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Do-It-Yourself Astronomy:

Getting the best out of
a science kit

By Léonie Rennie, Christine Howitt, Rosemary Evans and Flona Mayne

INTRODUCTION

Do-it-Yourself (DIY) Science Kits provide sets of science
equipment, including worksheets and/or feachers’
guides, and are valuable science resources for
poorly equipped schools, particularly those located
in geographically isolated areas. Our local science
centre, Scitech, has prepared a number of DIY
Science Kits, suitable for Years 4 to 7, avaiiabie for
loan to any Western Australian schools. The website
(hito:ffwww.seltech.org.qu/do-it-vourseif-science}
describes the kits as containing:
all the eguipment and rescurces required 1o
conduct a seres of themed fessons, experiments
and investigations around o particular topic. Each
kit comes with the required maierials, complete
expermental instructions, repreducible resources,
bockground theory ouflines and more!
In this research we investigated the use of a new DIY
Kit prepared by the science cenire thaf focused on
astronomy. This Kit is parficularly topical in the context
of preparation for the Square Kilemetre Aray [hitpi//
www. ska.gov.au}, which s hoped to be located in
Western Australia. More broadly, science kits are
important in the context of the National Curiculum:
Science, because they provide additional oppon‘um’nes
o involve students in hands-on acfivities and inguiry-
orented science investigations.

The Use of Science Kits in Schools

Science kits are commonty used, particularly in primary
schools, as a means of promoting science feaching
and learning. Some programs implementing new
curricula, or districts endeavouring to improve sclence
achievement, have trained teachers in the use of
provided kifs. Surveys of feachers in such programs
have shown that they belleved using the Kits increased
their science knowledge, attitude fo science and
science teaching skills [Rubino, Barley, & Jenness, 1994),
and also that kKits improved their studenis’ atfitudes

fo sclence and also science learning (Rubino, Barley,
Jenness, Pear, & Bonda, 1994). Further, students of
teachers using sclence kits achieved higher Science
scores than students in non-kif classes (Young & Lee,
2005). A five year study of teachers implemanting

o kit-based curriculum with intensive professional
development, determined that feachers became more
confident about their ability to teach science (Fetiers,
Crzermiak, Fish, & Shawberry, 2002}, A study by Sherman
ond MacDongald [2008) demonstrated that rural
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;Th;s puper repon‘s an !nveshgahon of how four tecchers m four dlfferenf schoo!s used an
Asfronomy Science Kit. Their vaned expenences, oiong_' \ _
_gnd exy e_rtence in teachmg science, considered in the context of other research about s
kits, are used fo draw, conclusmns about how best such Do Ii Yourseh‘ Science Kits might be -
prep‘ red cmd u ed by feacher m thelr class ooms g3

-zih‘fhatr varied . ievels ‘of know!eage o

teachers who were given professional deveiopmen‘r in
using science kifs found thatl:
the benefits include increased teacher confent
knowledge, pedagogic content knowledge, feacher
confidence. and enthusiosm for science [p. %7).

However, In all of these studies, teachers had been
frained to use the kits, Other researchers have shown
that teachers believed that hands-on kits would help
them to be effeciive teachers {Lumpe, Haney, &
Czernick, 2000), although this belief was not tested.
Harlen and Holroyd {1997} found that feachers with
low confidence and understanding about science
teaching ploced heavy reliance on kits and prescriptive
work cards, suggesting that they may not increase
their own learning [Clguin, 1995). On a more positive
note, case siudias of two teachers who had previcusly
fested science kits found that once they overcame
inftial concerns with organising both the new science
Kit materials and their classes, and became more
experienced, they became more confident in their
use, and indeed used the Kifsin different ways {c that
suggested {Jones & Eick, 2004). Given this, the gquestion
arlses, how effective are DIY Science Kifs if teachers
have no training in their use?

Science kifs are o common form of cutreach and

they are usuclly offered for loan without requiring
teachers to be trained in their use. For example,

the Australian Museum advertises more than
twenty-five kits, nearly all science-basaed, available

for loan in their Museum-in-a-Box program
{hite:/faustralignmuseym.net.au/Museum-in-g-Box) .

Itis dificult fo find any evalugtive reports on their
effectiveness, or information about how teachars
actually use them. Most evaluation takes the form

of feedback sheets completed by the feachers who
borrow the kits, but we have not found any syntheses of
these to inform our understanding of their effectiveness
or how beast to use them. Our eariisr explorations of

the effectivensss of DIY Kits, reporied o Scitech staff,
suggested that they do provide useful resources for
hands-on investigations, especially in schools that are
pootly resourced, but thelr effectiveness depends

on the skilis of the teacher. We found thot feachers

with good pedagogical knowledge but who lack
confidence in thelr own science knowledge, can use
the Kif effectively but student learning tends tc be
limited. Although the kifs may assist faachers o develop
science knowledge, teachers nesd good pedogoegical
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confent knowledge o be able o link science
concepts to out-of-school, sveryday situations and
thus promote students’ understanding of science in
out-of-school contexdts.

Scitech staff developing a new kit focused on
asfronomy, made use of our earlier research gnd
endeavoured to provide adeguate background
knowisdge of the concepts lusirated in the kif,
including in the teachers' materials, the students’
bocklet and activity sheels. Howaver, there was no
requirement for feachers to be trained in use of the
kit. In this research we investigated use of the new
Astronomy DIY Science Kit, diming to answer four
questions that would enable us to provide guidance
about effective use of the Kit. The questions are: How
did tecchers make use of the Astronomy Kitg How
did students respond 1o the Kit? What were teachers’
opinions gbout the Kit? How can the Kit best be used fo
promote scienca learming in schools?

Descriprion of tHe DIY Astronomy Kir

The DIY Astronomy Science Kit includes a wide range of
activities, materials, and eguipment fo aliow students
fo investigate topics aobout the Earth, the Solar System,
the Universe, stars and meteorites, if is available to
Wastern Australion schools on loan for eight weeks, or
about one schoot ferm. If comprisas fifty-four different
kinds of items packed info three large containers {more
easily caried by two people than one persont}, There

is sufficient equipment for a class of thifty-two, working
in pairs. Many items are consumable {for example,
alka-selizer tablets, ashronaut ice cream, balloons,
straws, pins, fishing line} buf the Kit also contains scme
axpensive equipment, with fotal replacement costin
excess of $4000. The more expensive items are a set of

_ 8 genuine meieocrites [3300), a wooden-framed Sunspot
Viewer (3550, and a SkyScout ($650), which contains

a GPS device and is programmed fo find any celestial
object af any fime of the day or night. There is also a
Teacher's Guide, a Give Me More booklet of further
information and activifies for students, sixty-seven
iaminated Activity Sheets, and a SkyScout Manual, A
CD-ROM disk is provided with the Kit containing pdf fles
of ali of the wrilten confents and can be retained by
the teacher for fulure use as a resource.

RESEARCH DESIGN

The research was conducted in three stages over

two school terms and investigafed the use of the DIY
Asfronomy Kit in four Western Australian schools and

in o workshop for different feachers, In Stage One,
data was collected in three schoels by semi-siructured
interviews with the teachers after they had used the Kit,
having voluntarlly booked its loan. The researchers had
examined the Kif and its materials prior to beginning
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the research so that appropriate questions could ke
framed, and then allowed the interview fo davelop
according fo feachers’ responses. The main guastions
related to how the kit was used, how the students
responded 1o if, and the feachers' opinions about the
effectiveness of the kif. In these schooks, the Kit was
used by a Year 8 class, g Year 6/7 class, and a Year
516 class. Inferviews with Stage One teachers were
franscribed and the transcripts provided to feachers
for checking. The main research questions were used
as an initial framework for analysis and themes were
idenfified by repeated reading and discussion
omong the researchers,

In Stage Two, based on the findings from Stage

One, two of the researchers worked with @ teacher

in o fourth school in the context of an’afterschoal
Astronomy Club for Years 4 to 6 students. Three
rasearchers, who were all experienced science
teachers, were able 1o confribute both content and
pedagogical content knowledge 1o the development
of a sequenced and coherent program using activities
presented in the Kit:Daota was collected over a five
weaek pericd by one or two of the researchers formaily
observing students and the teacher using the Kit. In
2ach session, one researcher and a volunteer parent
assisted supervising groups of students as they werked
on activities. Exiensive field notes were made by the
researchers who observed each session and reflective
post-session discussions among the feacher and the
thres researchers assisted in identifying themes as weall
as leading info the planning of subsequent sessions.

in an informal Stage Three of the study, three of the
researchers offered o two hour workshop on the Kit of
a science teachers’ conference. The purpose was to
obtain the considered views of experienced science
teachers and to determine whether or not their
perspeciives were in line with, or differed from. those
of the teachers who had been part of Stages Cne
and Two. Twelve high school science teachers were
nfroduced fo the Kif, inferacted with and discussed
the matenals, especially the Sunspot Viewer and the
SkyScout. Conversglions with these teachers, both
individually and in a group discussion, enabled the
resecrchers 1o obtain their opinions about the Kit.

Data from the informal Sfage Three was discussed
amongst the researchers and used to extend the

-fndings relating fo teachears' opinions about the Kit.

FiNDINGS: TEacHERs' Use OF THE
Astronomy Kit AND STUDENTS' RESPONSES

Stage One: Interviews with Teachers from
Three Schools '

The three teachers, Guy, Peta, and Remmy (o
psevdonyms) implemented the Kit in different ways.

Guy's experience

Guy, an experienced Year § sclence teacher, used the
Kit over a period of five weeks os part of his scheduled
four, sixty minute lessons per week. This included an
astronomy night at a school camp, but the weather
was overcast and fimifed the use of the SkyScout.
During another evening session at the school, a visiting
astronomer set up three of his telescopes for sfuderts
o view the night sky, but only aduits were dllowed to
use the SkyScout. Guy did not inform his studenis of the
Kit's presence at the school so they were unaware that
some resources they used were on logn.

Guy considered some suggested activities had not
been thought through in o praciical sense. For example,
using toilet paper to demonsirate distance in the Solar
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System turned out to be ineffective on a windy day.

He stated that his students enjoyed the activities and
they were particularly imoressed with the metsorites.
Even though they were smal [less than 20 grams), many
students had not previously seen a genuine nickekron
metecrite and were amazed by their age.

Guy reported being overwhelmed by the quantity of
material in the Kit {some of which he found inadequaftely
labelled), and he felt confusad by the overlap between
the Teachers' Guide, Give Me More Booklet for students
and Activity Sheets. Guy decided o maostly use the
school's own equipment, which was easily available

in his well-equinped high scheol. This avoided risk ond
unnecessary use of Kit materials for which there was a
replacerment cost if consumed or damaoged.

Petua's experience

Peta, who taught a spiit Year 6/7 class, spentf some fime
during her vacaotion viewing the CD-ROM and deciding
what activities would best suit her class during Term 1.
She confessed that, although she was an experienced
primary feacher, she did not feel confident about
Science, She was able to cbitain the Kit pricr to the
beginning of term and examined it carefully. This ook o
great dedl of time because of the quantity of material
it contained. She was able to ask her husband fo assist
with using equipment that was unfamiliar fo her. Peta
chose several activities she thought the class would
enjoy and that fitted her planned curiculum, and then
selected only the eguipment she would use, pufiing the
rest aside, She considered the Kit to be very complete
and no additional resources were necessary, The
flexibility offered by the Kit allowed her 'to go with the
students’ interesis’.

in the first of her fen, ninety minute lessons, Peta
introduced the Kit fo students and modelled one
activity which the class then completed in groups.

in subsequent lessons, a different group of students
selected an activity from those Peta had chosen,
praciised it [with Peta’s heip if necessary), and then
led the other groups in the class o complete the
aciivity. This enabled students to practise their science
communication skills. Peta dlso incorporated other
aspeacts of astronomy in her Technology, English and
Mathematics lessons, thus allowing cross-inking of the
ideas and concepts about asfronomy. Peta reported
that, ‘The students' eyes were opened fo o new fisld of
science’, and doing the activities helped them feel like
reql scientists and develop a deeper understanding

of the concepts demonsirated.

Remmy’s experience

Remmy had been teaching in primary schoois for
four years and consicdered herself fo be ¢ science
specialist. Her split Year 5/4 class used the Kif for eight
weeaks and she saw it gs an opportunity for her to
access equipment not normally available in her rurai
school. Although impressed with the exient of the

Kit, she considered it had foo much information and
equipment for the short time she had it. Remmy thought
there were good connections between the booklefs
and activity sheets and found the written material
provided useful background information.

Remmy did not follow ¢ sef program and did not use
the Activify Sheets, instead, she took an idea or activity
and modified it to suit her class. She also fried new
activitigs, For exampile, the class did not know what a
Sunspot Viewer was, so she ook it outside and she and
the students explored it together, However, she did not
allow use of the SkyScout. She was pleased o keep the
CD-ROM and had fled it among her own resources,
Remmy reported her students Yloved the Kit', and were
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very disappointed when the Kit had to be refurned
because there was still so much of it they had not used.
She felf they were gaining greater understanding of
concepts through direct exploration.

Stage Two: Five Sessions in the Astronomy Club

Fiona was a first year teacher with litfle science
background. She used the Kit in an affer-school
Astronomy Club over five weeks for twenty-four Year 4,
5 and é students who volunteered to participate in the
Club. Fiona coordinated the Club and worked closely
with two of the researchers fo establish the content and
sequence of activities for a ningly minute session on d
Monday afier school.

Inttially, Fiona found the information and contents of
the Kif overwhelming, making it difficult fo find a starting
point, particulatly in the absence of ¢ fixed curicutum.
Clearly a theme was needed, so the fictional character
of "Kosmo" was created. This space fravelling

alien allowed both o confext and a storyline o be
developed 1o provide o focus for the Cluly's activifies.
This enabled Fiona and the researchers 1o choose freely
among the written materials and the equipment 1o
implement aclivities that would engage the students
and contfribute to the theme. Additicnal resources, such
as clothing fo simulgte space suits, were cccasionally |
included. The expensive Sunspot Viewer and SkyScout
were foken home for safe-keeping.

Each week, a Kosmo story infroduced students 1o

the structure of the session then, in three groups of
eight students, they rotated around three activities
supervised by Ficna, one researcher, and a parent
helper. Students were asked questions fo stimulate
thinking about a specific problem that was investigated
through o hands-on-activity, Eoch session finished with o
whole group discussion of the acfivifies and the related
science concepts. The final week of the Astronomy
Club was a celebrafory event and parents were invited
o attend. Groups of students ook charge of some

of the activities used in the previous four weeks, and
explained these fo thelr parents. The science centfre
provided a space dome and demonstrator fo enable
parents and students to observe the night sky. Poor
wegther prevented use of a telescope or the SkyScout
auring the session, This evening was enjoyed by

students and parents, and enabled the researchers fo

converse informally with parents about thelr children's
participation in the Club.

Students engaged productively with ol the activifies,
whether they were from the Kif or not. They appeared
eager 1o learmn, ware engoged throughout the full
session and asked many questions during the end

p

| Figiures 21 Poster of Planei Vegitable, where Kosro s o cancf.
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discussion. They enjoyed sharing their new astronomy
knowledge with their families in the final session of the
Club, and parents spoke of their child's exc iferment
during the activities.

Stage Three: Workshop for Teachers

The feachers involved in the first two stages of the
research used the Kit with students in Years 4 1o 8.
However, afl of them considered some equipment fo

be too expensive or sophisticated for use by students of
this age. Further, because there was only one Skyscout,
for example, only one person af a fime could use

it. The researchers offered o workshop ot a sclence
education conference amed ot feachers so that o wider
perspective of teachers’ views might be obiained. Most
of the twelve teachers who chose to affend were high
school science teachers and they were very interasted in
the Kit's contents, parficularty the unique aspects, such as
the real meieorites, the Sunspot Viewer and the SkyScout.
While many feachers corsidered o number of the
suggested activifies o be fivial and not suitable for high
school classes, they believed the unique components

to be valuable assets to teachers of senior high school
science ond alo physncs They suggested that such items
might be available as 'minkkits’ for short term hire, witich
would be much more convenient fo handie than the
three cases full of equipment for the whole it

ConcLusions: TEACHERS' PERCEPTIONS
oF THE KiT

All feachers who used the Kit were impressed with

its thoroughness, diversity and depth, and they
acknowledged that the Kif offered g fresh aporoach
to teaching astronomy. They alse believed that thelr
stucients appreciated the Kit and obtained valuable
learning experiences from ifs use. However, the Kit was
far foo comprehansive to be used in the fime available,
Further, the quantity of material was confusing to sort
through and frustrating 1o fry to keep organized. The
tecchers responded by more or less giving up (Guy),
spending time preparing o program and removing
much of the equipment [Peta), just frying out bifs
according fo interest {Remmy), or accepting the heip
of more experienced teachers fo select appropriate
eguipment fo develop a program {Fiena and the
researchers), Fiona borrowed the DIY Astronomy Kif
again the following vear, and although she found the
large volume of matericls confusing, she now had
sufficient confidence to choose appropriate activities
for her class.

Remmy found the worlksheets bland and most of the
activifies difficult for her Year 5/4 stfudents. Peta and
Guy were happy with the conceptual level, but found
it very time-consuming to sort through the Kit before

use 10 find out what it contained. They also maniioned
the problem of daylight-saving fime which made i very
late for night-fime viewings of the stars and plonets.
Neither Remmy nor Peta included a night activity, and
Guy repcried his Year 8 students were very fired the day
affer his astronomy evening.

Aparf from Remmy's use of the Sunspot Viewer and
some adults' use of the SkyScout at Guy's astronomy
evening, teachers did not allow students to use
expensive items in cose they were damaged (as they
could not afford fo replace them), thus defeating

the purpose of having such expeansive items In The Kit.

in conirast, the high school science teachers af the
workshop regarded these items as the most valuabie
part of the Kit, because they were not gvailable at their
generally well-equipped schoolks. As these teachers had
considerable astronomy content knowledge and would
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be using the Kit with older students, many of the other
activities were regarded os too simple for their students,
and so the value of the Kit to them depended on the
expeansive items,

© Overall, teachers regarded the Kit as a valuable hands-on

resource, particularly for rural and remote schools, wheare
children rarely 'had the opportunity to see such things'.
They thought the Kit promoted interest in Science. Some
suggested that the provision of student and feacher
‘reflection sheels' would be uselul fo did learning.

Best Use oF tHE KiT

Fulfiling the potential of the DIY Kits fo promote
teaching and learning of Science depends on making
etfiective use of them in the classroom. This research,
in the coniext of our earlier indings about DIY Kifs, has
contributed to the following conciusions.

Kits must be carefully targeted af their users

» A DIY €it must be wel organized., with clear labeliing
and storage places for ifs contents, The amount of
material provided needs careful consideration and
should maich the length of the loan pericd.

Kits should e designed for particular Year levels
with activities/worksheets of appropriate difficulty
and challenge. Supporting science information
must be readity accessible by teachers and
matched te their likely science content knowledge.,

= A phofegraphic guide to componenis, and how .
activities lock when set up would assist teachers
who lack confidence and experience.

= Expensive, sophisticated items should be supplied
as mini-kils for teachers who are aware of what
they are borowing and how it can best be used in
their classroom context,

The effectiveneass of Kits depends on teachers’
knowledge

* To promote science learning, feachers must be
wiling, and have the opportunity, fo familiorize
fhemssives with the contants of the Kit before the
loan period. The CD-ROM of #s contents, provided
when the Kif is booked, facititates preparation, but
only it teachers are prepared fo read the CD-ROM.

The range of items within the Kit aliows flexibility

in use. Teachers with good pedagogical content
knowledge can plan a sequence of lessons around
the ¥it and afso integrate the science with other
subject areas and with science outside of school,

-

Teachers with iess science content knowledge can
be more selective about what to use from the Kit,
These teachers can learn with the Kit, even while
thelr students are learning. Such an approach
allows teachers o develop their pedogogical
content knowledge while using the Kif.

Athough students invariably enjoy doing the
science activities and using the Kit's resources,
they are more likely to acquirs lasting knowiedge
when feachers are able to link the various activities
to provide context and meaning to the science
coneep’s. Teachers require sound pedagogical
content knowledge in order to structure such a
sequence of lessons.

DIY Kits are likely to be most effective when
teachers have had some professional development
in their use. Not only would this give feachers [who
are invariably time-poor} an opportunity to become
famifiar with the possibiiities of Kit use, it could
promotfe pedagogical content knowledge,
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