their dvaice of assignment or project and
used the computers and the internet for researcuiegce. Emily and Katorina
believed that the children also planned their owypegiment in at least half the lessons,
and that children worked in small groups for abwalf of the science time. Students
working on written work alone, teacher-led questnil answer sessions, teacher
demonstrations, teacher-directed experiments asohes involving the use of
audiovisual media were infrequent activities. Ustiendably, as these teachers team-
taught, they agreed on many of the ways in whiely trelieve they teach.

Overall, the data from the teacher questionnaweakthat Katorina and Emily
believe they have the interest, confidence, knogdeshd pedagogical skills to teach
science effectively. Both teachers believed thatresources in the school were good,
with Katorina believing that they had improved. tlBteachers also believed they teach
science to their students in a manner which engidgestudents and promotes scientific
literacy. Nevertheless, Katorina showed somewdss tonfidence than Emily when
asked about her perceptions about teaching science.

Personal Meaning Mapping Interviews

The teachers’ scientific literacy was further invgeted through the Personal
Meaning Mapping (PMM) Interviews. Emily and Katwai completed a PMM using the
method described in Chapter 3, and their commeate ®orted into the categories of
scientific literacy developed by the researchemftbe data described in Chapter 4.
Table 5.11 shows how the teacher responses wergateted according to the aspects
of scientific literacy. Katorina gave 10 responsethe PMM interview which were

placed into five scientific literacy categoriesmily gave 7 responses which were
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placed into six scientific literacy categories.tdtal, there were 17 responses from both
teachers.

Table 5.11 indicates that the most common respaepested by Katorina and
Emily were those that related to Investigating Redources and Strategies. This is not
surprising as Investigating was a main focus o@kshop 2 and is an assessable
component of the Science curriculum. Likewisepugses and strategies were also
important aspects of all three PD workshops. Katomade three references to having
the resources and strategies to teach science @a#6) Emily made only one. This
may be because Katorina does not feel as confatemit her own ability in science as
Emily, therefore gave more responses that wergyoaged as resources and strategies.
Science content and communication were two otlsgramse categories that were
common. It was interesting to note that both tee€made a comment about being able
to make informed decisions. Only Emily made a c@ntabout science being related
to life and neither teacher made any comment thialddbe related to being sceptical and

guestioning about science.

Table 5.11 Fenchurch Teachers’ Responses in CasgurScientific Literacy

Katorina’'s Emily’s Total
responses  responses number of
(n=10) (n=7) responses
Scientific Literacy Category (n=17)

Investigating 2 (20%) 2 (29%) 4 (23%)
Resources and strategies 3 (30%) 1 (14%) 4 (23%)
Science content 2 (20%) 1 (14%) 3 (18%)
Science communication 2 (20%) 1 (14%) 3 (18%)
Informed decisions 1 (10%) 1 (14%) 2 (12%)
Science related to life - 1 (14%) 1 (6%)

Questioning and sceptical - - -

Teacher examples and explanations of each of tegaaes are given in Table
5.12. The teacher examples (column 2, Table @f)he words or phrases that the

teachers wrote to describe their own ideas on stieeliteracy. The teacher
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explanations (column 3, Table 5.12) are researsimates of the teachers’ responses to

clarification elicited by the researcher.

Table 5.12 Fenchurch Teachers’ Examples and Eaptars of Scientific Literacy

Teacher Example Teacher Explanation
Category (what the teacher wrote) (verbal explanation by the teacher,
scribed by the researcher)
Resources and strategies Resources (K) You have to have some
Understanding science is Integrate into the learning areas of the

integrated into all other areas Curriculum Framework
of learning (E)

Science content Understanding concepts (K)Knowledge base

Connection to traditional How can we relate our primary science
scientific activities/subjects  to the high school

i.e. physics, chemistry,

biology (E)

Science communication Science ‘speak’, introducing Starting to use the vocabulary correctly
vocabulary that is subject e.g. terminology when writing

specific (K) procedures
Language (E) Of scientific words
Investigating Investigation (K) Children chose an area to do using all
resources

) Using the correct format and being able

Planning an investigation (E
g g ( to do the investigation

Informed decision Re-evaluate information (K) Re-evaluate by gaining more
information

Ability to follow a pathway
to answer a question (E) Being logical and critical

Science related to life Understand that science is Learning areas of the curriculum
integrated into all other areas framework can relate science to the
of learning (E) everyday

Questioning and sceptical - -

K=Katrina, E=Emily
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Student Questionnaire

The Student Questionnaires sought to determinestosents perceived their
science lessons. The Student Questionnaire wasletadfby 54 students from Years 6
and 7 in the case study class. The class had 8 5Xb6 of boys to girls. The Student
Questionnaire was completed five months afteritied PD Workshop. A copy of the
Student Questionnaire is available in Appendix 6.

Students were asked to respond to 18 items onttlde& Survey asking how
often a range of activities happened in their ctam® during science, and another 13
items about their thinking and enjoyment in classrd) science. In the following
section, the items are clustered to aid descrigbon still retain their original item
numbers). The clusters related to students’ d&s/in science lessons, teacher-or
student-centredneness of the classroom, usingnessoautside the classroom, students’
interest in science lessons, students’ perceptibtiee easiness of science, students’
thinking in science and what students liked besuatheir science lessons.
Students’ Activities in Science Lessons

The results in Table 5.13 give some examples oathigities students reported

in their science lessons.

Table 5.13 Students’ Activities in Science LessainBenchurch

% Responses

Nearly
Item Content S(_)me M.OSt Every
Never Science  Science .
Science
Lessons Lessons
Lesson
In my science lessons:
1. | copy notes from the teacher 26 70 4 0
2. | make up my own science notes 18 48 32 2
with friends or by myself
3. | can talk to others about my ideas 8 23 52 17
4. | read a science book 36 53 11 0
7. We have class discussions 0 18 42 40
9.  We do our work in groups 0 28 52 20
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Class discussions (Item 7), working in groups (I&nand children talking to
each other (Item 3) were the most common activiggerted by students.
Approximately 70% of students reported these oaogiin most or nearly every lesson.
Note-taking (Items 1 and 2) happened less frequevith over 65% of children
indicating that this only happened in some lesswmgever. Reading science books
(Item 4) was another uncommon science activity.

Teacher-or Student-Centredness of the Classroom

Table 5.14 summarises the students’ perceptiotisedacher- or student-
centredness of science lessons. The studentsdetlieat experiments are common in
the science lesson however they tend to be teatitemited (Item 6) rather than student-
directed (Item 17). The students were encouragéavestigate and find out things
(Item 18). Consequently the students believed seégom watched the teacher doing

experiments as a demonstration only (Item 5).

Table 5.14 Teacher- or Student-Centredness of desfOoom at Fenchurch

% Responses

Nearly
Item Content S(_)me M.OSt Every
Never Science  Science .
Science
Lessons Lessons
Lesson
In my science lessons:
5. | watch the teacher do an experiment 13 52 28 8
6.  We do experiments the way the 0 22 52 26
teacher tells us
My teacher
15. Listens to my ideas 13 43 35 9
16. Talks to me about my work in 9 53 38 0
science
17. Lets us do our own experiments 24 34 28 14
18. Asks us to investigate and find out 2 22 46 30
things

Using Resources Outside the Classroom

Table 5.15 presents the students’ perceptionseofisle of resources outside the
classroom. Students sometimes used resourcesd#yoolassroom. Over 65% of

students believed that they went outside of thesctam to do activities/experiments
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(Item 10) and had visiting speakers (Iltem 12) asesome of the time. Almost 75% of
students felt that they were given the opportutatiearn about scientists (Item 8) in
their science lessons at least some of the timeer 66% of students felt that they had
used computers (Item 13) or the internet (ItemdL#)ng at least some science lessons.
The students believed that most of their sciengsolies were activity-based with
the teacher taking the lead. Some lessons wer@aushd to a smaller extent students

used the internet and computers.

Table 5.15 Using Resources Outside the Classrodtarathurch

% Responses

Nearl
Item Content S(_)me M.OSt Ever)y
Never Science  Science .
Lessons Lessons Science
Lesson

In my science lessons

8. We learn about scientists and what 24 55 19 2
they do

For science

10. We do activities outside in the 22 72 6 0
playground, at the beach or in the
bush

11. We have excursions to the zoo, 22 69 7 2
museum, Scitech, or places like that

12. We have visiting speakers who talk 33 54 9 4
to us about science

13. We use computers to do our science 32 59 7 2
work

14. We use the internet at school for 21 57 20 2
science

Students’ Interest in Science Lessons

Table 5.16 summarises the students’ interest anseilessons. The information
in Table 5.16 shows that the Year 6/7 class stsdeate rarely bored in science (Iltem
29), with the students enjoying (Item 20), gettaxgited (Item 27) and being curious

about science (Item 28) in at least some of tlesisdns.
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Table 5.16 Student Interest in Science Lessonsmathurch

% Responses

Item Content Almost . Nearly
Never Sometimes Often always

The science we do at school is::

20. Enjoyable 9 29 33 29

During science lessons | am:

27. Excited 14 41 31 14

28. Curious 20 30 33 17

29. Bored 22 52 11 15

Students’ Perceptions of the Easiness of Science

Table 5.17 summarises the students’ perceptiottseeodasiness of science. The
results show that 60% of students believed that lernt a lot in science (Item 31)
most or every lesson, with a further 30% belieuimgf they learn a lot in some science
lessons. Students were rarely confused in sciessens (Item 30) with 48% of
students reporting they were only confused in stassons and a further 35% believing
that they were almost never confused in scienas€quently, over 70% of students
reported that they found the science they did lmbalceasy to understand (Item 19).

Table 5.17  Fenchurch Students’ Perceptions of #eness of Science

% Responses

Item Contet Almost Sometimes Often Nearly
Never Always

The science that we do at school

19. Is easy to understand 0 29 42 29

During science lessons |

30. Am confused 35 48 9 8

31. Learnalot 10 30 43 17

Students’ Thinking in Science
Table 5.18 summarises the students’ thinking iarsm. The results revealed
that students felt challenged in science less@ih& response patterns to these items are

quite similar. Seventy two percent of studentselveld that often or nearly always they
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were made to think (Item 21), with 69% believingitthey needed to be able to think
and ask questions in science (Iltem 22). AdditignaB% of students believe they
needed to understand science ideas (Iltem 24) &do62tudents believed they needed
to be able to recognise the science in the woddrad them (Item 26). Students thought
they needed to remember facts (Item 23) less often.

Table 5.18  Students’ Thinking in Science at Fenchur

% Responses

Item Content Almost Sometimes Often Nearly
Never always

The science that we do at school:

21. Makes me think 11 17 53 19

In science we need to be able to:

22. Think and ask questions 0 31 42 27

23. Remember lots of facts 5 39 37 19

24. Understand science ideas 5 17 48 30

25. Explain things to each other 4 33 48 15

26. Recognise the science in the 8 30 38 24

world around us

What Students Liked Best About Their Science Lesson s

The last question on the survey was open endethgaskat students liked best
about their Science lessons. Nearly all studés( the total 54) wrote a response.
There were a total of 89 ideas given in the 52alBsps. Each response was read and
given a code according to the ideas expressed (#lip& shows the coding categories).
Some students included more than one reason fartimnaliked best about science
lessons so their response was assigned more tleazode.

Table 5.19 provides a summary of the results fercdse study class. The ideas
expressed are clustered in three main themes:itggahd learning activities, students’
attitudes/feelings and science content. Tabl® Eeforts the percentage of ideas that
fell into each cluster. The most popular clustenf students was that they liked the
activity work, with 47% of the responses fallingdrthis cluster. One Year 6 student

mentioned that he liked “doing the experiments jlagiing with all the cool stuff”.
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Eleven percent of student responses related toceieeing fun, interesting and
enjoyable (see Table 5.19). Nine percent of stiglemsponses mentioned a specific
activity they did. For example, a Year 7 studeehtioned that he liked “we experiment
with stuff such as putting half a tablet of Beroaral water in a film cannister [sic] and
shaking it and letting it explode like a rocket!!!Students also liked learning about new
things. A Year 6 student wrote “I like sciencesi@ss where we go on excursions and

find out new and exciting things”.

Table 5.19 What Years 6 and 7 Students at Fenlchulke Best About Science

Lessons
What students liked best about science lessons % of
ideas
Teaching and Learning Activities
Hands on experiments/activities/investigationskimg things 47
Like outdoor activities and excursions 3
Like library research projects 3
Student Attitude/Feeling
Fun, interesting, enjoy 11
Content
Specific like/topic, lab activity 9
Like learning new things/doing new things/we learot/educational 7
Like challenge — make us think/experiments 6
Unpredictable/weird/unusual 6
Other ideas 8

The results of the Student Questionnaire illustiiaée students believed they
learnt a lot in science and were engaged in theikwThey reported that they enjoyed
the science and felt challenged in the work. Té@a dollected suggest that students
appear to be doing science on a regular basistigtimain format for lessons being
hands-on group activities (investigating). Studéglieved that they needed to
recognise the science in the world around theneifsei related to life) and they needed

to discuss and think in science (science commupitat Investigating, science related
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to life and science communication, which are aspetscientific literacy, were highly
ranked by students in their responses. The aetuibat students reported they were
engaged in are commensurate with those reportéaeryclassroom teachers in the
Teacher Questionnaire. Although the data repdijetthe teachers and the students are
complementary, the researcher believed for a mamgtete picture of what was
happening in the science classes a field work compowas important. Field work
observations are important because the observpeaitisipant can see the dynamics of
the classroom and distinguish between what maybéealised teacher or student
situation as suggest by the data, and what is mappén the classroom.
Observations of Lessons in the Year 6/7 Case Study  Classes
Context for Lesson Observations

Katorina and Emily were each assigned one cla86 dfear 6/7 students which
they chose to combine together to form a team-tegdituation. Katorina and Emily
team-taught the 60 Year 6 and 7 students in twesob@ms that could be separated by
concertina doors. However, as these doors weragrantly open the two rooms made
a double sized classroom for the two classes destis. The room was divided into two
sections; one half housed all the students’ desitkethe other half housed six
computers, teachers’ desks, two bookcases, equipsteeage section and space on the
floor where students could work.

The researcher observed the class during its negcilence program in Term 4,
2005, four months after the last PD Workshop. f8®ewvas taught each week for the
nine weeks of Term 4. The topic for the term whecHicity, which is part of the
Energy and Change Outcome Area of the Western &lisstrscience curriculum. The
researcher was unable to participate in obseratiwat involved the content base of
Earth and Beyond as the volunteer teachers, Katarma Emily, had completed this
content area in third term when the cluster meetimgrview and questionnaires were
being conducted by the researcher, as per theragrgavith the school principal.

The classes started their new science topic oftiidéyg at the commencement of
Term 4, and it was integrated with the LearningaAoé Technology and Enterprise. For
the first four weeks of the term science lessong®weheduled on Monday afternoons.

After lunch there were 15 minutes for silent regdiollowed by the start of the science
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lesson that ran until approximately 10 minutes teefjme time. Thus, the period
allocated for science was 120 minutes per weeke tbwa timetabling change during the
final five weeks of the term, science was schedale®londays between recess and
lunch; a time period of 70 minutes. Thus the totak spent on Science integrated with
Technology and Enterprise in Term 4 was 830 min(aksost 14 hours).

Katorina and Emily had deliberately integrated 8ceewith Technology and
Enterprise in Term 4 because linking the two seeapgufopriate with the electricity
topic. The rationale was that Science and Techryadogl Enterprise could be easily
incorporated into the topic of Electricity, withetloutcomes from two Learning Areas
being achieved from the one project. The Technodgl Enterprise aspect of the
project was to design and decorate the wooderop#ne circuit board (the technology
process). The Science component of the topic declwnderstanding the electrical
circuit itself.

Teachers devised a program that allowed the stadentork in a variety of
ways and at a range of paces to reflect the stadaiitities and circumstances. There
was a variety of science activities in which studgrarticipated throughout the term.
These are outlined chronologically in Table 5.20.

Lesson Observations

Students were introduced to the topic of eleciriby their teachers directing their
attention to some of the things they already knbaugelectricity. The topics “static
electricity” and “safety with electricity” were udeas the introductory lessons. This
initial lesson involved examples of static eledtyitising equipment in the classroom,
such as a scarf made from synthetic material, racoanb and a balloon. The teachers
also included examples that students were familitir from home, such as trampolines,
plastic slides (slippery dips), walking across eathen touching a metallic door handle

and combing hair.
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Table 5.20

Outline of Year 6/7 Science Programeamd 4 2005 at Fenchurch

Week(s) Activity Nature of Activity Pedagogical grouping
1 . Introduction to electricity/Students prior knowled@lass brainstorm Teachers introduced the topic by asking students tbeacher led whole
. . . tell them what they knew about electricity. class discussion
e Static electricity and electrical safety
. Individual mind lectricit Students worked on their own to develop their ownindividual student
ndividual mind maps on electricity understanding of electricity. work
2 « Introduction and advance organizer and review e¥ipus lesson Teachers direct students into groups and encourageeacher facilitated
. . - them to discuss last week’s lesson. small group work
«  Completion of mind maps on electricity
. Student h of lib ¢ iate booksifa t Students complete their work from last week and/dindividual student
udent search ot library for appropriate OOKSAGlass S€ go to the library to find books about electricity. work
3 e Introduction, review and advance organiser Teacher reviews previous lesson by asking student®acher led whole
e Booklet on electrical circuits containing activgtiand worksheets questions, Teacher introduces equipment and circelass discussion
9 diagrams to the students and presents students WiWhoIe class teacher
. Equipment names, drawing circuits, using the elgttrequipment to make circuits a workbook. The workbook has activities about demonstration
. ; ; S electricity that students do and answer relevant N
Review of previous lessons by small group commuitnawith researcher questions. Students are given time to work on theifndividual or small
booklets the classroom. group practical work
4 * Introduction, review and advance organiser Teachers explain to the students that they will be Whole class teacher
. Making electrical circuits to form a circuit board building a circuit board over the following six explanation and
9 weeks. The teachers explain what is expected of demonstration
«  Student development of an idea for the circuit dneddesign of the board and a time the students and let the students know that th& wor
line will be self paced and students will need to manage dividual
i i Individual
»  Student description of the circuit and what it vabdb. their own time. individual I
. . . ) . Students draw up a timeline for the following weekgdlvidual or sma
Equipment supplied to each student: MDF board} ligbe, socket and some wire to ensure that they get their circuit boards group
e Review: Students were told where to get additi@galipment if required completed on time. Students work on their activity
book.
5-9 e Introduction, review and advance organiser Teacher reminds students of the activities they ~ Teacher explanation

Student practical assessment on making simplesssand parallel circuits
Students making and trialling the circuits for tharcuit board
Students drawing, painting, drilling and gluing tM®F for their circuit board

should be doing. One-on-one

Students do practical activity tests. teacher/student

Students work on circuit board or on work booklet. Individual or small
group




When the teachers were asked why they chose tesepics as an introduction,
Emily responded that, based on her prior discussmth students

many students appeared to have the most real life

experience with electrical safety or with static

electricity so it was something they knew a lititzout

to get things moving. (Field notes," A ®ctober, 2005)

This relates to the teacher using science in ewsrifte to assist students in
understanding science and hence promoting scietitéracy. The researcher’s
further conversations with the teachers revealatlttie teachers were not aware that
science related to life could be regarded as amcagy scientific literacy. However,
the teachers believed that science should be tdygtelating to what children have
seen or know because, as the teachers explaimesgince in the PD workshops
had been demonstrated to them in a way that thelgd coake links to their everyday
life experiences. Katornina and Emily believed thés link to students’ everyday
understanding was important for students to havenalerstanding of science that
would be useful to them in the future.

This introductory lesson was mostly teacher dirctiee remainder of the
lessons were student centred with the teachersgaas facilitators. For the
following lessons the teachers generally startedegbsons with a brief review of the
previous week’s lesson and handing out of any ok needed to be returned to the
students. This was followed by the use of an adwamganiser (Ausubel, 1968) of
what the students would be doing for the day. ide tprogressed, the advance
organiser also covered what the students wouldbeydor the rest of the term so
that they would be able to organise their timeaifely. All information was
documented on the board for students to refer tmguhat lesson. The students
were encouraged to make their own time lines aneég@onsible for their own time
management.

Teachers acted as facilitators, assisting withgggent and science content,
and providing important pieces of information, sashhow to draw circuit diagrams
and the names of circuit equipment. Teachersvatste this information on the
board so the students could refer to it. Katonraale the following comment to the

researcher.
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Working in this type of environment did not comeurally.
We have developed a framework of how to work likis,t
which was developed at the beginning of the yedrtaak
students about a term to master it at a satisfatdoel. Split
classes made this job a little easier the followjagr as half
of next year’s students would already know the pdoce.
(Field notes, 31 October, 2005)

Katorina and Emily believed that some of the pedéago skills that assisted
with effective science lessons (and other practoblject areas) were developed by
learning through experience. The teachers aldgevssl that they had been given
some new pedagogical skills at the PD sessionshwadssisted with their science
lessons. These allowed the students to conductaive investigations in a way that
was meaningful to them — another aspect of scietitiéracy. Students would often
be involved in a variety of different tasks at thivn pace within the parameters of
the time line. The tasks included

« Individual “electricity” mind maps

* Completion of a work booklet which included defioits, making circuits,
testing items for conductivity

* Organising their timeline

« Working on their individual circuit board (whichdluded drawing the plan
of their circuit, drawing the design of their circhoard, testing their circuit
board, making an equipment list, developing a time that would map their
progress over the next six weeks, circuitry, pamtnd drilling)

* Demonstrating their ability to make simple, seaes parallel circuits

* Exploring an electricity kit

« Using a class set of library books as a refererfeenwequired

» Drawing circuit diagrams

Katorina and Emily explained that they were integdsn students exploring
and asking questions and thinking through thesstmmes themselves rather than
telling the students the answers. In this way éaehers encouraged students to
communicate scientifically, with one another veljpadnd communicate with their
teachers both verbally and in written form. Thapresents another aspect of

scientific literacy.
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Katorina believed that her improved confidence fitbin PD sessions had
made her comfortable to teach in this way althoslgddid not feel that she was at a
mastery level of the content. As Katorina pointet, “students need to find out
things for themselves and not be told exactly vibato, otherwise they do not think
for themselves. This is a strategy that we hawayd used and it was great to have
it confirmed at the PD sessions” (Field notes" @&tober, 2005).
Teachers rarely told students which groups to gor imow many students
should be in the group, as Emily explained that
Sometimes students need to work in a group bec#Huke
amount of equipment needed but other times theithar
work by themselves, with a partner or in small g®il is
up to them. What we expect is that they choser atiuelents
they believe they can work with effectively. (Fieldtes, ¥
November, 2005)
As the series of lessons progressed, teachersolsegved to spend less time
going through the day’s instructions as the stuglenwin plans dictated what was
required. Students were allowed to go to the hpoa use the computers at the back
of the room so the level of information availablasralways high. Katorina and
Emily said that because the PD presenter showetgdobers how to access content
of Earth and Beyond, through books, internet, aheéraresources, rather than just
providing them with a series of hard facts, it leadbled them to increase their
knowledge base with Electricity using the same gedecal skills. Katorina thought
that this benefited the students because, as giaireed
we were able to access lots of resources fronmtieeniet,
books in the library and other resources from witind
outside the school. It all went together to formeacellent
self-paced activity package for the students tretiged for
the Electricity topic in fourth term. (Field noteist”
November, 2005)

However, Emily mentioned that
Although we start out with good intentions to emstirat the
student booklet was monitored regularly, it was ohthose

things that as the momentum got going we forgoaladiut
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that part of science. The hands-on activities fakarity

over everything else. We know we do this all theetand

we know that we should be more consistent with the

consolidation and encouraging students to gehalitork

done in their activity book, but it's our weakned&hat we

usually end up doing is getting the kids to rusiodigh

everything at the end, which is not the best tiiarghe

students or for their science. (Field noted! vember,

2005)

Interestingly, in relation to the Working Scientdily PD Workshop and
while reviewing the Working Scientifically comporteaf the Science curriculum
document, Emily thought that sometimes limitatians due to the focus on what is
to be assessed in the curriculum. She explained

We are very focussed on Investigating. This wiasge

part of our first PD because we have to have thelse

right [correct] so that we are giving the studehts

correct grades. | have never really looked abther

parts of WS before, but they all make sense amdd lbt

of those things [the other aspects of WS] with ragk

(Field notes, 1 October, 2005)

Although Katorina and Emily believed they had timewledge, confidence
and the skills from the PD program to access ressuand provide students with a
stimulating and engaging learning environment, tlidsnot ensure that appropriate
assessment occurred. As Emily reported

It wasn’t that we didn’t know how to assess, it whaestime. It

just got away from us and we did not get everyttiinighed

and therefore it was more difficult to properly essthe

students. (Field notes"®ecember,2005)

Overall Emily and Katorina provided a learning eowment that was
conducive to their students being involved in sceeaommunication, participating in
investigations and relating science to daily lgHeit not realising all these aspects

were those of scientific literacy. They were aol@rovide such an environment to
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their students through having the knowledge, camfa®, pedagogical skills and
resources that had been provided by the PD worlsshop
Informal Student Interviews

Students were interviewed informally during theesthiled science lessons.
Students were very confident when speaking withrélsearcher, possibly because
she had been seen often by the time the studet¢sviews began. They spoke
about what they had been doing so far and whatwheg going to do with their
circuit board or what they had been doing at ho®@ae student told the researcher
that they “liked science because they always had goojects and did fun things”
(Field notes, 2% November, 2005). Another student mentioned that‘did not
know anything about electricity before the lessand had learnt a lot this term”
(Field notes, 2% November, 2005).

One student told the researcher that although isjloged this topic she did
not feel very confident with the concepts. Thesegsher asked how she and her
group members could become more confident andghielif they could “do more
hands-on stuff with the equipment, like we havenbéeing” (Field notes, 21
November, 2005) After working with the circuits for 10 minutes tseaudent told the
researcher that it was easier than she thought.

Students helped each other with their work andHermmost part their
communications were about the work. In a convesgatiith a group of students,
one girl said that she

loves science at Fenchurch PS because at my ath@olsno

one was allowed to touch the science equipmenharal[at

Fenchurch] you can. (Field notes *2ovember, 2005
Some students were a little slow to bring in soopg@ment that they were asked to
bring from home. Not being able to complete sofmd@r work made several
students more careful the following week aboutding their equipment and the
majority of students were prepared, especialljhelast weeks of term.

Towards the end of the term, students started imgnig extra equipment
from home and talking about how they were goingxtend their ideas. One student
said that they were going to get some more wiresriake some circuit boards for
Christmas” (Field notes"sDecember, 2005). Another said that they would tik
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“build a toy car and attach one of the motors to gee how fast it would go” (Field
notes, § December, 2005).

During the last two weeks there was a greater foouhe completion of the
written booklet. It was noticed by the researdhat the equipment became more
and more neglected and worn every week. It wasrads returned to the right places
by the students as time needed to be spent oedharhg rather than the packing up.
The pedagogical skills of equipment collection disdribution are unique to
practical subjects such as Science, TechnologyEatetprise and Art. This
pedagogical skill was not covered in the PD workshoSo unfortunately, not until
the teacher wishes to use the equipment at adater will this issue be understood
and possibly rectified.

Students clearly enjoyed making something that thene going to be able to
take home and use/show to their family and outhbsl friends. As it was near
Christmas time many of the students were talkirmuaildecorations. They talked
about the lights on the Christmas tree and thedwasd whether they would be
parallel or series circuits. Some of the studgotghe equipment and tried out their
ideas. The open-ended self-paced lesson fornmatedl students to explore their
own ideas in an environment that allowed time fevaloping a bigger picture about
how electricity related to everyday life.

In general, students appeared to enjoy the integji@tience and Technology
and Enterprise topic of Electricity as it was handsand provided opportunities for
students to work in small groups and choose a@s/that they could relate to their
everyday life. Students did not complain aboutvthiééen components of their tasks
but understandably favoured the practical invettiga.

Teachers gave the impression that they were ngteamjbying teaching the
Electricity topic but were impressed with theirdgats and how well they attended
to the tasks asked of them. Teachers were cohstmsisting students in one way or
another which produced a deeper understanding af thile students required of
them as teachers. This, in turn, facilitated be&aming.

Interview with Case Study Teachers

The following section describes an interview witht&rina and Emily, the
two classroom teachers from the observation clalsgh occurred at Fenchurch on
the 229 February 2006, eight months after the final PDksbop and almost three
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months after the conclusion of observations. Baehers were interviewed
concurrently in the staff room during their DOTTufizs Other Than Teaching)
time. The theme of the interview was the impadhefPD program on their
classroom practice.
Impact of the PD Program on Teacher Knowledge
In terms of the knowledge provided by the PD, Erbijieved
Some of the science content and other informatimut
planning and investigating we could use and someved
needed to put away or modify for the year leved. we did a
lot of packing stuff away and discarding thingsilune had
what was good for us.
Katorina thought that the PD had assisted her tlexgtand that “it’s not just about
science content; it is knowing where to go to foud about the content.”
Impact of the PD Program on Teacher Pedagogical Ski lIs
Emily thought that the PD program had providedvaign some “good
strategies” for science lessons that she had sis®e@ in her teaching. Katorina
believed that you could “use the strategies froemRD and implement them into
your class without too many modifications to therkfowever, Emily thought that
“the assessment documents and ideas were notrthef sloing that someone outside
the school could provide” and chose not to usestiggestions on the way she
assessed in the classroom.
Impact of the PD Program on Teacher Confidence
Katorina, felt that the PD had “helped with my ddehce, especially the
content and resources” and, in addition, it charfggdattitude toward science. In the
past Katorina had
really steered clear of science but now in the tesanhing
situation..now with the PD and the resources that we
have..l would approach science a lot differently...I waul
have avoided it before but | feel comfortable tatdwow.
Yet, according to Emily, the other classroom teactie PD had not improved her
confidence in science teaching as it was alreagly. hHHowever, the PD had
provided her with “a better focus and resourcesfmth and Beyond that have been

very helpful in my teaching”.
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Impact of the PD Program on Resources

Emily believed that, as the science purchasingeffithe PD had encouraged
her to buy more science resources for Fenchurdo PRSake science more
accessible for the students”. Katorina believed, ttwith all the new resources we
have, students are able to stimulate their braxdsreally develop an interest in
science. We are now able to offer a more challepgaience program”.

In relation to the resources and ideas providethbyPD, Katorina liked that
they could “go straight from the PD and use somi@fresource activities with your
class” and Emily felt that they did “a lot of pacgiaway and discarding. Some
ideas from the PD we could use and others we ctultivie came away from the
PDP and thought about what was relevant to us drad would work with out
students”.

Impact of the PD Program on Science Learning and Sc ientific Literacy

Emily stated that the outcomes she wanted studerishieve when learning
science were “extending and understanding scieacabwulary, integrating science
into other learning areas, cooperative learningntgork, the content, the interest of
students”. Emily wanted students to develop amhtwriosity about the subject.
The teachers believed their students had achidweduriosity by providing a more
student-centered environment. As Katorina putig immerse students in the topic,
we pose questions to the students and they hdumdtout answers to thehy
guestions”.

In a more student-centered, inquiry-based learsitugtion there are always
possibilities that students would ask questionsantitipated by the teacher.
Consequently, the teacher may not immediately ketatanswer the questions at
hand. However, as Emily pointed out, “we have néeael a situation where we [the
whole class] could not find the answer to a questidVhat is important, in
Katorina’s opinion, is that “our students know thegt don’t know everything and we
tell them this straight out. We encourage therini out things that wall don’t
know”. Furthermore, “it's not just about the camtef science, it's aboutowto
find out what you want to know”.

When examining what was taught in science Katdoeleeved that Working
Scientifically involved letting “the kids doing tHends on learning, the language of

science and how to use it [the language] appragyiat Emily believed that
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Working Scientifically also involved “a process tlyau need to follow, the inquiry
process — investigating”. Katorina added “it isrethan a writing base, it's an
activity base”. In Emily’s view Working Scientifilg also involves “hypothetical
situations, safety issues and equipment”.

For Katorina, Scientific Literacy brought to mirftetwriting genres of
science where she believes that “kids don’t get afl practise at the language of
science, we try to integrate it, but previouslgiid not get that much attention. But it
still ends up being not well developed”. Emilydrjected and added that this was
not the only area of Scientific Literacy, statihgt “there are moral issues, values
(transplants, cutting up rats), the content baafetys science language, science
terms and science behaviours” that are include&tiantific Literacy. Katorina
mentioned that “unfortunately when teachers heamtbrd ‘literacy’ they all focus
on language due to the constant push in this aresatibe last decade or so”.

The two teachers could not make any specific limsveen Working
Scientifically and Scientific Literacy however thdig feel that there was a
connection. As Emily explained, “I think there dirks but we have not had time
to explore them but if you asked if we were teaghat the components we would
be, we just don’t know all the labéls
Impact of the PD Program on Success of Science atS  chool in 2005

Emily felt that what made science such a greatessat Fenchurch in 2005
could be attributed to “a combination of the PDgyeon, the new resources and
science being a school priority”. Katorina belidvibat one of the best outcomes
attributed to the school science focus and the BExshops was “the overflow from
having this science priority year is now that weéddone the science PD in Earth
and Beyond we can transfer these pedagogical s&itgher aspects of science”.
Impact of the PD Program on Fenchurch Primary Schoo  I's Future
Directions

Science was not a priority for Fenchurch in 200€;teachers did not feel
that this was a problem. As Emily stated

we have sustainability as a whole school emphasis.
The Western Australian Literacy and Numeracy
Assessment (WALNA) test results revealed that

there were problems with spelling so this is now a
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priority but we still have sustainability and solar
cells project starting up this year for the whole
school. Science doesn’t need to be pushed so hard
this year as everyone is motivated about science,
science is a semi-priority.

As for the future directions of science at Fenchukatorina would like to
see “better organization of the resources by furtdleeelopment of the science
storeroom, there are two days allocated this yeaomhtinue resourcing the science
room”. Emily mentioned that the school is alsondpi

Robotics this year, we have the IT person running

this and some [Robotics] kits are being purchased.

The main aim is to train the older students so they

can teach the younger students. Additionally, we

are linking with the high school science program

again. So there is still a lot of science going on
Summary of Chapter

From the first Science PD workshop, teachers atligch were interested in
Science, had positive attitudes toward sciencewaidomed new ideas about how
to teach Science. Teacher confidence increasedalfthree PD workshops. The
main reason for this increase was the hands-orriexges in the workshops that
were easy to do and understand and adaptable theitsroom. The increase in
teachers’ confidence in planning, delivering, figaiing student achievement and
assessing science outcomes was achieved througjfetsancreased knowledge,
pedagogical skills and access to resources provigekde PD program.

Katorina and Emily emphasised many aspects of sieliteracy in both
their responses to questionnaires/interviews arehvabserved in the classroom
teaching science. These encouraged their stuttehtsscientifically literate by
engaging them in investigations that involved fédalsituations that required
students to communicate scientifically.

Students enjoyed and were engaged in their sciessens which challenged
them by making them think and allowed them to itigage using their own ideas.
Katorina and Emily thought that their improved pgaigical skills, increased
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confidence and knowledge had allowed the students mutonomy with their
activities.

Although the PD sessions had finished, the two stas#y teachers still felt
that they were “unpacking” the pedagogical skille Earth and Beyond content
knowledge and resources. They believed it wolkd tame to modify and sort
through every idea that had been given out dutieg?D workshops. Both teachers
believed that they needed time to reflect and ditjesinformation presented at the

PD workshops, and change it in a way that suited tteem and their class.
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CHAPTER 6

WINCHESTER PRIMARY SCHOOL
Introduction

This chapter describes the findings and their eyt the second case study
school, Winchester Primary School. It providestlihekground and overview of the
PD program followed by the data collection and gsialin chronological order.

Background to Winchester Primary School

Winchester is a small metropolitan primary schochked eight kilometres
south east of the city of Perth in a low socio-exoit area. Winchester classrooms
were terraced but had no doors connecting othesi@ams. All rooms were
positioned around an outdoor sporting area whick @@nmon to Western
Australian schools that had been in operation sineearly 1960s. The school had
a separate onsite kindergarten with the main mgldiatering for just over 200
students from Pre-Primary to Year 7. Winchesterdataff of 14 female teachers
and 2 male teachers, a female Deputy Principabamdle Principal, a total of 18
teaching staff. Science was not necessarily taoglhite class teacher as some
teachers are specialists only (e.g. Art, LanguatteiOrhan English). Further, some
teachers are required to teach other classesimsfiexialisation, and consequently
do not teach their own class science. Some temevere also part-time.
Consequently, not all teachers at Winchester tasigbnce.

Science became an educational priority at Winclhéstelerm 2, 2006.
After engaging in discussions with several staffmbers in Term 4, 2005, the
Principal realised that PL needed to be enhancedvaral areas of the Western
Australian school curriculum. In Western Australiss common for a school to
maintain a priority for at least one year. Howeweithis case the Principal felt that
it was necessary to facilitate the PL of the sclstaif in four areas, one each school
term. The other areas included Literacy, Numerang, Technology and Enterprise.
As part of their science priority the staff suggesthat some PD sessions in science
would be beneficial.

The Principal had received a letter containingrimfation about the KSS, and
after reading the information about the PD workshibyat the KSS offered he

contacted Scitech. After consultation with an Edion Officer from the KSS, the
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Principal selected three PD workshops that he thibwguld be suitable for his staff.
The three workshops were: Working Scientificallyotligh Open Investigations;
Developing Conceptual Understandings in Scienclk specific reference to the
content areas of Energy and Change - Forces anddlland Processed Materials;
and Planning and Assessing with an emphasis orgiaed Change (Forces). The
principal believed that these three sessions wprddide a broad range of content
and strategies that could be used by the staff.

Both teachers and administrators attended the fhleday sessions that took
place in the second term of 2006. The first PBisasoccurred on a scheduled
school PD day, and the other two PD sessions veliedsiled on a Saturday. At the
beginning of each PD session an activity book ampbart materials to assist in the
follow-up implementation were provided to attendsigff.

Overview of the Winchester Workshops

The content of the three science PD workshopstigied below.

Workshop 1 (May 1, 2006): Working Scientificallyotingh Open
Investigationovered the Western Australian curriculum sciesrea of Working
Scientifically, paying particular attention to Irstegating and how Investigating
could be used in Energy and Change (Forces) anatda@nd Processed Materials.
It explored the Natural and Processed Materialsamé and Energy and Change
outcome with activities about forces and kitchearatstry and looked at strategies
to incorporate Investigating as part of the teag€hmograms.

Workshop 2 (May 13, 2006): Energy and Change (FOreed Natural and
Processed Materialsovered the Western Australian curriculum sciera@ent
areas of Energy and Change (Forces) and NaturdPeowkssed Materials. This
workshop offered further materials and ideas albangtes and kitchen chemistry that
aimed to assist teachers in their conceptual utatetsg of the topic. It included
some hands-on activities for teachers.

Workshop 3 (May 27, 2006): Planning and Assessowgred the area of
planning and assessing incorporating Investigaimdjthe content areas of Energy
and Change and Natural and Processed Materiais. wbnkshop took teachers
through a planning process using the Western Alistr&urriculum Framework,

Curriculum Guides and the Outcomes and Standaataéwork/Progress Map.
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Table 6.1 Data Collection Timeline for Winchester

Apr

Data 2006

May Jun

Jul

Aug

Sept

Oct

Nov

Dec

July
2007

Professional Development ~
&Workshop Feedback Sheets

Teacher Questionnaire N

Personal Meaning Mapping
Interviews ~

Teacher interviews
- Formal N

- Case study class teacher

- Informal

Student Questionnaire
Informal Student Interviews

Observation of lessons




Findings

This section describes the findings from the datkected from the students and
teachers at Winchester. The data were collected §even sources as outlined in
the methodology section in a similar manner to #tdatenchurch, discussed in
Chapter 5. Table 6.1 presents the data colleatiethods and their timeline. In the
following sections each of the methods and thesulte are described in
chronological order.
Initial Teacher Interviews

The Initial Teacher Interviews were conducted veiiht teachers before the
KSS PD sessions. As was noted in Chapter 3, thial ieacher interview responses

were based around four questions which are repeatlucFigure 6.1.

1. Do you enjoy teaching science?

2. Is there anything you don’t like about teachingeace?

3. Why do you think that your school has science faxas
for Term 2 this year?

4. Why do you think that your school has science faxas
for Term 2 this year?

Figure 6.1. Initial teacher interview question§\ahchester

The interview responses were grouped into the samréhemes as for Fenchurch,
that is, knowledge, confidence, pedagogical skitld resources.
Knowledge

The teachers thought that they needed help withgheence as it had been a
few years since they had looked at the sciencécaluum and the way in which it
should be taught. They believed that they needetsdeas for Energy and Change
and some simple reminders about any of the cottanthey would be teaching
would be helpful. In fact, teachers appeared teelsa little science background
they wanted any information that the PD presertatcdcprovide about any science
content.
Confidence
Most teachers enjoyed teaching science. Howelvey, lielieved that they needed to
get back into science as it had been neglectedy WManted to become better science
teachers by feeling confident that they could eeghagir students in science. They
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also wanted to feel confident that their scieneehéng was consistent with the
current science curriculum in Western Australia.
Pedagogical Skills

The teachers wanted ways of teaching sciencethad tie in with the
themes in their classrooms. They wanted to betaldet up an efficient, workable
and stimulating science program in the school. Ttheyght they needed to rethink
and refresh their approaches to science that woake their lessons easier and more
fun for the students. Teachers enjoyed the handsspect of science and hoped that
the PD presenter would be able to assist in theieldpment of this area by
providing them with simple ideas to engage theidsnts, especially in small group
work.

Resources

The teachers enjoyed teaching science but theit feéts difficult to get all the
equipment and materials organised for their lessdmey did not like the time it
took to look for and collect the equipment and mate They often had to pay for
the materials they purchased with their own momel/r@imbursement was slow.
Essentially, they wanted to see any new ideassmurees.

Generally, teachers agreed that they needed igrececPD to increase their
knowledge, confidence, pedagogical skills and resesuin their science learning
area. The results suggest that teachers belibatddience had been neglected for
some time and although they taught science thew khat they could improve their
lessons.

Teacher Questionnaire

The case study teacher, Laticia, was given theliegg@uestionnaire to
complete during an individual teacher/researchterview. Laticia chose to engage
in discussions with the researcher during her cetrgl of the Teacher
Questionnaire. She asked the researcher foricktrdn of some items and
explained some of her item response choices. iftisased the researcher’s
understanding of the responses supplied by Latidiae Teacher Questionnaire.
Teacher’s Background and Experience
Laticia taught a split Year 2/3 class in most sobggeas except for Art and

Languages Other Than English. She attended akkthD sessions in 2006. Laticia
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was an experienced primary school teacher withco@&ar of Education degree and
32 years teaching experience.
Science Programming in 2006

Laticia reported that in her classroom science taaght as a separate subject
for 60 minutes a week. This matches the natiomalage of 59 minutes reported by
Goodrum et al. (2001). Science was usually tairgtite afternoon, and her reported
science topics for the year, so far, were Air araté¥, Laticia used a variety of
resources when planning her science program wimibst popular being children’s
interests, thematic integration, and Primary Ingesions.
Attitudes and Perceptions about Teaching Science

The Teacher Questionnaire included a variety obtjoles about attitudes and
perceptions about teaching science. Teachersas&esl to respond to a five-point
rating scale (scored 1 to 5). Laticia’s respor@esshown in Table 6.2.
Interest and Confidence

Laticia’s responses to Items 1, 8, 11 and 13 ind&I2 revealed that she was
moderately interested in teaching science. Howelar was quite confident in her
ability to teach science, especially in respondanghildren’s questions.
Knowledge

Laticia’s perceived knowledge of science was measby Items 4, 5 and 6.
The data in Table 6.2 shows that she believedhiiiabackground knowledge of
science was sound. As she was completing theigoeatre, Laticia said that she
was very comfortable with her knowledge of scieatcthe Year 2/3 level (the year
that she was teaching) but may not have the sciemmeledge she thought
appropriate for Years 6 and 7 students.
Pedagogical Skills

Items 2, 3, 7 and 12 in Table 6.2 relate to peextpedagogical skills when
teaching sciencel aticia’s responses revealed tsae thought she had the
pedagogical skills to teach science effectivelyowidver, she did not believe she was
as confident with teaching science as she wasatiiter subjects (Iltem 2).
Resources

Laticia’s responses to Items 9 and 10 were quis#fipe. As Laticia

explained “I have easy access to the resourcesd foe the Year 2/3 class. | have
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been teaching the same split year group for abeeitybars now and | have the

resources in my classroom”.

Table 6.2 Laticia’s Attitudes and Perceptions al#eience at Winchester

Teachers’ attitudes and perceptions about science  corel Score 5 Laticia

Interest and Confidence

1. My own interest in teaching science is bestillesd Not Very 3
as interested interested

8. My confidence in teaching science is Not Very ~onfident 4

confident

11. When teaching science, | welcome students’ Rarel AlWavs 5
questions y y

13. | am enthusiastic about teaching science Rarely Always 4

Knowledge

4. My own background knowledge for teaching scienci_elmiteOI Extensive 4
is best described as

5.4 [find it difficult to explain to students tlseience AlWaYS Rarel 5
behind the activities they do y y

6. Students’ science questions are easy for me to Rarel Alwavs 5
answer y y

Pedagogical Skills

2.# Compared with other subjects | find it diffictd AlWavs Rarel 3
teach science y y

3. | am effective in monitoring children doing suie Rarel AlWavs 4
activities or experiments y y

7. My skills in teaching science are best descrdmed  Limited Extensive 4

12. | am continually searching for better waysaach Rarel AlWavs 5
science y y

Resources

9. The resources available to me for teaching seien Limited Extensive 4
are

10. | use outside resources (such as the inteainefpr Rarely Often 4

people (such as a local expert) in my classroom

Note. 5-point scale. # Item statement is negatiwedrded but not negatively scored

Why Teach Science?

Laticia was asked to rate the level of importariee gave to a number of
possible reasons for teaching science to her stsidéter results are summarised in
Table 6.3.

Laticia gave equal highest importance (rank 5)ltfithe 13 items, many of

which referred to the relevance of science andldeweent of independent skills for
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her students. She had many high priorities rejatinthe aspects of scientific
literacy, discussed in Chapter 4. Items 3 andhichvare directly related to
investigating and making informed decisions, arkea in the second group (scored
4) by Laticia. This is not surprising as these skills would berttust difficult to

teach to young children and may therefore be gavlawer ranking. Nevertheless,
all aspects were recognised by Laticia as importagons to teach students science

from a young age.

Table 6.3 Laticia’s Reasons for Teaching Sciend&iachester
Possible reasons for teaching science to students Laticia
1. Tointerest children in science 5
2. To provide scientific knowledge 5
4. To develop communication skills — verbal 5
5. To develop communication skills — written 5
6. To demonstrate the importance of making decssiased on information 5
8. To practice problem-solving skills 5
9. To prepare students for science later on 5
10. To show how science is related to everyday life 5
11. To integrate science with other school subjects 5
12. To develop social skills (such as cooperation) 5
13. To develop self-discipline and independence 5
3. To practice manipulative skills 4
7.  To show that decisions made in science havalsoensequences 4

Note. Responses given to a 5-point scale

Teachers’ Pedagogical Strategies

The final page of the Initial Teacher Questionnasked teachers to report the kind
of strategies most often used in their classroobadicia reported that “teacher
explaining the science content to children” wasrtteest common way children work
in science in her class, with this occurring innheavery lesson. Teacher-led class
discussion and teacher demonstrations, along witteats working outside and/or in
small groups were also very common with the Yearstdents. Laticia believed
that her students participated in teacher-direatgtity, used the internet for
science, planned and conducted their own expersr@rdctivities, or worked alone

on written work in about half of their science kess. As might be expected with
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this age group, students doing their own choicassfgnment or their own
experiment were less frequent activities

The results in this section of the Teacher Questior show a commonality
with those from the Initial Teacher Interviews. Tiheerviews and the Teacher
Questionnaire identified that teachers were corabbetin teaching science but that
the science they had been teaching over the lasydars had not changed. Laticia
also showed some limitations in the content aréasience which impeded on her
confidence to teach science, especially to angtbg@r group. Laticia appeared to
have combated the issue of resources in her ctassby having collected resources
over the past five years. Because the Principafftieeshadowed Laticia would be
teaching Year 5 the following year, when the resaar asked Laticia if these would
be suitable if she were to older students, sheorefgal by saying, “they are really
only for this age level, so | guess | would havéotuzk for some other things and start
over again”.
Personal Meaning Mapping Interviews

Laticia’s ideas about scientific literacy were istigated through a Personal
Meaning Mapping Interview. Laticia completed a PNAkid her comments were
sorted into the categories of scientific literagythe researcher. Table 6.4 shows
Laticia’s responses categorised according to theds of scientific literacy.

Table 6.4 Laticia’s Responses to the PMM for Sdierititeracy at Winchester

Laticia’s Percentage of
Scientific Literacy Category responses responses
(n=10) (%)
Resources and strategies 2 20
Science content 1 10
Science communication 1 10
Investigating 6 60

Informed decisions - -
Science related to life - -

Questioning and sceptical - -

Laticia gave 10 responses in the PMM Interview Whiere placed into four
scientific literacy categories. The most commapamses reported by Laticia were
those that related to Investigating followed by &®eses and Strategies. This is not

surprising as Investigating was a main focus of @amdssessable component of the
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science curriculum. Laticia made one referencgience communication and one
reference to science content.

Laticia’s examples and explanations of each oftttegories are given in
Table 6.5. Laticia did not provide any responsdgting to making informed
decisions, science related to life or being quastgand sceptical. However, the
data from the responses to the Teacher Questi@siagygest that Laticia believed
that all aspects of scientific literacy, with theception of making informed
decisions, were important to her science teachihgay be possible that Laticia did
not think of these aspects of scientific literatyhe time of the interview or that she
did not think of these aspects as scientific litgraAdditionally, as Laticia works
with young children who were beginning to learrescie, she may believe it is more

important to introduce science in any manner asatnew experience for her

students.
Table 6.5 Laticia’s Examples and ExplanationSaéntific Literacy at
Winchester
Category Example of what the Laticia’s Explanation of example
Laticia wrote (scribed by the researcher)
Resources and strategies Knowledge gained from Know how to look for websites,
literature books etc. So that what you read
would spark the children’s interest
Science content Terminology Find out the techmieathes to use
with the students
Science communication Recording information Usually in written form
worksheets/charts etc
Investigating Observation Looking, using obsenskdls by

teacher direction first e.g. observe
an experiment something that is
given to them

Informed decisions - -
Science related to life - -

Questioning and - -
sceptical
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Professional Development Workshop Feedback Sheets

The WFS were administered by the PD presentertandwere analysed in a
similar way to those for Fenchurch described ingi#a5. The number of
participants for each of the workshops varied (24pdue to staff absences.
Teachers’ Attitudes and Perceptions about Confidenc e and
Pedagogical Skills Before and After the Professiona | Development
Workshops

The WFS contained five items for which teachersanassked to rate their
attitude and perceptions about their teaching ieiee in their classroom before and
after attending each of the PD workshops.
Workshop 1: Working Scientifically through Open Inv estigations
Table 6.6 presents a comparison of pre- and podtshiop teachers’ attitudes and
perceptions about science teaching in Workshophé.résults for Item 1 show that
before the workshop, all teachers responded agrs&eamgly agree to having a
positive attitude toward teaching science. The dempntary post-workshop item
revealed that teachers remained positive aboutceiafter the PD responses with
several teachers responding more positively dfemtorkshop. The Item 2 data
show that before the workshop, all teachers agitestdhey needed adaptable
pedagogical skills and ideas to use in the scietass. After the workshop, all
teachers were satisfied that they had been givéaguogical skills and ideas.
The remaining three item pairs related to teacbefidence. The results in Table
6.6 reveal a positive movement in teachers’ attituand perceptions after the PD
workshop.The pre-workshop WFS showed 83% (10 teachers) ddhed they were
confident in planning effective science programm@spared with all teachers, (five
of whom moved to strongly agree), after the PD whdp (Item pair 3). Similarly,
the results revealed that all teachers were caomifidiedelivering effective science
programmes after the workshop (Item pair 4) witPo4A® teachers) becoming more
confident as shown by the movement of responsssdagly agreeThe final item
pair, relating to confidence in facilitating stud@chievement (ltem pair 5), also
revealed a movement in confidence with five teashesponding to strongly agree
after the workshop.
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Table 6.6 Winchester Teachers’ Pre- and Post-wogk#\ttitudes and Perceptions
about Teaching Science in Workshop 1: Working Sdieally (%)

Wk  Item
shop Pair Item Content SA° A D SD
no.
Pre 1 Currently | have a positive attitude towaedsching 25 75 - -
science
Post | have a positive attitude toward teachingree 67 33 - -

Pre 2 Currently | need adaptable skills and ideasé inthe 50 50 - -

classroom

Post | have been given adaptable skills and itkease inthe 67 33 - -
classroom

Pre 3 Currently I am confident in planning effeetacience - 83 17 -
programs

Post I could confidently plan effective sciencegrams 42 58 - -

Pre 4 Currently | can confidently deliver effectsgence - 92 8 -
programs

Post | could confidently deliver effective sciemmegrams 33 67 O -

Pre 5 Currently | feel confidently able to facitéestudent - 75 25 -
achievement in science outcomes

Post | could confidently improve students learrimgcience 42 50 8 -
outcomes

(n=12)

The overall results reflect that teachers alreaty do positive attitude toward science
and that these attitudes improved after the PD sfwj. The results in Table 6.6
also show positive outcomes of the PD workshopbkerarea of teacher confidence,
with most teachers’ perceptions about their comitgebecoming more positive after
the PD workshop.

Workshop 2: Energy and Change (Forces) and Natural  and Processed
Materials

Table 6.7 presents a comparison of pre-workshopastiworkshop teachers’
attitudes and perceptions about science teachiwgpirkshop 2. As for Workshop 1,
there was little change in Item 1 with the teaclyenserally positive toward teaching
science, before and after the workshop. Similadhg,pre-workshop and post-
workshop sections of the survey for Item 2 showsdesmovement (two teachers)
from agree to strongly agree in the complementast PD item. Teachers agreed
they needed, and were given, adaptable pedagatditialand ideas.

The three items relating to teacher confidenceeaktaled both a positive and a

negative movement in teachers’ attitudes and paarepafter the PD workshop.
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Some teachers were more confident in planning ahdealing effective science after
the PD workshop, while other teachers were lesfidemt about these aspecihe

final item pair relating to confidence in facilitag student achievement also revealed
this trend. As the researcher attended this wayikstith the participants she noticed
that there was a large amount of content for thiegg@ants to absorb on the day and
perhaps that information overload had caused sdrtieedeachers to feel less
confident.

Table 6.7 Winchester Teachers’ Pre-and Post- workstititudes and

Perceptions about Teaching Science in Workshom@rdy and
Change and Natural and Processed Materials (%)

Wk  Item
shop Pair Item Content SA° A D SD
No.
Pre 1  Currently | have a positive attitude towaedsching 22 88 - -
science
Post | have a positive attitude toward teachingree 44 66 - -

Pre 2  Currently | need adaptable skills and ideasse in 44 66 - -
the classroom

Post | have been given adaptable skills and itease in 67 33 - -
the classroom

Pre 3 Currently | am confident in planning effeetscience - 100 - -
programs

Post | could confidently plan effective sciencegrams 11 78 11 -

Pre 4  Currently | can confidently deliver effectis@ence - 100 - -
programs

Post | could confidently deliver effective scieqmegrams 22 56 22 -

Pre 5  Currently | feel confidently able to facitéestudent - 100 - -
achievement in science outcomes

Post | could confidently improve students learrimg 11 67 22 -

science outcomes

(n=9)

Workshop 3: Planning and Assessing

Table 6.8 presents a comparison of pre-workshogpastiworkshop teacher attitude
and perceptions about science teaching in Work8h@pe results of Item pairs 1
and 2 show that all teachers had the same positiede toward science teaching
before and after the PD workshop, and teachersvsslithey were provided with
adaptable pedagogical skills and ideas.

The last three item pairs showed a more positemdtthan that of Workshop 2, with
all teachers feeling confident about the three etspaf planninggdelivering and
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facilitating after the PD workshop. The pre-worsglsurvey showed 86% (12
teachers) were confident in planning effective mogeprogrammes and confident of
delivering effective science programs. After the &l participants reported that
they were confident to engage in these three aspéteim pair 5 revealed that all
teachers were responded positively to the pre-vinakstem, with five teachers
moving from “agree” to “strongly agree” in theirsgonses.

Table 6.8 Winchester Teachers’ Pre-and Post- workstititudes and

Perceptions about Teaching Science in WorkshopaBnihg and
Assessing (%)

Wk Item
shop Pair Item Content SA° A D SD
no.

Pre 1 Have a positive attitude towards teachingnes 43 57 i i

Post | have a positive attitude toward teachingrnee 43 57 i i

Pre 2 Need adaptable skills and ideas to use in the 43 57 i i
classroom

Post | have been given adaptable skills and itease
. 43 57 - -
in the classroom

Pre 3 Currently I am confident in planning effeetiv i 86 14 i
science programs

Post | could confidently plan effective sciencegrams 21 79 i i

Pre 4 Can confidently deliver effective sciencegoams 86 14 i

Post | could confidently deliver effective science
programs 36 64 - -

Pre 5 Feel confidently able to facilitate student . 100 0 )
achievement in science outcomes

Post | could confidently improve students’ leagin 36 64 i i
science outcomes

(n=14)

Looking collectively at the results of these thY#ES reveals that teachers
already had a positive attitude toward sciencereefte PD workshops. This
positive attitude remained after the PD workshapsrmay have made the PD
workshops more beneficial for many teachers as werg already enthusiastic about

teaching science.

For Workshops 1 and 3, the data show that teadt®diessed they were more
confident with planning, delivering and facilitagiscience lessons by the conclusion
of workshop. Workshop 2 showed a different tremrdsbme staff with their
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confidence decreasing at the conclusion of the slaf. Interestingly, at the
commencement of the second and third workshopse stata showed that teachers
appeared to be less confident than at the conclwsithe previous workshop. This
may have occurred because of the different compasif participants in the three
PDP workshops. It could also be attributed tovibekshops being related to three
different areas of science: Working Scientificabyough Open Investigations; the
content of Energy and Change (Forces) and NatathPaocessed Materials; and
Planning and Assessing in Energy and Change (Foré&ssh workshop represents a
unique aspect of science for the teachers andwagthall are related to teaching and
learning in science, there seemed to be dispagityden a teacher’s confidence
levels about these three areas. The results aoimplementary items also revealed
that staff felt that they needed pedagogical skitid that these skills were provided
in the workshops.

Teachers’ Attitudes and Perceptions about Knowledge , Pedagogical

Skills and Confidence, Resources and Leadership thr ~ ough Open-Ended
Responses

More detailed information was available from resggmto the four open-
ended questions on the WFS. The content of tedalesmonses were analysed, and
clustered into seven categories as described ipt€ha. In this section, the analysis
of the open ended questions is reported acrogfitbe workshops. It should be
noted that several teachers chose not to answircepen ended questions.

Question 1 (see copy of WFS in Appendix 1) was &nsd before the
Workshops began. Teachers were asked “What woulggosonally like to achieve
as a result of attending this workshop?” A sumnudrhese categories is provided
in Table 6.9, together with the percentage of traments that fell into each
category.

Table 6.9 shows that the largest number of commeral three workshops
related to acquiring pedagogical skills. In WorksH., a teacher wrote about
wanting “ideas for making science learning enjogablin Workshop 2, a teacher
wanted to know about “some new ideas for Yearlh"Workshop 3, one teacher
simply wanted “planning skills”. Whilst all theseraments relate to pedagogical
skills, teachers often referred to the skills mi&ly to come from that particular

workshop.
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Several other responses related to knowledge. drk8top 1 one teacher
believed “an awareness of the process of teacluiegee using outcomes” was
needed, and another in Workshop 2 wanted “a betigerstanding of science”. One
teacher in each workshop made comments relateshobér confidence, for
example, in Workshop 3, a teacher needed “confel@mplanning”. Additionally,
two responses related to leadership, and theskemsawanted to assist other staff

members with their PL goals.

Table 6.9 Winchester Teachers’ Responses to tlest@a “What would you
personally like to achieve as a result of attendimsg workshop?”

% of comments

Workshop 1 Workshop 3
Comment category Working Workshop 2 Planning and
o EC & NPM .
Scientifically Assessing
Knowledge 23 36 9
-Better understanding
of science
Pedagogical Skills 69 45 55
-improved skills
-teach science better
-ideas for making science enjoyable
Confidence - 9 9
-confidence to present science
Resources 8 9 9
-planning documents
Leadership/collaboration - - 18
-improve teaching and learning
across the school
Number of comments 13 11 11
Number of teachers 12 9 11

Note: Because of rounding all columns may not tadtD0
EC - Energy and Change; NPM — Natural and Procddséerials

After the Workshops teachers were asked three mestions. Question 1
(see WFS in Appendix 1) asked teachers: “What astdn you plan to take
following today’s session?” A summary of theseegaties is provided in Table
6.10, together with the percentage of commentsah eategory.

Table 6.10 shows that the largest number of comsregitér Workshops 1, 2
and 3 (46%, 75% and 67%, respectively) relatecettagogical skills After
Workshop 1, a teacher wrote that s/he could “adapte of my planned lessons”; in
Workshop 2, one teacher was going to “try somdnefactivities”; and in Workshop
3, one teacher thought that s/he could “plan aafmitork for this term”. In

Workshop 1, about a third of the comments were i@kded to acquiring or using
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resources (38%). One teacher wrote about usingptae, conduct, process and
evaluate format”. Additionally, three commentsatdsed how the teachers believed

Table 6.10  Winchester Teachers’ Responses to tiest@n “What actions do
you plan to take following today’s session?”

% of comments

Workshop 1 Workshop 3
Comment category Working Workshop 2 Planning and
S EC & NPM :
Scientifically Assessing
Knowledge - - 11
-greater understanding of
outcomes
Pedagogical Skills 46 75 67
-write a science program
-planning skills
Confidence 8 12 22
-keep my positive attitude
Resources 38 12 -
-check out the website
Reflection 8 - -
-look carefully at my lessons
Number of comments 13 8 9
Number of teachers 11 8 8

Note: Because of rounding all columns may not adtion
EC — Energy and Change; NPM — Natural and Procedséerials

they had increased confidence. One of these temchexmented “keep my positive
attitude toward science”.

Question 4 (see Appendix 1) asked teachers: “Hasmbrkshop affected
your views about teaching science?” The resul®&aiole 6.11 show that the largest
number of comments in Workshops 1, 2 and 3 relat@dnfidence. In Workshop 1
one teacher believed that they were “more confidbout creating open-ended
investigations” and in Workshop 2 a teacher sintpbught they were “more
positive”. After Workshop 3 one teacher wrote ttdile had “gained more
confidence”.

Another frequent response in Workshops 1 and Zimexd to pedagogical
skills, represented by 30% of the comments in Whuoksl and 20% of the
comments in Workshop 3. For example, after Workshoone teacher wrote that
the PD presenter had shown him/her some “good’idéasVorkshop 3 one teacher
thought that the content of the PD had given him/atective strategies to
incorporate more science into my programming”. Tregpondents stated that the
workshop had affected their views about teachimgnee but did not elaborate how
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their views had been affected and three respondardghat their views about
science had not been changed, just been reinforced.

Table 6.11  Winchester Teachers Responses to testiQu “Has this workshop
affected your views about teaching science?”

% of comments

Workshop 1 Workshop 3
Comment category Working Workshop 2 Planning and
A EC & NPM ;
Scientifically Assessing
Knowledge 10 - -
-made it clearer in my mind
Pedagogical Skills 30 - 20
-I have effective strategies
Confidence 40 50 60
-science is fun
-I am more confident
Yes, gave no reason 10 25 -
No, just reinforces it 10 25 20
Number of comments 10 4 5
Number of teachers 10 4 5

EC - Energy and Change; NPM — Natural and Procdds¢erials

Question 5 (see Appendix 1) asked teachers: “Whattive main message
you gained from today’s workshop?” Table 6.12 shtlhat, overall, the largest
number of comments from the seven teachers relateddagogical skills. For
example, in Workshop 1 one teacher thought thairihie@ message was to “work
toward more open ended activities”, and in WorksBame teacher thought the main
message was to “keep planning simple”. Commendstgtedagogical skills were
also common in Workshop 2. For example, one tedobie Workshop 2 thought
that the main message was that “simple ideas caerge a wide range of learning
in many areas”. Additionally in Workshop 1, mararfcipants commented on their
confidence. For example, one teacher stated thitreally easy to involve children
In science activities”.

The most frequent responses in Workshop 2 relat&dawledge. In
Workshop 3 one teacher thought that the main messag “how to apply energy
and force to science experiments”, and anotheorespabout resources was also
identified.
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Table 6.12  Winchester Teachers’ Responses to tiest@n “What was the main
message gained from today’s workshop?”

% of comments

Workshop 1 .
Working Workshop 2 Workshop 3 Planning

Scientifically EC & NPM and Assessing

Comment category

Knowledge 14 43 -
- | have a better
understanding

Pedagogical skills 43 29 50
-hands-on methods

Confidence 43 29 25
-science can be easy and
fun

Resources - - 25
-new science books look
fantastic

Number of comments 7

7
Number of teachers 7 7

Note: Because of rounding all columns may not tadtD0
EC - Energy and Change; NPM — Natural and Procdds¢erials

In summary, analysis of the open ended responssgeshthat, in
anticipation of all three workshops, staff's highesority was to gain pedagogical
skills, which was also a common theme of the Ihikeacher Interviews. For all
three workshops the most common action that stafined to take after the PD
workshops related to their use of newly acquiredageqgical skills. Staff believed
that they would be able to use the science ad@svitiom the PD and put into practice
their newly developed pedagogical skills to teazkrece in their classrooms.

Another common anticipated action in Workshop 1 teasse the resources
made available to teachers to facilitate their plag, programming and students’
learning. In Workshops 1, 2 and 3, the staff'swddad been most affected by
giving them increased confidence to teach scieiest staff found the main
message of Workshops 1 and 3 was about their isedgaedagogical skills while in
Workshop 2 the most common response related tméheased knowledge of the
staff.

The results from the pre-PD WFES items show a conatitgrwith the Initial
Teacher Interviews and Laticia’s Teacher Questisamasponses. Teachers again
appeared to be positive and enthusiastic aboutitegscience and they believed
that they needed the pedagogical skills and confieléo teach science effectively in
their classrooms. This was evident in all threeksbops. Interestingly, the data
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from the Initial Teacher Interviews focused largefythe need for resources,
whereas the main focus in the WFS was pedagodidh. s

The researcher’s observations of the second PD $Mogk where the staff
learned about the content areas of Energy and @h@&ugces) and Natural and
Processed Materials, suggest that it involved tachmnformation for the staff over
a short period of time. One of the Winchester 8 members said

| really like all the activities but there are samy now |
think | am getting them all mixed up and | am geiti
tired. The one | will remember for sure is theocoked
water with detergents — that’s great.

It was also noted by the researcher that whatethehers wanted was to
understand the student outcomes in science. Tsteafd third PD sessions
addressed this concern, as opposed to the secomthied was more content based.
Observations of Lessons in the Year 2/3 Case Study  Class
Context of Lesson Observations

Laticia taught the Year 2/3 class at Winchesterlamtitaught this age group
of students for the last five years. In 2006, ¢lass comprised 8 Year 2 students and
20 Year 3 students. Laticia’s classroom had akbleard and whiteboard set
alongside storage cupboards at the front of thenroStudents’ desks, clustered to
cater for groups of six to eight students weréngdentre of the room. The back of
the room housed four desks, each with its own caengar student use, some
storage space and Laticia’s desk and computer.

The researcher observed the class during its negcilence program during
part of Terms 2 and 3, 2006. The observation ®léssons commenced directly
after the first PD session in the third week ofriié and continued until three weeks
before the end of Term 3. Science was taught waek for the 14 weeks for a
period of 60 minutes per week. One extended legsmnplace in Term 3 which
required most of the school day, thus the totaétgpent on science during the
observation period was 1020 minutes (17 hours).o¥erview of the lessons,
activities and pedagogical grouping are presemédble 6.13.

Laticia explained that with younger children sherfd it easier to do three
topics a term, with each topic lasting for 3-4 weeKhis enabled the children to be

engaged without having to remember 10 weeks of waekicia said that she
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incorporated science, as she did other subjectls,axclassroom theme. The topics
for the observation period were Investigating, Parsth Pull (both covered during the
PD sessions) and Teeth (part of the Year 3 Healtticclum). During the
observation lesson Laticia also mentored two praatistudents. One of the
practicum students was completing her final practi@and Laticia allowed for the
practicum student’s creativity and enthusiasm redtof the science lessons to do
Silk Worms, which became the fourth topic during tibservation period.

Lesson Observations

Laticia originally wanted to “do something relatiedballoons” at the start of
Term 2, but after she saw the EO from Scitech’sdlsuction to investigations
through observing and classifying Living and Noriflg things’, Laticia thought

| can easily adapt this activity from the booklemake it

appropriate for my year level and it would teaoh skudents

how to make observations and classify at the same t

(Field notes, 18 May, 2006)
The first lesson was teacher directed with theesitslencouraged to contribute and
ask questions when necessary.

The second lesson continued ‘investigating’ withdsints focused on
observation using all five senses and making ptiedis. This lesson was integrated
with the theme of foreign countries and their fobednce food samples were used as
the observational matter. Again the lesson washtadirected, but with ample time
for students to express ideas or opinions and as&tmpns.

The third lesson incorporated the whole school #herhich was decided by
the staff at the final PD session. All classes, Piimary to Year 7, looked at forces
through the topic of Push and Pull from the Prinfapnnections resource book.
This lesson was also integrated with investigaéing the students looked at
predicting and testing their predictions about wilgpe of force is required to move

certain objects.
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Table 6.13

Outline of Laticia’s Year 2/3 Term 2 @hBrogram at Winchester

Lesson Activity Nature of Activity Pedagogical Grouping
Term 2 Living and Non-Living Teacher explains to the students the attributdéiging and non-living things. The Whole class teacher explanation
1 Observing the attributes of living  teacher then asks the students to classify sonegtsiihey can see. Students Teacher-led whole class

Observations 1

2
Observations 2

3
Push and Pull 1

4
Teeth 1

Teeth 2

«O 6
Teeth 3

Term 3
7,8&9
Silk Worm 1,2 & 3

10& 11
Push and Pull 2 & 3

12
Push and Pull 4
Whole day activity

13
Push and Pull 5

14
Push and Pull 6

and non-living things

Making predictions

Using the five senses to observe
various foods

Forces

discussion

Individual student work

Teacher explains the activity to the students. Sthdents use their five sensesto  Whole class teacher explanation
observe the various foods on their tables. Teaohwsolidates what the students hav&tudent in groups of 4

found through a discussion session. Teacher-led class discussion
Teacher explains to the students the differenogd®et a push and a pull. Students Whole class teacher explanation

complete a classification worksheet.

The difference between a push andare given various small toys and asked to clasiséyn as toys that work on a push or Small group work

a pull force
Story about teeth

Types of teeth, canines, molars etc What they know about teeth. Students are told etheudifferent types of teeth and

Discussion

Care of your teeth
Personal hygiene
Diet

Life and Living ,Teeth Assessment
assessment

Practicum Teacher arrival
Introduction to silk worm book and
diagram. Explanation of activity
and observations

How do things move? What is
gravity?

Predictions and observations
Helicopter assessment
Variables in investigations
Predictions

Patterns

Fantastic Forces

Describing forces through writing
and diagrams

Review of helicopter and change
of another variable

a pull or both. Teacher discusses the studemigirfgs. Teacher-led class discussion

The teacher reads a large picture book story abeth. The teacher asks the studentSeacher reads book about teeth to
the whole class. Whole class
teacher explanation. Teacher-led
class discussion

Teacher reminds students about the work they hage Hoing on teeth. The teacher Whole class teacher explanation.
asks the students about their experiences witedheol dental van. Teacher tells ~ Teacher-led class discussion.
students about what they can do to protect thethtdrushing and diet. Teacher putsTeacher demonstration

a tooth in Coca Cola ® to see what happens tootbté t

Teacher shows the students what has happenedtmothe Students are assisted
through the test by the teacher reading out thetopmes.

how humans use their teeth to eat different foods.

Teacher led class discussion.
Individual student work on test
with assistance from teacher
Teacher-led discussion. Teacher
written explanation and drawing
on board. Individual student work

Teacher explains silk worms and shows studentktkial form they are in today.
The teacher draws and put notes on the board.eStudopy work from board then
look at books and the silk worms.

Teacher-led class discussion.
Small group work

Teacher explains to the students how things modeaaks students what they know
about gravity. Students are given a worksheetakenprediction and then some
equipment to make observations on how differeneatisjwork.

Teacher gave the student background informationtaflicopters. Teacher asks theTeacher explanation and teacher-
students what they know. Students are told alteutask of making a paper led discussion to whole class.
helicopter and trialling it to see how long it stag the air. Teacher demonstrated  Teacher demonstration. Small
what may be done and then the students work inpgrautest their helicopters and  group and individual student work
then wrote the results onto their worksheets.

The teacher used a previous lessons on how sothe @frces were classified as pushTeacher explanation to whole

or pull to get students to write about some fotbey viewed by diagram. Afterthe class. Individual student work
teacher explanation students worked on their owmri® about the forces.

Teacher reminded students about their previousdykr lesson and demonstrated Teacher explanation to whole
what variables might be changed and then the staideork in groups to test their class. Small group work
helicopters and then wrote the results onto theiksheets.




As the Primary Connections books had not arrivatiatime of the final PD
session, there was some debate about which ottiwitias from the Push and Pull
book would be used for the common assessment taskthe term had been
disrupted by several events and Primary Connechbong&s were not available,
Laticia decided to integrate the Teeth for Oral lepg with Teeth for science. In
Year 3, as part of the Health curriculum, Laticiadrporated ‘Teeth Hygiene'.
Laticia explained

| usually pick science topics that go with the whtlleme
for the term but this term there have been a fe@m#s as
everything has been so hectic with the WALN@sting,
the new reporting system and International CultDiay.
(Field notes, 14 June, 2006)

The next three lessons, 4 to 6, were about teathinbstead of the focus only
on the health and hygiene, Laticia encouragedttigests to develop an
understanding about the types of teeth in the humauth and what types of
chewing actions are made with each type of tob#ticia used the students’
familiarity with and affinity for the television pgram “Myth Busters” to encourage
them to carry out an investigation, like those seemyth Busters, in class with a
tooth being placed in Coca Cola® for a two weekqakr Students were required to
formulate the procedure and make predictions hénsixth lesson students were
exposed to thinking about changing variables anddating, by placing a piece of
marble into a glass containing Coca Cola®. Thdestts were shown a piece of
marble and they were told that this marble is dseflooring; many of the students
believed they have seen the marble at some tintleeofloor of expensive buildings.
Laticia stated that

| teach Oral Hygiene every year to Year 3 studdns,
what | have done differently this year is | haviegrated

¥ Common Assessment Tasks are activities that @ g all year group or a number of year groups
in a school to observe the progression of studarttee Western Australian Outcomes and Standards
Framework. In this case the activity was usedlémfify what aspects of Investigating were ideetifi
as typical of each year level.

* WALNA is the Western Australian Literacy and Numey non-school based test that is given to all
students in Years 3, 5, 7 and 9 during the scheat.y Teachers take time out of their regular @ogr
to prepare students for the test and to adminilseetest.
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health with science and given it a science fodus:.

example, | would have never done the investigations

before when | was teaching this topic. Normally if

were teaching investigations in science | wouldehav

given students all the answers and told them wieat t

were going to do, but | spent much more time oingee

if the students knew what they were doing — soghes

parts are different and something | learnt fromRie

session. (Field notes, 2lune, 2006)
Laticia was also not familiar with the other are&¥Vorking Scientifically before
she attended the PD workshops. She stated

Investigating is the only other thing you have toiul

addition to the content areas, and all | have tesdo

make sure | do the Investigating with my class bheea

in the Early Childhood that is all I have to repgFRield

notes, 21 June, 2006)
The Primary Connections books had still not arrigethe beginning of Term 3 and
a practicum student had arrived at the schoolenvtbar 2/3 class for the term. The
practicum student had organised some silk wormghfostudents to have in their
classroom. The following three lessons, lesso@sand 9, were dedicated to the
introduction and the setting up of the silk wormghe classroom.

In the interim the researcher received a copy ®@Rhmary Connections
books and loaned the books to Laticia and the jorantstudent. Laticia and the
practicum student developed a program, implemerkiagdeas from the PD, with a
theme of Forces.

In the second introductory lesson to forces, ledshrstudents were given a
range of toys and asked how they could make therenikhe ideas covered in this
lesson were contact and non-contact forces, grawvitiysize of the force applied.
The teacher’s questions were derived from the siisdebservations, expressions
and ideas. The following lesson, lesson 11, wasiahir and its relationship with
force where the investigating aspect of predicti@s integrated into the activity.
During the last two lessons the students startedite a science journal about some

of their activities for reflection.
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The whole-school “Helicopter” activity was run ovewhole day for the
Year 2/3 class, lesson 12. The teacher was omigtcned by two other classes that
the students needed to attend, Art and Languager @tian English. The remainder
of the day was for the science “Helicopter” activifThe teacher conducted a
brainstorming session to find out what studentswkabout helicopters. The students
appeared to be familiar with what a helicopter kkke. They knew helicopters
were used for flying, for police chases and byrtteglia. They could also describe a
helicopter. They noted that there was a set gbglters on the top of a small sized
body (when compared with an aeroplane) in which twfmur people could be
transported. The teacher had printed out thresucqdhotos of helicopters she found
on the Internet. These photos showed a helicaptatar to the one the students had
described and a larger helicopter used by the aforeds. The students noted that
the one used by the armed forces was much largarttte ones they had seen and
that both helicopters had a propeller on the tatudents were also shown some toy
helicopters; these were passed around along wetpitiiures so students could have
a closer look. Students were asked if they knew the helicopter flew. One
student said “it flies because the top propellexsgaround fast enough to lift it of the
ground.” Another student said “It can fly straigit and not like a plane that needs to
run along the ground first.” The teacher askedstident if they had ever made a
paper helicopter, one student had but some ofttier students had only made paper
planes. The teacher asked the students how thght miake a helicopter (asking the
student that had made one before to answer I&st¢ student quickly suggested
using “two paper strips, which could be joined tibge with sticky tape, like a cross”
and another student thought “the cabin could beenoadi of a small Choc-milk
carton [300mL rectangular waxed cardboard cartohhticia asked her students to
think of a way to make the helicopter out of onppr. The students thought for a
while and then the student who had made a papeop&r before suggested that the
helicopter could be made from “half a piece of papi¢h the tops cut like rabbit
ears.” Laticia then demonstrated how to make #pephelicopter from half a piece
of A4 paper.

Students made their paper helicopters from the leegpthat had been made
by Laticia. They were asked how they could tesirthaper helicopters. One

student responded that they could “measure theititoek for it to drop to the
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floor.” Latcia asked where they should drop thpgyahelicopter and a student
thought that it should be dropped from “one metrélie students suggested what
equipment they would need and a list was compitethe whiteboard that included
A4 paper template, scissors, metre ruler and stdphw Students wrote a prediction
of the time they thought the paper helicopter wdalc to reach the ground from
one metre. Each student was assigned to a grainoeaf and the group performed
three trials, recorded their results and then there directed back to the floor to
discuss their results. The children were ablestdgom the task successfully,
although there were discrepancies between thetsesfuhdividual groups. Laticia
asked the students how they could change their egheopters or make another
one to make the flight time longer or shorter. I@ein’s suggestions included; make
the propellers longer, make the propellers shomeke the base of the helicopter
shorter, make the whole helicopter bigger, makenthele helicopter smaller.
Students were then asked to choose one of theblesiand to make another
helicopter and test its flight time. Children tektbeir two paper helicopters with
their group, recorded their results and wrote &esere to compare the results of the
two paper helicopters.

The same Common Assessment Task investigation erésrmed by Years 1
to 7 students in the school. Consequently, the Z&aclass needed assistance with
parts of the investigation such as determiningaldes that may affect the
investigation, deciding on which variable to chaage evaluating their
investigation. The aspects of the investigatiomncvistudents completed
independently were the predicting, the recordinthefdata and determining the
pattern in their results. Interestingly, Laticiated that the averaging activity would
be too difficult for her class. Only four studemtghe class were able to follow the
procedure for finding the average of the threddria

The following lesson, lesson 13, reinforced wihat $tudents had done in the
Common Assessment Task by integrating this pripegence with the other
previous “push and pull” lessons to incorporate emasolidate all the terminology
such as “gravity” and “pressure” when they discddbeir paper helicopters. The
final lesson, lesson 14, looked at changing a b&ithat students did not change in

their original Common Assessment Task investigation
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Student interviews
Five girls and four boys were interviewed toward &md of Term 3 and were

individually asked the questions in Figure 6.2.

1. Do you enjoy science?

2. Did you like science better this year of
last year?

3. What was your favourite science lesspn
this year?

4, What is your favourite school subje

Figure 6.2.  Students interview questions at Wintehes

Students’ responses showed they all enjoyed sci€re student said “quite a bit,
it's fun for me. | like the experiments and | a@mthem with my family later at
home”.

Six students said that they had enjoyed scienderltbis year than last year.
Two of these students thought it was more fun,l@raiwo students said that they
had not done science before; one student belidatde did not do very much
science before and another student mentioned ¢higitdd it this year because “now
it is not boring”. One student pointed out thag slad always liked science.
Interestingly, two students who thought science better last year had attended
different schools in 2005.

The students’ favourite science lesson was thedmier (chosen by eight of
the nine students), which reflects the level ofagenent demonstrated by the
students during this topic. Students had a wideetyaof favourite subjects with
only one of the nine students selecting sciendbeaisfavourite subject. Other
students chose Art, writing, Mathematics, and Syaed the Environment as their
favourite subjects. This information suggests Htatnce does not have to be the
student’s favourite subject to be enjoyed.

In general, students’ responses confirmed whatebearcher had observed.
Students were very interested in and enjoyed seieMany students reported that
they were doing more science now than before. hEuriore, traditionally Laticia
had reported that students were only able to engegescience topic for
approximately 4 weeks (4 hours). The Forces tojais well received by the

164



students, which included a common favourite agtivithe helicopter. This topic
was extended over many weeks due to the issueldthesource book arrival. In
spite of this the students remained engaged aatcested in the Forces topic even
during the extended activity.
Student Questionnaires

The Student Questionnaire and its data analysie thersame as those used
at Fenchurch (Chapter 5). For a copy of the StuQeestionnaire refer to Appendix
5. The questionnaire was completed by the 21 mesr{62% boys and 48% girls)
of the Year 2/3 case study class. The other sstuglents were absent on the day of
administration.

The survey was designed for primary school studentear 4 and above,
but the class teacher believed the students cauitiith some assistance and was
keen for them to do so. So it was necessary tordbearcher, the class teacher and
the teacher assistant to work together when theegswere administered to this
class. This ensured that students understoodceaegtion and knew how to respond
in a valid manner. The researcher read each guastithe students, explained each
of the alternative responses, then waited for théents to answer before moving on
to the next question. The classroom teacher wonkddstudents who had difficulty
with following instructions and the Education Asaig worked with two students
who experienced difficulty with English.
Students’ Activities in Science Lessons

Some examples of the activities students reportelair science lessons are
reported in Table 6.14. Class discussion (Iltems Me most frequently reported
science activity with 55% of students believingstbccurred in most or nearly every
lesson. Making up their own science notes (lt¢rmeading a science book (Item 4)

and working in groups (Item 9) were other comma@pomses.
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Table 6.14 Students’ Activities in Science Lessaind/inchester

% Responses

Nearly

Item Content S(_)me M.OSt Every
Never Science  Science .
Science
Lessons Lessons

Lesson
In my science lessons:
1. | copy notes from the teacher 4 76 10 10
2. I make up my own science notes 14 52 24 10

with friends or by myself

3. | can talk to others about my ideas 10 61 10 19
4. I read a science book 24 33 29 14
7.  We have class discussions 10 30 35 25
9.  We do our work in groups 10 55 25 10

Teacher- or Student-Centredness of the Classroom

The results in Table 6.15 show that watching teademonstrations (Iltem 5)

and doing experiments are common, but with studest®rming them as instructed

by their teacher (Item 6) rather than their ownicagltem 17).

Table 6.15 Teacher- or Student-Centredness of ldesfoom at Winchester

% Responses

Nearly
Item Content S(_)me M.OSt Every
Never Science  Science .
Science
Lessons Lessons
Lesson
In my science lessons:
5. | watch the teacher do an experiment 0 29 48 23
6. We do experiments the way the 0 19 43 38
teacher tells us
My teacher
15. Listens to my ideas 0 35 45 20
16. Talks to me about my work in 5 70 20 5
science
17. Lets us do our own experiments 20 65 0 15
18. Asks us to investigate and find out 0 45 50 5
things
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The students thought they were encouraged to geatecby their teacher
asking them to investigate and find out thingsnfite8) most of the time. The results
also revealed that the students believed theiheragas willing to listen to their
ideas (Item 15) in most lessons.

Using Resources Outside the Classroom

According to the results in Table 6.16 studentsetones used resources
beyond the classroom. Over 90% of students baliévat they learn about scientists
and what they do (Item 8) and have visiting speakigem 12) at least some of the
time. Approximately 70% of students felt that tiggyoutside of the classroom to do
activities/experiments (Item 10) and used compuylezm 13) in at least some of

their science lessons.

Table 6.16 Using Resources Outside the ClassroMfirathester

% Responses

Nearl
ltem Content Spme M.OSt Every)//
Never Science  Science .
Lessons Lessons Science
Lesson

In my science lessons

8. We learn about scientist and what 5 70 15 10
they do

For science

10. We do activities outside in the 29 71 0 0
playground, at the beach or in the
bush

11. We have excursions to the zoo, 43 52 5 0
museum, Scitech, or places like that

12. We have visiting speakers who talk 0 95 0 5
to us about science

13. We use computers to do our science 30 60 5 5
work

14. We use the internet at school for 40 55 5 0
science

Students’ Interest in Science Lessons

The data in Table 6.17 suggest that the Y2¢aistudents are rarely bored in
science (Item 29), and that they enjoy (Item 2@) get excited (Item 27) about
science in at least some of their lessons. Stadeette curious (Item 28) a little less

often.
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Table 6.17 Student Interest in Science Lessonsiatister

% Responses

Item Content Almost Sometimes Often Nearly
Never always

The science we do at school is::

20. Enjoyable 5 25 25 45

During science lessons | am:

27. Excited 0 26 21 53

28. Curious 26 42 16 16

29. Bored 60 40 0 0

Students’ Perceptions of the Easiness of Science

According to the information in Table 6.18, 90%stiidents believed that
they learnt a lot in science (Item 31) most or gJ¥esson, with a further 10%
believing that they learnt a lot in at least somiersce lessons. Students reported
that they found science easy to understand (ltenofi®n or nearly always 65% of
the time. Students were rarely confused in scidéegsons (Item 30) with 37%
believing that they were never confused in sciemm53% of students thought they

were confused in only some lessons.

Table 6.18 Students’ Perceptions of the EasineSgiehce at Winchester

% Responses

Item Content Almost Sometimes Often Nearly
Never Always

The science that we do at school

19. Is easy to understand 5 30 30 35

During science lessons |

30. Am confused 37 53 5 5

31. Learnalot 0 10 30 60

Students’ Thinking in Science

Lastly, the results in Table 6.19 show that stusiéglt challenged in science
lessons. Approximately 75% of students said thesew@ade to think often or nearly
always (Iltem 21) and believe that they need toldie @ think (Item 22).
Additionally, 70% of students believed they neednderstand ideas (Item 24) and
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50% of students believed they needed to be abkctgnise the science in the world
around them (Item 26) and needed to remember scfacts (Item 23).

Table 6.19 Students Thinking in Science at Winadrest

% Responses

Item Content Almost Sometimes Often Nearly
Never always

The science that we do at school:

21. Makes me think 0 20 15 65

In science we need to be able to:

22. Think and ask questions 0 25 35 40

23. Remember lots of facts 10 40 30 20

24. Understand science ideas 0 30 35 35

25. Explain things to each other 5 37 26 32

26. Recognise the science in the 0 50 25 25

world around us

What Students Liked Best About Science

Over 95% of students (20 of the total 21) wrotesponse to the final, open-
ended item on the Student Questionnaire. The nsgsowere read and coded as
they were at Fenchurch PS (Chapter 5). The 2@nsgs from students were
assigned a total of 24 ideas.

An outline of the results for the Year 2/3 casalgtaass is shown in Table
6.20. Three main themes were expressed though the sgiddeds from their
responses. The most popular theme from studergshatthey believed science
was fun, interesting and enjoyable; one Year 3diated that “They [the science
lessons] are exciting and fun and | am never bored”

Other students’ responses were that they likedhiegrabout new things; a
Year 3 girl wrote “My most favourite part of scienthis year is learning new
things”. Students also liked the experiments ovdigs they did. For example, a

Year 3 boy wrote that he liked “me doing sciencpeginents”.
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Table 6.20 What Year 2/3 Students at Winchestes Best About Science
Lessons

What students liked best about science lessons itleas

Teaching and Learning Activities

Hands on experiments/activities/investigationskimg things 17

Liked group work 5
Student Attitude/Feeling

Fun, interesting, enjoy 38
Content

Like learning new things/doing new things/we learn

lot/educational 25
Specific like/topic, lab activity 8
Other Ideas 16

In general, students believed that they particghatevarious science
activities. They reported that they watched teadeenonstrations followed by
doing activities in small groups as the teacherihstsucted. This would be
expected at the Early Childhood level as studeet®Wweginning their exposure to
investigating in science. Students enjoyed sciamckusually found it easy to
understand. Students felt that they needed tgrese the science in the world
around them (science related to life) at least softlee time. Students were also
beginning to discuss and think in science (sci@oremunication). Investigating,
science related to life and science communicatidnch are aspects of scientific
literacy, were prevalent in students’ responsdse dctivities that students reported
reflected those of their teacher in the Teachers@umenaire.

Final Staff Interviews

The responses of six staff to 14 questions abairt $isience teaching after
the PD program (see Appendix 11) were coded aredjoased into themes. The
following description highlights the major ideasdlghemes from the analysis of the
data.

Knowledge

Most teachers were positive about the PD. Accorthrigre of the six
teachers, the most beneficial aspect of the PDtladst gave teachers direction and
understanding of how science should be plannedhtaand assessed. Teachers
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believed that the information provided in the PBssens had given them a better
understanding of the curriculum materials in socgeacd how they would be able to
use them to complement and/or update their programs
Confidence

Four teachers believed they were already positdieeiascience before the
PD program and two teachers felt that the PD hadertfaem more positive toward
teaching science. All of the teachers believedit@PD had increased their
confidence. Four teachers believed that becauenfincreased confidence
science was now a more regular part of the classsmhedule.
Pedagogical Skills

The most popular follow up actions that teacheok t@&fter the PD were
sharing and discussing ideas with colleagues agkirsg out additional resources.
Reviewing and trying out the new activities wersogbopular follow up actions.
However, two teachers mentioned that the PD coale lbeen more inclusive of the
junior primary level when addressing the need®athers.
The Meaning of Science and Scientific Literacy

In relation to what science meant to them, twoheaxthought that science
was about the understanding of the natural worttitha other four teachers believed
that science was about hands-on discovery typaiteafor the students. In terms of
scientific literacy, five teachers said that it vedmout the language of science, with
two teachers mentioning that is was about commtinitaunderstanding the
methods and procedure of science. One teacheghhdwas about knowing how
to access science information about science.
Impact of the PD Program on Students’ Learning

Teachers’ primary belief about what students shtged out of science” was
enjoyment. Teachers believed they were doing moenee in their classroom and
as a consequence students were starting to loalafdrto science. As one teacher
put it, “the impact on students was that childrameéhenjoyed the science they were
doing”.

In general, the teachers were positive about theoawes of the PD program
in relation to knowledge, confidence, and pedagagkills. Interestingly, two
teachers that had not attended all the PD sesseamarked that they realised in

hindsight that it would have been beneficial teadt the full complement of the PD.
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Many teachers who attended the PD said that theéyizated a collaborative
relationship with another member of staff. Theykea with their partner to prepare
programs, share ideas or just to discuss issuleis. cbllaboration was highlighted by
one teacher, Brigid, who stated
Now that | am working with Antoinette they [science
lessons] have been much easier. We come up va#sid
together and it is fun to do it. Even when we wonkour
own we can still share ideas from time to timeisTh
reduces our total workload for science and providewith
each other’s feedback as a critical friend.
The results of the Final Teacher Interviews wemscient with what teachers said
they would do on the WFS completed directly after PD programs. The interview
responses suggest that teachers were taking tbe/fop actions that they had
planned, and also expanding their experience t& woltaboratively.
Interview with the Case Study Teacher
The following section describes an interview witdtitia, the case study
teacher. The meeting was scheduled, at Laticesjsest, after the school year, and
was held at a café near the school on tHedcember, 2006. The theme of the
interview was Laticia’s reflection about the impa€the PD program on her
classroom practice.
Impact of the PD Program on Teacher Knowledge
On reflection, Laticia found that the PL had nothgdetely overhauled her
way of teaching science but made her aware of sliaivas teaching and that her
focus on the outcomes was important for what stended the students to achieve.
Laticia thought
The way you teach and explain things to studerg¢sio
change that much. But now you are more focuseahon
outcome as a teacher. You’re more aware of theomgs
you're teaching, rather than just saying, ‘oh thik do,
this looks like a good lesson’, now you are lookioga
specific outcome.
In 2007 Laticia intended to continue with her maatifscience approach, and

had already started planning with outcomes, because
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| think the children enjoyed itthat was the confirmation,
the reason | would do it. | think if the childread not
liked it | would have found other alternatives. Thaet that
the children loved it, learnt from it and | fouriceasy to
teach was important. So I think | would follow theme
type of structure next year.
Impact of the PD Program on Teacher Pedagogical Ski lIs
Laticia did not feel that the PL had changed hetuae toward science (as it
was already positive), but it had changed the visewed it should be taught.
| think before | thought that it was too hard tepare
and organize, | didn’t have a real problem with the
content. 1 now know how to lay my hands on lotshef
different items more easily. So you're not lookfiog
difficult-to-source items that are specific to @&esce
topic. Additionally, if the school had already poased
specific science items they often became lost oewet
available from the science room when you wanteththe
From my experiences with the PD, | now know you can
use things from home, the classroom and the Idu.s
Laticia believed that she was confident to try arefascience other than the ones the
staff had dealt with in the PD, as “the area thatlooked at was set out in a way that
it was accessible and understandable so | am Isatré¢hte other areas are the same.”
Impact of the PD Program on Teacher Confidence
Laticia believed that the most significant partteé PD program was
Being able to feel comfortable, becoming more
familiar with it [the science curriculum]. Up uhtihen
| had really only glanced at it. This gave me the
chance to have an in depth look and understan&d...
| think that was probably the best part. And thgit
the time to spend and to understand what | was

actually supposed to do.
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Laticia also felt that the opportunities to askgjiens and trial activities were very
important because you not only receive “feedbacknfthe presenter but others’
opinions as well.”

Impact of the PD Program on Resources

Laticia believed that because the staff, includhmggPrincipal, had seen some
of the resources available to teachers at the BSi@®s it had encouraged the
Principal to purchase some much needed curremiceigooks. The set of Primary
Connections books that the staff had wanted had peechased and the Principal
had made funds available to purchase other resauidee Science Coordinator was
currently reviewing science resource books forsttieool staff to use in the future.
Impact of the PD Program on Science Learning and Sc ientific Literacy

After the PD sessions, Laticia was more passiciatard relating science to
everyday life as she believed it was an importaptieation of science. Laticia
became more aware that she needed to build onutiergs’ prior knowledge. After
her implementation of the outcomes in her clasticiaafound her students asked
more questions and believed that their opinionewafued.

The researcher brought Laticia’s original PMM te thterview. The
researcher showed the PMM to Laticia and askedeifred anything that she would
like to add about scientific literacy. Laticia ke at the PMM and read each of her
responses and explanations that had been writtémetygsearcher. Laticia said that
her understanding of scientific literacy had nadroged and that she did not want to
add or remove any information.

Impact of the PD Program on the Success of Science at School in 2006

Laticia believed that the ideas and strategies fiteeriPD were easy to
implement because

It was still fresh and | did it very soon after tAB — that
made a difference. If | had left it too long it ynaave
been put on the back burner and | may have fongdtte
all.

On a more practical note, for the Early Childhotass in 2007 Laticia would
like to extend her repertoire to

do more work in small groups, especially for thevaty

work as organizing the whole class at one timeery v
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difficult in the junior primary. | would have songeoup
activities and have the students rotating arountthaol can
actually work with one group at a time and havedtier
groups doing some sort of preparation or writing téport
so | can focus on specifics with a small groupatiaould
be a more effective way of teaching science.

Another post-PD focus for Laticia was that she plasning to adopt a more

student-centred approach to science in 2007. \WHeeresearcher asked Laticia

what she thought the impact of the PD was for thelevschool she said
Everyone is talking a lot more about science n&\e did an
activity together and looked at how we would matoi
check if we are all on the right track. We havmedhings
planned for science as a whole staff next yearerR® and
more collaboration.

Laticia believed that although the PD was “greh#ittyou could not

do everything in a short space of time, as sheatede
You have to have time to go back to your classroom
and do one thing [activity] and then think about it
decide whether it is worth doing again, if it ne¢al®e
modified for your kids and if it fits with the cuculum.

After further reflection Laticia thought
You know, | really would like to have someone torkvo
with, someone to bounce ideas off from time to fime
that’s one of the reasons | like to have prac sttde
Sometimes in a small school like this one you don’t
have another [teacher] teaching exactly the sarae ye
as you so you don’t spend as much time talking ttbou
what you are doing, as everyone else is doing

something different.
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Impact of the PD program on Winchester’'s Future Dir  ections
When the researcher asked Laticia about what nbogletxpected in science at
Winchester in the future, she explained that
Although science was only a priority for one tethis year
there has been considerable focus on the followflpe
PD that we will continue with next year. The raasor
this is that the science Making Consistent Judgésnisra
focus for all Western Australian primary school007,
especially in Years 3, 5and 7. So as a schodiave
decided to keep working with science, particulamnlyhe
area of assessment for next year at least. Wedektbthat
we all [staff members] should be involved becauseail
may be involved if not next year then some timéhm
future.
Summary of Chapter

Before the PD workshops, teachers at Winchestesel they would most
benefit from better resources and pedagogicalsskilbssist in their science
teaching. The staff’'s main focus for the schoo$ weat it lacked resources.
Interestingly, the staff's responses in the FirtaffSnterviews revealed that
resources were no longer an issue and that theynbadd forward from believing
that the schools limited resources for scienceavablem. They had moved onto
thinking about how and what they could do to imgrdiveir science teaching. It
seemed that the lack of resources had been usedesuse not to do science, but
now they had a more positive and confident viewualsaience.

Laticia found that on her own PL journey she wasstantly reflecting on
what she had achieved in terms of pedagogicakskiltreased confidence and
resource acquisition. Laticia was working to achithis sense of accomplishment
in other areas of science that were not includetlerPD session. She believed that
she was able to do this successfully by applyiegogdagogical skills and strategies
from the PD experience to other areas of scietadents enjoyed science, were
engaged and were doing a lot of science at an agdy Laticia thought that her

increased confidence and pedagogical skills hadvalll her to extend herself further
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than she had in the past. This enabled her toawyactivities in science and she was
able to encourage her own students to be more @uious.

Although the PD sessions were over in quick succesmd the school
appointed only a term to science as a priorityidiabelieved that, as did other
teachers, their PL had just begun. The teacher®ban given the grounding to
improve their science teaching and they were uirsgfoundation to progress at
their own rate. Laticia thought that teachers \ddag able to continue their PL at

Winchester through “in-house collaboration andeetibn”.
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CHAPTER 7
KNIGHTSBRIDGE PRIMARY SCHOOL
Introduction

This chapter describes the collection and anabfsilse data for
Knightsbridge Primary School. It first providesys® background information about
the school and of the PD program offered therdoiedd by the findings
chronologically. In this school only one PD waséxdon the KSS PD program
because the Principal required a move to the Pyii@annections program.
Consequently the data collection was adapted tdiffexent circumstances.

Background to Knightsbridge Primary School

Knightsbridge, a metropolitan state school, hathfi ef 37 teachers some of
whom were part-time; there were 32 female teachieds5 male teachers, two female
deputy principals and a male principal. The scletdcated in a predominantly
middle socio-economic area and has 585 students Kiiodergarten to Year 7. The
school, located 16 km south west of Perth, WesAeistralia, celebrated its 30
anniversary in 2007. Knightsbridge is an open gletmool with groups of four
classrooms adjoining a common area. In recensybarschool student population
had increased and four transportable classroones placed at the rear of the school
to cater for the temporary increase in student rersibScience is generally taught
by the class teacher. However, some teachersa#réirpe, and hence not every
teacher in the school teaches science.

Knightsbridge’s educational priorities were detered by the whole staff,
and in 2006 and 2007 the school had chosen scanae area of need following the
results of the Monitoring Standards in Educatiardsent data. As part of their
science priority the staff came to the consensaissbime PD sessions in science
would be beneficial. The Principal, who had resemtoved to Knightsbridge,
suggested the KSS as an organisation to delivdPEhprogram. The Principal had a
prior successful experience with the KSS at anathkool, he knew the Education
Officer and the variety of professional developmgnoigrams that could be provided
to his staff. Additionally, the Principal chosetKSS to deliver the PD because he
knew that it was flexible in terms of content aradivery and therefore suited the

staff's needs.
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The two half-day, whole-school workshops were: VWaglkScientifically
through Open Investigations (2006) and IntroductmRrimary Connections (2007).
All teachers and administrators participated irséhievo workshops. Both whole
school PD sessions occurred on scheduled schodbByf At the beginning of the
first PD session, an activity book and support miateto assist in the follow-up
implementation were provided to attending stafes®&urces for the Primary
Connections were purchased by the school’s sciemaelinator prior to the PD
session, however, the PD Education Officer alsadpnbcopies of the books for
teachers to use during the PD.

The first whole-school PD workshop occurred in M2§06 and the second
whole school PD workshop on Primary Connectionsioec almost a year later in
April, 2007. Other small group or in-class PD s&ss were conducted by the
Education Officer during the first term. Knightglge also requested and received a
further half-day, whole-school PD session whichuoeed in Term 4, 2007 after the
research period. There was a large time span betihedirst two PD sessions as the
Knightsbridge staff had other concurrent prioritieswhich the staff participated in
PD sessions. Late in 2006, government primaryddieachers were able to receive
the Primary Connections PD at no cost. The Auattabovernment organised
funding for educators from all Australian stated #erritories to be trained in the
delivery of PD relating to Primary Connections.eTKSS Education Officers were
trained to deliver Primary Connections PD and thase able to offer it as part of
their service. As the Primary Connections PD iagdIno fee for service to
government primary schools, the requests to the i66®e Primary Connections
were greater than those of the KSS regular worksh@onsequently, their
workshops in 2007 focussed on Primary Connectidfter the researcher observed
the Primary Connections PD session she found hleaditms of the KSS PD were not
reflected by Primary Connections and hence thesevdare not used in this case
study. It is important to note that the Primaryn@ections resource books began to
be used by the KSS as a resource in their genBrakBsions because the books

were becoming more readily available.
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Overview of the Knightsbridge Workshops
The two science KSS PD sessions are outlined below.

Workshop 1 (May 1, 2006): Working Scientificallyotigh Open
Investigationsovered the Western Australian curriculum sciesrea of Working
Scientifically specifically relating to Investigag and how Investigating could be
integrated with the content areas of Natural armt&ssed Materials and Energy and
Change. It explored the Investigating, Natural Bnocessed Materials, and Energy
and Change outcomes by showing teachers how thsenoes related to specific
activities.

Workshop 2 (April 5, 2007): Introduction to PrimaBpnnectiongxplored
the initiative linking the teaching of science dfglish language literacy (not
scientific literacy). The curriculum resource fm@Working Scientifically focus
which spanned all years of primary school. Theksbop explored the Primary
Connections books, which were developed aroundbilmeconceptual outcomes of
Earth and Beyond, Energy and Change, Life and givamd Natural and Processed
Materials.

Findings

This chapter describes the findings from the datected from the students
and teachers of Knightsbridge. As for Fenchurdah\dinchester Primary Schools,
the data were collected from the seven sourcestiser in the methodology
section: PD Workshop Feedback Sheets, Initial ieamterviews, Teacher
Questionnaire, Personal Meaning Mapping Interviédsservation of Lessons,
Student Interviews, Student Questionnaires, Fitedf $1terviews, and Interviews
with Case Study Teachers. Table 7.1 presentsntiadirie for the data collection at
Knightsbridge.
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Table 7.1 Data Collection Timeline for Knightsbrelg

[8T

Data 2006 2007
May Nov Dec Jan Feb Mar April May June
Professional Development
&Workshop Feedback Sheets ~ \*
Teacher Questionnaire N
Personal Meaning Mapping
Interviews ~
Teacher interviews
- formal initial N
- formal final N
- case study class teachers N N
- informal N N N N N N
Student Questionnaire N
Informal Student Interviews N
Observation of lessons N N N N N N N

Note: *Primary Connections PD



Professional Development Workshop Feedback Sheet

There were 34 teachers who responded to the PD W3 were the same

WEFS as those administered at the Fenchurch andhasiter Primary Schools.

Teachers’ Attitudes and Perceptions about Confidenc e and
Pedagogical Skills Before and After the PD Workshop

Table7.2 presents a comparison of pre- and post-worksdaghers’ attitudes

and perceptions about science teaching in the WWogks

Table 7.2 Teachers’ Pre- and Post- workshop Altisuand Perceptions about
Teaching Science in Workshop 1: Working Scientificéb) at
Knightsbridge PS
Wk  Item
shop Pair Item Content SA° A D SsD
no.

Pre 1 Currently | have a positive attitude towaedsching 29 71 O 0
science

Post | have a positive attitude toward teachingree 4 56 O 0

Pre 2 Currently | need adaptable skills and ideasé inthe 32 59 6 3
classroom

Post | have been given adaptable skills and itease inthe 32 68 0 0
classroom

Pre 3 Currently I am confident in planning effeetscience 9 53 38 O
programs

Post | could confidently plan effective sciencegrams 21 79 O 0

Pre 4 Currently | can confidently deliver effectsgence 6 68 26 O
programs

Post | could confidently deliver effective sciemmegrams 24 76 O 0

Pre 5 Currently | feel confidently able to facitéestudent 3 35 56 6
achievement in science outcomes

Post | could confidently improve students learnmgcience 15 85 O 0

outcomes

(n=34) Note: Due to rounding not all rows add t® 10

after the PD, with several teachers responding mposéively after the PD. The

The results in Table 7.2 reveal that teachers negdgpositive about science

Item 2 data show that before the workshop, 91%eg8tters) agreed that they

needed adaptable pedagogical skills and ideastinubke science clasgfter the

workshop, all teachers were satisfied that theylesh given pedagogical skills and

ideas.
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The results relating to teacher confidence showsitige shift in teachers’
attitudes and perceptions after the PD workshop.gre-workshop WFS showed
62% (21 teachers) believed that they were configdeptanning effective science
programs (Item pair 3) compared with all teaché&es éhe workshop. Likewise, all
teachers were confident of delivering effectiveeace programs teachers after the
workshop with six of the teachers moving their response femree to strongly
agree.The fifth item pair, confidence in facilitating skent achievement, revealed
thatonly 38% (13 teachers) were confident in this aspetore the PD workshop,
compared with all teachers in the post-workshopesur

In general, the results reflect that teachers dirélaought positively about
science and that these attitudes were improvetdD workshop. The post-
workshop data for the second item pair revealetitd@hers thought they were
provided with adaptable pedagogical skills and sdeause in the classroom.
Interestingly, three teachers who did not think thay needed pedagogical skills
before the workshop reported that they had beesngivem after the workshop. A
comparison of teachers’ perceptions about theifidence before and after the PD
workshop reveals favourable outcomes.

Teachers’ Attitudes and Perceptions about Knowledge , Pedagogical
Skills and Confidence, Resources and Leadership thr ~ ough Open-Ended
Responses

Four open-ended questions for one workshop werngsath As at Fenchurch
and Knightsbridge, the content of teachers’ respemgere analysed, as described in
Chapter 3, and clustered into seven categoriesvlealge; pedagogical skills;
confidence; resources; leadership; collaboratiod;raflection.

Question 1 (see copy of WFS in Appendix 1) was aned before the PD
Workshop commenced. Teachers were asked “What wauighersonally like to
achieve as a result of attending this workshopabld 7.3 shows a summary of these
categories, together with the percentage of thenvemts that fell into each category.

The largest number of comments, in the PD workshadpted to acquiring
pedagogical skills. For example one teacher witethey wanted “activity ideas
with simplicity and assessment ideas” and anotesiter wanted “new practical

activities for PP [Pre Primary]”.
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Ten responses (26%) related to knowledge. Onéeedelieved
“information on evaluating” was needed, and anotented to “gain a better
understanding of the investigating stran&bur comments related to teacher
confidence, for example, a teacher needed “incteesefidence in teaching
science”. Additionally, one response related sougces; this teacher wanted
improved access to resources.

Table 7.3 Knightsbridge Teachers’ Responses tQthestion “What would you
personally like to achieve as a result of attendimsg workshop?”

% of comments

Comment category Workshop 1
Working Scientifically
Knowledge 26
-understand science more

Pedagogical Skills 60
-more hands-on experiments that can be taught to
children
-better evaluation skills

Confidence 11
-increased confidence in teaching science

Resources 3
-awareness of and access of resources

Number of comments 38

Number of teachers 31

At the conclusion of the PD workshop teachers vasked three more
questions. Question 1 asked teachers: “What actioryou plan to take following
today’s session?” Table 7.4 presents a summaihest categories, together with
the percentage of comments in each category. argedt number of comments after
the workshop related fgedagogical skills. For example one teacher wabtaut
being able to “write up and teach [a program] usimginvestigation principles”, and
another teacher was going to “use simpler and greatue lessons.”

Six comments were related to acquiring or usingueses. One teacher
wrote: “Try some of the activities in the green k¢Brimary Connections Life and
Living]”. Additionally, five comments described Wwaeachers believed they had
increased confidence. One of these teachers Wrates/he would “Try more

science activities with an emphasis on language.”
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Table 7.4 Knightsbridge Teachers’ Responses tQtiestion “What actions do
you plan to take following today’'s session?”

% of comments

Comment category Workshop 1 Working Scientifically

Knowledge 9
-found out more information

Pedagogical Skills 47
-use the investigating process

Confidence 16
-try some of the activities

Resources 19
-go to the website

Reflection 9
-review my planning

Number of comments 32

Number of teachers 22

Question 4 asked teachers: “Has this workshop t&flegour views about
teaching science?” Table 7.5 shows the most cortmadter the PD Workshop
related to confidence. One teacher believed H@aPD"made it [the science
activities] look easy”, and another teacher singtated that s/he was “more
enthusiastic”.

Another frequent response pertained to pedagogjdtd, represented by
26% of the comments. For example, one teacheewhat the PD had given
him/her some “great ideas for lessons”, and and#deaher believed that s/he was
introduced to “many approaches”. Seven responses about knowledge, for
example, one teacher referred to a “greater uratedstg of the outcomes”. Five

teachers said that their views about science hatdeen changed, just reinforced.

Table 7.5 Knightsbridge Teachers’ Responses t@thestion “Has this
workshop affected your views about teaching sciehce

% of comments
Workshop 1 Working Scientifically

Comment category

Knowledge 23
-it clarified ideas and concepts
Pedagogical Skills 26
-learning can take place in simple activities
Confidence 35
-its fun and less stressful
-it is not hard
No, just reinforces it 16
Number of comments 31
Number of teachers 24

Question 5 asked teachers: “What was the main mgesgal gained from

today’s workshop?” Table 7.6 indicates the largeshber of comments in
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Workshop 1 related to pedagogical skills. For epl@mone teacher thought that the
main message was to “keep science simple”, andantgtought the main message
was that'science needs to be relevant to children’s liveBhe second most
common response related to teacher confidenceexXamnple, one teacher thought
that the main message was that “science is nostaay to tackle” and another
teacher believed that “It's easy to investigatddditionally, eight responses related
to knowledge, for example, one teacher statedttigaPD had “clarified some
levelling issues”.

Table 7.6 Knightsbridge Teachers’ Responses tQtiestion “What was the
main message gained from today’s workshop?”

% of comments

Comment category Workshop 1 Working
Scientifically
Knowledge 18
-clarified some levelling issues
Pedagogical skills 46

-keep activities simple
-focus on the relevant skill level

Confidence 32
-the activities are simple and lots of fun

Resources 4
-excellent planning and resources for lessons

Number of comments 44

Number of teachers 28

In summary, analysis of the open ended responsegeshthat, in
anticipation of the workshop, the staff's highesbpty was to gain pedagogical
skills. The most common action that staff planteethke after the PD workshops
related to their use of newly acquired pedagogkdls. Staff believed that they
would be able to use the science activities froewviorkshop in their classrooms
during science lessons. Staff also believed tieit hewly developed pedagogical
skills would be of benefit to both themselves and theesited Most staff found that
the main message of the PD workshop was to haveadsed confidence to use their
new skills in their classrooms.

Initial Teacher Interviews

Seven teachers were individually interviewed sixthe after the first PD

workshop. This meant that teachers had considetabé to reflect on the PD and

to try out some of the ideas they were given inRBe As was noted in Chapter 3,
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the Initial Teacher Interview responses were basednd 13 questions. The
questions asked of each participant are showngargi7.1.

14. What was the most significant part of the PD fou¥yo

15. Do you think the opportunities to ask questions taadi activities were
important?

16. If you hadn’t had the PD do you think you would edooked at the
outcome science documents?

17. How easy was it for you to implement and use tleasdand strategies
that you gleaned from the PD?

18. What was the most difficult part of changing yoeac¢hing practice to
accommodate your new knowledge?

19. What do you think you will do next year for sciefice

20. Do you have the same year group in 20077

21. How will you be programming in 2007?

22. Has the PD changed your attitude toward science?

23. Do you think you teach any of the science areas orogo you think
what you have learnt is limited to the areas yakéal at in 20067?

24. If you had to pick one of the other science leagraneas such as Naturg
and Processed Materials, Earth and Beyond or Inéelaving which one
would you think would be the most difficult?

25. What things would you like to add to what you dicstyear?

26. If you had some more science PD what would be aftrhenefit to you?

Figure 7.1. Initial interview questions at Knightslge

The following summary was developed from the inmwresponses of the seven
teachers. Knowledge, confidence, pedagogicalkskélsources, impact on students,
understanding of science and further science PI@ therthemes used to construct
the summary.
Knowledge

The teachers felt that they had a better understgrad how to teach science
especially in the area of Investigating; as Katglaxed “the PD has improved my
knowledge of the outcomes and the investigatinggss’. They all believed they
had been able to use their new found knowledge matedy. Further, the teachers
thought that after attending the PD they felt mmmnfortable with science. This
made them more involved with science and as atrdgy believed they were

teaching science more regularly.
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Confidence

Six of the seven teachers were positive about bhveregram. Two teachers
mentioned that the program made the science lo®k edurther two teachers
mentioned that the investigations information wagluable, and one teacher
remarked that s/he was ready to get going as sotreaPrimary Connections book
arrived. One teacher already felt positive aboigrsee before the PD program and
the other six teachers felt that the PD had maele timore positive toward teaching
science. Six of the seven teachers believedttlea®D had increased their
confidence; the other teacher claimed to alreadyonéident about science.
Pedagogical Skills

According to two of the seven teachers, the moseti@al aspect of the PD
program was that it gave teachers direction abowt $tience should be planned,
taught and assessed. Most teachers thought tveaBDxight on track” with where
they were in terms of their learning. Planningpiementing and trying out the new
activities were the most popular follow up actiom$owever, one teacher mentioned
that some techniques for managing groups would baee helpful and another
teacher stated a wish for some more direction aloeass or sources of ideas.
Resources

Popular follow up actions that teachers took afterPD program were
seeking out additional resources, mentioned by dbtine seven teachers, and
sharing and discussing ideas with colleagues, meadi by three teachers.
Impact on Students

The teachers believed that the impact of the P@Qrpro had filtered through
to the students, and they emphasised that whatrsisidhould “get out of science”
wasenjoyment and understanding.. They thought theatHildren were more
enthusiastic about science than they had beenqu#lyi had a clearer picture of
what science was about, were more involved witlr f@ence lessons and enjoyed
the science they were doing.
Understanding of Science

In relation to what science meant to them the teacprovided a variety of
answers. Two teachers thought that sciencealvast the understanding of the

natural world three teachers believed that science was the exalpmirsuit of
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knowledge and three teachers believed that sciwasebout hands-on discovery
learning for the students.
Further Science PD Programs

The teachers believed that they required furthgistsce in terms of PD.
One teacher wanted “more hands-on PD sessionthikiast one, it really helped me
to learn”, and another teacher said that he realyted to “get into the new books
[Primary Connections] and understand them.”

Teachers were happy with the science PD theyéagwed earlier in the
year. Generally, the first PD session had incréésachers’ knowledge, confidence,
and pedagogical skills. The PD program had algergihem some new resources to
practice in their science teaching. However, teexbelieved they required more
PD to ensure that they were keeping up to date thédlturrent methods and
resources. The results from Initial Teacher Ineamg have many similarities to the
data from the WFES from the PD workshop in termkrafwledge and pedagogical
skill acquisition. Also, the results from the laltTeacher Interviews are consistent
with teachers’ responses to the post-PD WFS items.

Teacher Questionnaire

The Teacher Questionnaire was modified, at theagiquf the Principal, to
be more inclusive of the information that he anelsbhool’s science committee
might use to improve science in the school. Thenrmalaanges to the questionnaire
involved removing any demographic information abibwgt teachers to ensure
confidentiality, this included information abouatiers’ science programming in
2006, and the inclusion of a second section aleadhters’ interest, background
knowledge, confidence and resource use, with resgsogeparated into the content
areas of Western Australian science curriculumdi@hal changes included the
removal of the last two pages of the questionrei@ut why teachers taught science
and the pedagogical strategies teachers used waehing science. In its place
questions were included on the effectiveness ofitsiePD workshop on
Investigating, what teachers would like the follog/iPD sessions to address, and
whether or not they knew Primary Connections. Aycof the Knightsbridge
Teacher Questionnaire is in Appendix 5. The foltaypanalysis examined all the

data but reports only the findings that are relévanhis research.
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Twenty five teachers volunteered to participatthm Teacher Questionnaire
and the Principal chose to administer the queséimaro the staff 6 months after the
initial PD workshop. The results below reflectdbdeachers’ responses.
Teachers’ Background and Experience

Information from the school website informed theea@rcher that all teachers
were fully qualified with an average of 22 yearad@ng experience. All teaching
staff met the professional requirements to teadWastern Australian schools and
registration with the Western Australian Collegelefching.

Attitudes and Perceptions About Teaching Science

The Teacher Questionnaire included a variety ostjoles about attitudes and
perceptions of teaching science. Teachers weedaskrespond to a five point
rating scale (scored 1 to 5). The confidentiaditghe Teacher Questionnaires
resulted in the researcher not being able to ifietite two case study teachers in the
sample. Hence, the mean responses were calcibatalll 25 teachers and presented
in Table 7.7.

Interest and Confidence

Items 1, 8, 11 and 13 in Table 7.7 relate to tetiperceived interest about
and confidence to teach science. The results révata on average, teachers were
interested in science, and were reasonably ensticsabout teaching science.
Teachers’ confidence to teach science was genédnigltyand they welcomed
children’s questions.

Knowledge

Teachers’ perceived knowledge of science was datethby Items 4, 5 and
6 in Table 7.7. On average, teachers’ backgromumaviedge of science was about
the scale midpoint. Mean scores for explainingsitience behind the activities they
do with their students and answering students’ tipres were also close to the
midpoint.

Pedagogical Skills

Teachers pedagogical skills (ltems 2, 3, 7 andani2e sound but teachers
believed that they did not teach science as weleg taught other subjects.
Resources

Teachers’ perceived availability of resources waneght through responses

to ltems 9 and 10. Teachers believed that thaurese available to them were
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adequate, with resource materials within the scheolg more accessible than those

outside the school.

Table 7.7 Teachers' Attitudes and Perceptionsteébaance at Knightsbridge

Teachers’ attitudes and perceptions about science corel Score 5 Mean

Interest and Confidence

1. My own interest in teaching science is best wlesd Not Very 3.8
as interested interested

8. My confidence in teaching science is Not very Confident 3.4

confident

11. When teaching science, | welcome students’tores Rarely Always 3.8

13. | am enthusiastic about teaching science Rarely Always 3.6

Knowledge

4. My own background knowledge for teaching science  Limited Extensive 2.9
is best described as

5.4 [find it difficult to explain to students tlseience Rarely Always 25
behind the activities they do

6. Students’ science questions are easy for meswex Rarely Always 3.1

Pedagogical Skills

2.# Compared with other subjects | find it diffittd teach Rarely Always 2.3
science

3. | am effective in monitoring children doing suie Rarely Always 3.1
activities or experiments

7. My skills in teaching science are best descrimed Limited Extensive 3.3

12. | am continually searching for better waysaach Rarely Always 3.4
science

Resources

9. The resources available to me for teaching sei@ne Limited Extensive 3.1

10. | use outside resources (such as the inteandfpr Rarely Often 2.7

people (such as a local expert) in my classroom

Note. # Item statement is negatively worded butnegfatively scored

Teaching the Science Content Strands

Teachers were asked a series of questions relatithgir attitudes and

perceptions about teaching each of the conceptddraTheir percentage responses

are reported in Table 7.8. The results show dweathers are most interested in, have

an adequate background for teaching science, anth@most confident with Life

and Living (Items 1, 2 and 4 respectively). Neallyteachers felt their skills in

teaching science were reasonable or competendbouit a quarter felt not very

confident (Item 3).
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Table 7.8

Knightsbridge Teachers’ Interest, Backgd Knowledge,
Confidence and Resource Use in Each of the Foen8eiConcept
Strands (% Responses)

Natural and

fem Geyond Change Piocessed GRS
1. My own interest in teaching science
is best described
Highly interested 29 29 16 41
interested 62 62 70 50
Not interested 8 8 12 8
2. My own background knowledge for
teaching science is best dribed a
extensive 12 12 8 8
adequate 70 70 75 83
Extra preparation needed 16 16 16 8
3. My skill in teaching science is best
described ¢
competent 20 20 16 20
reasonable 75 75 79 75
I'm not too sure of my ability 4 4 4 4
4. My confidence in teaching science
Very confident 8 12 4 12
confident 75 62 70 70
Not very confident 16 25 25 16
5. The resources available to me for
teaching science ¢
extensive 4 8 8 8
adequate 75 75 66 75
limited 20 16 25 16
6. | use outside resources (such as the
internet)
Very often 12 12 8 8
often 33 29 33 37
sometimes 54 58 58 54
7. | use outside resources and people
(such as a park ranger)
Very often 0 4 4 0
often 8 8 8 12
sometimes 91 87 87 87
8. When teaching science, | usually
Design my own activities 12 8 16 20
Adapt ideas from resources 70 62 62 62
Follow a given course 16 29 20 16
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Most teachers thought there were adequate resoavedsble for science teaching,
but about a fifth thought resources were limiteterl 5). Internet and outside
resources were used infrequently and teachers lysiesigned or adapted ideas
when teaching science (Items 6, 7 and 8 respeglivel
Personal Meaning Mapping Interviews

Jasmine and Justine, the two case study teachers,imterviewed using the
PMM interview technique during an individual teadhesearcher interview. The
PMM investigating the teachers’ scientific literaggs administered six months after
the initial PD workshop. Both teachers completé&tVdV using the method
described in Chapter 3, and their comments wettedanto the categories of
scientific literacy by the researcher. Table hOvegs how Jasmine’s and Justine’s
responses were assigned to these categoriesnelgatie 12 responses in the PMM
interview which were categorised into four scigntiiteracy categories. In contrast,
Jasmine only provided four responses which weregoaised into three categories.
The two teachers produced a total of 16 responable 7.9 indicates that the most
common response reported by Jasmine was sciententamd for Justine it was

science communication

Table 7.9 Teachers’ Responses Categorised intecdspf Scientific Literacy
at Knightsbridge

Jasmine’s Justine’s Total
responses  responses number
- _ of
(n=4) (n=12) responses

Category (n=16)
Resources and strategies 1 (25%) 2 (17%) 3 (19%)
Science content 2 (50%) 1 (8%) 3 (19%)
Science communication 1 (25%) 7 (58%) 8 (50%)
Investigating - 2 (17%) 2 (12%)

Informed decision - - R
Science related to life - - -

Questioning and sceptical - - -

Jasmine was reluctant to write her responses devghedid not believe she
knew the “correct answer”. After further clariftcan by the researcher that

responses were not classified as correct or incprdasmine wrote her four
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responses to the phrase. Some of Jasmine’s andeJsigixamples and explanations
of each of the categories are given in Table 7.10.

Table 7.10 Teachers’ Examples and Explanatior&ca@ntific Literacy at
Knightsbridge

Teacher Explanation
(verbal explanation by the teachers,
scribed by the researcher)

Teacher Example

Category (what the teachers wrote)

Subject (Jasmine) You can put science across all subject

. areas

Resources and strategies .
Just using computers

(Justine) Computer skills for research

Famous scientists (Jasmine) About their discoveries

Science content Understanding the facts,

maybe tests (Justine)
Language variables (Jasmine)All the words of science and the type of
language you use and all the equipment

For assessment and understanding

Science communication
Journal writing (Justine) Reporting on what they have done and
learnt

Write up of experiment
(Justine)

Informed decision - -
Science related to life - -
Questioning and

sceptical

Investigating How to do this in a scientific manner

Jasmine and Justine did not provide responsesdiiéd be categorised into
making informed decisions, science related to bfeheing questioning and
sceptical. Justine was particularly focussed erlitbracy aspect in her responses, as
some of her responses that were categorised astigating or content by the
research retained a communication focus. Jasmieés were also classified in
terms of what could be written, read or spoken.

Jasmine was apprehensive to communicate her idelathia was illustrated
during the administration of her PMM interview wh&me explained

| don’t know exactly what this means, so | don'véa
the correct answer. You probably need to know aibou
famous scientists and their discoveries so | witl fhat

down, but | am not sure.
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Observations of Lessons in Case Study Classes

Context of Lesson Observations

Jasmine and Justine were approached by the Prngiparticipate in the
case study research. The context of each clasdlised below. The research
period did not commence until late in 2006 as #searcher continued to conduct
research at the previous case study school, Witehemstil late 2006. There was
some overlap of the research period, however, ltisergation lessons at Winchester
would often coincide with the science lesson timelknightsbridge, making visits to
both schools during the same period difficult.

Jasmine’s Classes

Jasmine taught in a demountable classroom thaa lfiadd blackboard at the
front of the room, storage drawers on both sideb@foom, and students’ desks set
in groups of six to eight towards the front of tbem. A movable whiteboard, the
teacher’s desk and a computer station were atable dif the room.

Jasmine explained that she chose science topice/éna in the assessment
schedule for the semester and she could relatéh@nae in her classroom. A topic
usually ran for the duration of the term with soexeeptions being the lead up to
special events such as Christmas.

The observation of the lessons commenced six mattisthe first PD
session. The researcher observed Jasmine’s split4/® class during the regular
science program for the last two weeks of Term0062 Jasmine’s class consisted
of 31 Year 4/5 students (17 boys and 14 girls)ier8® was taught for 60 minutes
each week, usually in the afternoon. The totaétauaring this observational period
was 120 minutes (2 hours). The theme for the tweknperiod was the science of
toys, covering the science areas of InvestigatnyEnergy and Change strands.

Unexpectedly, Jasmine was required to teach a ¥ ekss in 2007. There
are many Australian public holidays on Monday imrié, which resulted in the one
science topic theme extending to Term 2. Thisscless observed by the researcher
during all of Term 1 (7 lessons) and the first faugeks of Term 2, 2007 (3 lessons).
Science was taught once in each practicable weektbese 14 weeks for a period of
60 to 90 minutes per week. The total time sperdaence during this observation
period was 735 minutes (12 hours 15 minutes) drguer 73 minutes per week.
Jasmine’s class comprised 28 Year 7 students (§®doad 13 girls). During the
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2007 observation period Jasmine mentored one puactstudent who did not
instruct any science lessons. Marvellous Micraaaigms, from Primary
Connections, was the theme during the observagoioghengaging in the
Investigating and Life and Living strands.

Justine’s Class

The researcher observed Justine’s Year 6 classdlitisiregular science
program during Terms 1 and 2, 2007. The obsemvatidhe lessons commenced
nine months after the first PD session early imT&r 2007 for Justine. Science was
taught each week for 9 weeks for a period of 580toninutes per week. The total
time spent on science during the observation peviasl 700 minutes (11 hours 40
minutes) or almost 78 minutes per week.

Justine’s 2007 class comprised 30 Year 6 studéetbgys and 14 girls).
Justine mentored a practicum student during therghton period but the student
did not teach any science lessons.

Justine team taught with another Year 6 teachehda. The two
classrooms were open plan but generally studeots éach class stayed on “their”
side of the room, even during activities. Bothsst@oms had a fixed blackboard at
the front of the room, storage drawers on the sadéise room nearest the windows,
and students’ desks set in groups of four to siatd the front of the room. The
teachers’ desks and eight computer stations weegdd at the back of the room.
The researcher only observed Justine’s classeasthier teacher did not volunteer
for the research.

Justine explained that she chose topics that weleei assessment schedule
for the semester and, where possible, she relatedce to students’ everyday
experiences. A topic usually ran for the duratibthe term. During the
observational period Justine and Barbara team-tabghPrimary Connections topic
of Marvellous Micro-organisms which incorporateg@sts of Investigating and Life
Living strands. At the onset of the observatiqgraiod, Jasmine usually taught the
lesson first to her Year 7 class and passed infaomancluding helpful hints, to

Justine and Barbara.
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Lesson Observations

Jasmine’s Year 4/5 Class

The last two science lessons of the 2006 schoologalucted by Jasmine

were integrated into the class theme of the traalitif toys and Christmas. The

activity that Jasmine used was one from the SciRizlsessions that had been done

in May, 2006. Jasmine said she chose this actpatause

It was readily available from the resources from BD
and it highlights investigation skills, such asiahles
and fair tests which are really important for sceen
activities. | like the students to do hands-onvéts
in science, they enjoy them and learn a lot froemth
(Field notes, 28 November, 2006)

Table 7.11  Outline of Jasmine’s Year 4/5 clas€a 4 (2006) Science Lessons

at Knightsbridge

Lesson Activity Nature of Activity Pedagogical Gpng
1 Making toy cars Teacher asks students what they remember Teacher led whole
Car launcher activity ~about variables and fair tests. class discussion
Variables and fair test Students decide what variables they will test Small group work
with their cars and write their methodology  Individual written
and perform a trial run. work
2 Car launcher activity ~Students use the investigation planner to testSmall group work

Variables and fair test one or two variables with their car (different Teacher led whole
Investigation planner surfaces, tension in elastic, gradient). Studentdass discussion
record their results. Class discussion about
results and ideas for further investigations.
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Table 7.12

Outline of Jasmine’s Year 7 Term 1 aif@@®7) Marvellous Micro-organisms Program at Kiépnidge

Lesson Activity Nature of Activity Pedagogical Grouping
Term 1 Micro-organisms and bread Teacher asks students what they know about miganisms. Students give a Teacher led brainstorm and

1 Brainstorm of what children know variety of responses about what they believe tmioeo-organisms. class discussion
Brainstorm chart Students construct their own chart from the braimst Individual student work
Investigation of different breads Teacher explains the bread activity to the studantswrites what is contained in ~ Small group work

each of the breads on the board
Students record information, perform the investagatnd record results.

2 Micro-organisms and bread Teacher explains how to construct a flow chart @mels an example of making toast Teacher explanation
Introduction to flow charts on the board with the students’ assistance. Teadiarthe students what they knowIndividual student work
Construction of making bread flow chart about making bread. Students write a flow chartiaking bread from the

information discussed and prior knowledge.

3 Integration of science with reading The teacher selects students to read the passageraicro-organism and asks the Teacher led student reading

Background on micro-organisms students questions at the conclusion to evoke stson. and comprehension
Students write in their own words what they undmrdtfrom the passage. Individual student work

4 What happens when yeast is mixed with  Teacher explains what the students will be invasitig and reads the instructions  Teacher explanation
sugar and water? with the students. Students perform the investigaand record the initial results ~ Small group work
Investigation and begin to write the investigation into theirefmioks. Teacher engages studentsfreacher led class discussion

whole class discussion about their results.

5 What happens when yeast is mixed with  Teacher reminds the students what they are inasti@gand reads the instructions Teacher explanation
sugar and water? (cont) with the students. Students perform the investigaand record the initial results ~ Small group work
Investigation (cont) and write the investigation into their notebooR®acher engages students in whole Teacher led class discussion

class discussion about their results.

6 What temperature of water is best for yeast?

Investigation

7 How do you make dough? ) . .

Why does dough rise? The last five lessons follow the same format a$ired below. Teacher explanation

Pizza making Investigation , o , , Small group work ,

Term 2 Looking at and describing mould Tgacher explains what the students will pe mygﬁhg and reads thg .|r.15truct|ons Teacher led class discussion
8 Investigation with the .student.s. Stuplents .pen.‘ornj the myesogrﬂnd record the initial results .
. and begin to write the investigation into theiretwioks. Teacher engages students in

9 Making mould ) whole class discussion about their results.

Integration with reading

Investigation
10 Observations of mould

Investigation




Jasmine’s Year 7 Class

The first lesson was an introductory lesson whieeestudents were
encouraged to explain what they knew about micgamisms and to investigate
different breads. The lesson progressed well badhildren were attentive and
involved, but after the lesson Jasmine expresse@ soncerns saying

| think one of the aims of the lesson will be te slee

difference between yeast breads and non-yeastdrdad |

am not one hundred percent sure at the momentt igtiee

one problem | have with the Primary Connectionskbtioey

don’t have an ending. When you have prac students

often tell them that they should have consolidatedesson

by asking students what they have done. Withkibak

[Primary Connections] they want you to just do sahthe

activities and not tell the students the answeuar up what

you have done. You have to wait until later in bioek.

Maybe that’s the way the book is supposed to besPd(F

notes, 18 February, 2007)

The second lesson integrated flowcharts with seieni this lesson students
needed to think about how bread would be madelandteps taken to make the
bread. Students worked collaboratively in smadiugis to put this information into a
flow chart. Most of the students had the rightid¢ how to make bread and their
consensus was reached quite easily. Jasminéeftiineasy about the Primary
Connections books, as “they don’t seem to havending to sum up what you have
done in the lesson you have to wait for that sonege/kdown the track” (Field notes,
26" February, 2007).

The third lesson integrated science with comprabarend writing. Jasmine
included a discussion on the history of sciencatirgd to micro-organisms. Word
origins and definitions were also discussed. Atftierlesson Jasmine mentions that
she

doesn’'t know how anyone can teach science in 4Qitesn you

need at least one hour to an hour and a half amétsoes 2

hours a week to teach science effectively. Scieeesls to be
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integrated in with language to make this happeieldfotes, 6

March, 2007)

Lessons 4 to 6 were investigations about yease iffestigations were
presented in such a way that they gave studentsaigute instructions without
directing the students towards a narrow conclusibme teacher-directed discussions
were designed to make the students think abouttiadgvents the students observed

occurred. The following teacher-directed seriequastions provides an example.

Jasmine: Why does the balloon inflate? Why doeadrise?

S1: It might produce hot air

Jasmine: Mmm sort of

S2: It might produce a gas

Jasmine: Yes, what gas?

S3: It might produce oxygen

Jasmine: It's not oxygen. Any other ideas on whatgas might be?
S4: Carbon dioxin

Jasmine: Nearly — it's carbon dioxide

(Field notes, 3March, 2007)

To increase the engagement of the students, L&ssmolved a modification
of the Primary Connections program to make pizit@erahat bread. When asked

what they learnt in this lesson some students’aesgs were

Student 1: Learnt that you need oil to make dough

Student 2: Learnt that you shouldn't stir yeastrogch in the water
Student 3: Learnt that you have to let dough rise

Student 4: Learnt that you can put salt in dough

(Field notes, 28March, 2007)

Lessons 8 to 10 involved a set of investigatioreuaimould. Jasmine’s foci
on these investigations were fair testing, varislaled learning about the mould.
Jasmine mentioned

I now understand how the Primary Connections boak.

They give the students some information and thersthdents

need to think about this information and bringllit@gether to

make a complete picture which they did in the tastple of

lessons. (Field notes"@ay, 2007)

Justine’s Year 6 Class

Justine’s program was very similar to that of Jassi due to the

collaborative nature of the Year 6 and 7 teach&ssJustine put it,
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Because we are working together on this new Primary

Connections program and Jasmine is going firsigsres

her worksheets and ideas to me and then | modify my

lessons a little, if necessary for my students,atgood

way to work. Another time it will be my turn to diost

and give my material to others. (Field note<? Z&bruary,

2007)

Because Justine collaborated with Jasmine, hereseguof
lessons was almost the same. As shown in Table ialBever, Justine
covered this content in 9 lessons rather thanJi@tine also worked
collaboratively with Barbara, one of the other Y6aeachers, in every
lesson. Both Justine’s and Barbra'’s students wbeldiven instructions
together, share the same resources and join ipléhary sessions.
Justine was the key teacher in the science lesgitim8arbara acting as a
support. Justine thought this arrangement was ef#éegtive because

we share things for some other subjects wherettier o

teacher takes the lead role. | really like teaclsicignce

and although the other teacher enjoys sciencd tpods

us some time to work on an area of interest anarmue

time into it and do some new things like introdygthis

Primary Connections book. (Field note¥ ®arch, 2007)

After the first four lessons Justine voiced someceons over the Primary
Connections book

There aren’t many hands-on activities in the baud the

book seems to jump around a lot. (Field note¥, Ni&rch,

2007)

However, toward the end of Term 1 Justine realteatithe foundations of the
topic were many hands-on activities for the stusledts Justine reflected

You need to immerse the students in the scientieeso

can start making their own connections about wbat y

are doing. It's not about giving the answers ® th

students, it's about how the students engage ake ma

sense of the activities. | think they [studengsirh much
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more the way | am teaching now. (Field noted! 30

March, 2007)

Although Justine had participated in the Primary@tions PD workshop she
thought

Being shown what to do and trying it for yoursek avo

very different things. It is more meaningful whgsu

have to actually teach it and you need to havendlbaof

what's going on. (Field notes, I May, 2007)

In general, the focus for both teachers was omgestariables and fair testing
when students were doing investigations, which tvagocus of the first PD session.
Both teachers put in considerable time and eftorhaike the students’ learning
experiences reflect situations that they may faaeal life, e.g. why dough rises and

how to prevent mould on your food.
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Table 7.13  Outline of Justine’s Year 6 Term 1 arfd@7) Marvellous Micro-organisms Program at Kisiinidge

Lesson Activity Nature of Activity Pedagogical Grouping
Term1l « Marvellous micro-organisms Teacher asks students what they know about miganisms. Students give a variety of Teacher led brainstorm and
1 « Brainstorm of what children know responses about what they believe to be micro-isoen class discussion
« Brainstorm chart Students construct their own chart from the braimsing session. Individual student work

« Preparation for next lesson’s investigation Teacher explains the bread activity to the studantswrites what is contained in each of Small group work
the breads on the board.
Students record information, perform the investagaind record results.
Teacher explains what the students will be invasitig in the next lesson and reads the
instructions with the students.

2 « Investigation of different breads Teacher reminds the students what they will bestigating and reads the instructions witfTeacher explanation
the students. Students perform the investigatmhracord the initial results and begin to Small group work
write the investigation into their notebooks. Tearcengages students in whole class Teacher led class discussion
discussion about their results.

3 * Introduction to flow charts Teacher explains how to construct a flow chart doels an example of making toast on th&eacher explanation

« Construction of making bread flow chart board with the students’ assistance. Teacher askstidents what they know about Individual student work
making bread. Students write a flow chart for mgkbread from the information
discussed and prior knowledge.

4 * Word wall — micro-organism Teacher asks students about all the words theylkameed that relate to micro-organisms Teacher led student
« Integration of science with reading over the last few lessons. The teacher writes eact on a separate piece of paper and information collection.
- Background on micro-organisms pins it to a board in the room. Teacher led student reading
The teacher selects students to read the passagenaizro-organism and asks the studentnd comprehension
questions at the conclusion to evoke discussion. Individual student work
Students write in their own words what they undmdtfrom the passage.
5 « Investigation: What happens when yeast is
mixed with sugar and water?
6 « What temperature of water is best for
yeast? The next five lessons follow the same format. Teacher explanation
« Investigation . S . . _ Small group work .
Term2  « How do you make dough? Teacher explains what the students will be invesitig and reads the instructions with theTeacher led class discussion
7 « Why does dough rise? students. Students perform the investigation aodrd the initial results and write the
« Pizza making Investigation investigation into their notebooks. Teacher engagedents in whole class discussion
8 * Test micro-organisms abouttheir results.
* Making mould
9 » Observations of mould

» |nvestigation
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Student Interviews

Twenty students were selected on a random basigsrdiewed, ten students
from each of the case study classes. Five boys$iandirls from each of Year 6 and 7
were interviewed individually, toward the end ofrifie2, 2007 and were asked the six

questions outlined in Figure 7.2.

What is your favourite subject?
Do you like science?

What is your most favourite part of science?
What is your least favourite part of science?
What has been your favourite part of scienge
this year?
Do you like science better this year than last
year’

agrnNpE

o

Figure 7.2.  Student interview questions at Knightkje

Students’ responses showed they all enjoyed sci&nglteen students explained
that the best part of science was the experimédie Year 6 girl thought that group
work was the part of science she liked the bestalrge she liked working with others,
and another Year 6 student thought there wasdaf Mdriety in science this year.

Fourteen students stated that the part they léastlabout science was the
writing. Two students said they did not like sigtiand listening, one student did not like
it that “there wasn’t any chemistry this year” amtk Year 7 student did not like “the
hard work we have to do in science”.

Two students explained that they liked everythibgua science. Seventeen
students said that they had enjoyed science libiteyear than last year. Two of these
students thought it was more fun, anottvey students believed that they had not done
very much science before. A Year 6 boy mentiohed he liked science this year
becauséwe are doing the more advanced subjects”, whifear 7 boy believed
“science is more interesting and there is morestyathis year”. One Year 7 girl pointed
out that she had always liked sciendée three students who thought science was better
last year had really enjoyed their science lestasts/ear because of the particular topics.

The students’ favourite science lesson was theapizaking which was chosen by
eleven of the twenty students. Other favouritedassncluded the yeast experiments (5

students) and the mould experiment (4 students).

204



Seven of the twenty students chose sport as thedufite subject. There were
many other favourite subjects reported by studemttyding; Art, spelling, language,
Mathematics, English and Technology and Enterpri3ely three of the twenty students
selected science as their favourite subject, stigpgescience can be enjoyed by students
with a variety of interests.

Overall, the researcher’s observations were coefirioy the students’ responses.
Students were very interested in their scienceselaand they enjoyed participating in all
their science lessons. Many students reportedtiegitwere doing more science now
than they had in the previous year and looked faiv@their regular science lesson each
week.

Student Questionnaires

The Student Questionnaire was identical to theuseel at Fenchurch and
Winchester Primary Schools. It was completed bydys and 11 girls from Justine’s
Year 6 case study class and 16 boys and 11 girs Jasmine’s Year 7 case study class.
A copy of the student questionnaire is availabl&ppendix 5. Generally, the results of
the Student Questionnaire were similar for botlssga. However, after a closer
examination of the data, the researcher thoughthieandividual results of each class
should be presented, as in some items the respeased widely from one class to the
other.

Students’ Activities in Science Lessons

Table 7.14 summarises the students’ activitiegiense lessons. Class
discussion (Item 7) was the most common sciencgeitgatvith 80% of students in Year 7
and 96% of students in Year 6 reporting this o@aiin most or nearly every lesson.
Students in Year 7 believed that they made up their science notes (Item 2) more
often than the Year 6 students. Conversely, stsdar¥ear 6 believed they copied notes
from the teacher more often that they Year 7 stted@gtem 1). Talking to others about
their ideas (Item 3), having class discussionsr([f¢ and working in groups (Item 9)

were common responses for both classes.
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Table 7.14  Students’ Activities in Science Lessanknightsbridge

% Responses

Nearly
Item Content Year Spme MOSt every
Never science science .
science
lessons lessons |
esson
In my science lessons:
1. | copy notes from the 7 18 78 4 0
teacher
6 8 44 40 8
2. | make up my own science 7 0 14 60 26
notes with friends or by myself
6 16 60 16 8
3. | can talk to others about my 7 4 22 44 30
ideas
6 0 20 20 60
4. | read a science book 7 44 52 0 4
6 36 48 46 0
7.  We have class discussions 7 0 4 22 74
6 8 12 40 40
9.  We do our work in groups 7 0 8 44 48
6 0 8 36 56

Note: Year 7, n=27; Year 6, n=25
Teacher- or Student-Centredness of the Classroom

Table 7.15 summarises students’ perceptions oh&Faor student-centredness in
science lessons. The results in Table 7.15 relasltatching teacher demonstrations
(Item 5) were more common in Year 7 than in Yeaf@acher directed experiments
were common in both classes (Item 6). Studen¥esr 7 had more opportunity to do
experiments of their own choice (Iltem 17) thanYear 6 students. The students were
encouraged to participate by teachers asking tbhdanvéestigate and find out things (Item
18) in over half of the lessons in both classestrobthe time. The results reveal that

students believe the teacher was willing to ligtetheir ideas (Item 15) in most lessons.
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Table 7.15  Teacher- or Student-Centredness dEldesroom at Knightsbridge

% Responses

Nearly
m Most

Item Content Year Sp € 10S every
Never science science

science
lessons lessons
lesson
In my science lessons:
5. | watch the teacher do an 7 18 41 37 4
experiment
44 36 8 12
6. We do experiments the way the 7 0 22 52 26
teacher tells us
6 0 12 24 64
My teacher
15. Listens to my ideas 7 0 41 37 22
6 16 28 32 24
16. Talks to me about my work in 7 18 41 22 18
science
6 32 20 32 16
17. Lets us do our own experiments 7 18 26 33 22
6 76 12 4 8
18. Asks us to investigate and find 7 0 22 30 48
out things
6 12 36 16 36

Note: Year 7, n=27; Year 6, n=25
Using Resources Outside the Classroom

Table 7.16 summarises students’ beliefs aboutdbeurces outside the
classroom. Students infrequently used resourcgsnidethe classroom according to the
results in Table 7.16. In both classes over 50%wdents believed that they learned
about scientists and what they do (Item 8) at Isaste of the time. Having visiting
speakers (Item 12), going on excursions (Item ddijyg computers (Item 13) and using
the internet (Item 14) were infrequent activities hoth Year 6 and 7 students. In Year 7
approximately 50% of students felt that they gcsmig of the classroom to do
activities/experiments (Item 10) while in Year 8/84f students believed this never
happened. The students believed that most ofabe study class’ science lessons are a

combination of teacher demonstration and studemt-e& activities with the teacher
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taking the lead. Lessons were rarely outdoors amrgtgpeakers and computer use were
uncommon activities. These results about the ¢d@&xcursions or outdoor work reflect
those given by the teachers in the larger staftifadjon. The researcher also noted that
most lessons were inside the classroom, computenes used occasionally and there were

no guest speaker lessons during the observatioodper

Table 7.16 Using Resources Outside the Classrodénightsbridge

% Responses

Nearly
ltem Content Year S_ome MOSt every
Never science science .
lessons lessons SC'€NCc€
lesson
In my science lessons
8. We learn about scientist and 15 63 18
what they do
40 52 4 4
For science
10. We do activities outside in
the playground, at the 7 48 52 0 0
beach or in the bush
6 84 16 0 0
11. We have excursions to the zoo,
museum, Scitech, or places like 7 89 11 0 0
that
6 92 8 0 0
12.  We have visiting s_peakers who v 74 26 4 4
talk to us about science
6 60 24 8 8
13. W_e use computers to do our v 67 26 4 4
science work
6 80 20 0 0
14. W_e use the internet at school for v 52 48 0 0
science
6 72 28 0 0

Note: Year 7, n=27; Year 6, n=25

Students’ Interest in Science Lessons

Table 7.17 summarises the students’ interest anseilessons. The information
in Table 7.17 shows that students in both the ¥eand 7 classes were rarely bored in
science (Item 29). Students enjoyed science (A@)rand were excited (Item 27) about
science a little more often in Year 7 than in thealy6 class. Students were not

particularly curious in science (Item 28) in eitlotass.
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Table 7.17  Students’ Interest in Science Lessoisightsbridge

% Responses

Item Content Almost . Nearly
Sometimes  Often
Year Never always
The science we do at
school is:
20. Enjoyable 7 0 16 46 38
6 4 36 24 36
During science lessons |
am:
27. Excited 7 4 22 33 41
6 8 44 28 20
28. Curious 7 0 41 41 18
6 12 36 28 24
29. Bored 7 48 44 8 0
6 32 52 4 12

Note: Year 7, n=27; Year 6, n=25

Students’ Perceptions of the Easiness of Science

Table 7.18 summarises the results of studentsepéions of the easiness of

science.

Table 7.18 Students’ Perceptions of the EasiokSsience at Knightsbridge

% Responses

Item Content Year Almost Sometimes  Often Nearly
Never always
The science that we do at
school
19. Is easy to understand 7 0 12 44 44
6 0 12 64 24
During science lessons |
30. Am confused 7 37 52 7 4
6 32 52 16 0
31. Learnalot 7 0 11 33 56
6 8 12 32 48

Note: Year 7, n=27; Year 6, n=25
The results in Table 7.18 show that, in both Yean@ 7, 80% or more of

students believed that they learn a lot in sciditeen 31) most or every lesson. Eighty
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percent of the students reported that they fourehse easy to understand (Iltem 19)
often or nearly always in both classes. Studeetgwarely confused in science lessons
(Item 30), with 52% of students responding thaytere only confused in some lessons
with over 30% in each class believing that theyenmever confused in science.
Students’ Thinking in Science

The results in Table 7.19 revealed that studetttstiallenged in science lessons.
Almost 90% of students in Year 7 and 68% of Yeatulents say that often or nearly

always they are made to think in science (Item 21).

Table 7.19  Students’ Thinking in Science at Knightige

% Responses

Item Content Year Almost Sometimes Often Nearly
Never always
The science that we do at
school:
21. Makes me think 7 0 11 50 39
6 0 32 28 40
In science we need to be able
to:
22. Think and ask 7 0 22 41 37
guestions
6 0 20 32 48
23. Remember lots of facts 7 4 11 63 22
6 4 24 44 28
24. Understand science 7 0 15 48 37
ideas
6 28 32 40
25. Explain thingsto each 7 0 26 37 37
other
6 0 20 44 36
26. Recognise the science 7 4 41 37 19
in the world around us
6 12 50 25 12

Note: Year 7, n=27; Year 6, n=25

Approximately 80% of students in both classes belithat they needed to be
able to think (Item 22). Additionally, over 70% stiidents in each class believed they
needed to understand ideas (Item 24)&b#b of students believed they needed to be able
to recognise the science in the world around thHeam(26) at least some of the time.
Over 70% of students in each class believed tlegt dften needed to remember science
facts (Item 23).
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What Students Liked Best About Science

Almost every studen(60 of the total 51) offered a written responséhwopen-
ended question on the survey which enquired winatkestts liked best about science. A
total of 82 ideas were given in the 50 respon3d® responses were coded using the
same method that was used at as Fenchurch and &gtech

Table 7.20 provides an outline of the results lier tiwo 2007 case study classes.
The data in Table 7.20 shows the two main themeshwkere inclusive of the student
ideas together with the percentages of studentseviesponses were included in these
ideas. The most popular theme from students waghby liked the hands-on activities
and investigations in science, one Year 7 girkestahat “I like to watch the experiments

grow and react” and a Year 6 boy stated simplyk& experimenting”.

Table 7.20 What Year 6 and 7 Students Like BestuA®cience Lessons at

Knightsbridge
Year 7 Year 6 Ave
What students liked best about science lessons % of % of % of
ideas ideas ideas
Teaching and Learning Activities
Han_ds on_experlments/actlwtles/lnvestlgatlons/ 49 31 40
making things
Liked group work 9 10 10
Student Attitude/Feeling
Fun, interesting, enjoy 14 21 17
Content
Specific like/topic, lab activity 7 13 10
Challenging 21 15 18
Other ideas 2 10 5

Other student responses were thaly thought that science was fun, interesting
and enjoyable. For example, a Year 6 girl wrotik# having fun and learning” and a
Year7 boy wrote “the experiments are really interestigjudents also liked it when
they did group work. For example, a Year 6 girbter”l like it when we can go with our
friends because we can cooperate easier.”

Overall, students believe that they engaged inri@tyeof activities in science.
However, students did not experience many acts/iigtside the classroom. They

reported that they watched teacher demonstratmlwsved by doing activities in small
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groups as the teacher instructed, with the Yeandests progressing to being able to do
their own activities. The students enjoyed andeyaited about science, especially the
Year 7 students. Students believed they needderatand science ideas and thought
they were encouraged to think in science, concgpish relate to scientific literacy.
Other examples that reflect scientific literacyganeted in the data included students
needing to recognise science in the world arouatht{science related to life), explain
things to each other (science communication), hatistudents did many activities in
science (investigating).
Final Teacher Interviews

Seven teachers participated in the Final Teachendiews which occurred at the
conclusion of the case study period, one month #feesecond whole school PD
workshop. Each teacher was interviewed indepehdemhe Final Teacher Interview

responses were based around 10 questions as dutlifggure 7.3.

11.How would you compare your confidence to teachre@eafter the PD
sessions to your confidence to teach science b#ierBD sessions?

12.Has your attitude toward science changed? Whyhatyr if so how?

13.Were you able to reflect on your current practi¢e8o what did you note?

14.What methods have you changed in your scienceitepasince the PD?

15.How do you think your current students enjoy soeeoempared with other
student other groups in previous years?

16.What do you believe students should “get out oféisce?

17.How do you go about achieving this?

18.What do you understand by working scientifically?

19.Do you think you or the school needs more assistaiiih science? If so
what would be valuable?

20.What improvements do you believe need to be madecfence to move
forward at Knightsbridge PS?

Figure 7.3.  Final teacher interview questions agKtsbridge

The interviewees’ responses to the ten questions greuped into six themes.
The following section presents the teachers’ respsmbout knowledge, confidence,
pedagogical skills, scientific literacy, impacttbé PD program on students’ learning,

and the impact of the PD program on the futurectiva of science at Knightsbridge.
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Knowledge

Six of the seven teachers were positive aboutvwbeRD workshops. According
to these six teachers, a fundamental aspect dfEheas that it gave teachers an
understanding of how science could be taught eW&gtin the primary classroom. The
teachers believed that the information providethenPD sessions had given them a
better understanding of the new curriculum mateffiait science. For example, one
teacher believed that they would need to “makenalices as there is more emphasis on
language in the curriculum resource [Primary Cotioes] itself”. One teacher reported
“I have increased my understanding of the outcoamelsstandards framework” and
another mentioned that he could “understand hoassess science better”.
Confidence

Five of the seven teachers believed that the PDritadased their enthusiasm and
confidence. After the second PD workshop one teaséid that they had “a more
positive attitude toward science” while anotherudpiat that the PD had given her a
“boost of enthusiasm”. One teacher believed they had always been confident in
terms of science and another thought that he nemdeel information to make an
informed decision about how he felt about the P@gpam. Three teachers reported that
they were already trying some new ideas in theissrioom because of their increased
confidence. As one teacher pointed out “I am noxng science a higher priority by
putting in more of my time into planning sciencesens”.
Pedagogical Skills

Six of the seven teachers felt that they used tier found pedagogical skills
since the time of the second PD. One teacher ribtd bringing the ideas from the PD
into my planning and teaching” and another saidil giving students more input into
science”. In general, teachers thought they wenegomore student-centred by giving
students more open-ended questions, providing stsi@éth more opportunities to work
cooperatively in groups and encouraging their sttsl® have inquiring minds. Six of
the seven teachers believed that they had becomeeforussed on what was important
to be teaching in science as a consequence ofahgdgram. Two of the teachers had
worked on integrating the literacy aspect of they carriculum materials into their

science lessons.
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Scientific Literacy

When asked to describe scientific literacy teacbéesed several comments.
One teacher thought that it was “understandingrieehanics of technology and
integrating science with technology”. Another teacthought that to encourage
scientific literacy you would need to “encourageuity, teach students to be critical and
get students to work like a scientist”. “Beingestifically literate to become an informed
adult” was given as the reason by one teacher igrseientific literacy should be
important. Other teacher responses included madefiquiry to encourage students to
explore everyday phenomena and teaching studebtscdtical. The teachers
encouraged students to communicate scientificaltita investigate by getting students
to work together in groups to safely investigatergday problems that were often
integrated with technology. Teachers believed ithatstigating this way developed
students’ understanding of science in their everyida and showed the values in science
and society.
Impact of the PD Program on Students’ Learning

The teachers’ primary belief about what studentaikh“get out of science” was
enjoymentTeacher believed that the students’ enjoymentieanse had improved
because they were more aware of what was happengagence and had more
ownership of the science they did in the classrodime teachers considered that this was
a result of students having more choice in thene&eurriculum as teachers were
negotiating the curriculum with the students aretéfore getting them more involved in
the science lessons.
Impact of the PD Program on the Future Direction of Science at
Knightsbridge

In general, the teachers were positive about theoaes of the two whole-school
PD workshops in relation to knowledge, confiderpeajagogical skills, and the impact
the program had on their classroom teaching. #the teachers believed that they
required some additional PD to consolidate whay tred learned and to develop other
skills, especially assessing in science. A furtPBrsession had been organised by the
Principal for all teachers to attend early thedwaiing term (Term 3, 2007). Four teachers
were interested in organising collaborative growfikin the school that would assist in
their future PL. Two teachers had already developed collaboratiagi@aships with

other teachers who taught the same age group.eTéashers reported that the
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collaboration had assisted with their understandingeas presented in the workshops
and had increased their confidence so that thelg coyplement new ideas into their
programs. The collaboration allowed the teacharee for reflection, as Casey
explained

It's great to talk with someone else who knows wjmat are

trying to do. If you can’t work something out, jualking it

through seems to help. Even if you cannot woduit

yourself you can brainstorm until you start to thoutside

the square.

Three teachers wanted to ensure that all staff reesnlere heading in the same
direction. They thought this could be achieveddfgcussing and mapping out where
they had been and where they wanted to go witmseieThey wanted to make sure that
everyone was “up to speed” and maintain scien@epgrity in the school for a further
two years. Two teachers believed that more regsureeded to be made available to all
teachers.

Two of the seven teachers believed they needed sum@ort to become
competent with Primary Connections. These teachers not part of the trial and one of
the teachers had missed one of the PD sessiorey Wildre both keen to become more
engaged with science in the near future and thikguvael that the PD would assist with
their goals. The two teachers also hoped thatitwe experienced mentoring teachers
within the school would also be able to assist thngth their goals. The other five
teachers felt that they had made a considerableiainod progress with their science
lessons over the last year and they had seen #igvpaesults in their classrooms. All
of the teachers would like some additional PD mdhea of assessing in science and five
of the teachers were very keen to “move forwardayking with their colleagues.

The results of the Final Teacher Interviews weneseient with the findings
from the WFS completed directly after the first RDrkshop. However, as almost a
year had elapsed between the two PD sessiongjtal flew teachers (who had
participated in the extra PD session, which inaiLidhee case study teachers) were at
different stages of their implementation. Thespomses suggest that some teachers
were taking follow-up actions but others had néitdenfident enough to commence
without the appropriate resources. Teachers’ batighat further PD in assessing in

science and Primary Connections combined with gernollaborative structures within
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the school would assist in the progression of teeglPL in science at Knightsbridge
PS.
Interviews with the Case Study Teachers
The following section describes the interviews witlstine and Jasmine, the two
classroom teachers from the observation classkes.irterviews occurred after school at
the teachers’ request. The teachers were inteedegparately as they taught different
classes. The theme of the interviews was the imgfabie PD program on classroom
practice.
Interview with Jasmine
The following section describes an interview wistshine, the second case study
teacher. This interview also occurred in the staffn at Knightsbridge on the 13une,
2007.
Impact of the PD Program on Teacher Knowledge
Jasmine believed that the PD had increased hevledge of the Science
Learning Area by providing her with opportunitiesask questions during the PD. She
thought that
Because the PD was presented in such a way that you
could stop the Education Officer and ask questibns,
really started to understand what was meant by the
outcomes. It was really good to actually be usiveg
document that we use in the classroom during thetPD
made everything more meaningful.
Impact of the PD Program on Teacher Pedagogical Ski lls
The practical ideas and strategies that the Educaiificer used in the PD
sessions were very helpful to Jasmine as she hsetditmmediately with her class
without modifying them to determine if they werecsessful. Jasmine found
They [the ideas and strategies] worked with my kids
They [the students] did the activity and we gobteolut of
them, they really made them think.
Impact of the PD Program on Teacher Confidence
Jasmine felt that the PD had increased her cordelemteach science, as she
explained
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Before the PD | avoided science like the plagueoulld
always try to swap with another teacher. | woulceta
their Art, Music, anything as long as they woulkietany
science. When | did have to teach it, it was abkidne
first to go if things were busy. Now | teach scetfor at
least an hour every week, sometimes two!
Impact of the PD Program on Resources
Jasmine explained that many resource books andcgcerjuipment had been
purchased in the past year. Jasmine believedht@&cience Coordinator, Wilma, had
done a great job organising all the equipment phdstic crates for many of the activities
from the PD program. Jasmine found that “you pisk up the crate, take it to your class
and off you go. All you have to do is make surg emnsumables are replaced”.
Impact of the PD Program on Science Learning and Sc  ientific Literacy
Jasmine was given her PMM and asked to readhisapoint in the interview.
The researcher asked Jasmine if there was anytimhghe would like to add to or
remove from the PMM. After a couple of minutesdieg and thinking about the
question Jasmine stated that she did not wantaongghanything about the PMM.
However, when asked by the researcher about weedtalieved was important to teach
her students in science that would prepare therthéofuture Jasmine said
“We [teachers] need to teach science in a contéxtua
way. We [teachers] can use things that are topical
the news maybe, so they know what is going on. |
cannot teach them everything about science sodsgue
they should know how to get information for
themselves so that they become young adults that
understand what is going on in the world.
Impact of the PD Program on the Success of Science at School in 2007
In Jasmine’s view, the PD had made a great impabteo teaching of science and
an impact on science at a whole school level begassshe put it, it is “great to be
involved with something that was so understandabtepractical”. However, Jasmine
believed some teachers were more confident tharots she explained “not all staff

members are on the same page and some more PEessagy for everyone”.
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Impact of the PD Program on Knightsbridge’s Future Directions
Jasmine hoped that Science would remain a priatignightsbridge for at least
another year. This would ensure that further PDBI&vbe undertaken by all staff and
that collaborative structures would be developdtiiwithe school to ensure that the PL
continues.
Interview with Justine
The following section describes an interview witlstine, the case study teacher.
It occurred in the staffroom, at Knightsbridge be 24" May, 2007.
Impact of the PD Program on Teacher Knowledge
For Justine the PD came “just at the right tim8lie had team taught her Year 6
class with another teacher who always took theilgale in science lessons. Justine
explained
| have taken a back seat in science for a while. nbfelt that
| didn’t know much about any of the content areasdience.
The PD was what | needed to improve my knowledgaef
content and understanding of the Curriculum Franikwo
Impact of the PD Program on Teacher Pedagogical Ski Ils
The PD had enabled Justine to try some activitiéls ether teachers before she used
them with her students. Justine thought that
Doing the science activities as a student preparetb be
able to see what would work and what could go wrong
These skills you learn as you go in the classrotimas
great to make any mistakes in the PD rather thatyin
classroom.
Impact of the PD Program on Teacher Confidence
Justine believed she was able to lead the sciessens this year because she had
been given a “confidence boost.” She went on fdax, “I know | can still improve but
| am well on my way to tackle all aspects of sceen@Vhat is different is | now have the
courage to try”.
Impact of the PD Program on Resources
During the PD program, Justine remembered the &otucOfficer showed staff
how resources could be cheaply and easily purchéseds a matter of knowing what

you had in the school and knowing where it wasland to access it”. Justine had
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assisted Wilma, the Science Coordinator, in pregahe plastic crates containing
equipment for the upper primary classes. Jushiaeght that this was an invaluable
experience. She explained
If you are prepared for science the lesson is adster to
think through. Working with the crates gave me an
insight into the organisation before the lessonitha
required. You know where things are, it makesagier
and the lesson goes like clockwork.
Impact of the PD Program on Science Learning and Sc ientific Literacy
Justine was shown the record of her scientifezdity PMM by the researcher.
The researcher asked her if she would like to aniteniifter some consideration Justine
declined. The researcher asked Justine what pahatiderstanding of science she would
hope children in her class would have as youngtadudustine replied
They would need to understand the science thatwieey
involved with...Like electricity for an electriciaplants
for a gardener and chemicals for a hairdresseey &lso
need to make sure they understand the impact what i
going on globally and locally, Kyoto, global warrgin
soil salinity, water restrictions.
Her answer implied other aspects of scientificdity, such as science related to life
and making informed decisions that her PMM didinolude.
Impact of the PD Program on the Success of Science at School in 2007
Justine thought that the PD program had been wediigied by many teachers and
had brought the teachers together to share idebseanurces. She believed that the PD
had provided her with a more confident way of t&aglscience that was engaging her
students. In relation to the whole school, Judbieleeved that there was scope for
improvement with further PD in the near future.
Impact of the PD Program on Knightsbridge’s Future Directions
In Justine’s opinion, science was very importarknightsbridge and should
remain so for at least another year. Justine exgia
We are just getting started. We have done a lbieu
need to continue. | think we are only half wayréheWe

will need some more PD, more resources and moe tim
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to collaborate and reflect with our colleagues. yhtaif
we set some time into the timetable for collaboratind
reflection in science next year we can keep the bal
rolling.

Summary of Chapter

Before the initial PD workshop, teachers at Knightige believed they would
most benefit fronpedagogical skills to assist in their science teachPedagogical skills
were still being sought at the end of the caseyspadiod. The funding that allowed
teachers from Western Australian government schoadsgage in free Primary
Connections PD, accompanied with the ability ofKI&S Education Officers to deliver
the Primary Connections PD program, changed thasfo€the KSS PD program. This
change in focus altered the way the staff at Kisightlge acquired and used knowledge,
pedagogical skills and resources, making it moeeigipally related to the Primary
Connections materials.

Nevertheless, staff believed that they had beesngiwowledge, pedagogical
skills and resources from the PD program, and rtiqaéar, from the first PD workshop.
However, the teachers believed they required mesisi@ance, especially in the area of
Primary Connections. Staff believed they couldtieare on their PL journeys. Several
staff thought they could continue to the next lemeblved by setting up collaborative
structures within the school to allow for collegiaieractions. Teachers who were
interviewed thought that collaboration and reflectivere the next step to enhance their
own PL journeys, as well as those of other teachers

The PD sessions for Knightsbridge were spread ayear. Because there was a
considerable time when only some staff were invblvetheir PL in the science area, a
disparity of PL experiences occurred among thd.s#af staff were keen to continue
their own science PL journey. However, some membéthe staff made it clear that
they felt that the time between subsequent PD@ess$iad been too long, and for some,
this meant that they had forgotten much informatbthe initial information presented
in the first PD session. On the other hand, stedf had been actively involved with the
individual and small group PD sessions that refié¢he content of the first PD
workshop felt sufficiently confident to say thaethwould be able to transform their

practice to reflect any science program.
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CHAPTER 8
DISCUSSION AND IMPLICATIONS

This chapter gives an overview of the researctertallen in this study and then a
summary of the findings from the PMM interviews @pker 4) and the case study
schools, Fenchurch, Winchester and Knightsbridgad?y Schools (Chapters 5, 6 and 7
respectively). Using a cross-case analysis, tiairfgs are drawn together to provide
answers to the research questions. Finally, imjptioa that evolved from the research are
drawn for professional development presentershezaand other researchers.

Introduction

As discussed in Chapter 2, scientific literacyiesmed globally as a key purpose
of science education. The definition of scientifieracy used in this research, which
reflected the Australian context, described sdieriiterate persons as those who:

are interested in and understand the world aroloeh t engage in
the discourses of and about science, are sceptidafjuestioning of
claims made by others about scientific mattergitiflequestions,
investigate and draw evidence-based conclusionisg inéormed
decisions about the environment and their own headtl well
being. (Rennie et al. 2001, p. 466)

Goodrum et al. (2001) concluded from their reviéat although the various
state and territory curricula supported the devalent of scientific literacy, there was
little evidence that it was widely understood. Meqy aspects of scientific literacy to the
Western Australian school science curriculum dertrated a close correspondence to
the Working Scientifically outcome, confirming thetdientific literacy was an intended
outcome of the Western Australian science curriculiHowever, it was clear that
teachers required assistance to understand saiditéifacy and how the Western
Australian Science Curriculum Framework is suppertf it as an outcome.

It was suggested in Chapter 2 that such assistaagée part of a PD program.
In this research, the impact of the KSS PD prognaas investigated to determine how it
assisted teachers to understand scientific literaog how they, in turn, assisted their
students to develop scientific literacy.

This research focussed on the following resear@stipns.

1. What do primary school teachers’ understand byeira “scientific literacy”?

2. What are the factors determining the effectiverméshe KSS PD program in
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a. developing primary science teachers’ understandirsgientific literacy?

b. promoting the confidence of primary teachers wisaching science?

o

developing teachers’ pedagogical skills to endident to teach science?

Q

developing teachers’ knowledge and understandisgience to enable
them to teach science?

3. In what ways do teachers’ levels of confidence agedjical skills and science
knowledge influence how they teach science to stisd® encourage the
development of scientific literacy in schools?

4. In what ways can schools promote the longevityhefdutcomes of the KSS PD
program?

Overview of Research Design

This research used a mixed-method approach basedaumultiple case study
research design. Firstly, the PMM interviews wesed to examine primary school
teachers’, high school science teachers’, and¢hergl public’s understanding of
scientific literacy. This section of the reseapcbvided a framework about people’s
perceptions of scientific literacy with which torapare the views of a smaller sample of
primary teachers in the following case studies.

Research in the three case study schools, Ferthtiochester and
Knightsbridge, provided information about the imipaicthe PD workshops on teachers,
in terms of their understanding of scientific lgey, pedagogical skills, knowledge and
confidence in teaching science in primary schdasn the perspective of the case study
teachers and other staff members in the schoolswehne interviewed or completed the
teacher questionnaire. Additional information frearveys and interviews with the
students in the case study classes was also uggdrm the research.

This chapter synthesises the results from Chagté&ss6 and 7 to provide
answers to the research questions. In this chépdmdings will be discussed across
the four research situations; the PMM and the tpremary schools.

Summary of Findings
Research Question 1: What do primary school teache  rs understand by the
term scientific literacy?

The first research question was examined by comgahie views of the five case
study primary school teachers with the views ofttiree other groups, each of 18

participants, gained from the PMM interviews. Thsponses to the PMM interviews
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gave an insight to a broader range of views ofngiie literacy by examining the views of
three groups of participants; primary school teegh@gh school science teachers and the
general public. The responses provided by eadicypant group were reviewed, and
patterns in their perceptions were identified. €1 shows the response patterns of the
four groups.

Table 8.1 Categorised Responses (%) of Primarghieza, High School Science

Teachers, the General Public and Case Study Tesatthdre Scientific
Literacy PMM

Primary High School General Case Study

School Science Teachers Public Teachers
Categories Teachers (n=18) (n=18) (n=5)

(n=18)
Science communication 24 29 21 28
Science content 18 11 26 16
Resources and strategies 12 10 27 21
Science related to life 16 15 16 2
Investigating 19 15 7 28
Questioning and sceptical 7 13 2 0
Informed decisions 4 7 1 5
Total percentage 100 100 100 100
Total number of responses 136 136 128 43

Science Communication
A common category of responses for all four growps science communication.

The word “literacy” in the phrase “scientific ligezy” drew the participants’ attention,
especially those of the teachers, to ideas aboateepted understanding of the word
literacy, which related to reading, communicatwgting and speaking. The participants
adapted this idea to include science as an appernddbe related aspects of reading,
writing, communicating and speaking. The teachéthe case study schools were able to
provide further insight into why the term literagiyected teachers to this way of thinking.
Katorina, one of the case study class teachersratttirch, believed that

Unfortunately when teachers hear [the word] litgrdey

all focus on language due to the constant pushisrarea in

the last decade or so. (Teacher IntervieW® E8bruary,

2006)
Laticia, the case study teacher at Winchester,woad with this opinion by stating

We spend half of our time on literacy and numerasyally

more on literacy. About 30% of our day is involweith
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literacy, so when we hear the word literacy anywhee
revert back to what we do so often and do not viewany
other context. (Field notes, 14ugust, 2006)

This pattern was exemplified by Justine, one ofdd®ge study teachers from
Knightsbridge, half of whose responses to the dtisitscientific literacy” were
categorised as science communication (see Table 7.9
Science Content

Science content received the second highest nuofiltemments from the
general public in the PMM interviews, and also bBgrdine, one of the case study
teachers from Knightsbridge. This may relate soghrticipants’ confidence to offer
ideas on their PMM. The general public, and sdy@imary school teachers, were
reluctant to write down their ideas without additib coaxing by the researcher.
When they did many of the comments were relatébg¢avord “science” rather than
the whole phrase “scientific literacy”, and consexfly they wrote about scientific
discoveries or mentioned the disciplines of scientieis apprehension was well
illustrated during the administration of JasmineMM interview when she explained
that she didn’'t know exactly what scientific liteyameant, so she would not be
correct in her answer (see Jasmine’s PMM intervi@lagpter 7).

Resources and Strategies

Resources and strategies are an integral pareafdlivery of any curriculum,
so it might be expected that teachers would wagponses that reflect this category.
Surprisingly, the comments relating to resourcebssirategies were the most common
among the general public, with their responsegingldo resources such as books and
scientific models, rather than strategies. Thporses of the case study teachers
revealed that resources and strategies were maormoa responses for them than for
the larger primary school teacher cohort.

Science Related to Life

Science related to life, which is an importantezsf scientific literacy,
received a similar percentage of responses adredbitee participant groups (15-
16%) in the PMM interviews. However, in the caselgtteachers’ PMM interviews,

only Emily (Fenchurch) gave a comment that wasesgmtative of this category.
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Investigating

Responses relating to investigating were commomartiee three teaching
groups, particularly those involved with primarp¢ling. Two of the case study
teachers, Emily (Fenchurch) and Laticia (Winch@stovided responses mostly
related to Investigating. The frequency of teashersponses in this area can be
explained in terms of the structure of the Wesfaustralian science curriculum. Table
2.1 demonstrated that all aspects of scientifezdity could be mapped to the Working
Scientifically element of the Western Australiaresce curriculum. Although all five
aspects of scientific literacy are included in ¥Western Australian science curriculum,
Investigating is the only easily assessable commutas@d hence may get the most
attention.

Emily, while reviewing the science curriculum docemy explained that as a
result of the PD program she now understood tHeskiént of the Working
Scientifically component of the curriculum documant could use it effectively in the
classroom (Chapter 5). Laticia, the Year 2/3 ctigdy teacher, was also not familiar
with the other areas of Working Scientifically astte believed that her understanding of
this component was important for the Early Childthabildren whom she taught
(Chapter 6). These comments reflect that teaclagienition has been focussed on
Investigating as they are required to assess srett@a of science and not in the other
four areas of Working Scientifically.

Questioning and Sceptical Attitude

Having a questioning and sceptical attitude wagee common response from
high school science teachers than the other twiicgeant groups in the PMM
interviews. The general public and primary teasltd not have many responses
assigned to this category. None of the case deabhers wrote any responses in this
area.

Informed Decisions

The category about informed decisions was notnancon response category
for any of the participant groups in the PMM intews. Interestingly, only Katorina
and Emily (Fenchurch) each made one comment asktgrtais category. The
responses from the case study teachers matchyctbsske of the primary school

teacher group.
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Trends in views of Scientific Literacy

The three assertions made about the findings iptéhd are revisited here to
identify trends between the case study teachershenldrger cohort of participants
described in Chapter 4.

Assertion 1 suggested that people’s understarafisgientific literacy is based
on both formal and informal learning experiencegssTesearch has shown that
primary teachers’ learning experiences have begrrehed in a language literacy
focus for a considerable time. Thus, a large pattier understanding of scientific
literacy, revealed in their PMM interview, was bé® their tenacious understanding
of the word literacy. Similarly, Investigating watso a common primary school
teacher response, possibly based on recent, t@idatontinued exposure to this
easily assessable part of the Science Curriculum.

The primary teachers in this research appearbédue only limited exposure
to and understanding of scientific literacy, furthere, their understanding was
focussed on one or two areas; science communicatidrinvestigating. Given this, it
is not surprising that the Goodrum et al. (200pprefound that the understanding of
scientific literacy was not well understood, astesss in Western Australia spend
considerable time with other aspects of literaay assessable aspects of the science
curriculum.

The research findings agree with the views of Afgri€2003), who argued that
primary school teachers’ limited background knowkeavas a result of limited science
exposure in their formal science education whidulted in a low confidence level.
Furthermore, Parker (2004) suggested that primargd teachers’ prior formal
educational science experiences may have lackéddpeadth and depth. In Western
Australia, as with other educational jurisdictiopgmary teachers usually teach in at
least six of the eight Learning Areas; consequehtyr time to develop understandings
in science is limited (Appleton, 2006).

Assertion 2 proposed that self-efficacy in scieplegs a central role in what
participants understand, believe and are willingiare about scientific literacy. The
interactions in the interviews suggest that prinsaiyool teachers, and some of the
general public, were uneasy to respond to an areduich they believed they were not
confident in providing suitable answers. The fingl suggest that if teachers do not feel

comfortable with science then they may be inhibitethe development of their science
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programs. This idea was examined by Enoch andsRi@P0), who suggested that
teachers who have a low self-efficacy in sciencectence teaching may avoid teaching
science as they believe it is beyond their capg@sli PD program presenters should be
aware of this issue and provide opportunities fanpry teachers to improve their level
of self-efficacy.

Assertion 3 purported that cultural backgrounds soadal interactions are
important in the development and understandingieinsific literacy. The findings
from the PMM interviews in Chapter 4 revealed tiha¢e high school science teachers
identified issues that related to groups of ind@enstudents they had taught. None of
the five case study teachers made any referertoeiia particular student or group of
students impacted on their understanding of sdietiteracy. Although cultural
diversity was mentioned by one Western Australiamary school teacher in her PMM
interview (Chapter 4), it did not appear to be ssuée for teachers in the case study
schools. The researcher identified that the fagectudy classes catered for students
with a diverse range of cultural backgrounds amdthinee case study schools embraced
and celebrated their school’'s multiculturalism peacal events.

In general, the case study teachers’ responsessiveiiar to those of the larger
cohort of primary teachers in the areas of sci@eoemunication, science content and
making informed decisions. The case study teactR#Md1s included more responses
in the categories of Investigating and resourcelssarategies than those of the larger
primary teacher group, but were still quite simil@omments that expressed science as
being related to life and being sceptical and qaestg were not as common for the
case study teachers as for the larger primary &gagoup. However, as a general trend
the responses showed similarities in the rankingghonses in each of the seven
categories.

The findings showed that science communicationiawnelstigating were primary
teachers’ main categories of responses reflectiaig tinderstanding of scientific
literacy. Knowing the content of science was @asmmmon response among all the
primary school teachers, as was having some researa strategies, especially for the
case study teachers. PD programs should aim &r tbgse aspects of scientific
literacy to confirm teachers’ understanding.

Although science related to life was a common raspdor the primary school

teacher cohort, it was not for the case study &@chHaving a questioning and
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sceptical attitude and making informed decisionsewmt common among the primary
school teachers’ responses, thus identifying thepects as not being inclusive of
primary teachers’ understanding of scientific bigy. PD programs should aim to
address these aspects in greater detail to depeloary teachers’ understanding of
these aspects of scientific literacy.

Research Question 2: What are the factors determin  ing the effectiveness

of the KSS PD program?

In Chapter 2 a review of the literature on teachenafessional learning and
professional development programs led to the ifleation of a number of factors that
characterised effective PD programs. These faa@sised in the context of the findings
of the research to critique the effectiveness efkl8S PD program. In Chapter 2, two key
factors were identified that the PD presenters hoonsider before the program is
commenced at a school.

1. Identify the attitudes, needs and beliefs oftdaehers to which they will

be providing the PD program.

2. Identify the school context and develop the BEoeding to the needs of

the teachers.

In relation to the first factor, information fronaeh of the three principals of the
case study schools suggested that the staff hadilmealved in the decision about, and
were willing to participate in, the science PD.eTgrincipals had also been in contact with
the PD presenter to negotiate a series of suitabteshops that would cater for the needs
of their staff. The data from teacher interviewaformed that all teachers were willing
and believed they needed the PD to improve thense teaching, an important factor
contributing to effectiveness of engaging teacihreesPD program according to Bell and
Gilbert (1996). Furthermore, in all three caselgtschools, data from the WFS revealed
that all teachers had positive attitudes towardmse at the onset of each PD workshop.

The second pre-professional development progratarfaaggested that before
the commencement of a PD program the presentefdsbonsider the context of the
school. The PD presenters in this research battatmackground in education and
considerable teaching experience in Western Auatralchools which allowed them to
understand the school context in general, inclugthgt Loucks-Horsley et al. (2003)

identified as the national, state and local padicidore importantly, before the program
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began, the PD presenters spent considerable timmuaaicating with each of the
principals at the case study schools, to underdtsdnmediate school context.

The review of the literature in Chapter 2 also tdfexd an additional eight key
factors that should be considered during the implaation of the PD program. The PD
program should

3. Aim to include activities, strategies and pr@viégsources that are of use
to teachers.

Aim to increase teachers’ confidence.

Aim to increase teachers’ pedagogical skills.

Aim to value teachers’ past experiences and keuye.
Aim to increase teachers’ knowledge.

Encourage and allow opportunities for reflectom collaboration.

© © N o g A

Promote sustainability, progression, ownershigh @mpowerment.

10.  Aim to assist schools in the development afiéeship teams.

These additional eight factors refer directly tovitbe PD is developed and
presented. Interviews with the KSS PD presentedsodservations of the PD workshops
indicated that the PD presenters prepared resouredignment with what Loucks-
Horsley et al. (2003) described as the studengstetichers, the curriculum, the learning
environment, available resources, the history efghimary school and the organisational
structure and leadership.

The effectiveness of the PD was investigated thidbg second research
guestion in this research. To repeat, this resegueltion asked:

2. What are the factors determining the effectiveroéshe KSS PD program in;
a. developing primary science teachers’ understandirsgientific literacy?
b. promoting the confidence of primary teachers wisaching science?
c. developing teachers’ pedagogical skills to enaient to teach science?
d. developing teachers’ knowledge and understandirsgiehce to enable
them to teach science?

Research Question 2a: What are the factors determi  ning the effectiveness

of the KSS PD program in developing primary science teachers’

understanding of scientific literacy?

The following section outlines the informal pronwstiof scientific literacy during
the PD workshops. Each aspect of the definitioscgéntific literacy is discussed.
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Interested in and Understand the World Around Them

The PD presenter showed how science is relatdeetavorld around teachers by
demonstrating that they themselves are positivepasdionate about science, providing
relevant, real-life explanations of their own peraloexperiences and the activities that
are included in their workshops. An example oftEdipersonal experience was given
when she spoke about the presence of fresh foppstg jelly from setting to explain
aspects of solutions and dissolving.

The PD presenter also assisted teachers to fuhtberown knowledge by
explaining and modelling how they found informatfoom websites and other teaching
resources. The Education Officers also left themtact details with the participants so
they could be contacted if assistance was requifée:. teachers at all three case study
schools were interested in the websites and ress@itown to them during the PD
program. As Rachel, a participant from Knightsgedexplained, “knowing where to go
or to be able to contact someone that could helpsrimeportant if | want to find out more
science about the things | am interested in” (Figltes, 2% February 2007).

At Fenchurch, Emily and Katorina commenced the tlgty topic with a
teacher-led discussion about “real-life experieneitls electrical safety and static
electricity” (Emily, Field notes, 1 October, 2005). They chose this approach because
they had learnt in the PD that links to their owery day life experience had worked
successfully when they were the learners. La#tM/inchester had a similar experience.
She explained

the PD encouraged me to use something the students

familiar with to get them thinking about forceschose toys

because we were looking at push and pull. | thotigh

students would probably have played with these &oyb

they might have idea of how they work. The studemt

only enjoyed the lesson but they really understbed

difference between push and pull immediately. (Fredtes,

25" May, 2006)
However, the findings at Knightsbridge could notseclearly attributed to a direct
result of their PD experience. Although Jasming dustine both mentioned science
related to life as an aspect of scientific literatyheir final teacher interviews, and they

both involved their students with real-life actieg in their lessons, there was no
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reference by either teacher to these behaviouss@sult of participation in the PD
program. The staff at Knightsbridge received g session of the initial KSS PD
program, the other two sessions presented tow&a# based on the Primary
Connections PD program. Hence, the lessons tbhdeataught that were related to
life were prescribed by the Primary Connections teat the teachers were following.
Science Communication

Science communication includes opportunities fatip@ants to engage in the
discourses of science. The PD presenters encalthgeise of many forms of
communication in their activities and documentatimengage in the discourse of and
about science. Teachers were encouraged to disciesge in the news, journals, and
other media. Additionally, they were encouragedxplore the possibilities for lessons,
arising from their own interests when preparingrteeience lessons. At Fenchurch, the
researcher observed Katorina and Emily modellingn®® communication to their
students by letting the students explain what trey/learnt in a previous lesson to a
small group of students. When asked why theyhig] Katorina answered

In the PD we were able to talk and ask questionsitab
what we were doing and what it meant. This allowed
me to clarify little bits of information along tiveay. |
found that | understood what was going on and h'did
get confused. If it worked for me | am sure it Wsofor
many of our students. (Field note¥, Movember, 2005)

Justine at Knightsbridge reached a similar conolusbout reviewing and writing
in science. When the researcher asked why sh¢ telast ten minutes of most science
lessons devoted to students’ journal writing, sfesoned that

One of the activities in the PD, had us [the teeg]he
going hell for leather on four different experimetiat
had to be finished in under 10 minutes. Then wktba
pack up, it was too fast and | didn’t rememberiagh
Even now | can’'t remember what the activities were
about. The PD presenter showed us what we dorto ou
students, we ask too much in a very short periddre.
So | decided at the end of each lesson to get stside
think about what they did by writing down what thaigl
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in a journal. This helps them consolidate what tleayn

in the lesson. (Field notes" #arch, 2007)
Laticia (Winchester) thought that for her youngeidents it was important to
expose them to science books. Laticia expandsd/iéw to include reading age-
specific science books to her students. Laticpaered

| always have lots of books in the class but onthef

things | particularly liked that Edith suggestedhe PD

was reading the large picture books about sciemoayt

class, like the one about the giraféte showed us.

(Field notes, 2%t June, 2006)

These three examples show that different aspedsi@ice communication may
be favoured by different teaching styles and tbathers adapted the forms of science
communication to students’ ability levels.

Sceptical and Questioning of Claims Made by Others

Being sceptical and questioning of claims madethgrs was encouraged by the
PD presenters during the KSS PD program. Theyhitidby encouraging teachers to
think through and review what they had read or ¢hedout scientific matters. Teachers
were encouraged to be well informed by extendirgrifiormation presented to them
through searching for further information. The p&ticipants agreed that this was an
important aspect of Working Scientifically, and berof scientific literacy. However,
none of the teachers interviewed in the three sagly schools referred to this aspect of
scientific literacy in any way. Furthermore, thghwut the observation period, in each of
the case study classrooms, the researcher didgnaoary evidence of this aspect of
scientific literacy enacted.

Investigating

To be able to identify questions, investigate aradevidence based conclusions
are skills of scientific literacy covered by therdéstigating outcome of Working
Scientifically in the Western Australian sciencermulum. As mentioned previously,
this related aspect of scientific literacy is reqdito be assessed and each of the case
study schools participated in one PD workshopsifipaity about this aspect (Working
Scientifically for Open Investigations). With thizcreased focus, it is not surprising that

® Andreae, G & Parker-Rees, G. (1998)affes can't dance Orchard Books. London
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the teachers in the case study schools have adepable understanding about this
aspect. At Winchester, Investigating was the maau$ of their Common Assessment
Task about helicopters. Winchester developed thrar@on Assessment Task to be
inclusive of all aspects of Investigating; planniegperimenting, recording and
evaluating. Students, especially the older onea(¥ 5-7), were able to successfully
achieve these outcomes beyond their teachers’ @atpmts. Margaret, the science leader
at Winchester, believed this was an outcome oPfherogram because

the CREST proforma we used in the PD was a good

starting point. | modified it to suit our activignd |

developed one for the junior primary that was easie

than the standard one. (Field note<" 2dly, 2007)

Katorina and Emily (Fenchurch) provided their i with a booklet of
activities that allowed students to work on selégrhinvestigations for the majority of
Term 4, 2005. However, minimal time was afforde@valuating both by the teachers
and the students, hence limiting the impact of &élsisect of scientific literacy. Justine
and Jasmine (Knightsbridge), through their usdefRrimary Connections resource book
on micro-organisms, believed they were able tonatlweir students more time to
immerse themselves in the problem and more tinew&tuate what they had done than in
their previous science lessons. Jasmine explained

It's not about everyone coming to the same conofysi

it's about how you got there and what you foundalahg

the way and using your evidence to back you ugldFi

notes, 1% March, 2007)
It appears that the PD program about Primary Cdiorecis particularly effective for the
Investigating outcome of Working Scientificallytime Western Australian science
curriculum.
Make Informed Decisions

Making informed decisions about the environment éuedr own health and well

being was encouraged in the PD sessions by thergegs suggesting that teachers use
their own local environment or their own speciaénests in concert with the knowledge,

pedagogical skills and ideas acquired at the Pkstmp. Martin, a participant in the PD

® CREST: Creativity in Science and Technology is@qrt-based program managed by Commonwealth
Scientific and Industrial Research Organizationlf&3 Education.
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program at Fenchurch, approached the researchexxghained that he had put the idea
about special interest into practice. He explained

| asked my [Year 5] students if they thought thme t

money spent by the US government on the NASA space

program could be better spent in other areas. Thdy

to look at the amount of money spent and then tmgk

the outcomes of the space program and the impact on

the environment. It worked really well as theytically

evaluated the evidence and then we had a debatd (F

notes, 2% October, 2005)
The PD presenter’s encouragement of making infordeaisions resulted in a more
localised approach from the PD participants at \Waster. Mary and Derek organised a
local recycling expert to do a waste audit of lafl tubbish bins one afternoon to show
students what could and could not be recycled itropelitan Western Australia. Mary
and Derek believed that knowing about what carebgaled should be “developed at an
early age” (Field notes/®November, 2006). Conversely, there was little fioenand
no enactment of this aspect of scientific literacgny of the case study classes that
could be linked to the PD program.

In the KSS PD program scientific literacy is praserthrough Working
Scientifically as this document is familiar to thacs. Teachers’ engagement and
understanding of three of the aspects of sciertiGcacy — science related to life, science
communication, and investigating — showed a sigairft increase as a result of the PD.
Teachers’ ability to model informed decision makimgs encouraged as a result of the
program. There was evidence that this occurréagathurch and Winchester shown by
the stories of Martin, Mary and Derek. Howeverexamples were seen in the lessons
observed in the case study classrooms.

Research Question 2b: What are the factors determi  ning the effectiveness
of the KSS PD program in promoting the confidence o f primary teachers
when teaching science?

The rating scale data in the WFS for all individB&l workshops, undertaken at
the three case study schools, showed that teabiesed that their confidence had

increased after attending each of the workshogscHers’ reported that their confidence
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had increased in planning and delivering effectience programs, and believed that they
were more confident to facilitate student achieveinie science outcomes.

The responses to the pre-PD workshop open-endetigmue’'\What would you
personally like to achieve as a result of attendimg workshop?” showed that improved
confidence was not a high priority for teachergnifarly, many of the actions that
teachers planned to take following the workshopsewet attributed by them to increased
confidence (Question 3), however, some teachedstsay would do things they otherwise
might not. This is commensurate with the findifrgen the Teacher Questionnaire from
the case study teachers at Fenchurch (Table SdWamchester (Table 6.2) and the cohort
of teachers at Knightsbridge (Table 7.7). The tee£hresponses revealed that teachers
generally believed they were confident to teacbrsm. Additional information from the
Knightsbridge Teacher Questionnaire (Table 7.8¢aéd that these teachers were more
confident to teach Earth and Beyond and Life andhigi than Energy and Change and
Natural and Processed Materials.

The Initial Teacher Interview with Laticia (Wincheg) was the only interview to
occur before all three of the school's PD workshopsis revealed that the area in which
she would like to increase her confidence pertatodtie science curriculum. She wished
to increase her confidence in this area in ordéedch science consistently within the
Western Australian Science Curriculum Frameworktidia stated

I am not really sure what this [the science
curriculum] is all about. 1look at the document
[shows the researcher the science curriculum
document] and it overwhelms me. (IntervieW, 6
April, 2006)

It is of note that the document Laticia showedr#searcher had been revised and
was no longer used as another science curricullourdent had been given to schools at
the beginning of that year. In her Final Interviaiwinchester, Laticia stated that the
confidence she required was provided through thef@Dram.

Teachers at Fenchurch were asked, during thecitetier meetings, to
retrospectively think about what they had wantednfthe PD experience. On reflection,
the teachers believed that to increase their cenéid to teach science was a factor that
they hoped would be influenced by the PD progr&urther, the response patterns to

Question 4 on the WFS, “Has this workshop affegtaal views about teaching science?”
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were indicative of teachers’ improved confidenc&etichurch. In fact, improved
confidence was the most common response from jpaatits in Workshop 2 and second
most common in Workshop 1. At Winchester it wastiost common response across all
three workshops, and was also the most frequepbnsg for the Knightsbridge
participants. Science being enjoyable, fun, arsy éateach were common themes in
teachers’ responses that related to their improeadidence after the PD program.

Data from teacher interviews after the PD sessivi®nchurch revealed that
because the PD presenter was patient when exglanimcepts and respected the staff and
their opinions the teachers felt more confidertetch science. Kelly, a participant at the
workshops explained

She [Edith, the PD presenter] was very good
with everyone. She did not make you feel silly
no matter what questions you asked. (Cluster
meeting, 26 July, 2005)

One of the characteristics of effective PD was thatPD program should value the
teachers’ past experience and knowledge. Theeclusteting interviews at Fenchurch
revealed that the PD presenter had valued thedesigtleas and opinions and, in turn,
promoted their confidence. The responses fronT#aeher Initial Interviews at
Knightsbridge, which occurred six months afterfiree PD workshop, revealed that six of
the seven teachers interviewed believed that thikskop had increased their confidence.
The second set of Teacher Interviews at Knightglerimccurred one month after the
second PD workshop. The findings reflected thddbeprevious interviews, with
teachers generally maintaining their level of cdefice about teaching science. Even so,
two of the interviewees believed that they requited second PD as they needed a form
of motivation.

The two case study teachers at Knightsbridge believeed the PD program had
increased their confidence to teach science. k&ime, not only had her confidence
increased but she had the courage to continuegmia. She felt that this had happened
as she had been encouraged by the PD presentdetml dnerself. Jasmine believed her
confidence had increased to such a point that slveembraced science lessons rather than
trying to “avoid them like the plague” (Intervied3" June, 2007).

During the case study teacher interview at Fendhuatorina said that an

outcome of the PD was that she was able to teaoh-taence more confidently than
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before. Emily, on the other hand, had always beafident to teach science, and she
noted that her confidence had not been affectatido¥?D program.

In response to Question 5, “What was the main ngesgained from today’s
workshop?” confidence was the most frequent resptm$Vorkshops 1 and 2 at
Fenchurch and equal most frequent at WinchestaiMankshop 1, indicating that
increased confidence was a contributory factohéosticcess of the PD program. A closer
analysis at the school site, through researchesreason, was required to understand how
this increased confidence impacted on classrooohileg. The researcher found that
teachers in all three case study schools wereamthusiastic, well prepared and engaged
in their science lessons. All teachers showedh lgvel of confidence when working
with their students. However, in comparing thefoase study teachers the researcher
noticed there was a range of confidence levels gstadhem.

After the PD program, Emily (Fenchurch) was the hoosfident teacher and this
impacted somewhat negatively on her team-teachanmer Katorina’'s confidence, as
Katorina allowed Emily to take charge of the sceetessons most of the time. Justine
(Knightsbridge) was also very confident and she &sight with a team-teaching partner.
This impacted positively on Justine’s confidencaslas was the teacher who took the lead
in the science lessons. Jasmine (Knightsbridge)Laticia (Winchester) appeared to have
similar confidence levels. It is noteworthy thia¢ researcher observed that Jasmine’s and
Laticia’s confidence levels increased more overdbgervational period than did those of
the other case study teachers.

During the observation period the researcher nitatdthe two teachers from
Fenchurch and Justine from Knightsbridge were eerfortable to have an observer in
their class and it was “business as usual”’. Howealthough the researcher was
welcomed into their classrooms, Jasmine (Knighdigia) asked that if she needed help
with any of the explanations would the researclsrsh The researcher explained that she
did not know everything about science, but agreeassist if required. Interestingly,
Jasmine did not require the researcher’s assistaiticeny science explanations. Laticia
(Winchester) asked if the researcher would be adiog board for her ideas as she
explained, “I like to talk things through so thatan get them clear in my own mind”

(Field notes, 18 May, 2006). The researcher agreed to this reduesbund that as
Laticia had a student teacher in the classrooma farge proportion of the observation

period, the student teacher inherited this role.
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As discussed in the literature in Chapter 2, tvgmiicant factors hinder teachers’
confidence to teach science; limited or negativer@cience experiences (Appleton, 2003;
Appleton & Kindt, 1999; Parker, 2004; Shallcros$Sgink, 2002) and an overburdened
curriculum with a low priority given to science (Bleton & Kindt, 1999; Peers,
Diezmann, & Watters, 2003). The factors that ntheéePD program effective in
developing teachers’ confidence were that the ptese considered the attitudes and prior
experiences of the participant teachers at thetafisend throughout the PD experience.
The PD presenters also removed the “road blocksllloying teachers to have an
opportunity to try and ask questions about thevaies that were completed in the session.
Collaborative work among pairs of teachers and foneollaboration also allowed
teachers to believe they were more confident.

Research Question 2c: What are the factors determi  ning the effectiveness
of the KSS PD program in developing teachers’ pedag  ogical skills to enable
them to teach science?

In general, the results of the rating scale dataenWFS showed that teachers
believed that they required, and were given, adégiaedagogical skills across all
workshops in all three case study schools. Tha-@neled responses given prior to the
PD workshops revealed that in each of the workshatpsach of the case study schools,
pedagogical skills was the most common respon#eetquestion, “What would you
personally like to achieve as a result of attendlivig) workshop?”

Similarly, pedagogical skills were an importanttéador the teachers interviewed
at Winchester prior to the PD program. They haheg would be provided with
“simple, hands-on activities that would engagertbeidents” (Winchester Teacher
Interview, 8" April, 2006). Additionally, the need for resouragas also important, as
teachers believed their resources had aged anttedqypdating. However, according to
her Teacher Questionnaire responses, Laticia leglidwe resources were more than
adequate as all the resources she needed weredlakgroom.

Using the pedagogical skills provided in the wogshwvas also a common
response after the PD workshops when teachersaskesl “What actions do you plan to
take following today’s workshop?” At Winchestemias the most common response for
all three workshops; similarly at Knightsbridgevias the most common response for
their workshop and at Fenchurch it was the mosjukeat response to Workshops 1 and

3. In Workshop 2, at Fenchurch, the use of praVi@gsources was the most common
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response category; and resources was also thedskighest response category in
Workshop 1 at Winchester. It is noteworthy thasdtwo workshops were about
Investigating and many resources for this area wereided. Knightsbridge teachers
believed that, in general, the resources providdatdeém were adequate in all Western
Australian science content areas (as shown by ¢haelier Questionnaires, Table 7.8).
The teachers’ proposed follow-up actions suggetstaidthe resources and strategies
provided by the PD program met their expectations.

In each school, the category of pedagogical siglisesented around a quarter of
the teachers’ responses to the question “Has thikshiop affected your views about
teaching science?” Generally, teachers believattiiey had been given great ideas and
many approaches which had made it easier for thgotah and implement their future
science lessons.

Teachers’ responses to “What was the main messagedyfrom today’s
workshops?” revealed the category of pedagogicls sls a common response. At
Knightsbridge it was the most frequent respons&\forkshop 3 and equal most common
for Workshop 1. The responses from Winchester glavat it was the most common
response for their workshop and at Fenchurch itfaasd as the most common response
in Workshop 3. Teachers believed that keepinyiiets simple and making the science
they teach relevant to children’s lives were imanttmessages from the PD program.

Teachers believed they were able to put the pedeajaskills into practice and
use the provided resources after the PD experieRegiewing and revising provided
resources were popular follow-up actions afterRBeat all three case study schools. At
Knightsbridge, the most beneficial aspect of theW3 that it gave teachers direction
and showed them activities that assisted themtvéh planning and implementation of
their science lessons. Knowing that the activivesked and that they were adaptable
was important for the teachers at Fenchurch. Atdhester discussing ideas with
colleagues and trying out some of the providedsdigts was considered important.

Justine (Knightsbridge) thought that being ablprextise the science activities at
the PD workshops “before you try them in the classr” (Field notes, 8 June, 2007)
was an important way to learn pedagogical skillaticia (Winchester) believed that the
PD program had provided her with “ideas for ad@gtthat were not too hard to prepare

and the resources required were easy to obtaieldRiotes, May 212006). However,
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other teachers at both Winchester PS and Fenclsardhthat they would like to have
seen more activities and ideas, specifically farmnger children.

Jasmine (Knightsbridge) successfully used the paglagl skills she acquired at
the PD workshop directly with her class. At FendiKatorina and Emily had
transferred their newly acquired pedagogical skitten those that they used with the
content of Astronomy to Electricity, enabling théomprepare for their students a series of
engaging lessons.

In general, teachers were pleased with the ressymoeided by the PD program.
However, even though Emily (Fenchurch) thought thatwritten resources provided
were good, she believed that the assessment dotaiprenided in the Planning and
Assessing Workshop “were not the sort of thing pared materials] that someone
outside the school could provide” (Teacher Intewi22™ February, 2006) and the case
study teachers developed their own. All teachetBeatase study schools reported
increased resources in their schools as a restlied?D program.

The findings of this research show that the PD gogincreased teachers’
pedagogical skills in ways that were meaningfuhim and the Western Australian
science curriculum. This outcome is consistenh \ielly and Staver’s (2005) proposal
that primary teachers should have sound pedagagkiks in order to be able to engage
themselves and their students in meaningful scianteities that reflect the curriculum
guidelines while addressing the needs of the dassr The factors affecting teachers’
pedagogical skills were opportunities to try thewatees and also being given ideas for
use in the classroom. The PD presenters allowegluestion and answer time, they
valued teachers’ input and they modelled the gjresefor the teachers. However, the
participants believed that no one PD program ceultleach particular year group or
school, some synthesis of the program at the saro@ar level would always be
necessary.

Research Question 2d: What are the factors determi  ning the effectiveness
of the KSS PD program in developing teachers’ knowl edge and
understanding of science to enable them to teach sc ience?

At Fenchurch, only a small number of responsekeditst open-ended question
in the WFS, “What would you personally like to amie as a result of attending this
workshop?” related to knowledge. The Workinge8tfically Workshop at
Knightsbridge and Winchester (Workshop 2) showedstcond highest number of
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responses. Before the PD program, teachers athé&ster believed that knowledge of
the science content area of Energy and Changerandderstanding of the curriculum
documents were important. The data from Knightglejctollected prior to the second
PD workshop, also suggested that knowledge iseamiarwhich teachers would like to
experience an improvement. Interestingly, wherRésechurch staff were interviewed
they believed the acquisition of knowledge was a tjeey sought from the PD
workshops.

After the PD workshops, only a small number of ceses from any of the seven
workshops suggested using the knowledge acquirgr atorkshops as a common
follow-up action. However, knowledge was a frequesponse to the post-PD question,
“Has this workshop affected your views on teactgoignce?” at Knightsbridge and
Fenchurch. In the Planning and Assessing workgiapkshop 3) at Fenchurch it was
the most common response. Here teachers believedderstanding of the content of
Planning and Assessing was an important outcontethesir interviews revealed that
they thought they were given the knowledge theyired by the PD program.

At Winchester, 43% of teachers believed that thenmmessage of Workshop 2
was about understanding the content of Earth aydi@kand Natural and Processed
Materials. Data from the interviews suggested slea&nce content was a valued
component of the PD workshops. For example, E(finchurch) believed that the
content from the PD could be used directly in leaching, and at Knightsbridge teachers
thought that they had a better understanding oPtiraary Connections curriculum
materials. Justine (Knightsbridge) believed tratdcquired knowledge was timely as
she felt that she had not had the opportunity ok kt the content of science for some
time. Jasmine, also from Knightsbridge, liked thla¢ was able to ask questions about the
content during the PD workshops. Laticia at Wirsteebelieved that her clearer
understanding of the outcomes had “overhauledtderhing and made it more focussed.

Case study teachers at all schools were able tthplwnowledge they gained into
practice in the classroom. The researcher notgdathteachers at Knightsbridge and
Winchester used the content that had been presanted workshops in their lessons. At
Fenchurch the teachers were not using the sciemtert area that was presented in the
workshop but they were able to access knowledgatabwther science content area.
Katorina and Emily were able to use some of theensdtin its original form and they

were able to modify other information to suit thgsar level. Katorina believed that the
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most important aspect was “it's not just aboutsogecontent; it's knowing where to go
to find out about the content” (Interview,February, 2006), and she believed that the
PD program had shown her how to access this kn@&leds a result the teachers were
able to plan a term of work in Earth and Beyone @hea of the PD program) and they
were able to transfer this knowledge to the ardanafrgy and Change.

At Winchester Laticia believed the most importaattf the PD was that she
was given the opportunity to learn about the candéthe Curriculum Framework. She
believed that she was now “more focussed on aromgt when she was teaching
(Interview, 11" December, 2006). Laticia also believed “that thibddeen loved it,
learned from it and | found it easy to teach, whias important” (Interview, 1
December, 2006).

Jasmine at Knightsbridge thought that the PD prograd increased her
knowledge about the science outcomes by allowimgdask questions during the
workshops so that she “really started to understamat was meant by the outcomes”
(Interview, 13" June, 2007). Justine thought that “the PD wag Wheeded to improve
my knowledge of the content and understanding®fGbrriculum Framework”
(Interview, 24" May, 2007).

Taken together, the findings indicate that the KE5program increased
teachers’ knowledge in the areas of science coatahin the area of understanding the
Western Australian science curriculum. It was adgmeChapter 2 that that CK and PCK
were both important factors to consider when priogjch PD experience (Appleton,
2006; Mulholland & Wallace, 2005; Redman, 2005he Tactors that assisted teachers’
development of knowledge and understanding of seievere the provision of PD
content knowledge in the PD program, in the fornexgflanations and as a booklet of
resources, and the development of teachers PCKghrbaving the opportunity to do the
hands-on activities and ask questions during the PD
Summary of the Impact of the KSS PD Program on the  Case Study
Teachers

The data from the case study schools showed ttatuglh each of the areas of
confidence, pedagogical skills and knowledge wengroved as a result of the PD
program, the extent of the improvement was depdratethe nature of the content of the
PD workshop and on the participants’ needs. Avdsere content was important to the

participant, such as the Planning and Assessingrdent and the content of Earth and
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Beyond, resulted in more responses about knowlad@s outcome for teachers.
Additionally, individual teachers felt that therese particular areas that required
improvement. Each of the case study teachers tiexged by the PD program in a
different way depending on their prior levels ohfidence, pedagogical skills and
knowledge in science teaching.

The PD program had increased Jasmine’s (Knightgeyidedagogical skills and
knowledge to the extent that she felt confiderteeh science to her regular class rather
than trading the class with another teacher.

Laticia (Winchester) had always taught science shetreported that this usually
occurred only twice a term and that it was the Brhject to be discarded if there was a
special event at the school. However, after thepRigram Laticia taught science for an
average of one hour a week. Laticia believedttiimost important aspect for her was
the PD had improved her knowledge base about theaffeAustralian science
curriculum. In company with the pedagogical skitiat she had developed as a participant
in the PD program, she became more confident téeinig@nt science as she had a larger
repertoire of strategies and ideas that were cmdigvith the current curriculum.

The influence of the PD program on Katorina (Femchuwas mainly in the area
of confidence as she believed she was “more otialsstudies/English [subject] sort of
person” (Field notes, MOctober, 2005). Her increased confidence waibatéd to the
discussions, activities and strategies used ifPih@rogram. As Katorina explained, “it
confirmed that | was on the right track and Editie[PD presenter] was able to answer
some of the questions | had” (Field notes” November, 2005). The pedagogical skills
developed in the PD workshops and the content ibestboth in Assessment and
Planning and Earth and Beyond (knowledge) had ipebitinfluenced her confidence in
science.

Justine (Knightsbridge) believed she needed thdatedn of the knowledge and
pedagogical skills used in the PD program to enthaeher practice was demonstrative of
effective science teaching, thus increasing hefidemce. On the other hand, Emily
(Fenchurch) had a high level of confidence befbeeRD program and did not believe that
it increased her confidence. What the progranfalidEmily was to provide her with the
content knowledge of Earth and Beyond and PlananthAssessing, assist her in refining

her pedagogical skills to use in the classroomgawed her ideas for resources.
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Research Question 3: In what ways do the teachers’ levels of confidence,
pedagogical skills and science knowledge influence how they teach
science to students to encourage the development of scientific literacy?

The data collected from teachers indicated that bietieved that their increased
confidence, pedagogical skills and/or knowledgsadience, as a result of the PD program,
had improved their science teaching. Student i/ and questionnaires provided
another perspective to answer this question.

Although for many students, at all three case ssalfyols, science was not their
favourite subject, they still reported enjoyingitheeience lessons and looked forward to
them each week. Students reported they were doiagee on a regular basis (at least
once a week), and for two of the case study teadhes was a definite increase compared
with what student thought about science the prei@mar. As a result of students being
exposed to a regular science program each weetedbbers had more opportunities to
offer strategies enabling students to practicesKilés that promote scientific literacy. The
students at all three schools liked the way thatyntends-on activities were part of their
science lessons and they believed they had leayrgtzd deal of science. The types of
activities that students would like to experieneevalso those that would allow them to
participate in incursions or excursions.

The findings from the students’ interviews and abatons concurred with those
of the researcher during the observation periahah school, where the researcher found
that the PD program had an indirect impact on thdents. As the teachers increased their
confidence, pedagogical skills and knowledge, treyided students with more or
improved science lessons.

Students at Winchester and in Jasmine’s class ighkabridge were doing more
science than they had in previous years. The ase exposure to science increased the
teachers’ time to help students practise the sifllscience communication, investigating,
relating science to life and making informed demisi For example, Jasmine had
integrated her science with language and studeetst $ime talking about the historical
aspects of microbiological science in additionxamaining the factors that encourage
mould development on bread. In the other cas¥ystlasses, science teaching had
improved through a more focussed approach thavatldhe teachers to spend time, not
just on the content of science but on practisirgstkills that promote scientific literacy in

their students (se Table 2.2 for a list of skitlsdents need to develop scientific literacy).
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For example, students were encouraged to talkdio ether about their experiments and
decide on what variables should be controlled ahdhwariable should be changed in
addition to writing their reflections in their jauals from time to time. From the
researcher’s observations it appeared that irladbkes, teachers had allowed time for the
students to think about their investigations artd/dies through science communication
with the teacher and other students. This encedréitge use of age-appropriate open-
ended investigations, speaking of science in alifeatontext, and enabling students to
ask questions about the science they did.

Research Question 4: In what ways can schools prom  ote the longevity of

the outcomes of the KSS PD program?

The PD program provided by the KSS can initiatbange in the PL of staff, but
as it is a fee-for-service program schools can sastain the delivery of programs within
a defined timeframe. To explore whether the gaciseved by the PD program are
maintained, Research Question 4 asked “In what wagsschools promote the longevity
of the outcomes of the KSS PD program?”

One of the factors identified in Chapter 2 was th&D program should aim to
encourage and allow opportunities for collaboratod reflection. Kahle (1999) argued
that as teachers are adept at social interacttofiaporation should be encouraged.
Furthermore, if teachers work in a collaborativarteng environment they will feel
empowered in their practice (Haefner & Zembal-S2004). Teachers also need to have
time to reflect on their own practice in additiandiscussing their practice with others
(Loucks-Horsley, 1999). The KSS PD program encgenlaa collaborative learning
environment during the PD workshops. It also enaged teachers, after the workshops,
to contact the PD presenters if required. Duriregworkshops, the presenter also
encouraged teachers to think about their curreatdtime and determine what changes
teachers believed they needed to make. Howevéreifonger term, it is the staff at the
school who must take on the responsibility for¢bBaboration and reflection that can
maintain the effectiveness of the PD program.

The case study teachers at Fenchurch believethin&titure of their school
would include a sound science program. The stadfdiscussed the need for science to
remain a priority and the consensus was that itvad$o be a priority but be placed “on
maintenance”, whereby the teachers would attesditmce on a regular basis through

cluster meetings and other informal meetings. Rerah, prior to the PD program, had a
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history of working in collegiate teams called “ders”. Staff met regularly as clusters to
discuss all aspects of the curriculum. The Prigdiad encouraged this collegiate work
and each staff member was part of a leadership ite@anfearning area which they had
selected. Staff were also encouraged to reflethein practice and to work in a smaller
collegiate network of two or three teachers. Eraitgl Katorina formed such a network
and this resulted in a team-teaching partnershigrevthey were empowered to work
together to devise the whole Year 6/7 programtesé classes. In their final interview,
Emily and Katorina told the researcher of the fatprograms for science, such as
Robotics, that were already underway.

Reflection was an important action for Laticia\ihchester, who believed that
the PD was a great starting point but she thoughtcopuld not do everything that was
necessary just in the PD workshop. She believat] th

You have to have time to go back to your classraoch
do one thing [activity] and think about it, decidbether
it is worth doing again, if it needs to be modified your
kids and fits with [my choice of] the curriculunTdacher
Interview, 11" December, 2006)
Laticia also thought that her science teachingabel improved by having someone
with whom to collaborate. Laticia had been lookiogvard to being able to
collaborate with other staff members in the neturt Unfortunately, this did not
progress as she hoped. Laticia found that onleeofetachers, Margaret, the science
teacher leader who had been seen as an “expeaiemce” by other staff at the
school, continued to dictate thus diminishing aadaduing the staff's decisions.
Laticia explained that
although we were working in small groups in thedily
we knew one person was in charge. We didn’t really
have time to talk to each other. We just listetzed
Margaret and did what she said. (Field note¥, 21y,
2007)
The researcher was invited back to the school &ytimcipal after the case study
period. The Principal wanted to showcase whatdhehers had been doing since

the researcher had left. In their collaborativekisession, Margaret had prepared a
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Common Assessment Task for comment by the othehées. Laticia turned to the
researcher and said

| really appreciate what Margaret does. All this

work to make up the assessment pieces but if

something is not quite right | would be too scaied

tell her. (Field notes, 27July 2007)

Unfortunately the collaborative work structure deped at Winchester was not
one that promoted teacher empowerment and grolgetieh. It was argued in Chapter
2 that an effective PD program should aim to assisbols in the development of
leadership teams. Roehrig, Kruse and Kern (20&Md that collegiate support was
most effective when coordinated by a leader or atstnator. However, for the collegiate
support to be successful all parties must be empalyaot just the leader. The PD
program may encourage leadership teams but ieisetsponsibility of the school staff to
develop effective collaborative structures.

At Fenchurch the collaborative structures worked,weeping in mind that they
were developed prior to the PD program, and shasigrts of careful planning.
Conversely, at Winchester they were put togethekguin order to achieve an outcome
in a short period of time. The researcher notadnd the collaborative session, that two
pairs of teachers were discussing modifying the @omAssessment Task later that
afternoon, acknowledging that informal collaboratstructures were present in the
school.

Justine and Jasmine collaborated in the preparafitreir science programs at
Knightsbridge. Justine explained that this wagdad way to work” (Field notes, March
8" 2007). Another factor of effective PD identifisdChapter 2 was that a PD program
should aim to promote sustainability and progressidustine believed that there had
been an improvement in science at the school Higvieel that there was scope for
further improvement and more PD workshops. Asidestxplained,

We need time to collaborate and reflect with our
colleagues. Maybe if we set some time into thetable
for collaboration and reflection in science nexaryae
can keep the ball rolling. (Teacher Interview" May,
2007)
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Jasmine also believed that collaboration and refleavere necessary to ensure that the
science progress she had made in science wadfleat. sAs Jasmine explained “we
need to make sure that we have opportunities teenfmward and we need the time to do
this” (Teacher Interview, 24May, 2007).

Examination of the literature in Chapter 2 revddleat for a PD program to be
sustainable there must be time allowed for undedstg and enactment of the changes
(Peers, Diezmann, & Watters, 2003), which would bedocated in the teachers regular
repertoire (Bransford, Brown, & Cocking, 1999). dRdg et al. (2007) suggested this
could only be achieved when there was strong sebas¢d leadership was present.
Redman (2005) furthered this comment explaining ta leadership should
accommodate teacher empowerment and collaboraliothis study, two schools,
Fenchurch and Knightsbridge, had established Isagemodels that encompassed
teachers’ PL in science. There were collaboragiugcture in place at all three case study
school. However, it is important to note that abfiration must not be contrived if it is to
be effective. Fenchurch was the school that wast callegiate and had the collaborative
structure in place before the onset of the PD pmogrBoth Fenchurch and
Knightsbridge had effective collegiate structuresduse of their effective leadership
teams in the respective schools, and hence it vess likely that the impact of the PD
program would continue to be sustained in thesesttmols.

Researcher’s Reflections on Method

The mixed-method approach chosen for this resqamred effective. In
particular, the PMM was a useful tool to explorelerstanding of scientific literacy. The
larger group of participants, whose results arenesd in Chapter 4, provided useful
baseline information about what is understood ligrsific literacy by the general public,
high school teachers and primary teachers. Tlgighed a platform to identify patterns
from the larger group of participants, especidlly primary school teachers, with which
to compare the smaller case study sample.

While the PMM interview showed that the researghiaced value on the ideas of
individual participants and allowed for in-depticgation of details from each
respondent, it may also have placed the intervieweer duress because of the one-to-
one situation. For example, the personal natuteeoPMM interview may have led the
respondent to mention aspects they believed tleareser wanted to hear, rather than

truthfully answering what they thought. The resbar tried to make the participants feel
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at ease by providing an introduction that let tHemaw that whatheythought about
scientific literacy was important, rather than séaor some previously learned
definition. However, if there were some resporggesn in the PMM Interviews because
the participants believed that was what the rebeamvanted, these responses would be
difficult to distinguish from the answers that weieen as the participants’ own
thoughts.

Using the research literature to identify the fagtors for effective PD enabled a
framework to be developed that focussed data ¢aleduring evaluation of the various
aspects before, during and after the PD progragncaBnmunicating with the principals
and the PD presenters, the researcher could deemiat aspects of the PD program
were being modified to suit the particular audien@bserving the PD program was
helpful in determining if the strategies that weedected by the PD presenter were
suitable for the teachers, and whether or notdhehters followed them up.

The case studies were effective in providing infation about the impact of the
PD program. The mixed method approach alloweddbkearcher to gather information
from several sources within each case study togdtikate the findings. Additionally,
across the case studies the researcher was abentdy patterns that were particular to
all schools and some that were specific to eaclatsin. However, the plans of the
researcher often had to be modified to accommadtiatstaff at the schools, as schools
are dynamic environments where policy, staffing #reddaily operation of the school
can change frequently.

The WFS provided valuable data that allowed tseaecher to identify teachers’
perceptions about confidence, pedagogical skiliskamowledge before and directly after
the PD workshops. This allowed the researchexamine the attitudes and beliefs of
the teachers by creating a base line of data ¢flacted the teachers’ starting points.
Unfortunately, as the data were given to the re$egiras summary sheets, she was not
able to match an individual’s response to the thiffi€ questions, or to later interviews
and questionnaires, thus limiting the value ofdba&a for the case study teachers.

The Teacher Questionnaires provided informaticuateachers’ perceived
confidence, knowledge, pedagogical skills and sidiettiteracy that was used to
compare with the WFS and PMM findings. This quastaire provided additional
information to further explain what teachers bed@was happening in science in their

classroom. Regrettably, at Knightsbridge the qaesaire was made anonymous at the

249



request of the Principal. Hence this did not alfowthe identification of the case study
teachers, and the results were analysed differemtlyose obtained from the other
schools, where the case study teachers’ resporesesewamined closely.

The teacher interviews provided a broader undedstg of what was happening
at the school site outside of the case study dasghis included information about
teachers’ confidence, pedagogical skills and kndgaein addition to teachers’
perceptions of their students’ enjoyment of scierntlese interviews were the major
source of data about the longevity of the PD exgoee. Limited time at the first case
study school, Fenchurch, did not allow for the keas to be interviewed individually.
Consequently, the researcher extended the tinfe dbliowing two schools so that
enough time was available to individually intervialwteachers.

Student interviews provided the researcher witbrmfation about their
perceptions of science compared to science theylbiae in previous years at school.
The findings allowed the researcher to elaboratdiéle notes from classroom
observations. Student questionnaires providednmdtion from a wider range of
students than those interviewed, including whadestits thought they did in science and
some suggestions of how to improve the sciencehatod from the students’ perspective.

Case study teacher interviews not only provided data, but were an effective
way of comparing and contrasting the findings fribra other methods. Any uncertainty
the researcher had about a particular aspectuatisih could be clarified during these
interviews. They provided information about teasheonfidence, pedagogical skills
and knowledge, and an insight into how the casgydeachers’ perceived science was
progressing in their school as a result of the Rig@am.

Observations of the case study teachers allowere®archer to gain first hand
knowledge about the activities that occurred indlassroom, and opportunities for
clarification of situations through informal intéews with the teachers. The resulting
field notes allowed the researcher to understamdduientific literacy was enacted in the
classroom, observe the teachers’ actions and tinié@r confidence levels, and observe
their use of pedagogical skills, science contedtsmence curriculum knowledge in their
natural setting.

The case studies also provided a chronologicaatiee that revealed unique
features of the participants and how they intexdactenticipated and unanticipated events

were recorded, forming an archive of “thick” infoatron. This wealth of information
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recognised the complexity and embeddedness obttial €lassroom situation thus
increasing the dependability and credibility of fimelings. The transcription data were
immediately intelligible and easily understood hg teachers and the researcher. As the
researcher acted alone in the case studies, thaisagion of dates and times were
negotiated easily and consequently the internadlityalof information gathered was high.

Throughout the study, a comprehensive audit trag Wept, thus ensuring
transferability and trustworthiness of the findingsross-referencing the three case
studies provided insight into other similar sitoas (Tellis, 1997). Methodological
triangulation with other data from the PMM intemwe addressed, at least partially, the
potential lack of reliability and poor external ity associated with case studies
conducted by a single researcher. Triangulatisa ahhanced confirmability of the
findings.
Limitations of the Study

Throughout this study a number of restrictions wareountered which limit the
generalisability of the findings. These includkd hature of the sample, modifications
requested by the school Principals and the presaribe researcher as an observer-
participant and potential change agent.
Nature of the sample

The case study school samples were small but apatefor this qualitative,
mixed-method research. The three case study sctiwatl volunteered to participate in
this research revealed a variety of ways that h@fgram affected the participants and
the teaching of science, thus showing considemdilbbrsity. At each of the three case
study schools teachers were asked to volunteart@ipate in the case study class. At
Winchester this resulted in only one class teaphéicipating, instead of the intended
two, as the other volunteer teacher unexpectedigirbe the Deputy Principal for the
research period and relinquished her class. Tiu#nigs cannot be regarded as typical for
other classrooms or schools as only three schoaldige classes participated in the
study.
Specifications Imposed by the Principal

The Principal at each school had his/her own spatibns relating to minimising
any disruption within their school which result&dsiight modifications of the way the
research progressed. For example, at Fenchurchetesawere only interviewed once and

they were interviewed together. At Knightsbridge Teacher Questionnaires were
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modified to assist the school by providing someitaaithl information they required.
Teacher Questionnaires were also anonymous at t&higtige, at the request of the
Principal, which prevented identification of whigbestionnaires were completed by the
teachers whose classrooms were observed.
Presence of the Researcher

The presence of the researcher was likely to haeffact on the teachers who
participated in the interviews and the case stedghiers and students. This is
unavoidable if the researcher wishes to observe hdggpens in classrooms, and
consequently every effort was made to be unobteusind not disrupt normal class
activities. Nevertheless, the researcher may h#feeted the participants’ responses to
some questions. For example, some participants gligthtly uncomfortable when
answering a question they believed there was afgpaceswer to and they thought they
did not know the correct answer. The researchéea@roured to reduce the effect of her
presence in the interviews and the case studyeddssremaining in the school and the
class for an extended period of time. She was@enm about what she was doing, such
as sharing field notes and transcripts, to allevtssible teacher anxiety.
Transferability

The findings in this research showed that eachagirovided some
particularistic information that may only be relav#o that school setting, and indeed
relevant only to particular teachers with a patécglass. However, there were many
similarities among the three schools that imply treatain aspects of the effect of the
KSS PD program may be common to other primary dshobdn example includes the
belief that pedagogical skills were the most imaotrtaspect of the PD for all three
schools.
Researcher’s Reflections on the KSS PD Program

Although it was not an intention of the study, aswevident that the researcher
acted as a change agent because the PD presentéhe aesearcher met on a monthly
basis to discuss the PD program. After obseneddst of the three PD workshops at the
first case study school, the researcher notedhieaerm scientific literacy was not part of
any written material provided by the KSS. Furttisdith, the PD presenter, did not
mention the term scientific literacy during anytioé three PD workshops, even though the
enhancement of scientific literacy was an expéait of the KSS. A meeting was

organised with Edith and Narelle, two of the KSS itBsenters, and the researcher to
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examine this issue. After the meeting, Edith amdeNe decided to use the aspects of
scientific literacy from the Rennie et al. (200&¥idition and use them in the PD
workshops, including the way scientific literacyppad onto the outcomes of the Working
Scientifically strand. This meant that the ternestfic literacy subsequently became an
integral part of the KSS PD program.

Although Edith made several attempts to show hendefinition of scientific
literacy aligned with Working Scientifically in theeience curriculum, the teachers’ focus
remained on Working Scientifically to the exclusmirthat of the definition of scientific
literacy. Furthermore, teachers were more intetest doing some of the activities on
offer rather than listen to the explanations alsaigntific literacy. Edith also continued
to use many examples of real-life experimentsdbatd be found in day-to-day living in
an effort to explain the science behind the phemaméiowever, teachers were more
focussed on the pedagogical skills and resourcesgltihe workshop.

Conclusions and Implications of this Research

The implications are discussed under themes refldatthe research questions;
scientific literacy, teacher knowledge, teacherfickemce, teacher pedagogical skills and
longevity of the PD program.

Scientific Literacy

Implication 1: The concept of scientific literamyst be clearly understood by
teachers.

If one of the aims of science education is to bergifically literate it is important
that teachers know what is meant by scientificdity. For this to occur teachers need to
come into contact with what is meant by scientiferacy in the Western Australian
context. The Curriculum Council and DepartmenEdtication and Training need to
ensure that the meaning is clear by making expiidis to scientific literacy in the
document and by using the phrase scientific litgraconjunction with Working
Scientifically directly. All of the aspects of saitific literacy must be understood by
teachers. The findings suggest that, presentigsiigating and Communicating
Scientifically are two aspects that teachers undedsbut the other three aspects of
Working Scientifically (Science in Daily Life, Seiee in Society, and Acting

Responsibly) are not well understood or enacteterclassroom.
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Implication 2: PD programs need to assist teactierscorporate the aspects of
scientific literacy into their regular teaching ggram by providing opportunities for
teachers to practice being sceptical and questig@ind making informed decisions.

The findings in this research revealed thyatdoing more science the teachers
gave their students more opportunities to pradhieeskills of scientific literacy.
Increased knowledge, confidence and pedagogidis skcreased teachers’
understanding of the curriculum, science contedtteow and why they were teaching
science. Teachers were able to draw on their esqpers from the PD and apply aspects
of scientific literacy, especially investigatingdascience communication, into their
science lessons.

The areas of investigating and science communitatire particularly well
covered by the KSS PD program. Consequently, &gackiere able to implement these
skills into their teaching. Science in daily lifean area that was covered with some level
of competence, but the KSS PD program could prowidee opportunities for
enhancement of this area. However, two of thecsmé scientific literacy, making
informed decisions and being sceptical and quastprvere not as prevalent as the
other aspects. Teachers’ understanding of thgmxtssmay be limited by the greater
time required for the other aspects of scientiferacy and they understand these aspects
better. A more equitable allocation of time netxbe given to all aspects of scientific
literacy so that teachers are presenting a hojpstigram to their students.

Furthermore, characteristics such as being scépichquestioning and making
informed decisions involve higher order cognitivel affective skills, as they are not just
about providing science information and presendingay of understanding science.
They go beyond the comprehension level, requitaghers to provide opportunities for
their students to question the science they aresagto and to make decisions based on
the science as they understand it. These arealw@walue judgements and an
understanding of risk in science decision makihgthe history of science and traditional
science education these value judgements wereiglet faom the teaching of science
concepts, and it is important they be includedurnrent science curricula.

Implication 3: Further research is required inteachers’ understanding of
scientific literacy.

The findings of the PMM revealed that teachers telmited understanding of

scientific literacy in terms of the definition usedthe research. Although teachers in
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this research showed that what they do in the idass does encompass more skills than
perhaps their responses to the PMM suggest, tilliaat inclusive of all aspects of
scientific literacy. Additionally, the findings dfiis research suggest that teachers do not
cover all the aspects of scientific literacy wheadhing the current Western Australian
science curriculum, possibly because it is notleasisessed. PD programs that support
science education should be explicitly inclusivesaentific literacy. Research should be
directed towards how programs that support the ¥viegtustralian science curriculum
can achieve this aim. Research could also be @ateto explore how links between
scientific literacy and the Working Scientificaltyitcomes of the Western Australian
science Curriculum Framework can be made more@kpb that scientific literacy is
promoted in schools.

Confidence

Implication 4: PD programs should endeavour to g&se teachers’ confidence.

The KSS PD program resulted in increased teacherdidence. Data collected
during the case studies revealed that the reasotisi$ increased confidence could be
classified into four areas, confirmation, teachsegence, teaching more science and the
way in which science was taught. First, the PBisas providedonfirmationthat the
way teachers were teaching science was what tleydhbe doing in their classrooms.
Secondly, by teachers actuagaching scienceather than avoiding science lessons in
their teaching schedule, their confidence was as®d. Teachers had avoided science by
either not teaching science at all or exchangiegsttience part of their schedule with
another teacher. Third, this research found thiaesteachers weteaching more
sciencehan they had in previous years, and they fourgirdwarding. Finally, teachers
reported that they wetaking a different approach to scienaed they believed their new
approach was more beneficial for students.

The KSS PD program increased teacher confideneetafély by assisting
teachers with science content in a way that waslglenderstandable. The PD
presenters provided teachers with time to ask guesabout any aspect from resources
and to practice pedagogical skills. By the teaslsking relevant questions they were
able to understand what they were supposed tcaotitegy and how they were expected
to teach science. The open nature of the preseatabled teachers to feel comfortable
and able to ask the questions that mattered to.tAéns approach should be continued in

the PD programs.
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Knowledge

Implication 5: PD programs should expose teacherscience content, especially
in the area of the science curriculum work, to depéheir content knowledge and
pedagogical content knowledge

Teachers’ knowledge was increased by the KSS P@rgmoin two ways. One
was increased knowledge of science content andthti®e was in understanding the
science curriculum guide and the use of the outsaméhe Western Australian school
curriculum. At times during a PD workshop theresvaa overload of science content
information, however this information was giverntéachers in the form of a written
resource for later use.

Science content was important to many teachergftubre concern to them was
“unpacking” the science curriculum, and much ofwek of the KSS PD program
focussed on the teachers’ understanding of tha@ceieurriculum. Teachers wanted to
know the expectations of the science curriculuithe time given in the PD program to
review and ask questions about curriculum documaide/ed for a better understanding
of what teachers were expected to be teachingémse, especially in reference to the
student assessment schedules they were requiesititess.

It was also important for teachers to be givenrsmecontent information that
they could incorporate into their programs, and e@sally important to be given
information relating to where they could find otlserence content information about
areas that were not included in the PD progranmeirihcreased knowledge allowed
teachers to access information more easily, uraleisivhat they needed to teach and
how to assess what they were teaching to theiestsd
Pedagogical Skills

Implication 6: PD should provide activities thaicrease teachers’ pedagogical
skills in science.

Pedagogical skills were the most important pathefKSS PD program
according to the teachers. They valued the oppibies to be informed about ways in
which to teach science, and also valued the tirag Were given in the program to
practise these skills. The KSS PD should conttnuacorporate time for teachers to
practise pedagogical skills in their workshops m8mf the teachers thought they had to
modify these activities, especially in the earljidiiood years. The PD program should

endeavour to include some activities that diretlgte to teachers of the early years.
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The pedagogical skills that teachers were giventaalted during the PD
experience allowed them to directly incorporatévaas into their classes. This enabled
teachers to implement activities they had alreadd in the security of the workshop to
determine what problems may arise. Giving teactie&®pportunity to try these
activities was an important aspect of the PD pnogtizat encouraged teachers to try
something new and by doing so increased their dentie and their knowledge of this
activity and its related science.

Longevity

Implication 7: PD presenters must work with indival schools prior to the PD
program to ensure the suitability of the programtfte participants.

There are many effective ways to deliver PD andesapproaches may be
suitable for some goals or some groups of peoi@diufor others (Banilower, Heck, &
Weiss, 2007). It is imperative that PD presentange knowledge of their audiences’
background and learning style (Gardner, 1995), e spent time determining the most
effective and appropriate manner in which to prettematerial. If this time is spent
addressing the needs of the staff, the outcomebeill staff more connected with the PD
from the onset of the program. Sound knowledgi@future directions of the school,
not just a limited understanding of what they wandbtain from the PD program, are
necessary to assist this aim, because after ther€denters have left, the staff at the
school need to find ways to continue their PL.

Previous research into effective PD usually meti@ispecifiavay for the PD
presenter to deliver the knowledge but does na tato account the prior experiences,
the socio-cultural setting or the self efficacytloé learners. Dall’Alba and Sandberg
(2006) highlighted this narrow conception in theitical review of PD stage models.
Knowledge of the PD audience is paramount as thgram must be contextualised for
the learners. The materials used in the PD shmeilabpropriate to the participants so
that it promotes understandingpractice as well as practice (Dall’'Alba & Sandberg,
2006).

Additionally, from the information gleaned in th&RI interviews, it appears that
high school science teachers will need a very diffeapproach to the PD learning
experience compared to the primary school tead®etisey have different interpretations
of scientific literacy, levels of confidence, arat®l contexts which will impact on the

way scientific literacy will be developed and praeuh
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Implication 8: As teacher PL does not stop atdbrclusion of the PD sessions, further
research needs to be done to explore how schoalswecessfully promote the
collaboration of their staff.

The findings of this research indicate that resihiéd can be attributed to a PD
program are not immediate. Many teachers needtomeflect and think about how and
why they are going to implement, modify or changgirtpractice. Following the
teachers in this research for a period of timer a&fte PD program allowed for a clearer
picture of how teachers used the information fromgrogram. Teachers required time
to think about what occurred in the PD sessionspaiadess what ideas, strategies and
activities would be best suited for the studenttwihom they were working. When
teachers had decided on particular activities tlesded to incorporate them into their
teaching program, and the time taken to do thisdiféarent for each person and each
situation.

PD programs have been commonplace in Western Aiastischools for the past
20 years. Many of these programs have been limitéteir scope due to funding, and
competition for PD time between a wide variety kdas, including behaviour
management, health issues and the eight LearniegsArConsequently, science in the
primary school had not seen much PD time untilmegears, where a small emphasis on
science has seen current programs such as the B®8Brams formed. Many teachers
would like to see the work they have done as dtresthe PD sustained and ultimately
be in a position to see progression with theirrsmeteaching in schools.

Implication 9: Time must be dedicated to teaclwdaboration if PD programs
are to be effectively and efficiently sustainethatschool level. PD presenters should
have an understanding of the long term aspiratiointhe school staff to assist them to
continue their PL after the PD program has been gleted.

This research found that teachers needed to ha@topities for collaboration
and reflection. The main impediment was time. cheas believed they needed time to
reflect and time to collaborate. It is necessargrovide time for reflection and
discussion among and across groups. This wilhaltieas to develop that have meaning
and any “new” knowledge is accommodated. Teaclersght that this could be
achieved if some time was allocated in the schagltd engage in collaborative activities
with staff members from similar year groups. Fench’s collaborative structure was

already in place and as a result teachers weradglrengaging in collaboration with other
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colleagues. If schools put these collaborativecstires in place before a PD program, it
is more likely that teachers’ knowledge, pedagdgikdls and confidence gained from
the PD will be sustained.

The Principal or science leader in a school sheoklre that they provide
leadership and collaborative structures that seitstaff in their school. Newman, King
and Young (2000) found that PD programs that westasned had greater gains than
those that were short lived. Most schools do meelthe funds for an outside agency to
provide PD over a sustained time period. Howesghnpols may be able to provide time
for teachers to build teams and leadership strastwithin the school that will aid
collaboration. In part, this is the responsibiliythe Principal, but some responsibility
must be addressed by the State, as the employeadiers. From 2004 to 2008, primary
teachers’ Duties Other Than Teaching time has asa@ by 40 minutes to a total of 220
minutes per week (State School Teachers' Unionedté/n Australia, 2006), which has
allowed teachers a little more time for their owegaration but more time is needed if
collaboration is to be effective.

For a PD program to contribute successfully toiPinust not only be sustainable
but accommodate progression (Peers et al., 200@)this to be achieved, ownership and
empowerment of school staff must be ensured, it®mMmomentum is lost (Redman,
2005). For a program to be ongoing, leadershimseat the schools must include
opportunities for teachers to continue their leagrjourneys. The KSS PD presenters
spend considerable time with the leadership peeatreach school to ensure that they
design a program that will suit the school. Wleafuires more time is encouraging the
school to think of where they want to progressradeeh PD session and where they want
to be six months and a year from the beginnindnefarocess.

Implication 10: Science education must be respklojethe policy makers to
ensure that science is taught in primary schools #xat PD can be accessed frequently
by primary schools and others where it is needed.

Teaching time for science in primary schools gt by other Western
Australian school curriculum priorities. In Westéustralian primary schools the
literacy and numeracy curriculum is required tocart for 50% of the school day. This
leaves 50% of the time to devote to the otheresxrling areas i.e. less than 10% for
science. This equates to 130 minutes maximum gimeat on science a week, not

including school assemblies and other interrupttorthe regular curriculum. Frequently
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schools provide less than this, as exemplified wdteer programs such as camps
(Knightsbridge) and graduation preparation (Fencihuoccur, and science is set aside.
Further Research

Implication 11: Further longitudinal research igquired to study the effects of
PD programs.

Longitudinal research is required to follow teashever a considerable period of
time to find out what are the most successful aues of the workshop, why, and how
further outcomes can be sustained. Informatiomftioe teacher interviews at each
school revealed that Department of Education amaghifrg priorities, school priorities
and ownership of the continued PL were the fundaahém the longevity of the KSS PD
program. From this research it appears that ihadle aspects are considered important
then longevity will increase, but further reseaimhan extended period of time with
several schools is necessary to determine if $hiilsd case.

Final Comments

For a PD program to contribute to the developméatszientifically literate
society, educational programs must first determaihat scientific literacy means to the
participants of a PD program. The data from tegearch indicated that all four groups
involved in exploring the understanding of scidatiiteracy (primary school teachers,
high school science teachers, general public amddke study teachers) demonstrated
limited understanding of being “sceptical and queshg”. Because of the low level of
responses for the PMM, and the limited enactmenivaehoy teachers of being sceptical
and questioning and making informed decisions endhssroom, a focus must be made
in this area. It is important for the PD presenterinclude activities, strategies and
resources that promote being sceptical and quésgioand the ability to make informed
decisions and encourage the teacher participarpsdmyoting the awareness of these two
aspects of scientific literacy. If they are to arstand and apply the aspects of scientific
literacy they must see it as something that is liamand comprehensible.

PD programs that aim to promote understandingiehsific literacy must first
address the audience to determine what they kndwat thiey want to know, or what they
should know, according to what Clandinin and Colyn@d996) call “the socio-cultural
landscape”. What is needed is not just the tramsfenowledge and skills but the
development of an understanding of the learneitspmiy in terms of their prior

knowledge, but of the way they are best going t déth new or conflicting knowledge.
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Activities that will promote the development of esaiific literacy should be authentic,
complex and multidimensional to ensure that links be made between new information
and existing understanding (Hashweh, 2003).

Teachers and students should have an active réieiinlearning; to learn with
understanding a learner must actively constructningeby creating a model that makes
sense to the learner (Rodrigues, 2005b). Accorirfi@sborne and Wittrock (1983), the
construction of meaning begins with selective ditento an experience, where attention
is influenced by a variety of aspects in the loagrt memory and cognitive processes.
Attention involves both attending to and sustairiimgrest in aspects of the experience,
and it requires voluntarily controlled effort. €onstruct meaning from this sensory
information it is necessary to generate links t@tndre perceived to be relevant aspects
of information in the long-term memory. These gated connections to prior
knowledge are critical for meaning to be constrdcteD presenters can provide real-life
learning situations that would encourage many te@cto engage in meaningful science
learning.

Opportunities should be made available for teacteengage in the situations
where they may need to be encouraged to reflectjaestion a current issue in science.
They can in turn use these pedagogical skills thigir students in their own classes. For
this to be successfully achieved knowledge of teegltonfidence levels is vital. This
could be managed by engaging teachers and studemtgal-world debate. Initially, a
PD presenter would provide information about améoe localised situation, the
participants would be asked to interpret what wasiing, then encouraging the
expression of the teachers’ personal thoughts eglthfis and proceeding to discuss
different viewpoints in a guided and non-confroiotaél manner. If prior knowledge of
the group and their priorities are taken into aotpthe building blocks of the
development of a program, focussing on being scapdind questioning about current
science issues can be formed.

Every learner must integrate their understandiig tine various social contexts in
which they are situated in ways that are socialyeptable (Barnett & Hodson, 2001).
Formal education is not a disconnected entityg ihfluenced by society and itself
influences society. Consequently, educational ghas not autonomous of the social
context in which it is formulated or into whichistto be implemented. PD developers

and presenters in schools should also be looking&ys they can contextualise and give
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opportunities for their audience to not only hdaow, but to engage in, real-life

activities promoting scientific literacy.
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APPENDIX 1

Workshop Feedback Sheet
Workshop:

School: Date:

Please find below a summary of the evaluation forms completed by your staff. We appreciate your
comments as it assists us to ensure the continuation improvements in workshop quality.

Pre-workshop

responses

1. What would you personally like to achieve asar  esult of attending this

workshop?

Strongly agree SA Agree A Disagree D Strongly Disagree SD
2. Currently | SA A D SD N/A

Have a positive attitude towards teaching Science

Need adaptable skills and ideas to use in the
classroom

Am confident in Planning effective science program
Can confidently deliver effective science programs

Feel confidently able to facilitate student achievement
in and science outcomes
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Post Workshop
responses

1. What actions do you plan to take following today

session?

2. Has this workshop met your expectations?

Has this workshop met some of your professional nee

3. After this workshop | feel
Positive towards teaching Science

's
Yes No
No Response
ds? Yes No

No Response

SA A

I have been given adaptable skills and ideas to use in the classroom

I could Confidently plan effective science programs

I could Confidently deliver effective science programs

I could confidently improve student learning in science outcomes

4. In addition to the questions above, has this wo

teaching
science?

r

kshop affected your views about

5. What was the main message you gained from today’ s

workshop?

6. What future professional development needs in th

education?

e area of science

Subject material (Please tick as many as

needed)
Working
Scientifically
Investigating

Earth and
Beyond

Energy and
Change

Natural and processed
materials

7. Additional Comments
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Assessment

Life and Living

Planning

Other

SD



APPENDIX 2

Workshop Feedback Sheet Codes

Pre Workshop Evaluation — Goals
Question 1. What would you personally like to aolei as a result of attending this

workshop?
100 | Personal Goals
110 | Cognitive 1111 Better understanding/knowledgtheftopic.
112 | Better understanding of working scientifigall
120 | Affective 121| Increase confidence.
122 | Increase enthusiasm, Motivation
200 | Pedagogical Goals
210 Ideas-generic 211) Get me started/give direction
212 | For tasks/ activities/ investigations.
220 Improved skills 221 | Planning, programming.
222 | Designing activities, strategies.
223 | Using understanding, investigations.
224 | Assessment.
230 Students 231| Teach in an interesting way.
232 | Teach science to young children, culture.
240 Resources 241 Economical use of materials
242 | Short preparation time.
250 Curriculum 251 | Linking working scientifically to conceptuatabds
Framework
252 | Understanding outcomes.
253 | Leveling students, measuring progression.
260 Integrated science 261 Linking science to ICT
262 | Linking science to numeracy.
263 | Linking science to literacy.
300 [ Personal Actions
310 Collaborative 311 | Share ideas, materials
312 Implement ideas collaboratively
320 | Affective 321 Be more confident
322 Have fun with Science
323 Do more science
330 Cognitive
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Post Workshop Evaluations - Actions
Question 1. What actions do you plan to take g today’s session?

400 | Pedagogical Actions
410 | Use ideas-generic 411  Keep referring to pralidaterials
412 | Use/ do the activities.
420 | Improved skills 421 | Use planning ideas, implementing better
(Teach Better) programming, planning.
422 | Be able to design own activities.
423 | Use investigations
424 | Use assessment activities
425 | Look critically at current practice.
426 | Do more experiments
430 | Students 431 Enthuse students
432 | Teach young children
440 | Resources 441 Buy/ acquire a new resource.
442 | Visit Scitech/other website.
450 | Curriculum 451 | Linking Ws to concepts
framework
452 | Outcomes
453 | Mapping student progression
460 | Integrate Science 461 with ICT

462 | With maths, numeracy

463 | With literacy

464 | With music

Question 4. Has this workshop affected your viatysut teaching science?

500 No 500 | No reason given
501 | Already positive about science
502 | Not really knew | needed to know more
600 Yes 600 | No specific reason given
610 Cognitive 611| Better understanding of concepts
620 Affective 621 | Increased confidence
622 | Can be fun
623 | Enhanced, reinforced my views
630 Pedagogy 631 Planning, clearer perspective
632 | Alternative approaches, new ideas
633 | Hands-on investigations
634 | Assessment
640 Students 641 Enthusing students
642 | Dealing with young children
650 Resources
660 Curriculum | 661| Working scientifically and coptstrands
662 | Integrating science with other areas.
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Question 5. What was the main message you gainadtbday’'s workshop?

700 Affective 701 | Science can be fun.
702 | I can do it, don't be afraid to have a go. Giving m
confidence.
703 | Helping others
704 | Reinforcing what | am doing
Conceptual | 720
800 Pedagogy 801 Be practical, adaptable, plan
802 | Many activities, approaches.
803 | Investigation skills
804 | Assessment, variety of approaches
810 Students 811/ Build on where students are.
812 | Can teach to young children.
813 | Value, relevance of science.
820 Resources 821 Science doesn’'t have to be axpens
822 | Help is available.
830 Curriculum | 831| Science is cross-curricular.
832 | Outcomes are understandable.
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APPENDIX 3 "“
\ /

2003 Teacher Questionnaire used in Previous Researc h . kldS
by Rennie (2004) science
state
[.D.
A partnership between Scitech
and the Rio Tinto WA Future Fund. Office Use Only

QUESTIONNAIRE FOR TEACHERS OF SCIENCE

We request your name/school details for follow-uppeses only. Your responses will contribute
to our overall picture for Year 4-5, but will berdfmlential. Only the researchers will see your
name.

Teacher Name Sex: |:| Female |:| Male
Present school

Teacher Background
Please give details of your teaching experience

Teaching Qualification(s) chieg Experience ___ years

How many classes do you teach science to?

What year levels are these classes?

Have you attended professional development fonsei¢his year? D Yes D No
If yes, please describe?

Science Programming

Please give details of your science programming for this year

How is science taught? D as a separate subject D integrated

On average, how many minutes each week are progedrfon science?
Year 4: minutes per week Year 5: minpézsveek

What time of day is science usually taught? |:| am |:| pm

What science topics were programmed for this year?

What resources do you usually use in planning goience programmes? (For example,
Primary Investigations, Curriculum Council Sciefr@amework, Ministry’s Science Outcome
Statements, materials from PD attended, the intetoe
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Teaching the Science Strands
Please respond to these questions about teaching each science strand to Year 4-
5 level.

Earth & Energy & Natural & Life &
Beyond Change  Processed  Living
Materials

1. My own interest in teaching science is best
described ¢

highly interested
interested

O]
O]

[ ]
[ ]
[]

O]

not interested

2. My own background knowledge for teaching
science is best describec

extensive
adequate

extra preparation needed

3. My skill in teaching science is best described
as

competent
reasonable

I’'m not too sure of my ability

4. My confidence in teaching science
very confident
confident

not very confident

5. The resources available to me for teaching
science at

extensive
adequate
limited

6. | use outside resources (such as the internet)
and people (such as a park ran

very often
often
sometimes

7. When teaching science, | usually
design my own activities

adapt ideas from resources

N e 1 e | O
N e 1 e | O
N e 1 e | O
N e 1 e | O

follow a given course
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Why Teach Science?
Listed below are some possible reasons for teaching science.

How much importance does your science teaching aqptogramming give to each of
these considerations in teaching science to childret Year 4-5 level?

For each statement, please tick the box that mosely indicates the level of importance
you consider appropriate for Year 4-5 science.

Possible reasons for teaching science to Very low Very high
Year 4 and 5 importance importance
1. to interest children in science |:|
2. to provide scientific knowledge |:|
3. to practice manipulative skills |:|
4. to practice communication skills - verbal |:|
5. to practice communication skills - written |:|
6. to d_e.monstrate the @mportar)ce of making D
decisions based on information

7. to show that decisions made in science have
social consequences

8. to practice problem-solving skills |:|

9. to prepare students for science later on |:|

10. to show how science is related to everyday I:I
life

11. to integrate science with other school subjects|:|

12. to develop social skills (such as cooperation) |:|

Oood oo dood

13. to develop self-discipline and independence |:|

14. any other reason — please state

L O oo oot
oo oo o dodoio
1 OO oo o gdodt

[]

[]
[]

Has the class visited Scitech Discovery Centreytbas? |:| Yes |:| No
Has the Scitech Roadshow visited your school teay |:| Yes |:| No

How many science-related excursions and/or incasswall your class have during
2003? excursions incursions/visitors

Please list: Excursions
Incursions/visitors
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What Happens in your Science Lessons?

Think back over your lessons in science during this
Probably you use a variety of different techniques

your teaching, possibly some more than others.
Please estimate how frequently each of the followgrkinds of activities occurs in

your science lesson.

year.

or activities in

Please tick the box that most closely indicates thmimber of science lessons in which

the activity occurs.

Frequency of lessons on average in which the
activity occurs

Activities in Science Lessons

Very
few
lessons

About
half of
lessons

Nearly
every
lesson

1. teacher tells or explaissience content

2. question and answeeacherled class
discussio

3. teacher demonstration

4. children do the santeacher-directed
experiment or activity

5. show/play film/CD/tape/TV presentations
6. children use computers for science work

7. children use internet at school for science

8. children plan and do theswn experiment
or activity

9. children work in small groups

10. children work alone on directed written
work

11. children researatwn choiceof
assignment or project

12. children do activities outdoors

13. Other activity — please describe

OO0 0o oo odot

OO0 0o oo odot

OO0 0o oo odot

OO0 0o oo odot

OO OO0 OO oot

Please make any other comments you wish aboutcgcteaching and learning for

boys and girls and the different strands of science
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APPENDIX 4

Teacher Questionnaire used at Fenchurch and Knightsbridge

I.D.

A partnership between Scitech
and the Rio Tinto WA Future Fund.

Office Use Only
QUESTIONNAIRE FOR TEACHING SCIENCE in primary schoo |

The purpose of this questionnaire is to explorer ymderstanding of why science is

included in the curriculum and how you teach saetacyour class.

We request your name/school details for follow-uppgpses only. Your responses will

contribute to our overall picture of science impary schools, but will be confidential.

Only the researchers will see your name.

Teacher Name Gléemale|:| Male
Present school

Teacher Background

Please give details of your teaching experience

Teaching Qualification(s) Teaching Experience
years

How many classes do you teach science to? hat y&ar level(s) are these
classes?

Have you attended professional development fonsei¢his year? |:| Yes D No
If yes, please describe?

Science Programming
Please give details of your science programminghiisryear

How is science taught? D as a separate subject |:| integrated Dincidental

On average, how many minutes each week are progedrfon science? minutes per
week

Do you meet this programmed targ usually D mostly |:|
sometimes

What time of day is science usually taughtﬂ ar‘rD pm
What science topics were programmed for this year?

What resources do you usually use in planning goignce programs? (For example,
children’s interest, current events, Primary Inigggtons, materials from PDs attended,
Curriculum Council Science Framework Guide, therinét etc.)




Please check the box that best describes your titwdas and perceptions about teaching science.

1. My own interest in teaching science is best desd as

Not interested

[]

Very interested

[]

2. Compared with other subjects | find it diffictdtteach
science

Rarely

[]

Always

[]

3. | am effective in monitoring children doing swe activities
or experiments

Rarely

[]

Always

[]

4. My own background knowledge for teaching sageisdest
described as

Limited

[]

Extensive

[]

5. Ifind it difficult to explain to students tiseience behind the
activities they do

Rarely

[]

Always

[]

6. Students' science questions are easy for mestwer

Rarely

[]

Always

[]

I I S 1 S 0 B

0 0 | N B (0 e |

I I S 1 S 0 B

Limited Extensi
7. My skills in teaching science are best descréred XIENsive
Not very
' . . . . confident .
8. My confidence in teaching science is Confident
Limited .
Extensive

9. The resources available to me for teaching seiamne

[]

[]

10. | use outside resources (such as the inteandfpr people
(such as a local expert) in my classroom

Rarely

[]

Often

[]

11. When teaching science, | welcome studentstiquns

Rarely

[]

Always

[]

12. 1am continually searching for better wayset@ch science

Rarely

[]

Always

[]

13. |am enthusiastic about teaching science

Rarely

[]

I 1 s N S 0 A

I I e | I (0 e |

I 1 S N S 0 A

Always

[]




Why Teach Science?

Listed below are some possible reasons for teactirence.

How much importance does your science teachingoaogramming give to each of these consideratiortsaching
science to children?

For each statement, please tick the box that nlosely indicates the level of importance you comsappropriate for
science.

Possible reasons for teaching science to Very low Very high
children importance importance

1. to interest children in science

2. to provide scientific knowledge

3. to practice manipulative skills

4. to develop communication skills - verbal

5. to develop communication skills - written

6. to demonstrate the importance of making decgsion
based on information

7. to show that decisions made in science havelsoc
consequences

8. to practice problem-solving skills

9. to prepare students for science later on

10. to show how science is related to everyday life

11. to integrate science with other school subjects

12. to develop social skills (such as cooperation)

13. to develop self-discipline and independence

14. any other reason — please state

L1 OO OO O O O S e
1 OO0 e O e
1 OO C e O B e
1 OO0 e O e
1 OO C e O B e

Has your class visited Scitech Discovery Centrg yiar? |:| Yes |:| No
Has the Scitech Roadshow visited your school tb&¥ |:| Yes |:| No
How many science-related excursions and/or incosswll your class have during 2005?

excursions incursions/visitors
Please list:

Excursions

Incursions/visitors




What Happens in your Science Lessons?

Think back over your lessons in science duringybar. Probably you use a variety of different téghes or
activities in your teaching, possibly some morenththers.

Please estimate how frequently each of the follgwimds of activities occurs in your science lesson

Please tick the box that most closely indicatestiraber of science lessons in which the activityuos.

Frequency of lessons on average in which the agtivi

occurs
Very About Nearly
Activities in Science Lessons few half of every
lessons lessons lesson

1. teacher tells or explaissience content

2. question and answdeacher-ledclass
discussion

3. teacher demonstration

4. children do theame teacher-directed
experiment or activity

5. show/play film/CD/tape/TV presentations
6. children use computers for science work

7. children use internet at school for science

8. children plan and do theiwn experiment or
activity

9. children work in small groups

10. children work alone on directed written work

11. children researabwn choiceof assignment or
project

12. children do activities outdoors

13. Other activity — please describe

[ OO0 oooohs o
[ OO0 OoOdodoo oo
[ OO0 OoOdodoo oo
[ OO0 oooohs o
[ OO0 oooohs o

Whenyou teach science what gou usually do?

I:I Design your own activities D Adapt ideas from resources I:I Follow a given course

Please make any other comments you wish aboutcgcteaching and learning for boys and girls and the
different strands of science.

Thank You for Your Responses
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APPENDIX 5
2006 QUESTIONNAIRE FOR TEACHING SCIENCE IN KNIGHTSB RIDGE
PRIMARY SCHOOL

Please check the box that best describes your tiitidas and perceptions about teaching science.

Not interested Very interested

L] L[

1. My own interest in teaching science is best ilesd as

[]

Rarely Always

2. Compared with other subjects | find it diffictdtteach
science

3. | am effective in monitoring children doing suie
activities or experiments

0|0
0|0

Limited Extensive
4. My own background knowledge for teaching sogeisc

best described as

[]

Rarel
5. Ifind it difficult to explain to students tiseience behind v

the activities they do

Always

N e O 0 I B
N e O 0 I B
[]

I I e | I | I e |

Rarely Al
6. Students' science questions are easy for mestver ways
Limited —
7. My skills in teaching science are best descrémed XIensive
Not very
) . . . . confident .
8. My confidence in teaching science is Confident
Limited E .
9. The resources available to me for teaching seiane xtensive
. . Rarely
10. | use outside resources (such as the inteandtpr Often
people (such as a local expert) in my classroom |:| I:I |:| |:| I:I
Rarely Al
11. When teaching science, | welcome studentstipunes ways
. ) Rarely
12. lam continually searching for better waysetach Always
L1 O O O [
Rarely Al
13. |am enthusiastic about teaching science ways
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Teaching the Science Content Strands

Please respond to these questions about teaching each science strand

Earth & Energy & Natural & Life &
Beyond Change  Processed Living
Materials

1. My own interest in teaching science is best
described ¢

highly interested
interested

not interested

2. My own background knowledge for teaching
scienct is best described

extensive
adequate

extra preparation needed

3. My skill in teaching science is best described
as

competent
reasonable

I’'m not too sure of my ability

4. My confidence in teaching science
very confident
confident

not very confident

5. The resources available to me for teaching
science al

extensive
adequate
limited

6. | use outside resources (such as the internet)
and feople (such as a park ranc

very often
often

sometimes

7. When teaching science, | usually
design my own activities

adapt ideas from resources
follow a given course

N e e Nt s N ey A [
N e e Nt s N ey A [
N e e e e s N ey AN |
N e e e e s N ey AN |
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Scitech “Investigating” Professional Learning (PL)

| found the Scitech Investigating PL
|:| Very helpful and | am now confident in this aspefcscience

|:| Very helpful but | require more assistance
|:| Not very helpful, | already knew the information
|:| I'm not sure because | still don’t know where tarst

[ ] Other, please explain

On a scale of one to ten how confident are yqlatninga science unit? (ten being
the most confident)

On a scale of one to ten how confident are yasaéssin@ science unit? (ten being
the most confident)

Do you believe you need assistance in planning itk as many as applicable)
[ ] Investigating
[ ] Earth and Beyond
|:| Life and Living
|:| Natural and Processed Materials
|:| Energy and Change
Do you believe you need assistance in assessihgtidgk as many as applicable)

[ ] Investigating
[ ] Earth and Beyond

|:| Life and Living
|:| Natural and Processed Materials
|:| Energy and Change
Have you heard of Primary Connections? ~ Ye[ | ]

Would you like to know (more) about Yes[ | N( | Unsure[ ]
Primary Connections?
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APPENDIX 6

Student Questionnaire kids’

science
state

\/
\ /

A partnership between Scitech .D.
and the Rio Tinto WA Future Fund. Office Use OnIy
SCHOOL SCIENCE SURVEY 2007
Please tell us about yourself
My School My Teacher's Name
| amin year (Circle which year)

4 5 6 7

lama (Circle one number)
boy 1
girl 2

On the next pages are some questions about youreste lessons at school.
There are no right or wrong answers
Please read each question carefully then say whaty think by putting a circle around the
numberthat is right for you.
Here is an example:

Some Most  Nearly

science science every
Never lessons lessons lesson

In my science lessons
We do experiments. 1 @ 3 4
If you do experiments sometimes, but not in mossdas, you would put a circle around the number
2.
Please answer each question on the next pages.
Remember:

Put a circle around the number for the answer whichis right for you.
If you make a mistake, cross it out then put a cide around the right number like this,

1®®4
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How often do these thindgppenin your science lessons?

In my science lessons

1. | copy notes from the teacher.

2. | make up my own science notes with friends or lygeif.
3. | can talk to others about my ideas.

4. |read a science book.

5. | watch the teacher do an experiment.

In my science lessons

6. we do experiments the way the teacher tells us.

7. we have class discussions.

8. we learn about scientists and what they do.

9. we do our work in groups.

For science

10. we do activities outside in the playground, atlikach or in the
bush.

11. we have excursions to the zoo, museum, Sciteghlaces like
that.

12. we have visiting speakers who talk to us aboutnseie
13. we use computers to do our science work.

14. we use the internet at school for science.

My teacher

15. listens to my ideas.

16. talks to me about my work in science.

17. lets us do our own experiments.

18. asks us to investigate and find out things

289

Never
1

1

1

Never
1

Never

1

Some
science
lessons

2

2

2

2

2

Some
science
lessons

2

2
Some
science
lessons

Most
science
lessons

3

3

3

3

3

Most
science
lessons

3

3
Most
science
lessons

Nearly

every

lesson
4

4

4

4
4

Nearly

every

lesson
4

Nearly
every
lesson

4



How often are these thingiaie for your science lessons?

Almost  Some- Often  Nearly

The science we do at school never  times always
19. is easy to understand. 1 2 3 4
20. is enjoyable. 1 2 3 4
21. makes me think. 1 2 3 4

In science we need to be able to

22. think and ask questions. 1 2 3 4
23. remember lots of facts. 1 2 3 4
24. understand science ideas. 1 2 3 4
25. explain things to each other. 1 2 3 4
26. recognise the science in the world around us. 1 2 3 4

During science lessons

27. | am excited. 1 2 3 4
28. | am curious. 1 2 3 4
29. | am bored. 1 2 3 4
30. I am confused. 1 2 3 4
31. Ilearn alot. 1 2 3 4

Almost  Some- Often  Nearly
never times always

Please answer the next question in the space below.

Write down what you like most about science lessons

THANK YOU FOR YOUR HELP
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APPENDIX 7

CODING CATEGORIES FOR STUDENT QUESTIONNAIRES

General

000 | Uncodeablel/irrelevant

001 | Sarcastic

002 | Alienated negative

003 | General negative

004 | General Positive

005
Don’t know

Teaching and Learning Activities

110 | Hands on experiments/ activities/ investigations/ making things

115 | Like design/choose own experiments

116 | Likes when the Teacher demonstrates

117 | Like writing up lab reports/recording results

119
Like working independently

120
Like drawing in science

130 | Like taking notes/writing/copying/dictation

132 | Like bookwork/work from textbook/reading

134 | Like reading aloud, speaking to class/asking questions in front of the
class/presenting to class

135 | Like class discussions/share ideas/contribute/participate

137 | Like group work/working with friends

201




140 | Like outdoor activities and excursions
148 | Library research/projects
152 | Like homework/research at home
160 | Like Lots of variety
164
Like lecture/teacher talking
180
Like seeing other people learn
190
Like following teacher instructions
Management of Learning
214
Teacher makes sure we understand
244 | Like that we don't do much work
245 | Like that we do lots of work/work hard
Teacher and Teaching
310 | Teacher gives rewards
320 | Like teacher
342 | Good communicator/explains things well
346 | Teacher chooses good topics
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Student Attitude/Behaviour/Feeling

401 | Fun, interesting, enjoy

402 | Boring

Resources
510 | Equipment is good, ample, safe/like to use equipment
532

Guests/guest speakers

544 | Internet use

546 | Computer use

Grading and Assessment

601 | Likes Tests

Content

701 | Specific like /topic, lab activity

705 | Like learning new things/doing new things/we learn a lot/educational/make
new things/discover new things

706
Like the topics covered

707 | Like the pursuit of knowledge

710 | Like challenge —makes us think/experiments

711 | Like relevance/learning about nature/world around us/how things work

712
Like learning about my future/what’s in store for me

713
Unpredictable/weird/unusual
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APPENDIX 8

Teacher Case Study Information and Consent
Date:

Dear
Participation in the Kid’s Science State Initiative

As you know, your school is participating in somefpssional development evaluation
regarding science teaching and learning in schools.

XX has agreed that | may approach you to ask far gapport in this project to ensure the
continued improvement of science teaching and legiin schools.

What would involvement mean for you and your class?

| ask for your cooperation to collect some dataulive effectiveness of the professional
development activities in which you have partiogght This will involve a questionnaire and
a formal interview lasting about 35 minutes (teackéef will be provided if required). In
addition, 1 would like to visit your classroom fobservation of science lessons. In
conclusion | will ask you about the follow up teaxhactivities that you may have
undertaken. At all times | will work closely witfou and your school to minimise any
disruption, and always provide a copy of the datallect. Of course the names of your
school, teachers and children will remain confiddnthen | report my research, and you
may choose to discontinue your involvement at ang.t

| will be meeting with you on Monday £Beptember at 9.45am. In the meantime, please
feel free to contact me using the information beld¥ou can read more about the KSS at
http://kids-science-state.scitech.org.aucontact Mr Paul Fleay, Manager, Kids’ Science
State Initiative, Scitech Discovery Centre

Phone: 9481 6295

Yours sincerely

Rosemary Evans

Researcher: Rosemary Evans Supervisor: Prof. Léonie Rennie
Phone: 9266 3792 Phone: 9266 3155
Email: rosemary.evans@curtin.edu.amail: L.Rennie@-curtin.edu.au

Curtin University Human Ethics Committee: Secretariat
Phone: 9266 2784 Email: S.Darley@curtin.edu.au
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APPENDIX 9

PMM Teacher Information Sheet
Teacher Participant Information Sheet for Person Maning Mapping (PMM)

You are being invited to take part in a researabystvhich is being completed as the
requirement for a PhD thesis. Before you make gaaision it is important for you to
understand why the research is being done anditwvatld involve. Please take your time
to read the information thoroughly. Please dohesitate to email or call me if you have
any questions or like more information.

The purpose of the research is to evaluate a miofea development program produced by
the Kids Science State. One of the Kids ScienateStinitiatives is the development of
scientific literacy in the Western Australian pagtidn. The Kids Science State has
professional development officers that work to addrthe promotion of scientific literacy in
the professional development they provide to Westerstralian school teachers. The
effectiveness of the Kids Science State professiubezelopment program needs to be
measured both for the science education commundytize Kids Science State to determine
its success in promoting scientific literacy withive science teaching area in primary
schools.

You have been invited to participate in this stadyscience is a priority for your school this
year and as such you have taken part in three étnce State science professional
development sessions in semester one. It is yatisidn whether or not to take part. If you
decide to take part, you can still withdraw at &me, without giving a reason. You have
been given this information sheet to keep and shgoli agree to participate you will
receive a copy of your signed consent form. Yolilvave opportunities to see drafts, make
amendments, and comment on the final version ofelayed reports or papers.

The study involves you being interviewed to obtginr understanding of what science is
about. The interview will take approximately 30nuies of your time at a time that is
mutually convenient. All information gatheredrtigyou will be kept confidential and
private, retained in a locked storage unit at theti@ University of Technology and when
any information is presented in journals or the Risis pseudonyms will be used and
some of the information altered to ensure your gnuty.

If you have any questions now or at any time alioeistudy please contact me or my
supervisor on the numbers or emails below. If wamt to discuss the study with someone
who is not directly involved with the study (forarple, about the information you have
received, the conduct of the study or your riglsta @articipant, or a complaint you have),
you can contact Curtin University Human Researd¢hcSEtCommittee Secretariat on 9266
2784.

Yours faithfully
Rosemary Evans

Researcher: Rosemary Evans Email: r.evans@curtin.edu.au
Supervisor: Prof. Léonie Rennie Email: L.Rennie@curtin.edu.au
Curtin University Human Ethics Committee: Secretariat

Phone:9266 2784 Email: S.Darley@curtin.edu.au
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APPENDIX 10

District Office Letter
Date:
District Office
Dear
Research relating to the Kids’ Science State Inittave

The Kids’ Science State Initiative is a partnerdbgpween Scitech Discovery Centre, the Rio
Tinto WA Future fund and the Department of educatiad Training that aims to contribute
towards the development of a scientifically literabmmunity through a holistic approach to
science education in primary schools across Westestralia. Scitech aims to achieve this
through providing professional development for ks, an expanded Science Roadshow,
new exhibitions and online resources for studgrasgnts and teachers.

As part of this project, Scitech is cooperatinghwitrofessor Léonie Rennie at the Science
and Mathematics Education Centre (SMEC) Curtin Ersity of Technology, to review the
outcomes and outputs of the Kids’ Science Statetivie over the next 3 years, focussing in
particular on the benefits of incursion programefgssional development for teachers and
resources for children.

One of the schools in your district, Fenchurch RrynSchool, has offered their support and
involvement in this valuable longitudinal scien@search project to ensure the continued
improvement of science teaching and learning insmiiools. The school has already taken
advantage of the professional development at acesprice as they participated in the
baseline data collection.

We have previously discussed this study with Mrg3Rebson (Executive Director, teaching
and learning, Curriculum policy and Support), whiviaes that the study addresses an area
of interest to the Department of Education andningl (DET), and therefore he is pleased to
approve our request to approach schools to inkég participation. We will ensure that the
DET Policy for Research in government Schools Wil adhered to in conducting the
research.

This research is part of my PhD studies whilst | am leave without pay from the
Department of Education. | will be working closelth two teachers this year and would
be happy to provide you with findings in due coufsgou are interested. If you have and
gueries in the meantime, please feel free to coRtafessor Léonie Rennie on 9266 3155 or
myself, Mrs Rosemary Evans on 9266 3792 at Cuntiivéfsity of Technology.

Should you wish to discuss the Kids’ Science Statative, please contact: Mr Paul Fleay,
Manager, Kids’ Science State Initiative, Sciteceddvery Centre, Ph: 9481 6295

Yours sincerely,

Rosemary Evans
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APPENDIX 11

Letter to the Principal

Date:
Subject: School Science Study PhD Research

Dear,

Thank you for taking the time to receive furthdommation after our initial conversation last
term. Ideally, the study will involve all of yowtaff involved in the Scitech professional
development, in which your school participated ogrfirst semester. The staff will be
asked if they would volunteer to respond to a 1Butd survey about their perceptions of
science in the curriculum and aspects of the psajeal development program.
Additionally, the staff will be asked if they woultblunteer to two, 30-minute interviews,
one at the beginning, and one at the end, of thdystThese would be held at a time
convenient to them - before, during or after schdblthe interview is to take place during
school time | am able to provide relief funds ifiaternal interviews are kept to a maximum
of two days. From the staff members interviewewill ask for three volunteers to
participate in the case studies. The case studiemvolve these teachers and the students
in their classes. All participants will be givenformation sheets and informed consent
forms, participation will be on a strictly volunyabasis. The case studies would involve
student surveys, classroom observation of scieggsohs, and informal conversations on an
ad hoc basis.

| believe it would be mutually beneficial to contluesearch in this area. Whilst the research
will contribute to my own thesis, the independensearvation and feedback | will provide for
the school and to the individual teachers will Hebenefit to your science program.
Naturally 1 wish to minimise interruption to thehsol’s program, assist teachers where |
can, and try to be as unobtrusive as possible. ciie studies will not interrupt the routine
of the classroom or interfere with the student'riing. The teacher interviews would take a
total of one hour of the participating teacher tiued will be negotiated with the teacher and
yourself. The student surveys will take the stusle@pproximately 15 minutes, and will be
conducted at a time that is convenient to the taahd her/his students.

| will provide a full report to the school at thedeof the study and talk with staff or yourself
at any time about the study. Please do not heditatontact me, my supervisor or the ethics
secretariat if you have queries. Should you acttepinvitation to participate in the study |
understand that you have a procedure with regarégearch in your school and | seek to
follow these processes to concur with the necespaidelines by completing the necessary
paperwork.

Yours faithfully
Rosemary Evans

Researcher: Rosemary Evans Supervisor: Prof. Léonie Rennie
Email: rosemary.evans@curtin.edu.au Email: L.Rennie@curtin.edu.au

Curtin University Human Ethics Committee: Secretariat
Phone: 9266 2784 Email: S.Darley@curtin.edu.au
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