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Abstract

This project utilized emerging technologies such awmobile
broadband videoconferencing along with web-basdtivace and materials
(http://www.cyscience.com.quto enhance the provision of science and
mathematics in rural and remote schools in Nortli@guneensland. The paper
tracks the role of technology in the developmernt aBmplementation of the
CY Science project. It will explore how technologpabled a successful
classroom project to evolve into a regional progeard beyond. It will look
at technology as a creative tool for teachers alf age its benefits and
shortcomings as a means of teacher professionalaj@went. The project
involved the distribution of 202 inquiry based swie kits and utilized
different methods of accompanying professional Wgpraent to over 60
schools, primarily across northern Australia. Thedihgs of the SIMERR
National Survey into Science, Maths and ICT edocain rural and regional
Australia (Lyons, Cooksey, Panizzon & Parnell, 20Gfncluded that
“science teachers in provincial and remote aredisated a significantly
higher unmet need for a broad range of professidaaklopment activities
than did those in provincial cities or metropoliemeas” (p. vi). This study
investigates and reports on the existing resed#arature, the perceived
benefits of the project to teachers’ satisfactidtihprofessional development
and tracks the changes to classroom practice thathers and key
stakeholders attribute to participation in the pctj

Literature Review

While much is made of the crisis in maths and s@esducation in Australia, it is in reality a csisi

that is felt internationally (Ogawa, Loomis & CraR008). The benefits and promise that sciende an
maths hold for society transcend cultural and matiboundaries. For the remote and regional
indigenous Australians that are participants amthpss in this project, the maths and science
education crisis has its own context. Achievingtgawith non-indigenous Australians in health and
longevity, in part depends on indigenous childreodming competent and interested in science and
maths for sufficient numbers to graduate as hegmtifessionals for their community or to boost
numbers in other related professions.

The vital importance of science in so many facétsuo lives, has led to much research on science
education. Bybee (2006) reports education orgdaisaare developing “sophisticated approaches to
designing, developing and implementing innovativgiculum materials. The time, effort and
expertise of professional curriculum developmenougs stand as an important innovation from the
Sputnik era” (p. 13). It was the loss to the Russia the first leg of the space race that led taghm
American research into science education and hamggoove it. The result was a new approach to
science education, centred on inquiry based leguthiait replaced more traditional textbook based
curriculum from the 60’s and 70’s. Some commensateould argue that the uptake of inquiry based
learning in schools, although widely endorsed byynhas again fallen off in recent years and those
hoping for more widespread adoption have been langeBputnik’s unfinished business.

Inquiry based learning programs model actual sifiemtinking and processes and involves the
gathering of evidence and data to solve problerdscanstruct new concepts. It requires students to
be active participants in the learning processaitah involves hands-on experiments and
investigations (Anderson, 2002; National ResearchnCil, 2000).
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Bredderman (1982) found in a meta-analysis of Gdiss involving 13, 000 students, an average
improvement on science process tests of twentyepefor students using new inquiry based learning
programs compared to traditional textbook prograthsias also found that the effect on
disadvantaged students was significantly greateantansky, Hedges, Woodworth and George (1990)
reported on the new science curriculum and foumtdai improvements in achievement, process
skills and attitude to science. More recently 8dbr, et al. (2007) classified innovative teaching
strategies such as questioning, manipulation, ilgqand collaborative learning strategies. In this
meta-analysis of sixty-one studies, it was foural these strategies had a significant positive anpa
on student achievement.

Bredderman’s 1982 meta-analysis of inquiry basednams, used the work of Smeriglio and
Honigman (1973) to distinguighld programs (didactic teaching with textbooks) ae@vprograms
that had the following features:

* They are activity oriented, reflecting direct psyofotor experiences.

* There are no texts for students, only teacher mamuna guidelines.

e They contain “kits” of materials for students.

* They have been tested in the classroom, modifiddetested.

* They provide in-service training for teachers.

» Psychological principles of cognitive growth andelepment have been used as guidelines.
e They are process-oriented.

All these features accurately describe the CY Seqmoject which would be classified aguaded
inquiry program(Anderson 2002; Cronin-Jones, 1991; Keys & KennEa§9). It isguidedbecause
of the high level of structure and guidance thetiea provides to the students as part of the pnogra

Comparisons of the CY Science curriculum with otheguiry based programs reveal innovations and
methodology unique to CY Science. This is due éotthns-disciplinary approach to science and
maths taken and because the curriculum is baseddenseries of newly conceived and developed
experiments which are fully resourced with all tomsumables required for students to conduct the
experiments. It is asserted that technology playeadjor role in the innovations present in CY
Science.

Inquiry learning has become the science teachamygsird endorsed by education authorities,
universities and administrators in every statetengtory in Australia as well as many other coiggr
(Goodrum, 2006). Despite this mandate and the gatdar significant improvements in student
achievement, inquiry learning is uncommon in clegsrs, and for more than forty years, it has been
largely ignored by teachers.

An Australian 2001 review of high school scieneénfs a picture of a dominance of traditional
didactic teaching along with students’ perceptiuat science is not relevant or engaging (Goodrum,
Hackling & Rennie, 2001). This impression is foweisewhere (Rudolph, 2002; Stake & Easley,
1978) and as this American paper reported, “Insteatbrians document that school science has
remained surprisingly unchanged, despite consitkeraearch, funding and policy targeting science
education reform” (Tressel, 1994 cited in Ogawal 12008, p.270).

A matter of great concern is that Australian priyn@achers appear to be avoiding teaching enough
science; didactic or inquiry based. A TIMMS studyriid that only 5% of teaching time in Australian
classes was devoted to science, putting it in gtin one-third of countries participating in the
study. The result of this has been the stagnafiscience achievement of Australian children while
many other nations continue to improve (Thomps@062.

The reasons for the failure in uptake of inquirgdxhlearning programs lies with the inability of
teachers, schools, education authorities and wifies to implement and sustain this form of leagni
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in classes. As one researcher succinctly put3fe“successful implementation of innovation is
generally considered to require a degree of charagsbility and motivation not typically found in
schools” (Hughes, 1975, as cited in Ogawa, eR@D8, p. 273).

Specifically, the failure of many schools to deliuequiry based programs is due to the inability of
teachers to effectively implement the new teachéutniques and class management skills needed for
successful and productive inquiry learning expemsn/Anderson, 2002; Beck, Czerniak & Lumpe,
2000; Marx, Blumfield, Krajcik & Soloway, 1994). €hmanagement of resources required for inquiry
learning increases teachers’ workloads, and theepexd slowness of curriculum coverage also
contribute to teachers’ non-acceptance (Andersoo2;2Biddle, 1979, Luft 2001).

Teacher Professional Development

An important agent for change towards more ingbaged teaching is teacher professional
development which is perhaps the most complex hatlenging area in the field of education (Tytler,
2007). Even a demonstrated clear relationship atweofessional development and improved
student performance is elusive. Shymansky (2004¢wwed when he wrote “we have no choice as
professional educators but to continue to studgdhlamnnections, lest we admit that we are only
stabbing in the dark with our professional develeptrpromises and practices” (p. 778).

What is well understood is the ineffectivenesshafrsterm professional development (Hoban, 1992,
as cited in Tytler, 2006) and the need for susthinelturally changing professional experiences
within the school context (Joyce & Showers, 19%5cited in Tytler, 2006). It is argued that eighty
hours of professional development is required lzefeachers will show a statistically significant
change in teaching practice (Johnson, Kahle, F2006; Supovitz & Turner, 2000) and this mitigates
against the popular short term professional deveéop models.

Much research has been done on the ability of psofeal development to shape and change teacher
practice and it supports the conclusion that changiteacher’s practice from didactic teaching to
inquiry based is a difficult, long term procesends and Elick (2006) argued that “true reform
consists of systemic change of the many complexraed-connected factors that must begin with the
science teacher in the local context” (p. 493).

Technology

Technology provides us with innovative and ubiquét@pportunities to enhance work and learning
and for many of us it has had significant effecpoactice. “We are witnessing a blurring of the
distinctions between learning, work and play as iteatbmputing devices are omnipresent, and an
‘always on’ culture facilitated by broadband Intetrcapacity is a reality” (McLoughlin & Lee, 2008,
p.10).

This paper examines the application of a varietieolfinologies to build the capacity in teachers to
deliver sustained, inquiry based learning prograiechnology pervades the CY Science Project
through the process of curriculum design and manufeng as well as providing new ways to
communicate curriculum ideas to teachers. “Itripérative to acknowledge that technologies are
intricately related to many other elements of gaahing context (such as task design) that careshap
the possibilities they offer to learners, how leaisnperceive those possibilities and the extenthich
learning outcomes can be realised” (McLoughlin &.€008, p.11).

The question this paper poses is whether an indpaisgd program (CY Science) shaped by
technology, will lead to greater acceptance byheeand improved science outcomes for children.
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Context

The CY Science project has mostly engaged schodleiFar North Queensland State Government
Education Region. It is a vast area in north—eassttralia, almost as big as Victoria and Tasmania
combined with a population of only 230 000 with 1100 of those living in the main city of Cairns.
Almost 12% of its inhabitants are Indigenous areyttmake up around 60% of the inhabitants on the
vast Cape York Peninsula.

There are two distinct indigenous groups withinragion, indigenous mainland Australians and
Torres Strait Islanders whose proximity to Papuw I&iinea has strongly influenced their culture.
There are 6000 Torres Strait Islanders living m Tiorres Strait. They are serviced by 18 different
schools on the many inhabited islands. A furthe®d@ now live outside the Torres Strait, mostly in
North Queensland.

CY Science was developed within the Queensland &tucDepartment, at Woree State High School
and with the support of James Cook University dredAustralian Federal Government. It grew out of
an after school maths and science excellence protdrat was delivered to over one thousand children
from 30 schools in Cairns over a three year period.

It was in the planning of this program that a trdisiplinary maths and science approach was
developed as the basic template for the lessonkaterdor the CY Science Kit. These lessons centre
on conducting a science-like activity chosen sinigause it was engaging, visual and “good fun”
and therefore likely to be a source of motivaticarad positive science experiences for students. The
experiments were then designed to provide datacthdd be gathered and analysed, adding a
powerful element of reflection and a strong linkhe curriculum. Often the most effective way to do
this was to repeat the activity multiple times ajfiag one variable and measuring its effect on aroth
variable.

An example is an experiment called ‘slime circl&hildren find polymer slime extremely interesting
and are always very keen to ‘engage’ with it. TheSEience Kit provides all the ingredients, apart
from water, to make over six litres of quality polgr slime. One experiment it is used in, investiga
the size of the circle slime makes when left oaldet. The greater the volume of slime, the bigher t
slime circle it forms. This relationship can bemrad using a spreadsheet and then students can begi
to determine the volume of slime not by measuriolgwe directly but using the size of the slime
circle and the graph and therefore using mathesagisolve a real world problem. This process of
measuring and graphing known amounts (standardtesmine an unknown quantity is fundamental
to scientific inquiry and used across the worldstantly. However it appears to be seldom taught in
schools, perhaps due to the fact it is trans-diseipy and does not fit neatly into either estdisdid
structures of maths and science.

Building on the success of the after-school progmatnavelling science show was developed and
staged for 24 schools in Far North Queensland.sthence show provided many opportunities to
discuss science teaching with teachers in rurglpnal and remote areas. Anecdotal feedback from
teachers and administrators from the schools disi@s that teachers would perform more
experiments with their classes if they had thdsskihd were easily able to access the resourcés. Th
corresponds with the evidence gleaned from theatitee review (Anderson 2002; Beck,Czerniak &
Lumpe, 2000; Marx, Blumfield, Krajcik & Soloway, 29). This teacher feedback contributed to the
development of the CY Science Kit.

See the following description of CY Science Kifrism the project’s website,
WWWw.cyscience.com.au

“CY Science (see why science) is a governmentitive to support the teaching of science. We
provide teachers with the resources needed to congeaningful and exciting science investigations.
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The CY Science Kit supports you in delivering amgavhole-of-class experiments with step-by-step
instructions, colour photos and student worksheets.

The CY Science Kit provides 20 hours of science ihéun, easy to teach, inquiry based learnings It
a transdisciplinary approach to teaching scientlk avstrong focus on mathematics that allows
children to understand and model the work of re@ists.”

It took a period of six months to complete thet&ita required standard before it could be triallétth
teachers. The use of the internet was criticahéndesign and the manufacture of the CY Science Kit
with almost everything created and sourced on hemny ideas were influenced from websites and
video clips from many countries. Access to theseueces and the ability to trial experiments with
classes were two important factors in the develapiroEthe CY Science Kit.

Trials

The CY Science Kit has remained unchanged butyfheedf teacher professional development offered
has varied. There are four methods that have bidled, each with particular strengths and
weaknesses.

Video conferencing holds much potential for reremed rural delivery of professional development
and the twenty teachers from four schools who gigeted found the professional development to be
a valuable and enjoyable experience that wastiaesferred into classroom practice.

Most recently th&€Y Scienc&howhas been developed and trialled with over 2500estts at five
schools. The aim of the show is to entertain anata the children while explaining to the teachers
present, how the CY Science Kit can be used.dbi®e by making the experiments in the kit ‘super-
sized’ and demonstrating them to up to three huhdnddren and teachers at each show.

The Department of Education, Employment and Wodc®Relations (DEEWR) and Education
Queensland provided funding for the delivery of bnedred and thirty science kits and
accompanying professional development for fortg¢hschools with a focus on indigenous schools.
The format was to send a facilitator to a schodhwp to four science kits, depending on the sfze o
the school. The kits would be given to up to faadhers during a fifteen minute briefing before
school started. The teachers would take the scigteback and run a science fair for their owrssla
in their classroom. The facilitator would move beén the four classes assisting and providing
support for the teachers. The teachers kept teeakitl were able to complete another twenty hours of
experiments at a later date. While this is perlta@®ptimum method for training teachers to use th
kits it has a significant drawback that seems l@teeo teachers sharing of resources and idehaslt
been found in some schools that although the seikis are being used to great effect in a pasdicul
classroom, there is no sharing of this informabetween the teachers. It is for this reason tleat th
larger science show was developed to reach largabers of teachers.

CY Science Kits can now be purchased online angc&hce kits have been sold to 12 schools across
Australia. No additional professional developmeaswought by these interstate schools because it is
not mandated because the program was designezhtb aone with sufficient instruction given in the
experiment manual. Anecdotal evidence is that &achre able to navigate their way through the
program without additional professional developm&hie addition of video instructions to the

website in 2010 will hopefully facilitate the omé professional development program further,
however, as most teachers need convincing, thélrbeva range of professional development
strategies explored, with a more refined model igieg over time.

The CY Science website registers over 100 visigach month. Teachers once needed to access the

website to download the CY Science Experiment Mhbugin 2009 a CD of the manual was
included in the kit as well as being available oali
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Data Collection

The data mostly concerns the initial impressionteathers. Long term tracking of the use of science
kits will be completed 2010.

The evidence collected describes a well acceptddppreciated program. The facilitators reported:
Report by Facilitator 1

“Every school was extremely welcoming and appreagadf the resources that | delivered. The
teachers were impressed with the ‘ease’ of delingtiie experiments. Some teachers talked about
how certain experiments would be, or had beenyagitto topics in their yearly curriculum planners.
The teachers in remote areas were not only impceasth the resources available via the kit but also
at having a facilitator come to the school and helpoduce the kits to them and the students.

The students were excited and enthusiastic abeustience Fair and certainly welcomed me into
their classes. All the students were eager to belved in the experiments and there was no shortage
of student volunteers to help with the experimeAtsstudents were positive in their discussiolith w
me about the experiments and many asked if | amrtte back again and do more science with them.
When | explained that the kit contain ingredientslo lots of other experiments they were very
pleased with this and looked forward to doing i later date with their teachers.

In my experience the kits were most positivelyivedein the smaller community schools were there
were multi levels in the one class, usually graiés 7. The teachers were pleased with the
adaptability of the experiments to suit the différeage and learning levels of the students.

The teachers all indicated that they would contitmuase the kit and would also use the web site to
gather information and knowledge on the experimehtone case, before | left the school, | went to
say goodbye and thank you to a class for partiaiggin the Science Fair, and the teacher actually
had a page from the web site projected on to thieelwward and was discussing the science involved
with the students.”

Report by Facilitator 2

“The initial response to the program from the statfthe schools was often one of trepidation due to
the requirement for them to run the Science Fath&ir classroom. However, this always turned to
very confident enthusiasm as they realised thastience kit was so straight forward to use and
required really minimal background scientific knedje

In every class | visited (over 80) | found the stud enjoyed the program and all students reported
back that they liked science and wished to contstudying science in the future.

Overall | found the kits extremely well received &elieve they will be well used and a valuable
resource in all the schools.”

A survey completed and returned by eighty-ninehleesout of the 130 teachers involved showed:

« 99% of teachers enjoyed participating in the CYeB8cé Project.(one neutral response)

* 97% of teachers thought their students enjoyegtbgram (one teacher thought their students did
not like it, one was neutral)

« 99% thought it was a positive learning experience.

«  99% of teachers would use their science kits ag@mtheir classes. (one neutral response)

« 50% of teachers said it caused them to changedtiitirde to maths and science.

e 69% of teachers thought their students’ attitude&dhs and science had changed.
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Teachers were also asked to comment on the C.¥n&eiproject with sixty teachers responding.
Comments are overwhelmingly positive. The followgalection of comments are from ten teachers
from a wide variety of large urban, remote, indiges and one teacher schools:

“Students enjoyed all the experiments thoroughlgoAad positive feedback from parents”
“Students enjoyed each experiment and it has obditigeir attitude towards maths and science!!!”

“Students were engrossed and asking interestingtipres. These experiments will be useful when
teaching maths — measuring time, recording etcthedeaching of science eg variables etc.”

“Excellent activities and resources (materials lagreat). | will continue to use these resources.”
“Really great experience for a remote school wignyimited resources.”
“Fantastic. Students commented on how good it wakasked if they could do it again.”

“Both myself and the students enjoy science anthsrateady however | have been finding it hard to
mix the two. This opened my mind a little.”

“Thanks. A terrific hands on resource that is magpropriate to multi age classes.”
“A good introduction to the idea of science beimjogable.”

“Thankyou for the wonderful science kits! | will bere to use them. The children loved participating
in the experiments.”

This data is consistent with that collected dutimg four years of the project in its different fam
There are over 250 parent, 300 student and 158¢eaarveys completed during this time about
different aspects of the inquiry based program®r@v% of this was positive with plenty of
anecdotal evidence of the programs having an irapbgositive impact on children.

Conclusion

This paper is a starting point for further researatthe impact that CY Science has on increasing
inquiry based learning in classes and the rol€adfin this process. The project has the poteruial t
provide robust quantifiable data for further stugdgrticularly if interest from educators contintes
increase as it has done, affording a good sizelptipn to study across a diverse range of rural
communities. Technology’s influence on the way wekiand learn is profound and its importance in
rural education, in particular, is increasing.ffecs new opportunities to tackle old problemg. |
presents curriculum designers with more informatiesources and ideas than ever before.
Technology delivers grassroots power, allowing $teaims, working within the schools and local
education authorities, to design, test and refireailum and implementation and produce
something, hopefully fundamentally different; newvrecculum designs that enable the teaching of
inquiry based programs to all children. Early ie gaper, a question was posed that targeted the
influence of ICT on the program’s effectivenessanms of teacher acceptance and student outcomes.
The two main ICT components were the provisionrofgssional development through
videoconferencing over 3G mobile networks and #neetbpment and use of a companion website for
the program. The survey results indicated thatteest attitudes towards using inquiry based leanin
were positively affected and interview results gadéd a positive attitude towards the role of
videoconferencing in this process. On the negdide, very few teachers attended (virtually) adi th
sessions on offer. This is possibly reflectivehs wvide variety of PD available within the ‘PD in a
Box Program’, of which CY Science was only one @iy types of PD sessions available. In 2010,
several schools will be chosen that involve teachdro choose to concentrate on CY Science PD,
rather than being one of the wider program theliresnumerous PD offerings. User statistics
indicated a healthy level of access to the welasitép://www.cyscience.com.aand interview data

showed a positive attitude to the features thatweailable, such as the online manual and imaligriga.

Further research is needed in 2010 using a scaletéwsmine what user attitudes are towards eadlablea
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component on the website. The results so far peosaime support for further refining the ICT aspeéthe
program and for the continuation of the data ctitbecand analysis in the upcoming years of the g
deliver. Perhaps the strongest evidence for th@lEeT is the uptake of the program in schoolg tra in areas
that were too remote to be included in the ead@ivery of the program.
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